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Summary
The aim of the study was to determine the anthropometric profile, body composition,
physical fitness and executive cognitive functioning (ECF) of elite male Zimbabwean
football referees.
A total of 41 male referees took part in the study (M age = 34.89, SD = 0.13 years). Their
mean body mass was 70.52 ± 10.50kg, height: 175.72 ± 6.86cm, body mass index: 20.79 ±
2.79kg/m2, waist-hip ratio: 0.83 ± 0.04, sum of six skinfolds: 65.77 ± 24.75mm, and body fat
percentage: 11.97 ± 2.60%. A significant difference (p = .04) was found between the 21
referees (177.85 ± 7.32cm) and 20 assistant referees (173.50 ± 5.69cm), with the referees
being taller. Their somatotype was 2.68-4.62-2.65 classifying them as balanced mesomorphs.
Their physical fitness results were as follows: modified sit and reach (28.31 ± 6.42cm),
vertical jump (38.63 ± 5.63cm), one minute sit up (37.56 ± 9.46), and one minute push up
(26.13 ± 6.89). Referees on the Fe´de´ration Internationale de Football Association (FIFA, n
= 8) accreditation list performed significantly (p = .04) more sit ups in one minute than those
on the Zimbabwe Football Association (ZIFA, n = 33) list (36.09 ± 9.26). They recorded a
best time of 5.45 ± 0.22s and a mean time of 5.62 ± 0.19s in the 6 x 40 m repeated sprint
ability (RSA) test, with the FIFA referees (5.34 ± 0.25s) performing significantly better (p =
.03) than the ZIFA referees (5.52 ± 0.20s).
The participants (n = 38) completed the Modified Stroop task before and after a maximal
effort on the change of direction ability (CODA) and Yo Yo intermittent recovery (YYIR)
level one test to determine their ECF and the effect of strenuous physical activity on their
ECF. Mean time to complete the CODA test was 9.60 ± 0.42s. They covered a distance of
950 ± 279m during the YYIR test, yielding a VO2max of 44.38 ± 2.35ml/min/kg-1, reaching a
maximum heart rate of 189.66 ± 8.61 beats per minute or 101.26 ± 4.04% of their age
predicted HRmax. Their ECF improved from pre to post-test as follows: C1 (12.73 ± 13.51%, p
= .01) C2 (5.48 ± 8.20%, p = .01), C3 (9.15 ± 15.20%, p = .04), and C4 (8.42 ± 18.01%, p =
.06). Significant negative correlations of moderate strength were found between the
standardised physical performance score and the Modified Stroop test results for C1 pre-test (r =
-0.40, p = .01), C3 pre-test (r = -0.34, p = .04), as well as for all four of the conditions at post-
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testing (C1: r = -0.35, p = .03; C2: r = -0.36, p = .03; C3: r = -0.32, p = .05; C4: r = -0.35, p =
.03). These results indicate a significant relationship between physical fitness and ECF.
This study lays the foundation for the development of scientific training programmes for elite
Zimbabwean referees, as it highlighted strengths and weaknesses. The effectiveness of such
programmes is subject to further investigation.
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Opsomming
Die doel van die studie was om die antropometriese profiel, liggaamsamestelling, fisiese
fiksheid en uitvoerende kognitiewe funksionering (UKF) van elite manlike Zimbabwiese
sokkerskeidsregters te bepaal.
ŉ Totaal van 41 manlike skeidsregters (gemiddelde ouderdom = 34.89 ± 0.13 jaar) het aan
die studie deelgeneem. Hul liggaamsmassa was 70.52 ± 10.50kg, lengte: 175.72 ± 6.86cm,
liggaamsmassa indeks: 20.79 ± 2.79kg/m2, maag-tot-heup verhouding: 0.83 ± 0.04, som van
ses velvoue: 65.77 ± 24.75mm, en persentasie liggaamsvet: 11.97 ± 2.60%. ŉ Betekenisvolle
verskil (p = .04) is waargeneem met die skeidsregters wat langer (177.85 ± 7.32 cm) as die
assistent skeidsregters was (173.50 ± 5.69 cm). Hul somatotipe was 2.68-4.62-2.65 wat hul as
gebalanseerde mesomorwe klassifiseer.
Die fisieke fiksheid resultate was: gemodifiseerde sit-en-reik- (28.31 ± 6.42cm), vertikale
sprong- (38.63 ± 5.63cm), een-minuut opsit- (37.56 ± 9.46), en een-minuut opstoottoets
(26.13 ± 6.89). Skeidsregters op die Internasionale Sokker Federasie (FIFA) se
skeidsregterspaneel kon betekenisvol (p = .04) meer opsitte voltooi (43.63 ± 8.18) as diegene
op die Zimbabwiese Sokker Federasie (ZIFA) se skeidsregterspaneel (36.09 ± 9.26). Hul het
ŉ beste tyd van 5.45 ± 0.22s en ŉ gemiddelde tyd van 5.62 ± 0.19s in die 6 x 40m herhaalde
naelloop (RSA) toets behaal, met die FIFA skeidsregters (5.34 ± 0.25s) wat beter presteer het
as die ZIFA skeidsregters (5.52 ± 0.20s).
Die deelnemers (n = 38) het ook die gemodifiseerde Stroop toets voor en na afloop van ŉ
maksimale poging op die verandering van rigting (CODA) en Yo-Yo onderbroke herstel
(YYIR) toetse voltooi ten einde hul UKF en die invloed van veeleisende fisieke aktiwiteit
daarop te bepaal. Hul het gemiddeld 9.60 ± 0.42s geneem om die CODA toets te voltooi. Hul
het ŉ gemiddelde afstand van 950 ± 279m afgelê tydens die YYIR toets, waartydens ŉ
VO2maks van 44.38 ± 2.35ml/min/kg-1 behaal is, teen ‘n gemiddelde HTmaks van 189.66 ± 8.61
slae/ minuut of 101.26 ± 4.04% van hul ouderdom geskatte HTmaks. Hul UKF het van voortot natoets soos volg verbeter: (K1: 12.73 ± 13.51%, p = .01; K2: 5.48 ± 8.20%, p = .01; K3:
9.15 ± 15.20%, p = .04; K4: 8.42 ± 18.01%, p = .06). Betekenisvolle negatiewe korrelasies
van matige omvang is gevind tussen die gestandaardiseerde fisiese prestasietelling en die tyd
vir voltooiing van die Stroop-toets gedurende voortoetsing (K1: r = -0.40, p = .01; K3: r = -
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0.34, p = .04), asook vir al vier kondisies gedurende na-toetsing (K1: r = -0.35, p = .03; K2: r =
-0.36, p = .03; K3: r = -0.32, p = .05; K4: r = -0.35, p = .03). Hierdie resultate dui op ŉ
betekenisvolle verwantskap tussen fisiese fiksheid en UKF.
Die studie dien as vertrekpunt vir die ontwikkeling van gestruktureerde en wetenskaplik
gefundeerde oefenprogramme vir elite Zimbabwiese skeidsregters, aangesien dit sekere
sterkpunte en leemtes uitgewys het. Die effektiwiteit van sodanige programme is onderworpe
aan verdere ondersoeke.
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List of abbreviations and acronyms

%

Percentage

*

Statistical significant difference (p ≤ .05)

**

Statistical significant difference (p ≤ .01)

<

Smaller than

>

Greater than

a

Moderate practical significant difference (d more or less 0.5)

b

Large practical significant difference (d more or less 0.8)

b/min

Beats per minute

cm

Centimetre

ES

Effect Size

kg

Kilogram

kg·m2

Kilogram per meter squared

m

Meters

ml

Millilitres

ml/kg/min-1

Millilitre of oxygen per kilogram of body mass per minute

n

Number

s

Seconds

Σ

Sum of

ACSM

American College of Sports Medicine

BF

Body fat

BMI

Body mass index

C1

Condition 1 - Word naming (Stroop-Word)

C2

Condition 2 - Colour naming (Stroop-Colour)

C3

Condition 3 - Colour and word naming (Stroop-Interference)
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C4

Condition 4 - Mixed colour and word naming (Stroop-Switching)

CODA

Change of direction ability

FIFA

Fe´de´ration Internationale de Football Association

HRmax

Maximum heart rate

HWR

Height to weight ratio

ICC

Intraclass correlation coefficient

ISAK

International Society for the Advancement of Kinanthropometry

M

Mean

N

Total number

PFP

Physical fitness performance score

PSL

Premier Soccer League

RSA

Repeated sprint ability

SD

Standard deviation

SKF

Skinfold

TEM

Technical error of measurement

VJ

Vertical jump

VO2max

Maximal oxygen uptake

WHO

World Health Organisation

WHR

Waist to hip ratio

YYIR

Yo Yo Intermittent Recovery test

ZIFA

Zimbabwe Football Association
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Chapter 1
Problem Statement and Aims
Introduction
Referees play a crucial role in football; they are responsible for ensuring that the game is
played according to the rules and within the spirit of the game (Reilly & Gregson, 2006). For
this reason, there is a great need to identify, train and support young referees who show
potential. The on-field performance of referees depends highly on their physical, technical
and mental qualities (Weston et al., 2012). They have to be well-trained and monitored on a
regular basis, because the physical demands placed on them are similar to those of football
players (Weston et al., 2004).
The Fe´de´ration Internationale de Football Association (FIFA) introduced physical fitness
test batteries in 1989 as a strategy to improve the quality of officiating at the different levels
of the game (Rontoyannis et al., 1998, Cerqueira et al., 2011). Several studies have been
carried out in different countries during top level competitions to evaluate the performance,
physical fitness, anthropometric, morphological and medical profile of elite football referees.
Mallo et al. (2007; 2009) conducted research on elite FIFA referees during the 2005
Confederations Cup, whereas studies have also been conducted in Greece (Rontoyannis et al.,
1998), England (Weston et al., 2004; 2006; 2007; 2010; 2011a; 2011b; 2012; Reilly &
Gregson, 2006; Catterall et al., 1993), Spain (Caballero et al., 2011), Brazil (Da Silva et al.,
2008; 2011; D’Ottavio & Castagna, 2001), Denmark (Krustrup & Bangsbo, 2001; 2007;
Bangsbo et al., 2003; 2006), the United States of America (Barbero-Alvarez et al., 2012),
Italy (Castagna & Abt, 2003; 2005a; Castagna et al., 2005b) and South Africa (Lategan,
2011). These studies have been useful in understanding, developing and improving the
performance of football referees. Furthermore, findings from these studies have prompted
and influenced the design and implementation of training programmes aimed at helping
football referees achieve an appropriate level of match fitness (Castagna et al., 2004).
Testing in sport is important as it can be used to monitor athletes’ performance and their
response to training prescriptions (Bangsbo et al., 2006). Testing occurs at both the group and
individual level, which allows for researchers to understand the athletes’ performances by
sport, playing position and individually. Similarly, the testing of referees is important to
obtain information about their physical and physiological capabilities and body composition
1

Stellenbosch University https://scholar.sun.ac.za

(Caballero et al., 2011; Da Silva et al., 2011), as well as to use their test results for selection
and classification purposes (Weston et al., 2012). In recruiting, training and developing
referees, profiling has been widely used. Profiling of referees is of importance to the referees
themselves, but also to physical fitness instructors and those working with the referees at the
different levels (Weston et al., 2009; Weston et al., 2011a). It allows for the functional
evaluation and continuous monitoring of refereeing activities and assessing the benefits or
responses to prescribed training programmes or workloads. The profiling of referees can be a
useful tool in their professional careers by monitoring and improving their performance
(Caballero et al., 2011).
Because FIFA wants the best referees to officiate at elite competitions and games, they have
recommended that referees should be healthy and in good physical condition, have sound
technical and psychological skills and a high level of education. There are FIFA regulations
governing the registration of international referees by member associations to the FIFA
international referees’ list (FIFA, 2010). For instance, referees must be younger than 35 years
to register for the first time and not older than 45 years to be registered on the FIFA
international referees list. These referees should have officiated regularly during matches at
the highest division of their respective countries for at least two years and have passed the
category one FIFA physical fitness test. Refereeing experience is also important to officiate at
high profile national and international matches (Eissmann et al., cited by Castagna et al.,
2005a). The FIFA Referees Committee decides on the maximum number of referees from
each country that may register each year, based on the levels of the competitions and
refereeing in each country.
Body composition and anthropometric variables are useful tools for monitoring changes
taking place in the referees’ morphology as a result of training or physical demands of the
game (Da Silva et al., 2011). The mean height and body mass of FIFA elite referees during
the 2005 Confederations Cup was 183 ± 0.04 cm and 78 ± 4.49 kg (Mallo et al., 2009).
Krustrup et al. (2009) reported a mean body mass index of 23 kg/m2 (range: 20 to 27 kg/m2)
among elite European FIFA referees (n = 15) and 24 kg/m2 (range: 22 to 28 kg/m2) among
elite FIFA assistant referees (n = 15). Da Silva et al. (2011) reported that Brazilian national
referees (n = 215) had a percentage body fat of 19.3 ± 4.1 %, which they concluded was
higher than that of football players.

2
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The 2010 FIFA World Cup South Africa technical report and statistics reported that the mean
age of football players was 27 ± 1.17 years, whilst the mean age of the referees were 39 ±
3.60 years (FIFA, 2011). Despite the age difference, these referees are expected to keep up
with the pace of the game and be within the optimum distance of between 10 to 15 meters
from the play or the point of infringement in order to make the correct decisions.
Football involves high intensity and intermittent exercise bouts, with a change in the activity
or the pace thereof every four to six seconds (Bangsbo, 1994). Referees, therefore, require
high fitness levels (D’Ottavio & Castagna, 2001). Kruger et al. (2012) reported that physical
fitness concerns were the leading stressor experienced by South African soccer referees.
Heart rate recordings during matches are useful to classify the intensity of activities as it has
been shown to correlate with the distance covered by the referees on the field (Mallo et al.,
2009). Caballero et al. (2011) pointed out that the best indicators of physical performance
during the game were the amount of high intensity running that referees perform. The level
of exertion during the 2005 FIFA Confederations Cup for FIFA referees was 86 ± 3% HRmax
and for assistant referees 78 ± 4 % HRmax (Mallo et al., 2007; Mallo et al., 2009). Caballero
et al. (2011) reported a mean VO2max of 48.0 ± 4.3 ml/kg/min-1 among 22 Spanish referees
(mean age: 26.2 ± 5.0 years), whilst Castagna et al. (2005a) reported a higher mean of 52.1 ±
7.36 ml/kg/min-1 among eight elite Italian referees (mean age: 33.1 ± 1.8 years). These
studies show that referee’s cardio-respiratory fitness levels are high compared to sedentary
people of their age according to ACSM (2012) norms.
Tomporowski and Ellis (1986) showed that fit individuals performed better in cognitive tasks
after exercise than their unfit counterparts. Tomporowski (2003) also concluded that
submaximal aerobic exercise bouts lasting up to 60 minutes had a positive contribution on the
cognitive function of physically fit participants, but exercise bouts that lasted longer than 60
minutes usually affected cognitive functioning negatively. Weinberg and Gould (2011)
emphasised the need to simultaneously develop psychological and physical functions to
ensure consistent performances. Because of the high physical demands of the game, it has
been observed that referees tend to fatigue during the second half, resulting in them being
further away from infringements (Krustrup & Bangsbo, 2001; Weston et al., 2006; Mallo et
al., 2009). However, it is uncertain whether the decline in the physical performance of the
referees has any effect on their cognitive functioning and the quality of decisions they tend to
make during games (Reilly & Gregson, 2006).
3
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Given the strenuous physical demands of officiating matches, it is surprising that little
attention have been directed at assessing the mental and psychological skills of referees.
Referees are expected to remain consistent in their decisions in the face of distractions from
the crowd and pressure from coaches and players, the economic importance of the game and
the temptation of remuneration from interested parties (Nevill et al., 2002; MacMahon et al.,
2007; Catteeuw et al., 2009; Karademir, 2012). Furthermore, decisions made during the game
could have a direct influence on the match results (Bangsbo 1994; Caballero et al., 2011) and
could have far reaching consequences for the teams and players. In an effort to optimize the
decisions that referees make during the game, FIFA has introduced video training material for
referees (Helsen & Bultynck, 2004). Helsen and Bultynck (2004) calculated that an elite
football referee makes an average of 137 observable decisions per match and that referees
may encounter three to four situations per minute that may require them to make decisions.
Johnson (2006) noted that decisions made in sport settings are dynamic, made under pressure
and are spontaneously encountered. A good knowledge of the rules of the game alone is not
enough for a referee to successfully officiate a game. The ability to shift attention from broad
to narrow and vice versa depending on the dynamics of the game, as well as the ability to
inhibit any external influences is essential prerequisites in officiating. Furthermore, the
inability to properly control attention could induce stress thereby affecting mental fatigue
(Warm et al., 2008; Moore et al., 2012).
In order to develop elite referees that will have a chance of being selected to officiate at top
level competitions, it is important to embrace the valuable findings from research studies.
Reilly and Gregson (2006), as well as Weston et al. (2012) have emphasised the need for
more studies to focus on identifying the important systems that support the decision making
process of referees so as to enhance their decision making skills. Such findings prompt for
more research to find answers on how decision making and cognitive functioning of referees
can be improved in the face of prolonged exercise and varied internal and external pressures
associated with officiating matches.
Aim of the study
The aim of the study was to determine the anthropometric profile, physical and cognitive
function of elite male Zimbabwean Premier League football referees.
Specific aims of the study


To determine the anthropometric characteristics of these referees.
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To determine the physical fitness levels of these referees.



To compare the anthropometric and physical fitness characteristics of FIFA and
Zimbabwean Football Association (ZIFA) referees.



To compare the anthropometric and physical fitness characteristics of referees and
assistant referees.



To compare the cognitive function of the referees before and after a fatigue-inducing
protocol to determine the influence of fatigue on reaction time and decision-making.



To describe the relationship between cognitive function and physical fitness of these
referees.

Assumptions
It was assumed that all the referees gave their best effort during the physical testing and were
not involved in any vigorous training or physical activities in the 24 hour period prior to
testing (as instructed). It was assumed that the participants followed the prescribed weekly
training programme from the national physical fitness instructor. Furthermore, it was also
assumed that all the participants understood the Stroop cognitive function test after they were
familiarised with the test.
Delimitations
The study was limited to men that have officiated and are registered FIFA or ZIFA Premier
League referees from Zimbabwe.
Limitations
The sample of convenience lacks representation of all referees in Zimbabwe. The results of
this study is, therefore, only a good representation of elite referees from Zimbabwe that were
on the 2013 FIFA international or ZIFA refereeing panel and were officiating in the
Zimbabwean Premier league. Therefore, the generalisation of results to referees in the rest of
the world or from other levels of refereeing is cautioned.
Motivation and potential benefits
Like many other FIFA member countries, Zimbabwe contributes a number of referees to the
FIFA international referee’s list. However, there are only a few Zimbabwean referees that
have officiated in big tournaments like the Olympics, Confederations Cup and Africa Cup of
Nations, whilst only one referee has managed to officiate at the World Cup. Concerns have
been raised why Zimbabwean referees have not been able to officiate at elite competitions.
5
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To the best knowledge of the author no previous studies has been conducted to profile elite
Zimbabwean referees which can be used to lay the foundation for developing these referees.
There is subsequently a need to gather information regarding the elite Zimbabwean referees’
morphology, physical ability and cognitive functioning. This knowledge could be used to
improve their performance as it would enable fitness trainers to develop specific training
programmes using the knowledge gained from this study. Furthermore, the information will
be useful in the process of developing a career programme for identified talented young
referees in Zimbabwe.
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Chapter 2
Literature Study
Introduction
The game of football is competitive, tactical and scientific and has attracted large numbers of
spectators and sponsors. As a result players and coaches are put under immense pressure to
win games for financial gains and to maintain team pride. All these factors add to the
pressure on the referees officiating football games. In an effort to improve the performance of
referees, refereeing has become a professional career in developed countries (Weston et al.,
2010). Full time, professional referees have enough time dedicated to training and
development of their refereeing careers, compared to when a referees’ training programme
and officiating duties are scheduled around work and family commitments. From 2000 to
2006 the number of practising referees increased from 720 000 to 840 000 (FIFA, 2000;
FIFA, 2007). This increase in numbers shows that more people around the world are
choosing refereeing as a career. This has prompted the football governing body to train
referees that will uniformly apply and interpret the laws of the game, as well as meet the
mental and physical demands of the game, even when under pressure from coaches, players,
spectators and their assessors.
Referees are athletes in their own right and tend to be passionate about the game and their
performance (Philippe et al., 2009). They need to prepare technically, physically and
mentally in the same way players prepare for matches or competitions. Despite the important
role referees perform during football games, they have received far less attention from
researchers. However, a number of studies have been conducted in recent years to enhance
our understanding of the morphological, physical (Catterall et al., 1993; Rontoyannis et al.,
1998; Krustrup et al., 2002; Castagna et al., 2005a; 2005b; Weston & Castagna, 2005; Mallo
et al., 2007; Mallo et al., 2009; Krustrup et al., 2009; Weston et al., 2009; 2012; Caballero et
al., 2011; Da Silva et al., 2011; Lategan 2011) and mental characteristics (Plessner & Betsch,
2001; Helsen & Bultynck, 2004; Plessner & Haar, 2006; MacMahon et al., 2007; Catteeuw et
al., 2009; Catteeuw et al., 2010) of referees in order to improve their performance on the field
of play and to establish talent identification criteria.
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The history of football refereeing
The history of the laws of the game dates back to around 1840 when students at Cambridge
University tried to draw up uniform standard of playing rules (FIFA, 2015). The first laws of
the games were introduced in 1863 (Bizzini, 2010). At the time football officials were called
umpires. The two opposing teams would each choose their own umpire and there would be
the main umpire who would keep time and officiate from the touchline. The umpires from
each team were responsible for receiving appeals from their teams and in consultation with
the main umpire would make a decision. This would take a lot of time as there would be
disagreements resulting in long delays before decisions were made. By 1888 there was a
growing need for a neutral referee. A few years later, in 1891, the International Football
Association Board introduced the referee and two linesmen as we know it today, except that
linesmen are now called assistant referees (Bizzini, 2010; FIFA, 2015). The referee was
allowed to officiate on the field of play, while the two linesmen officiated along the
touchlines on each side of the field. The referee had overall powers to implement the laws of
the game without having to consult the linesmen to make a decision (FIFA, 2015). As a result
referees got more involved in the dynamic movements on the field of play while officiating;
for example the referee moved in parallel, zig-zag or diagonal movement patterns in search of
the most favourable position and distance from the play and infringements. Due to the high
expectations placed on the referees to correctly interpret and apply the laws of the games
whilst involved in dynamic intermittent movements, they need to be mentally and physically
fit.
Age and physical match performance
In elite sport, referees or umpires tend to be older than players. In rugby, Rainey et al. (1997),
as well as Kay and Gill (2004) reported an average age of 41 ± 3.4 years and 35 ± 3.9 years
for referees, while basketball referees from Germany had a mean age of 33 years (Brand et
al., 2006). In a study conducted on elite Australian basketball referees, Leicht (2007) reported
that the referees were on average 29 ± 3.9 years old, with their years of experience ranging
between one and fifteen years.
The 2010 FIFA World Cup South Africa technical report and statistics reported that the
average age of the players was 27 ± 1.17 years, while the referees were on average 39 ± 3.60
years old. Referees in the 2013 Confederations Cup held in Brazil, were of similar age,
namely 39 ± 3.50 years (FIFA, 2013b). Weston et al. (2010) reported that the average age
8
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difference between football players and referees ranged between 10 and 15 years. Castagna et
al. (2005a) contends that elite referees reach their best performance and highest career level
around the age of 40. Despite being older than players, referees are expected to perform at
similar levels as football players and as such referees are considered to be elite performers as
well (Weston et al., 2010). Weston et al. (2011b) revealed that referees covered greater mean
match distances than the players during a football season (11 280 ± 738 m versus 10 794 ±
374 m; p < .001, effect size (ES) = 0.83) and there were strong correlations between the
players’ and referees’ total distance covered (r = 0.644, p = .003) and high speed running
time (r = 0.624, p = .006). During matches, the referees are expected to keep up with play
despite the age difference between them and the players as they need to be well positioned to
observe play and implement the rules of the game.
It is known that increasing age affects physical performance. Katch et al. (2011) stated that
maximum strength in men and women is achieved between the ages of 20 to 30 years, after
which strength is gradually lost. According to Bunn (2011), ageing causes the loss of fast
twitch fibres and promotes an increase of slow twitch fibres, which means that older referees
will tend to be slower than the average player. Furthermore, maximum cardiac output also
decreases with age, mainly due to a decrease in maximum heart rate (Hawkins and Wiswell,
2003). This would cause a lower endurance capacity with ageing.
Weston et al. (2010) studied the effects of age on physical performance and match
physiological load on younger (age ranged from 31 to 36 years) and older elite English
football referees (age ranged from 43 to 48 years). They found that older referees covered a
shorter distance during a game compared to the younger referees (11 302 ± 749 m vs. 12 209
± 713 m). However, they also observed that older referees managed to keep up and were
within the optimum distance from fouls during play. The authors attributed this to the fact
that older referees were more economical in their movements and more able to anticipate
play, thereby maintaining a similar distance to the match action than the younger referees. It
can be assumed that referees’ years of experience make up for the detrimental effects of
ageing on physical performance.
Due to the effects of age on physical performance, FIFA first introduced the age limit of 45
years during the 1990 World Cup (Caballero et al., 2011). However, since the labour laws in
Europe state that the retirement age is 65 years, older referees (> 45 years) have maintained
that they should be allowed to officiate until the age of 65 years, as long as they are still able
9
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to complete and pass the required fitness test. This issue is particularly important in Europe
where refereeing is a profession.
Refereeing experience
There are four categories of refereeing; each category corresponds to a level of football in a
country. A category one referee for example officiates in the professional league or
competition in a country (FIFA, 2010). In professional football leagues and competitions, the
selection of referees is based on experience and ability to complete and pass the required
FIFA physical fitness, medical and technical test on their knowledge of the laws of the game
(Castagna et al., 2005a; Stølen et al., 2005). Catteeuw et al. (2009) reported that Belgian
referees who officiated in the 2006 World Cup in Germany started their careers at the age of
18 ± 2.9 years and had, on average, 19 ± 4.1 years of experience. Their counterparts, the
assistant referees, started their careers at the age of 19 ± 2.8 years and had experience of 15 ±
2.6 years, 4 ± 2.9 years less than the referees. The referees who officiated at the 2006 World
Cup had been officiating for 5.7 ± 2.0 years at FIFA international level, whereas the assistant
referees had 4.1 ± 2.7 years of experience at the same level (Catteeuw et al., 2009). During
the 2005 Confederations Cup, the elite FIFA referees had an average of 8.05 ± 3.39 years’
experience at this level (Mallo et al., 2009). The experience referees accumulate during their
careers is of fundamental importance for success in officiating on the field of play (Weston et
al., 2010).
Anthropometric profile and body composition
The modern game of football requires referees to be physically fit to officiate effectively in
matches despite the onset of physical exhaustion. Furthermore they should not experience
stress to the extent that it adversely affect their decision making ability (Da Silva &
Nascimento, 2005). Rontoyannis et al. (1998) proposed that it was important to evaluate and
assess the functional, medical and morphological profiles of referees so as to come up with
means and methods to improve their performances. According to Wallace et al. (2009) and
Moon (2013), excessive body weight has a negative effect on performance. Wilmore and
Costill (2004) stated that body fatness is associated with poor performance in speed,
endurance, balance and agility. The high amounts of adipose tissue and low muscle mass are
considered a limiting factor of performance (Sutton et al., 2009). Overweight referees cover
match distances with greater difficulty and at a higher energy expenditure, making it
important to monitor their percentage body fat. The referee is expected to be mobile and able
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Stellenbosch University https://scholar.sun.ac.za

to carry their own body weight around the field throughout the entire match without any
difficulty. The process of monitoring body composition of referees is thus important for
health, nutritional guidance and to develop specific training programmes (Durnin &
Womersley, 1974; Rontoyannis et al., 1998; Castagna et al., 2007; Da Silva et al., 2011;
Moon, 2013).
Body composition
Body composition is defined as the relative amounts of fat mass and fat free mass found in
the human body. It is the ratio of different components or variables that forms part of the
body and includes fat, muscles, bones and the organs. On average the fat free mass of a
human body consists of 73 % water, 19.4 % protein and 6.8 % minerals (Brozek, 1961;
Wagner & Heyward, 2000). Fat mass includes both essential and nonessential fats. Essential
fat is found in bone marrow, liver, kidneys, intestines, muscles, heart, spleen and the central
nervous system. It is required for the normal functioning of the human body. According to
Katch et al. (2011), essential fat in men is less than that found in women and consists of
approximately 3% and 12% of the total body fat respectively. The nonessential fat,
sometimes called the stored fat, is found in the adipose tissue (McArdle et al., 2010). It
consists of the visceral fat which is stored around the body organs in the abdominal area and
the subcutaneous fat that is found beneath the skin of the human body. Fat is an important
component of the human body because it serves as an energy reserve, protects the vital
organs of the body, assist in the transportation of fat soluble vitamins, provide insulation
during the cold and is a hunger suppressor (Katch et al., 2011).
The importance of body composition measurements
Body composition measurements are useful to trace health risk factors and to monitor obesity
among referees (Rontoyannis et al., 1998; Reilly & Gregson, 2006). Ellis et al. (2000) stated
that the increased risk for cardiovascular diseases is linked to excessive amounts of body fat.
Jackson et al. (2013) alluded to the fact that nutrition is a fundamental component to life, and
that body composition measurements are helpful in monitoring changes brought about by
good nutrition over prolonged periods. The preparedness, adequacy and appropriateness of
training loads can also be assessed through the use of body composition measurements. The
body composition measurements can be used to monitor, evaluate, create and optimise
training programmes (Da Silva et al., 2011; Moon, 2013). Among football referees, the
assessment of body composition has been useful in giving insight into health related status,
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functional evaluation and physique (Rontoyannis et al., 1998; Reilly & Gregson 2006; Da
Silva et al., 2011). A nutritional plan aimed at assisting referees to maintain appropriate body
fat levels, is important to support their fitness training regime. The changes in shape and body
structure as a result of training, physical demand of the game, aging, diet/nutrition, or
lifestyle among football referees can be tracked and analysed (Da Silva et al., 2011). There is
a growing interest in issues related to body composition or body fatness in relation to
performance and health status of referees with the aim of improving performance (Da Silva et
al., 2011).
Models of body composition
There are field methods that can be used to estimate body composition. They are not
expensive, the tests can be carried out outside the laboratory and they are easy to use or
perform. These methods include the anthropometric measurements (e.g., height, weight,
skinfolds, girths and bone breath), bioelectric impedance analysis (BIA) and near-infrared
interference (Norgan, 2005). Different formulas and regression equations from underwater
weighting or hydrostatic and the skinfold methods have been developed to calculate body
composition.
Anthropometric measurements
McArdle et al. (2010) defines anthropometry as a “standardised technique to quantify body
size, proportion and shape” (p. 726). Heyward and Wagner (2004) referred to anthropometry
as “measurements of the size and proportion of the human body” (p. 67). Both definitions
note that anthropometry involves the techniques to measure body shape and proportion,
whilst McArdle et al. (2010) also makes mention of standardisation of the measuring
technique. The International Society for the Advancement of Kinanthropometry (ISAK) has
played an important role in standardising anthropometric measuring techniques and
procedures (Norton & Olds, 1996). Anthropometric measuring techniques are non-invasive
and the equipment used is affordable and portable (Eston et al., 1996). Anthropometric
measurements have been used to determine size, shape and proportion, anthropometric
indices like sagittal abdominal diameter, body mass index and waist hip ratio to identify
health risk diseases (Heyward & Wagner, 2004).
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Body Mass, Height, Body Mass Index and Waist-Hip Ratio
The use of height, body mass and girth are useful ways to measure and express general body
composition and size. The circumferences or girths are used to measure specific segments of
the body (Eston et al., 1996). The method is based on the rule that girths reflect fat and fat
free mass, and that slenderness is related to lean body mass (Wagner & Heyward, 1999).
Body mass index (BMI) and waist-hip ratio (WHR) have been widely used to identify levels
of overweightness and obesity. FIFA has been using BMI as a tool to identify underweight,
overweight, or obese referees. The advantage of these measurements is that they are easy to
collect and calculate. BMI is calculated by dividing weight by height squared. BMI is a rough
measure of body composition and is associated with relative body fat (Wilmore & Costill,
2004; Castagna et al., 2007; Reilly et al., 2009). It has also been used as a measure of obesity
and energy stores (Norgan, 2005). It has also been described as a measure of the heaviness of
human beings (Abernethy et al., 1996).
BMI has also been criticised by many authors. Reilly et al. (2009) stated that BMI does not
factor in the structure of the individual’s body but it is a weight-for-height index that is used
in the general population to classify or categorise people as being underweight, normal
weight, overweight or obese. The method of using BMI to identify fatness in an individual
does not indicate whether the person is muscular, overweight or obese (Powers & Howley,
2007). Reilly et al. (2009) recommend that BMI should not be used as a way to measure
adiposity among athletes. If BMI is used in sport settings, it should be used with caution.
Yet, the majority of studies in the past, as well as current studies, report BMI.
Table 2.1 summarises the results on body mass, height and BMI of studies conducted on
football referees around the world. Krustrup et al. (2009) reported a mean height of 181 cm
(range 168 to 192) among FIFA referees from Demark with the assistant referees being
shorter than the referees, whilst Mallo et al. (2009) reported a mean height of 183 ± 0.4 cm
among the 2005 Confederations Cup FIFA referees. There are similarities in the BMI results
of football referees reported from different studies with values mostly in the upper normal
weight and overweight category on the BMI table. The World Health Organisation (1995)
categorises normal weight as between 18.5 kg/m2 and 24.9 kg/m2. Reilly and Gregson (2006)
reported a BMI value of 27.1 kg/m2 among English referees, which is very high.
The table shows that most referees have a body mass that ranges between 70 kg and 82 kg,
with the majority of studies reporting mean values above 75 kg and below 80 kg. Referees
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from South Africa, as reported by Lategan (2011), weighed less than the referees from other
countries, whilst the assistant referees were shorter and tended to be overweight.
Table 2.1. Summary of the age, body mass, height and body mass index of football
referees cited in different studies.

Study
Rontoyannis
et al. (1998)
Reilly &
Gregson.
(2006)
Mallo et al.
(2007)
Vargas et al.
(2008)
Krustrup et al.
(2009)

No.

Age
(years)

Body Mass
(kg)

Height
(cm)

Body Mass
Index
(kg/m2)

Greece

188

36.3 ± 4.5

81.6 ± 7.8

177.4 ± 5.7

25.9 ± 2.1

England

6

37.5 ± 4.7

89.8 ± 4.8

182 ± 5

27.1 ± 5.3

FIFA
Referee

11

78.82 ± 4.49

183 ± 0.4

-

Chile

11

Denmark

15

Country,
level & type

Italian
Castagna et al.
Assistant
(2011)
Referees
Brazilian
Da Silva et al.
National
(2011)
Regional
South
African
Lategan
Referees
(2011)
Assistant
Referees

39.32 ±
3.43
34.54 ±
4.76
42 (range:
32 to 45)

76.95 ± 5.75

174 ± 5.0

25.14 ± 1.18

82.5 (range:
76.1 to 93.4)

188 (range:
176 to 191)

23 (range:
20 to 27)

50

34 ± 2.0

75 ± 4.9

177 ± 4.9

-

215
25
190

33.7 ± 5.7
37.9 ± 4.1
33.2 ± 5.7

78.5 ± 10.3
79.00 ± 7.9
78.5 ± 10.7

177.5 ± 6.1
178.6 ± 4.4
177.3 ± 6.2

24.8 ± 2.8
24.7 ± 2.4
24.9 ± 2.9

20

27 to 46

74.08 ± 8.76

171 ± 6.7

25.61 ± 3.86

7

-

70.56 ± 5.7

173 ± 6.5

24.06 ± 3.08

13

-

75.98 ± 9.7

169.4 ± 6.7

26.45 ± 4.09

Skinfolds
Skinfold callipers have been widely used to measure skinfolds and to predict body density
and percentage body fat from regression equations (Norton & Olds, 1996; Reilly et al., 2009;
Katch et al., 2011) There estimates are based upon the two components model, namely fat
mass and fat free mass (Heyward and Wagner, 2004). To estimate the composition of
different components of the body, prediction equations are required and these are derived
from laboratory methods. These equations have been used to predict body density and hence
body fatness using data from skinfold measures (Lukaski, 1987). Many equations have been
developed over the years, with the most common and widely used equations being those by
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Siri (1961), Durnin and Womersley (1974), Lohman et al. (1984), Eston et al. (2005), and
Wallace et al. (2009). The skinfold method has been criticised due to its lack of accuracy and
precision when using its data to calculate body fat, as these formulas or equations are based
on the general population from which the equations were derived (Lukaski 1987). However,
since skinfolds are easy and cheap to measure, several studies have assessed body
composition using this method and the results are presented in Table 2.2.
Table 2.2. Summary of the percentage body fat of football referees cited in different
studies using the skinfold method.
N

Country

Mean age (years)

Percentage Body Fat

122

Greek

36.3 ± 4.5

16.7 ± 4.5 %

45

Spanish

35.5 ± 4.4

11.3 ± 2.15 %

13

Older

40.4 ± 2.5

11.9 ± 0.60 %

17

Average

35.8 ± 1.5

11.1 ± 0.53 %

15

Younger

30.4 ± 1.5

11.1 ± 0.56 %

Da Silva et al. (2011) c

215
20

33.7
Range:
27 - 46

18.5 %

Lategan (2011) b

Brazilian
South
African

Rontoyannis et al. (1998) a

Casajus & Castagna.
(2007) b

12.63 ± 4.2 %

These studies employed the following formulas:
a Slogan’s equation (1962): Body Density (BD) (g/ml) = 1.1043 - (0.001327 x thigh skinfold (mm)) - (0.00131 x subscapular skinfold
(mm))
495
%BF=
− 450
𝐵𝐷
b Carter’s equation (1982) (cited by Casajus and Castagna, 2007).
c. Jackson and Pollock’s (1978) equation: BD = 1.112 - (0.00043499 x sum of skinfolds) + (0.00000055 x square of the sum of skinfold
sites(mm) (chest, triceps, axilla, subscapular, abdominal, suprailiac and thigh)) - (0.00028826 x age)
495
%BF=
− 450
𝐵𝐷

Somatotype
Apart from using skinfold measures to predict percentage body fat, these measures are also
used to calculate a person’s somatotype (Jackson et al., 2013). Duquet and Carter, (1996)
defined somatotype as a method of describing the human physique in terms of body
composition and shape. Carter, (1996), as well as Carter and Heath (1990) described
somatotype as a method of quantifying the shape of the human body. Marfell-Jones (2006)
described it as a process of classifying the shape of a human body without considering body
size.
There are several ways of determining anthropometric somatotypes. The Heath and Carter
method (Carter & Heath, 1990) is commonly and popularly used to determine somatotype
that include the use of computerised somatotype software, somatotype rating forms and the
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use of equations. In the Heather and Carter somatotype method body composition is
expressed as a three number value that represents endomorphy (the relative fatness),
mesomorphy (the relative muscular skeletal development) and ectomorphy (the relative
slimness or linearity) (Carter & Heath, 1990; Carter, (1996). There are 13 somatotype
categories (see Table 2.3) which are based on the areas of the 2-D somatochart (Carter &
Heath, 1990). These categories are illustrated in Figure 2.1. Only a few of the studies on
football referees reported the somatotype results and these are summarised in Table 2.4.
Table 2.3. The 13 somatotype categories.
1

Endomorph-ectomorph

8

Ectomorphic mesomorph

2

Ectomorphic endomorph

9

Mesomorph-ectomorph

3

Balanced endomorph

10

Mesomorphic ectomorph

4

Mesomorphic endomorph

11

Balanced ectomorph

5

Mesomorph-endomorph

12

Endomorphic ectomorph

6

Endomorphic mesomorph

13

Central

7

Balanced mesomorph

Figure 2.1. Graphic illustration of the 13 somatotype categories
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Table 2.4. Summary of the somatotype results for football referees and assistant
referees cited in different studies.

Author
Vargas et al.
(2008)
Da Silva et al.
(2011)
Lategan
(2011)

Country,
level &
referee type

N

Age

Endomorph

Mesomorph

Ectomorph

Chile

11

34.54 ±4.7

3.81

5.67

1.57

Brazil
National
Regional
South Africa
Referees
Assistant
Referees

215
25
190
18
6

33.7± 5.7
37.9 ± 4.0
33.2 ± 5.7
27 to 46

3.9
3.8
3.8
4.3
4.17 ± 2.06

4.3
3.9
4.4
4.3
3.60 ± 1.34

1.9
1.9
1.8
1.7
2.13 ± 1.30

4.31 ± 1.85

4.62 ± 0.93

1.44 ± 1.23

12

Vargas et al.’s (2008) study among elite referees from Chile revealed an endomorphicmesomorph somatotype (3.81-5.67-1.57). These referees had a greater musculo-skeletal
component compared to the referees from the other countries. Da Silva et al. (2011) reported
that Brazilian referees (n = 215) were mesomorphic-endomorphs with a mean of 3.9-4.3-1.9,
with the regional level referees (n = 190) reporting a higher mesomorphic score (3.8-4.4-1.8)
than the 25 national level referees (3.9-3.9-1.9). The South African officials (n = 18) in
Lategan’s (2011) study were balanced meso-endomorphs (4.3-4.3-2.13), with slight
differences between the referees (4.7-3.9-1.8) and assistant referees (4.3-4.6-1.4).
Body composition and age
Da Silva et al. (2011) asserted that most changes taking place in the referees’ morphology
were due to an increase in fat mass with aging. Casajus and Castagna (2007) stated in their
discussion that the appropriate body composition may contribute to maintenance of aerobic
fitness in older referees. Therefore, the importance of monitoring body composition among
referees is critical. In a brief review, Reilly and Gregson (2006) reported that English referees
(mean age 37.5 ± 4.7 years) had a higher percentage body fat than the players (mean age 26.3
± 5.0 years) in the same league. The football officials had a percentage body fat of 18.9 ± 3.7
%, compared to the 13.0 ± 2.0 % of the players. Furthermore, they commented that the
percentage body fat values of the referees were normal for their age.
Earlier, Castagna et al. (2005a) reported that there was no significant difference among
Italian younger and older referees in terms of their height, body mass and percentage body
fat, but that the older referees’ performances in physical fitness tests, like the 50 m sprint and
12 min run test was poor. In another study Castagna et al. (2005b) reported that top level
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referees (n = 14, mean age 37.5 ± 4.5 years) from Italy had a body mass of 78.5 ± 5.6 kg
which was heavier than low level referees (n = 14, mean age 24.8 ± 1.2 years) who had a
mean body mass of 77.6 ± 3.6 kg. Although the sample sizes were small, these studies
demonstrated that older referees were heavier than the younger referees.
Body composition and physical exercise
Casajus and Castagna (2007) reported that the younger and older referees in their study had
similar anthropometrical measurements. The older referees managed to maintain their aerobic
fitness which the authors attributed to maintaining appropriate body composition values.
Therefore, low body fat percentages are desirable for performance. Despite the fact that there
is no standard required or recommended acceptable body size or composition, referees are
expected to develop appropriate physique and physical capacity to be able to meet the
requirements of the FIFA physical fitness test to be able to officiate at elite level (Helsen and
Bultynck, 2004; Reilly and Gregson, 2006; Castagna et al., 2007; Weston et al., 2012).
Physical ability and fitness
The intermittent nature of football and the physical demands on referees
A football game lasts at least 90 minutes and involves aerobic and anaerobic episodes of
different durations for both players and referees (Bangsbo et al., 2008). The intermittent
nature of football is described as prolonged exercise with alternating intensities of high
intensity movements like running, cruising, sprinting and cutting, as well as lower intensity
movements like forwards and backwards jogging, walking, shuffling and standing (Bangsbo
& Lindquist, 1992; Orendurff et al., 2010). These movements take place spontaneously at
different durations and intensities during a football match. Bangsbo (1994) observed that
there is a change in activity or pace every four to six seconds during a game. Through motion
analysis, Krustrup and Bangsbo, (2001) reported that referees performed a total of 1268
(range 965 to 1577) activities during a match and on average changed activities every 4.3 s.
Krustrup et al. (2002) also assessed the movement patterns of assistant referees and reported
that they executed 1053 (range 832 to 1459) activities that changed every 5.0 s.

Referees are required to move among players in an attempt to get into the best position to
monitor play, whilst they need to avoid interfering with play, touching the ball and
obstructing the players. Their main responsibility is to enforce and implement the laws of the
game, whilst the two assistant referees need to notice off-side play by taking up position in
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line with the last defender or the ball (FIFA, 2013a). Assistant referees find themselves facing
the pitch while involved in movements like running, sudden changes of direction such as
changing from forwards running or sprinting to sideways movements (Castagna et al., 2011).
To perform these activities well referees are expected to be physically fit. The physical
demands of refereeing matches have been best described through reporting the distance
covered during a game, the referees’ heart rates, as well as analysing the different movements
that the referee is performing during the game (or intensities thereof).
FIFA physical fitness tests for referees
In response to increasing levels of competition during the 1980’s (Rontoyannis et al., 1998),
FIFA introduced a compulsory health check and physical fitness tests for referees and in
1989, referees needed to pass the physical fitness test before they could be included on the
international referees’ list (Reilly & Gregson, 2006). Previously, the selection of referees
would be based solely on observing referees during matches. The fitness tests were
introduced in an effort to improve the performances of referees. However, this has been
challenging as these fitness tests need to relate to the activities performed during the game.
FIFA proposed that referees had to complete a physical test that included: 4 x 10 m shuttle
runs in less than 11.5 s, 2 x 50 m’s with each run in less than 7 s, 2 x 200 m’s with each run in
less than 32 s and a minimum of 2700 m in 12 min (Rontoyannis et al., 1998). During the
2005 FIFA Confederation Cup, FIFA introduced a new battery of tests (Mallo et al., 2007),
which are still in use today. The tests should be performed on a 400 m athletics track. It
consists of 6 x 40 m repeated sprints (interspersed with 90 s recovery), each completed in less
than 6 s for FIFA and national level assistant referees and less than 6.2 s for FIFA and
national level referees. Following the repeated sprints, the referees are given six to eight
minutes rest, after which they have to complete 20 x 150 m high intensity runs. The maximal
time allowed for each run is 30 s for category one referees and assistant referees, interspersed
by a 50 m recovery walk in 35 s for referees and 40 s for assistant referees (FIFA, 2010). In
order to pass the test, the referees have to complete a total distance of 4000 m (20 x 150 m
high intensity runs and 20 x 50 m walks) faster than the imposed time limit for each run and
walk.
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Performance analysis
Analysing the movement patterns of players and referees has become a useful tool in defining
the physical demands and the nature of activities that are typical of the game. The need for
success has led coaches and physical fitness trainers to use performance analysis of matches
and search for ways to understand the weaknesses in the performances of players and how to
affect improvement. The same principle would apply to referees.
Several studies have been conducted to evaluate the performances, movement patterns and
physical match demands of football referees (Reilly & Thomas, 1976; Krustrup & Bangsbo,
2001; Weston et al., 2007; Weston et al., 2011b). This has been possible through the use of
match analysis and time motion analyses. One of the first studies was conducted by Asami et
al. (1988), in which hand notational analysis was used to calculate the distance covered by
football referees. These referees covered a mean distance of about 10 km (range 8 to 11 km).
Reilly and Gilbourne (2003) described notational analysis as the recording of events during
an activity for the purpose of gathering statistical details of the performance. In recent years,
computerised notational analysis equipment has been developed to analyse movements on the
field of play. The activities of the referee are recorded for the duration of the game, including
the number of occurrences of activities, as well as the duration, the distance covered, and the
speed of each activity. The data attained from this process allows for quantitative and
qualitative feedback about the performance, activities and physical demands of players and
referees. It is important that feedback on match performance is analysed objectively,
accurately and with pertinence so that the fitness instructors can make informed decisions and
suitable training prescription. Today there are many motion and time analysis technologies
that make use of video analysis and computer technology to analyse and track referee and
player movement on the field of play (Hughes & Bartlett, 2008). This has enabled fitness
trainers to design training programmes that mimic the match intensity and activities in order
to improve the performances of players or referees (Haines, 2013). Without such feedback
from match and time motion analysis it will be difficult to understand the physical demands
imposed on players and referees.
The overall distance covered by players and referees can be used to determine the exercise
intensity of the game. Through motion analysis all the actions of an individual can be
categorised in terms of intensity, duration, distance and frequency (Reilly & Gilbourne,
2003). Studies have shown that football referees cover a distance of 10 to 12 km during elite
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and international level matches, with 4 to 18 % of the total distance covered being run at
speeds between 13 and 15 km/h (Bangsbo et al., 2006; Castagna et al., 2007; Weston et al.,
2009). The distance covered and the physical stress imposed on referees has been found to
resemble that of midfield football players (Stølen et al., 2005). On the other hand, assistant
referees have been reported to cover an average distance of 6 to 8 km per match, of which
approximately 1.2 km consists of lateral running (Krustrup et al., 2002).
Mallo et al. (2009) analysed 11 elite FIFA international referees during the 2005 FIFA
Confederations Cup and compared the results with the 2003 U17 World Championship. They
reported that referees during the Confederations Cup covered a distance of 10.2 ± 6.43 km, of
which 1.92 ± 4.0 km consisted of high speed running. On average the referees were 16.3 ±
7.4 m away from infringements. In comparison, the 2003 U17 World Championship referees
covered a distance of 11.1 ± 9.35 km, which included 1.41 ± 4.53 km of high speed running.
These referees were on average 14 ± 6 m away from the infringements. The authors
concluded that the referees performed a significant amount of high speed running (mean 8.9
± 1.2 %) and sprinting (mean 7.7 ± 1.5 %) during high profiled matches and that this was a
reflection of the level of competition.
Krustrup et al. (2009) reported that FIFA referees (n = 14) from Denmark ran at high speeds
for 2.1 ± 0.9 % of the total time during matches (51 ± 19 occurrences), whilst the assistant
referees (n = 14) ran at high speeds for 1.2 ± 0.3 % of the time (38 ± 10 occurrences).
Although the assistant referees performed less high speed running than the referees, they
actually performed more sprints (17 ± 5) than the referees (13 ± 4). Furthermore, the mean
distance of the sprints of the referees and assistant referees was 12 m and 14 m, respectively.
They also observed a significant inverse correlation between the total distance covered during
a match and the distance from infringements during both the first (r = -.60) and second half (r
= -.58) among these referees during international matches. The authors concluded that the
referees who performed more high intensity activities tended to be closer to the
infringements.
Figure 2.2 contains a breakdown of the time spent on different activities by top-class Danish
referees, compiled from the data reported by Krustrup and Bangsbo (2001).
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High Speed
Running
(1.5%)

Low Speed
Running
(9.1%)

Walking
(41.4%)
Standing
(21.8%)

Sprinting
(0.5%)

Jogging
(15.6%)

Backward
Moderate Speed
movements
Running
(5.5%)
(4.7%)

Figure 2.2. Diagram indicating the percentage of the total time spent on each type of
activity by top-class Danish referees (Compiled using data from Krustrup and Bangsbo,
2001)
Several studies reported a drop in the number of high intensity runs and sprints during the
second half of the game compared to the first half (D’Ottavio & Castagna, 2001; Weston et
al., 2007; Krustrup et al., 2009; Mallo et al., 2009). Thus, repeated sprint ability seems to be
affected by fatigue. However, Mallo et al. (2009) reported the opposite results for referees
officiating in high level competitions, noting that these referees performed more high
intensity running in the second half during the Confederation Cup and the U17 World Cup.
These results suggest that the amount of high intensity running is probably a function of the
level of competition, while it also reflects the higher physical fitness levels of the elite
referees involved in these competitions. Table 2.5 shows the performance analysis data of
football referees retrieved from several studies.
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Table 2.5. A summary of the performance analysis data of football referees cited in
different studies.
Total match High speed
Distance to
Age
Notational
distance
running
infringement
Source
(years) N
method
(m)
(m)
(m)
D’Ottavio and
Castagna
(2001) - Elite
Italian referees

37 ± 2.1

Castagna et al.
(2004)

FIFA
referees:
38 ± 3
Italian
referees:
37 ± 3

Weston et al.
(2005) English
Premier league
Weston et al.
(2007) English
Premier league

40.1 ±
4.9

Mallo et al.
(2007)

33.4 ±
3.8

Mallo et al.
(2009) FIFA
Confederations
Cup

39.32 ±
3.43

33

Video analysis

13
Video analysis
13

11 469 ± 983

1 546 ± 419

12 956 ± 548

2 378 ± 423

11 218 ± 1
056
(p < .05)

1 642 ± 689
(p < .05)

-

-

18

Video analysis

11 617 ± 617

781 ± 208

-

19

Computerized
video match
analysis image
recognition
system

11 622 ± 739

787 ± 245

14 ± 0.8

11

Computerized
match analysis

11 059 ± 935

1 405 ± 453

First half:
12 ± 5
Second half:
16 ± 7

Computerized
match analysis

10 218 ± 643

1 920 ± 399

16.3 ± 7.4

11

m = metres
Heart rate and physical performance
Heart rate is often used as an objective measurement of physiological strain, based on the
assumption that there is a linear relationship between heart rate and oxygen uptake (Powers
and Howley, 2007; Katch et al., 2011). Subsequently, heart rate is used to estimate energy
expenditure and oxygen uptake (Reilly & Gregson, 2006). Heart rate monitors are useful
devices that allow the real-time measurement of heart rate and thus the estimation of exercise
intensity during training or games.
In a review of the literature, Reilly and Gregson (2006) concluded that most studies agree that
the heart rate ranges among referees during a game was 162 to 165 beats per minute (b/min).
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Krustrup and Bangsbo (2001) reported mean heart rate measurements of 85 ± 1 % (range 74
– 91 %) of the age predicated maximum heart rate among elite Danish referees (n = 27)
during a match. Mallo et al. (2009) observed a similar mean heart rate percentage of 86 ± 3 %
of the age predicted maximum heart rate among elite FIFA referees in a high level
international competition. These results indicated that the match demands required
considerable amounts of aerobic energy expenditure with a sizable anaerobic contribution
throughout the match. They concluded that the aerobic system was the major source of
energy during the match. However, football referees performed high intensity exercise (above
90 % of HRmax) for an estimated 28 % of the match, indicating that the anaerobic metabolic
system is also stressed. The exercise intensity of the assistant referees during matches has
been reported to be lower than that of referees. Krustrup et al. (2009) reported a mean heart
rate of 124 ± 15 b/min during a match (range: 105 - 157 b/min). Table 2.6 summarizes the
heart rates of referees during matches as reported in various studies.
Table 2.6. The mean heart rate data of referees during matches as reported in different
studies.
Author
Catterall et al. (1993) on
elite English referees
D’Ottavio and Castagna
(2001) on Elite Italian
referees
Krustrup and Bangsbo
(2001) on Danish elite
referees

N
14

Heart Rate (b/min)
165 ± 8

18

37 ± 2.1

163 ± 5

27

38
(range: 29 - 47)

162 ± 2

8
8

Older referees
(n = 15, range 40 to 46 years)
Younger referees
(n =14, range 29 to 34 years)
Younger referees: 33 ± 1.8
Older referees: 42 ± 1.2

11

39 ± 3.4

Bangsbo et al. (2004)
Castagna et al. (2005a) on
elite Italian referees
Mallo et al. (2009) on
FIFA Referees

Age (years)

157 ± 3
167 ± 3
189 ± 4
176 ± 5
161 ± 9

Despite being a popular measure of exercise intensity, Weston and Castagna (2005) argued
that heart rate alone cannot explain the physiological and psychological stress being
experienced by referees during matches. Several factors may affect the heart rates of referees
during a game. For instance, weather conditions may be conducive to the development of
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dehydration which will lead to an elevated heart rate. Referees are also exposed to many
mental stressors, such as match pressure (from players, coaches and fans), as well as their
exposure to performance assessments by match assessors or commissioners during a match.
Therefore, match intensity based on heart rate measurements may be overestimated as a result
of these factors (Bangsbo et al., 2006).
Weston and Castagna (2005) found no correlation between English FA Premier League
referees’ heart rates and number of high intensity runs (r = 0.205, r = 0.370, p > .05) and
there was no correlation between match heart rate and mean distance covered by the referees
during the match (r = 0.370, p > .05). However, they did find a relationship between the
number of high intensity runs and distance covered (r = .540, p < .05). They subsequently
recommended that heart rate should be reported together with other physical performance
data of the referee to give a realistic estimate of the physical and physiological stress of
match refereeing.
Flexibility
The frequent changes in the movement patterns of referees require that they have adequate
range of motion in the joints and musculoskeletal system. In their study Bizzini et al. (2009a),
reported that that hamstring strains (26%) and ankle sprains (26%) were the most frequent
types of injuries among the Swiss male referees (n = 66). The prevalence of similar injuries
was also reported in a study by Gabrilo et al. (2013) among Croatian football referees.
Bizzini et al. (2009a) argued that improvements in the range of motion are important, as it
minimizes the risk of injury. According to the American College of Sports Medicine (ACSM,
2012), reduced flexibility in the lower back, posterior thigh region or hamstring muscles is
associated with greater risk for chronic lower back pain as a result of poor low back or
hamstring muscle flexibility.
The general perception is that improved flexibility minimises the chances of sustaining an
injury and chronic conditions like low back pain, however, this view has been questioned.
Injuries occur when the muscle is stretched beyond its free range of motion. In a review paper
Woods et al. (2007) concluded that there were contradicting findings on weather stretching
reduced the risk of injury. Pope et al. (2000) examined the effect of muscle stretching during
warm-up on the risk of exercise-related injury and they found no significant effect of
stretching on all injuries (p = .67). Furthermore, they found that poor flexibility accounted for
2.5 times the risk of injury, while high flexibility accounted for 8 times the risk of injury
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when it was compared to average flexibility. Knudson et al. (2000) concluded in their paper
that only normal levels of flexibility were appropriate to lower the risk of injury. Therefore,
flexibility should be optimised for each individual to improve performance and potentially
reduce the risk of injury.
Stretching the muscles often is an important activity that helps to maintain or increase
flexibility (Harrell 2006; ACSM, 2012) or improve other parameters like power (O’Sullivan
et al., 2009). If the muscles are not regularly stretched, they become stiff and their range of
motion becomes reduced. Trunk and hip flexibility is especially important in reducing the
incidence of injury and chronic low back pain and tension (Hopkins & Hoeger, 1992;
Minkler & Patterson, 1994). Reduced hamstring flexibility is suggested to be the main cause
of hamstring strains (O’Sullivan et al., 2009).
Despite the fact that flexibility tests can be a performance related measure it is not included in
the FIFA fitness test battery. This is because FIFA fitness tests have largely been based on
tests that help predict performance during matches and that depend on normative basis rather
than on tests that identify weakness (Mallo et al., 2007; Mallo et al., 2008). These tests
require referees to perform at their maximum effort or level. It is important to assess the
flexibility of the referees even though it might not give any performance advantage.
Gleim and McHugh (1997) define flexibility as the ability of a joint to move through its full
range of motion. Flexibility can either be static or dynamic. Static flexibility or stretching is
described as the range of motion that is controlled and achieved in a slow movement of the
joint to in lengthening of the muscle (Woods et al., 2007). The purpose of static stretching is
associated with the improvement of flexibility (Aguilar et al., 2012) According to Gleim and
McHugh (1997) dynamic flexibility is the obtainable range of movement when the joint is
moved in a quick motion to its limits. Dynamic flexibility can easily be identified by the
stiffness of the muscles or tendons. It is the structure of the joint and elasticity of the muscle
and connective tissue (tendons and ligaments) that limits the range of motion. To maintain
muscle elasticity regular stretching is required to prevent muscle stiffness (Davis et al.,
2005).
There are also other factors that limit the range of motion like pain, injury, and the inability to
produce enough muscle force, perhaps due to age or illness (Fatouros et al., 2002). Physical
inactivity can also limit the range of movement in joints due to disuse. An increase in the
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muscle mass or hypertrophy may also reduce flexibility of a joint (Powers and Howley,
2007). Even though the referees train frequently, are physically fit and are not involved in
any physical contact during the match, they are still prone to injuries. Referees are involved
in large amounts of sprinting at near maximum to maximum speeds, sudden stops and starts,
acceleration, deceleration and change of direction. During these movements, the lower back,
hamstrings and calves are constantly in control of the load, rotational movements around the
knees and ankle joints. Bizzini et al. (2009a; 2009b) reported that hamstring, lower back and
calf injuries were common among elite referees and assistant referees.
There are several methods of measuring hamstring and low back flexibility that have been
described in the literature. Other methods include utilisation of equipment such as a
goniometer and flexometer. These methods have been used to assess the elasticity and
plasticity of the skeletal muscles and tendons. The sit and reach test is one test that has been
widely used and has appears to be the most popularly used test. However, Hopkins and
Hoeger (1992), as well as Lemmink et al. (2003) pointed out that there were limitations
surrounding the sit and reach test. The limitations are that the test had failed to distinguish
between low back flexibility, hamstring length, anthropometric measure of arm length, trunk
length and limb length, and calf flexibility and the individual scapular abduction. To counter
these limitation of differences in the individual arms and legs limb length and scapular
abduction, Hopkins and Hoeger (1992) suggested the modified sit and reach test.
Davis et al. (2008) used four different tests to measure hamstring flexibility. They compared
results collected from four tests, namely the knee extension angle test, sacral angle test,
straight leg raise test and the sit and reach test. Eighty one men and women (mean age 23.6 ±
4.1 years) took part in the study. The results showed poor to fair concurrent validity among
the tests and the authors suggested these methods should not be used together to measure
hamstring flexibility, because they do not all measure the hamstring flexibility. Minkler and
Patterson (1994) used the Leighton flexometer method and the MacRae and Wright method
to measure hamstring and lower back flexibility respectively, in order to examine the validity
of the modified sit and reach test among 48 male participants (age range: 18 - 35 years). The
relationship between these two tests were moderately strong for hamstring flexibility (r =
0.75), but poor for lower back flexibility (r = 0.40). Collectively the results show moderate
validity for the modified sit and reach test to measure hamstring flexibility. Hopkins and
Hoeger (1992) contrasted the sit and reach test against the modified sit and reach test for
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measuring hamstring flexibility among 200 men (age range: 20 - 80 years). They showed that
the modified sit and reach was more reliable as it compensated for the arm and leg length
differences among participants.
High intensity anaerobic activities
The high intensity activities in football are separated by moderate to low intensity movements
that are aerobic in nature. These activities can also be described as active recovery (Bangsbo
& Iaia, 2013). Carling et al. (2012) reported that high intensity actions during a game were
separated by recovery periods lasting 30 to 60 s. Referees constantly have to run at different
speeds in an attempt to keep up with play so that they are able to enforce the rules of the
game. This ability to sprint and recover sufficiently and quickly to perform the following
sprint is called repeated sprint ability (Girard et al., 2011). Mohr et al. (2005) and Weston and
Castagna (2005) consider high intensity running performed by referees as the best indicator
of match demands and the development of fatigue, whilst Weston et al. (2005) considers the
total distance covered by football referees as a poor measure of physical match demands.
Therefore, it is of great importance that referees develop the ability to perform high intensity
running and repeated activities with short recoveries for the duration of the game.
Krustrup and Bangsbo (2001) reported that referees performed an average of 161 (range 89 to
272) high intensity bouts with a mean duration of 2.3 s (range 1.7 to 3.0 s) during a match,
while Krustrup et al. (2002) reported that assistant referees on average performed 110 (range
89 to147) high intensity activities with a mean duration of 2.1 s. These high intensity
activities usually consist of many short sprints. Girard et al. (2011) classified sprints as either
intermittent sprints or repeated sprints. The intermittent sprints last up to 10 seconds and have
recovery periods between 60 and 100 s that allow an individual to fully recover. On the other
hand, repeated sprints last up to 10 s and have brief recovery periods that do not exceed 60 s
(Iaia et al., 2009).
Weston et al. (2007) observed a relationship between the high intensity running by referees
and players during a match (r = 0.43, p < .0001). These results show that in trying to keep up
with the play the referees’ match intensity was influenced by the amount of high intensity
running by the players. Even though the contribution of high intensity exercises account for a
small percentage of the match activities they are critical in reducing the distance to
infringements or fouls and in keeping up with play. Therefore, it is critical that referees are
28

Stellenbosch University https://scholar.sun.ac.za

physically well prepared so that they can cope with these match demands. High levels of
aerobic fitness will ensure that referees stay in close proximity of play and infringements and
it will delay the onset of fatigue and its negative effects on decision making capabilities.
Speed
Mackenzie (2014) defined speed as “the quickness of the movement of a limb”. Speed can be
divided into maximal speed (how fast one can run), optimal speed (controlled speed),
acceleration speed (rate of change in speed), reaction time (response time after a stimulus)
and speed endurance (the ability to continue running at a constant high intensity pace as
fatigue levels increase) (International Association of Athletics Federations manual, 2009).
Speed depends largely on the stride length and stride frequency of the individual. Running
biomechanics are affected by the individual’s height, limb length, muscle fibre type,
flexibility, posture and previous or current injuries, to mention a few.
One of the tests that replicate the near maximal high intensity running that is typically
observed in team sports and particularly in football is the repeated sprint ability test (RSA)
(Oliver et al., 2006; Dawson, 2012). The aim of the test is to determine the ability to produce
repeated sprint efforts (Dawson, 2012). This test has also been used with football referees and
has been found to be a reliable measure of match related fitness (Weston et al., 2009).
Researchers have recommended different distances and different recovery periods for RSA
tests because of the differences in high intensity running match demands that are found in
different sports (Spencer et al., 2004; Fitzsimons et al., 1993). Weston et al. (2011a) reported
a mean recovery time of 45.1 ± 14.2 s between high speed running activities among elite
English referees (n = 59). Watson et al. (2009) questioned the 90 s recovery time used in the
FIFA 6 x 40 m test, as they argue that it does not equate to the typical exercise to rest ratio in
high speed bouts found among football referees during the match. They suggested that the
recovery time for the sprint test should be reduced to the 25 s used by Spencer et al. (2006) or
the 20 s between sprints suggested by Rampinini et al. (2007), as these rest periods are closer
to the actual match demands.
Mallo et al. (2009) reported a mean time of 5.77 ± 0.17 s and a mean fastest time of 5.70 ±
0.17 s among FIFA referees (n = 11) in the 40m RSA test. This study also examined the
relationship of the FIFA physical tests and match performance. There was no correlation
between the 40 m RSA performance and the distance the referees covered in high speed
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running during the game (mean 6 x 40 m RSA, r = -0.02, p = .96 and best 6 x 40 m RSA, r =
-0.13, p = .74). The conclusion was that this test was a poor predictor of match activities.
Weston et al. (2009) recorded a mean time of 5.71 ± 0.19 s (range 5.37 to 5.95 s) and a mean
fastest time of 5.59 ± 0.21 s (range of 5.25 to 5.87 s) among elite English referees (n = 17). In
an effort to find out if the FIFA tests were measuring the match related physical fitness, they
reported that the fastest 40 m RSA time was related to the total distance covered (r = -0.69, p
= .002), distance covered in high intensity running (r = -0.76, p < .001) and distance covered
sprinting; (r = -0.75, p < .001). From these results, Weston et al. (2009) concluded that the
fastest 40 m time had sufficient construct validity as a fitness test for referees in football.
Even though the 40 m RSA test has been questioned by many it remains part of the FIFA test
battery.
Explosive power and muscular strength
In football there are a variety of forceful and explosive movements (Bangsbo et al., 2006)
which require a degree of muscular strength and power or force. For instance, referees are
involved in movements like jumping, sudden turning, changing pace and sprinting during the
match. Improved acceleration and speed as a result of increased force in appropriate muscles
and muscle groups will improve movement skills such as turning, changing pace during high
intensity running and sprinting (Chelly et al., 2009). Attaining and developing good levels of
muscular strength will allow referees to perform well in activities that require force and
power. One important function of muscles is to stabilise and protect the skeletal system.
Therefore, good strength levels are also important for injury prevention (Bangsbo et al.,
2006).
Several test protocols have been used to measure maximal strength. These have included
testing of iso-inertial, isokinetic and isometric performances using different types of
dynamometers (Abernethy & Wilson, 2000). Although dynamometry provides consistent and
accurate assessment on movement it has the limitation that it isolates the assessment of
specific muscle groups. This reduces its validity in terms of being a sports-specific test for
muscular strength (Svensson & Drust, 2005).
One commonly used iso-inertial strength test is the one-repetition maximum, which is
typically used to assess arm or leg strength. It is defined as the maximum load that can be
lifted only once. In general leg power is considered important for performance in almost all
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sport and it is also considered a valuable parameter of functional capacity (the ability to
perform activities of daily living) among the general population (Markovic, 2007). The most
commonly used test to assess leg power, is the vertical jump (VJ) test. This test can be
performed with minimal equipment against a wall with sufficient vertical clearance, or force
plates can be used to acquire more precise measurements. The latter have been used to
measure jump height in the counter movement, drop and standing jumps with or without
weight (Logan et al., 2000).
Although the aim of all these tests is to measure leg power or explosive power in a vertical
plane, there are differences in the results obtained by the various VJ tests. Ziv and Lidor
(2010) reviewed vertical jump performance results in 26 basketball studies. They observed
that using different measuring devices and different testing protocols made it difficult to
compare the results from various studies. This is considered to be a major limitation in the
current literature.
The VJ and sprint test have also been used to determine the relationship between maximal
strength and performance (Hoff & Helgerud, 2004). Hoff et al. (2002), Storen et al. (2008) as
well as Helgerud et al. (2011) showed that there are more benefits that come with strength
and concentric action training programmes than with improvements in leg strength only.
Football referees also need good running economy so that they are able to run longer
distances during the match using less oxygen while being able to sustain the high intensity
levels. Svensson and Drust, 2005 stated that besides the important contribution of strong
lower limbs to the performance of athletes, it also contributes to improvements in their
standard or level of play.
Castagna et al. (2005a) examined the lower limb explosive power performance of 36 elite
European male referees, as well as the effect of age on leg power. The referees were divided
into three groups; young (aged 31 – 35 years), average (36 – 39 years) and old (40 – 45
years). The older referees scored the lowest VJ results (32.60 ± 3.02 cm), followed by the
average aged referees (33.00 ± 2.93 cm) and the younger referees (36.31 ± 3.25 cm). The
mean counter movement VJ score for the group was 34 ± 3 cm. There was a significant
difference in leg power between older referees and younger referees (p < .03) and between
younger referees and average aged referees (p < .03). Furthermore, Helgerud et al. (2011)
reported lower explosive power among the referees than for players (57 cm vs. 64 cm).
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Castagna et al. (2005a) illustrated an inverse relationship between age and leg power, mainly
due to the change in muscle fibre type that takes place with ageing, as well as the decrease in
cross-sectional area of muscles. Castagna et al. (2005a) further states that aging also rapidly
declines anaerobic power more than aerobic power. Although referees are not involved in any
physical collisions during the match, they should be encouraged to develop their leg strength
as much as possible as it would be advantageous to their overall physical fitness.
Agility
The referee and the two assistant referees are faced with frequently having to change
activities and direction (from forward sprinting to sideways or backward movements), and
need to perform these activities at varied intensities during the match. To keep up with play
and be in the best possible position to pick the second last defender for offside decisions,
assistant referees need to have the ability to change direction quickly and to stop suddenly
when they are required to do so. Assistant referees perform all these activities and movements
along the side line while facing the field of play (Krustrup et al., 2009). These activities
increase the complexity of the referee’s task and may affect his/her performance. For the
referee to perform these movements, they are required to develop the necessary motor skills.
This can only be achieved through effective training. Agility or change of direction ability is,
therefore, an important component of the referee’s overall fitness profile. Due to the different
nature of the assistant referees’ movements compared to that of the referee, Krustrup et al.
(2009) suggested that assistant referees should have specific fitness tests that evaluate their
match related activities.
Brown (2003) described agility as the ability to decelerate, accelerate and change direction
quickly while maintaining good body control without decreasing speed. Sheppard and Young
(2006) defined agility as the ability to rapidly move the whole body with change of speed or
direction in response to a stimulus. Both definitions place emphasis on body balance which
involves shifting the centre of gravity while in motion. Sheppard and Young (2006)
mentioned the importance of responding to a stimulus before performing a movement, which
means that agility is a reactive movement skill. For example, the assistant referee will react
and follow the second last defender, when the defender sprints backwards when they are
under attack. The assistant referee reacts to the vision cues regarding the off-side lines
(Castagna et al., 2011). Young and Farrow (2013) highlighted in their review that change of
direction, perception and decision making are all critical components of agility.
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Agility, acceleration and speed or sprinting is often discussed together in the literature. It is
important to note that in a sporting context, these three qualities are largely dependent on
each other (Bloomfield et al., 2007). Speed or sprinting involves running forward at a high
velocity, and being a closed skill it is planned or predictable, whereas agility involves quick
movements in response to a stimulus (Young et al., 2001). Little and Williams (2005)
investigated the relationship between speed, acceleration and agility using 106 elite football
players. They observed relationships between speed and acceleration (r = 0.623, p < .0005),
acceleration and agility (r = 0.346, p < .0005) and speed and agility (r = 0.458, p < .0005).
This means that performance in any one of these variables does not predict performance in
the other very well. The researchers thus concluded that speed, acceleration and agility were
independent qualities.
Agility also depends on the ability to anticipate play, agile footwork, awareness or body
control, reaction time, timing and visual processing (Ellis et al., 2000). The development of
strength plays a role in agility and change of direction activities as body control and footwork
is improved as well. If the muscles around the joints are strong, the risk of injury is
minimized even though the muscular system is put under stress during agility activities
(Bizzini et al., 2009b). This iterates the importance of developing the leg strength of referees.
Few studies (Krustrup et al., 2002; Castagna et al., 2011; 2012) have investigated the
importance of agility or change in direction among football referees. There is also no test
prescribed by FIFA to evaluate the change of direction ability of assistant referees or referees.
In a study to profile elite FIFA assistant referees’ match activity, Krustrup et al. (2002)
recorded 1053 (range 832 - 1459) changes in activities during a match. It was reported that
assistant referees change activity every 5s, which consist of an average of more than 110 high
intensity running activities, 100 side stepping running and more than 225 change in direction
movements during the match.
Krustrup et al. (2009) profiled and compared the activities of 14 FIFA referees and 14 FIFA
assistant referees. They reported that the assistant referees performed more sideway activities
than the referees (160 ± 49 and 5 ± 9, respectively). On the other hand, the referees
performed more backwards activities than the assistant referees (86 ± 33 and 7 ± 10,
respectively). The number of sprints by the assistant referees and referees during a match was
fairly similar (17 ± 5 and 13 ± 4, respectively). Since assistant referees operate along the sideline, they tend to not perform a lot of high speed running (38 ± 10 occasions) and they spend
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a significant amount of time standing (256 ± 45 occasions). Referees, on the other hand, were
involved in more high speed runs (51 ± 19 occasions) and they were standing less (178 ± 37
occasions). The total number of each movement activity for both referees and assistant
referees are reported in Table 2.7.
Table 2.7. Match activities of referees (n = 14) and assistant referees (n = 14), adapted
from Krustrup et al. (2009).

Referees
Assistant referees

Standing
178 ± 37
256 ± 45

High speed
running
Sprints
51 ± 19
13 ± 4
38 ± 10
17 ± 5

Backward
movements
86 ± 33
7 ± 10

Sideways
movements
5±9
160 ± 49

The results in Table 2.7 show that assistant referees are involved in more sprinting and
sideways activities, but in less high intensity running. They often changed direction as
illustrated by the large number of standing and sideways activities. This means they are
constantly changing direction, and they start and stop several times during the match. It can
be concluded that the match activities for referees and assistant referees differ to such an
extent that it may necessitate different training methods, i.e. more high intensity training for
referees and more lateral running activities for assistant referees. One also has to consider
different agility tests for these two groups.
The t-test, 505 agility test, Illinois and other change of direction tests have been used to
assess agility and change of direction ability among football players. The aim of these tests is
to measure the ability of an athlete to remain in the horizontal plane while performing rapid
changes in direction (Sheppard & Young, 2006). For many years, agility or change of
direction has been ignored in the FIFA fitness tests and training programmes despite its
importance (Castagna et al., 2011). In 2008 FIFA introduced physical fitness tests for referees
and assistant referees, which aimed to evaluate the repeated sprint ability and intermittent
high-intensity endurance of the referees (Weston et al., 2009). These tests evaluated and
considered only forward running and did not include any component of agility or change of
direction (Krustrup et al., 2009; Castagna et al., 2011). FIFA has also recommended that
these tests should be performed on an athletics track (usually tartan tracks) and questions
have been raised whether performing the physical test on the tartan athletics track is testing
the specific match related demands since football is played on grass turfs (Mallo et al., 2009).
With the amount of change in direction activities that referees and assistant referees are
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involved in, it is important that the component of agility or change of direction ability be
included in the long term training programme and testing of referees.
Castagna et al. (2011) examined the applicability of a new change of direction ability test,
called the 10-8-8-10 m test among elite Italian assistant referees (N = 100). There were two
groups of referees, namely from Lega Pro (n = 50, age 34 ± 2.0 years, height 177.0 ± 4.9 cm
and body mass 75 ± 4.9 kg) and Serie A-B (n = 50, age 37 ± 2.9 years, height 178.0 ± 6.9 cm,
body mass 74 ± 6.9 kg). Both groups had six weeks of training for endurance, speed, agility,
flexibility and repeated sprint ability. The referees were required to perform three trials with a
two minutes passive recovery in between. The best and average times were used for
calculations. The results showed that the test did not detect competition level differences
between the older and younger referees. Due to the six week training this outcome means that
the change of direction ability is a trainable physical ability and that the test can be used to
test referees at different levels of competition. Furthermore, the test was perceived as
applicable and relevant by assistant referees and that the test contained the specific agility
movements that they perform during a match. A score of ≤ 9.67 s was suggested as a good
performance score in the change of direction ability test.
Agility is the key to a referees’ fitness performance, as a good change of direction ability will
enable the referee to keep up with play and be in positions to make the best possible decisions
during the match. It is also important that when training for agility, the activities should
resemble the actual movements executed during the game as it is a more effective way to
meet the neuromuscular demands that are required for a specific performance in the match.
Aerobic capacity
A football game consists of two halves each spanning 45 minutes, separated by a break not
exceeding 15 minutes (FIFA, 2013). Despite being an intermittent sport, which includes
several bouts of high intensity activities and running, the aerobic system remains the primary
source of energy (Bangsbo, 1994; Hoff et al., 2002; Stølen et al., 2005; Casajus & Castagna,
2007). Castagna et al. (2010) pointed out that high aerobic fitness levels contribute to the
ability of a player to cover space or long distances and to perform prolonged submaximal
activities during a match. The same applies to referees in football, who throughout the match
cover long distances on the field in following the play.
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Aerobic capacity is typically quantified as the maximum rate of oxygen uptake (VO2max)
during exhausting exercise. Individuals with high VO2max values have the ability to sustain
activities at submaximal workloads for prolonged periods (Iaia et al., 2009). Furthermore,
athletes with higher VO2max values recover faster and have larger quantities of stored muscle
glycogen. They are also able to use glycogen sparingly during moderate intensity activities,
allowing it to be used for higher intensity activities like sprints and allowing the athlete to run
further during the game (Wisloff et al., 1998).
Krustrup et al. (2002) reported a mean VO2max of 45.93 ml·kg·min-1 (range 40.9 to 53.6
ml·kg·min-1) among elite Danish assistant referees (n = 12) measured using the incremental
treadmill running test. They also found that there was a significant relationship between
referees VO2max values and the distance covered during the match (r = 0.68, p < .05).
Furthermore, referees with high VO2max values cover greater distances than referees with
lower VO2max values.
Stølen et al. (2005) in their review article concluded that, in general, the aerobic fitness levels
of referees was not high, probably due to the older age of most referees. Several studies have
shown that the aerobic capacity of football referees decreases with ageing (Bangsbo et al.,
2004; Castagna et al., 2004). Caballero et al. (2011) reported a mean VO2max of 48.7 ± 4.3
ml/kg/min-1 among Spanish referees (26.0 ± 4.9 years). Castagna et al. (2005a) reported a
higher mean value of 52.10 ml/kg/min-1 among younger (33.5 ± 2.5 years) elite Italian
referees (n = 8) and a low mean value of 42.50 ± 4.46 ml·kg·min-1 among older referees (n =
8) aged 42 ± 1 years.
Several studies have assessed the VO2max levels of football officials using different aerobic
capacity tests, such as a cycle or treadmill laboratory test, the Cooper 12 min run test and the
multi stage shuttle run or beep test. The problem is that these are not sport specific tests and it
lacks relevance to an intermittent sport like soccer (Bangsbo et al., 2008). As these tests are
continuous in nature it makes it difficult to evaluate the individual’s ability to perform
repeated intense exercises (Krustrup et al., 2002).
Bangsbo (1994) introduced the Yo Yo Intermittent Recovery test (YYIR), which consists of
progressively increasing repeated bouts over 40 m, run between markers which are 20 m
apart, and with an active recovery of 10 s between bouts. This test assesses an individual’s
ability to recover from high intensity intermittent exercise and perform repeated intense
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exercise (Krustrup et al., 2003; Iaia et al., 2009). The YYIR is a specific test that is used to
evaluate physical capacity in intermittent activities like those found in football (Iaia et al.,
2009). Castagna et al. (2005b) showed that the YYIR results did not differ significantly from
the 12 min run test (r = 0.56, p < .001) but they concluded that the YYIR test contained
movement patterns that were similar to those observed during the match and that the test
managed to discriminate between referees from different levels. Krustrup and Bangsbo
(2001) reported a strong relationship between the distance covered during high intensity
running in a match and the YYIR (r = 0.75, p < .05) among 18 elite Danish referees.
Although the aim of the YYIR is not to measure VO2max the latter can be estimated from the
results (Krustrup et al., 2003; Bangsbo et al., 2008; Iaia et al., 2009). More importantly, this
test can be used to evaluate changes in performance as a result of training (Bangsbo et al.,
2008). Eighteen referees from Belgium were monitored during a football season and training
programmes were prescribed weekly to them (Weston et al., 2004). They were tested four
times during the entire season using the YYIR Level 1. The FIFA referees improved their
performance from 1720 ± 276 m to 2330 ± 268 m, compared with the national elite referees
who improved from 1290 ± 407 m to 1985 ± 279 m from the start to the end of the season. A
significant change or effect was observed in both groups at the end of the season (p = .025).
The benefits of the high intensity and intermittent training programme that the referees were
exposed to, coupled with their match performance during the season were evaluated using the
YYIR test. The fitness levels of FIFA referees have been observed to be higher than lower
level referees (Rontoyannis et al., 1998). In this study the FIFA referees performed better
than the national elite referees although a large improvement was observed among the
national elite referees that could be attributed to the high intensity and intermittent training
programme to which they were subjected.
Testing and training of football referees
Individual referees should have specific fitness components relative to football refereeing.
The physical fitness tests that referees participate in are not only meant to categorise or
classify them but they are also meant to detect weaknesses in their performance. When
weaknesses have been detected, training programmes can then be prescribed to address it in
an effort to improve the referees’ performance. Svensson and Drust, 2005 stated that training
prescriptions given to athletes should be based on the specific needs of the athlete and their
playing position. Similarly, referees will require specific training programmes that are based
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on their match physical demands to improve performance. Tests should be incorporated in the
referees’ long term training programmes and can be part of the criterion used for performance
prediction, talent selection and identification (Castagna et al., 2011).
The role of Executive Cognitive Functioning in refereeing performance
High levels of physical fitness and a good knowledge of the rules of the game are not enough
for a referee to successfully officiate a game. Da Silva and Fernandez (2003) noted that a
great deal of time and resources has been spent on improving the physical fitness levels and
the perceptual-cognitive skills of referees to meet the match demands. Refereeing requires
effortful cognitive processes that are controlled, conscious and intentional as they interpret
and apply the laws of the game (Chodzko-Zajko et al., 1994). According to Helsen and
Bultynck (2004) the quality of the refereeing decisions during a game is the most important
aspect of officiating matches.
The decisions made by referees are influenced by internal factors (e.g., fatigue, dehydration
and anxiety), external factors (e.g., players, coaches and spectators), different tasks (including
ball location or player position) and the contexts in which certain events occur (either during
or outside playing time) (Helsen & Bultynck, 2004; Johnson, 2006). Referees also have to be
well positioned; close to the action and at an angle that gives them a clear view of the play
(Mascrarenhas et al., 2002; Weston et al., 2012). During the game, referees are sometimes
put under additional pressure by the fact that there is an assessor evaluating their performance
(FIFA, 2010).
Helsen and Bultyack (2004) observed that elite referees made an average of 137 (range 104162) observable decisions per match, with an average of three to four decisions per minute.
These decisions tend to be made spontaneously, dynamically, under highly pressurised
settings and may have a great influence on the outcome of a match (Johnson 2006; Karademir
2012). Helsen et al. (2007) showed that refereeing is cognitively demanding. Optimal
executive functioning is, therefore, essential for referees to effectively officiate matches
(Chang and Etnier, 2009).
Executive Cognitive Functioning
Cognition is the processing of information by the central nervous system and involves
perception, memory, vigilance, speed or reaction time, attention, problem solving etc.
(Tomporowski, 2003; Chodzko-Zajko et al., 2009; Alves et al., 2012). Executive functioning
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refers to the control of complex thoughts and the regulation of behaviour (Spirduso et al.,
2008). It entails a higher level of the cognitive process that is responsible for organising and
ordering behaviour, including logic and reasoning, abstract thinking, problem solving,
planning and execution.
On the most anterior part of the frontal lobes is the prefrontal cortex that is responsible for
executive control, decision making, attention switching, planning, goal setting, emotion,
working memory, conflict monitoring etc. (Dempster 1992; Goldberg & Bougakov, 2007).
High levels of executive cognitive function (ECF) are required to select task relevant
information and to eliminate less important information during an activity. ECF also aids in
connecting past experiences with the current situation.
ECF is vital in activating the working memory, and to enable an individual to focus on a task
and to switch between tasks. A person is able to organise present information, select and
execute the correct action, control or inhibit interferences and remain focused on the task at
hand (Verhaeghen & Cerella, 2002). This working memory could include both short term and
long term memory. Therefore, optimal ECF is needed by referees to enable them to make
decisions amidst a variety of physically demanding conditions and external interferences.
This would also allow referees to use past learned experiences to make fair and balanced
decisions during the game.
Factors affecting decision making in refereeing
In an effort to help referees learn from past experiences, as well as to improve decision
making ability during games, FIFA has introduced digital video training material for referees
(Helsen & Bultynck, 2004; MacMahon et al., 2007; Catteeuw et al., 2009). These video
training programmes have become a useful tool in standardising the decisions and
judgements made by referees in different match situations (Catteeuw et al., 2009). However,
multiple factors affect ECF during exercise (Ando et al., 2011), which are not necessarily
addressed by these video training programmes. Referees have to develop the ability to ignore
irrelevant data or information as well as other disturbances that may affect their judgement,
whilst focusing on the play and applying a good sense of judgement (Rontoyannis et al.,
1998).
Referees are required to pay full attention to each and every game situation and to make
quick, but accurate decisions (Helsen et al., 2007). They have to shift their attention from
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broad to narrow (and vice versa) depending on the dynamics of the game and to avoid or
minimise the effect of any negative internal or external factors (Weinberg & Gould, 2011;
Weston et al., 2012). An inability to control their attention and to remain focused on the task
at hand may also induce stress and mental fatigue (Warm et al., 2008; Moore et al., 2012).
The success of a referee relies on their ability to make the correct decisions under pressure,
which depends on their ECF.
It is important for referees to concentrate on relevant visual and audio stimuli from the
environment for them to make correct decisions. Some of the stimuli are unimportant and
may in fact be distracting to the referee. This ability to effectively inhibit or suppress
irrelevant stimuli is sometimes lost due to aging (Dempster, 1992). Starting from roughly the
age of 30 years, there is a gradual decrease in the density of the neural tissue in the frontal
lobes, which contributes to the reduction in ECF (Dempster, 1992; Fotenos et al., 2005;
Antunes et al., 2006). Such age related declines may include, among other effects; slower
reaction times, slower speed of information processing, reduced memory retrieval and
decrements in visual-spatial problem solving ability (Emery et al., 1995). A decline in ECF
experienced by ageing referees may negatively affect their performance and decision making
abilities despite their years of experience.
Referees’ poor physical fitness may contribute their poor decision making. The referee may
fail to keep up with play, due to the fast pace of the game. On the other hand the assistant
referees may fail to position well for off-side decisions due to lack of fitness (Krustrup et al.,
2009). Lack of physical fitness may also affect the referees cognitive functioning and ability
to make correct decisions (Reilly & Gregson, 2006).
Tests of ECF
Several tests have been developed to measure different cognitive functioning domains
including attention, vigilance, working memory, interference control, planning, visual motor
functioning, spatial problem solving, psychomotor functioning, speed of processing, visual
learning and memory, as well as verbal learning and memory (Dempster, 1992; ChodzkoZajko et al., 1994). In a number of these tests reaction time and response accuracy are used as
the measure of performance. Some of the most commonly used tests to measure different
components of executive cognitive functioning are the Tower of London test, Flanker test,
Stroop test, Wisconsin card sorting test, Vigilance test, Stop signal task and Letter memory
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task. Table 2.8 provides an overview of different ECF tests that have been commonly used to
measure various cognitive functions within the context of physical activity.
Table 2.8. An overview of studies that have used various executive cognitive tests.
Cognitive
Test used
Topic of the study
Source
functions
Eriksen
flanker
test

Information
processing and
Interference
inhibition

Effects of cerebral oxygenation on
cognitive function during exercise.

Ando et al. (2011).

Effects of acute moderate intensity
exercise on ECF.

Soga et al. (2015).
Chang et al. (2011).

Tower of
London
test

Planning and
Problem
solving

Effects of acute moderate aerobic
exercise on planning and problem
solving among college students.

Stroop
task

Selective
attention,
Inhibition and

Effects of an acute bout of resistance
exercises on cognitive performance
in middle aged adults.

Chang and Etnier
(2009).

Areas of the lateral prefrontal cortex
that experience activation level
changes due to Stroop interference
during acute moderate exercise.

Yanagisawa et al.
(2010).

Effects of aerobic and strength
exercises on ECF in middle aged
adults.

Alves et al. (2012).

The dose response relation between
exercise duration and cognitive
function.

Chang et al. (2014).

Effects of an acute bout of resistance
exercise on cognitive performance in
middle aged adults.

Chang and Etnier
(2009).

Compared the effects of aerobic and
strength exercises on ECF in middle
aged adults.

Alves et al. (2012).

Specific frontal lobe lesions that
demonstrate performance deficits
during interference tasks.

Dempster (1992).

Shifting, information updating and
inhibition among college students.

Miyake et al.
(2000).

Interference

Trail
making
test

Inhibition,
Executive
processing,
Concentration
and
Cognitive
flexibility

Wisconsin Interference
card
inhibition
sorting
test
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Miyake et al. (2000) emphasised three common executive functioning tasks; monitoring and
updating of working memory, attention and inhibition. Attention is one of the fundamental
executive cognitive functions (Lansbergen et al., 2007) and has manifested in individuals as
divided, sustained or selective attention (Salo et al., 2001). In recent years, researchers have
used the Stroop Colour-Word test to demonstrate interference in attention (or conflict
resolution) and to measure the speed of information processing (i.e., reaction time) as well as
the selective attention capacity of participants (MaCleod, 1991; Liu-Ambrose et al., 2010).
MacKinnon et al. (1985) described the Stroop effect or interference effect as the difficulty or
amount of time taken by a participant to remove relevant information from incongruent
information during a task. Response time tends to be slower when the colour and words are
incongruent or different. The Stroop effect can also be expressed in the form of proponent
response or facilitation, where one mental process reinforces the performance of another
mental process (Lansbergen et al., 2007). The physical demands placed on referees, various
distractors they are exposed to during the game and the subsequent onset of fatigue may
cause referees to loose attention and make incorrect decisions (Krustrup & Bangsbo, 2001).
MacKinnon et al. (1985) studied the effects of effort on Stroop task interference. The
participants included 64 male and female students that were divided into an experimental and
control group. The experimental group performed the Stroop task as a competition with a
high incentive at the end of the test and the control group performed the task in a noncompetition setting. They used the pre and post test results to measure if there were any
differences or improvements. They found that participants in the high incentive group
managed to significantly reduce Stroop interference (p < .05). Furthermore, they found that
the participants in the high incentive group exerted greater effort on the task at hand than the
control group (p < .001) and in doing so were more able to inhibit the distractors. The
participants in the control group were able to restrict their attention to fulfilling the required
instructions and colour cues, but took longer to complete the task.
The effect of exercise on ECF
Several studies have shown that exercise improves ECF and these improvements are due to
physiological and cognitive mechanisms. As noted before, referees are involved in recurrent
activities at various intensity levels during a match which usually lasts in excess of 90
minutes. Referees have to perform these functions in very demanding physical, psychological
and environmental conditions (Da Silva & Fernandez 2003; Helsen & Bultynck, 2004; Reilly
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& Gregson 2006; Weston et al., 2012). They require high fitness levels, as a lack of fitness
could affect their decision making ability due to poor positioning and failing to keep up with
play (Helsen et al., 2007). In this regard, Kruger et al. (2012) identified concerns about
physical fitness as the dominant stressor experienced by South African football referees.
Fitness levels, or in particular a lack of fitness also affects refereeing performance as unfit
referees would also start to fatigue earlier in a match. Fatigue increases human error and leads
to reduced physical and mental performance (Moore et al. (2012). Edwards (1983) defined
fatigue as “the inability of the total organism to maintain a predetermined exercise intensity”
(p. 3). Weinberg and Gould (2011) stated that “fatigue reduces the amount of processing
resources available to the athlete (referee) to meet the demands of the situation” (p. 376).
This implies that fatigue contributes to poor decision making due to a decrease in the
information processing resources as a result of changes in a host of physiological factors, for
example the intramuscular changes, energy depletion, potassium imbalance, lactic acid and
hydrogen ion accumulation (Reilly, 1997). Two types of fatigue can be distinguished;
peripheral fatigue and central nervous system fatigue (Davis & Bailey, 1997; Meeusen &
Roeland, 2010). Peripheral fatigue refers to dysfunctional muscle contraction during exercise,
whilst central nervous system fatigue entails fatigue of motor drives that are related to the
central nervous system circuits connected to the brain and involved in ECF (Moore et al.,
2012). Central nervous system fatigue has been attributed to changes in brain
neurotransmission, a possible inhibition of brain oxidoreductive processes and to hormonal
changes in the circulation due to exercise (Meeusen & Roeland, 2010).
Referees have been shown to experience fatigue or reduced performance for a period of five
minutes after the most intense five minutes of high intensity running during each half of the
match (Mallo et al., 2009). This ﬁnding shows that performance is reduced after a period of
high intensity exercise, during which referees try to exert less effort on other activities in
order to save their energy for the remainder of the match (Weston et al., 2012). Referees
cannot be substituted (unless they get injured) and have to follow the play during the entire
game, implying that they have little time to recover (Stølen et al., 2005).
Audiffren (2009) classified physical exercise according to the energy pathway (aerobic or
anaerobic), mode of exercise progress (constant or incremental load), intensity and duration.
These factors may have positive or negative influences or effects on ECF. Researchers have
explored how these factors independently and collectively affect ECF. Tomporowski (2003)
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concluded that moderate aerobic exercises of up to 60 minutes had a positive effect on
information processing, but that activities which went beyond 60 minutes may likely have a
negative effect on cognitive function. In a review, Lambourne et al. (2010) found conflicting
results about the effect of exercise on cognitive functioning. They concluded that cognitive
function may be enhanced or impaired depending on the type and duration of exercise
performed.
Over the last few years, researchers have provided evidence that acute aerobic and low
moderate intensity exercises that lasts approximately 30 minutes leads to improved ECF,
while high intensity exercise has a negative effect on ECF (Audiffren, 2009; Yanagisawa et
al., 2010; Chang et al., 2011; Alves et al., 2012). Audiffren (2009) attributed the positive
effects of moderate duration aerobic exercise on ECF to the fact that the participants
performed the exercise in a steady state and that there was limited central and peripheral
fatigue. Nanda et al. (2013) examined the acute effects of 30 minutes of moderate intensity
(60 - 70% of VO2max) aerobic exercise on ECF among 10 male participants. Memory,
reasoning, concentration and planning were tested both before and after exercise. The results
showed a significant improvement in memory using the paired associates test (p = .01),
reasoning using the odd one test (p = .003), concentration and planning using the spatial
slider test (p = .043) as well as a decrease in the total time taken to complete the tests (pre:
23.5 ± 2.55 s, post: 21.2 ± 1.48 s, p = .03) following the exercise protocol. This study
demonstrated the benefits of moderate intensity aerobic exercise on cognitive functioning.
Chang et al. (2014) examined the dose-response relationship between exercise and cognitive
function among 26 men with a mean age of 20.77 ± 0.91 years. Three exercise protocols were
performed in random order by the participants; exercise that lasted 10 minutes, 20 minutes
and 45 minutes at 65 % heart rate reserve (resting heart rate + 70 % difference between age
predicted HRmax and resting HR). The 65 % heart rate reserve was considered to be of
moderate intensity. Heart rate was recorded at rest and during the exercise to monitor the
intensity of exercise. The Stroop task was administered after every exercise bout. Results
showed that moderate intensity exercise that lasted 20 minutes was significantly more
effective in facilitating improvement in terms of the time taken to complete the Stoop task
compared to the 10 minutes and 45 minutes exercise bouts (p = .02). The response time was
lower and a higher score was obtained for accuracy which indicates better performance.
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Audiffren (2009) reported an inverted–U shaped relationship between arousal levels and
cognitive functioning during exercise; this is linked to the increase in exercise that facilitates
improvement in cognitive function. Cerebral oxygenation has been shown to affect cognitive
function during exercise (Ando et al., 2011). Cassilhas et al. (2007), as well as Rattray and
Smee (2012) concluded that cognitive function improved during exercise ranging between 60
and 80 % of VO2max as a result of peak oxygenation experienced in the frontal lobe.
Cassilhas et al. (2007) argued that improved blood flow as a result of exercise to the brain
and central nervous system facilitated the movement of oxygen and other nutrients needed.
However, Ando et al. (2011) found that cerebral oxygenation during exercise at the same
intensity level was no different to that at rest and that the improvement in cognitive function
was independent of cerebral oxygenation.
Other factors that promote cognitive functioning
Apart from participating in regular exercise, there are many other factors that can promote
cognitive functioning or decision making, either in the short term or long term, as well as for
match-related requirements and daily life. Bostron and Sandberg (2009) suggested that
education and training were important factors that could improve concentration, memory and
critical thinking necessary for cognitive functioning. Education and training would allow
referees to be better equipped on the knowledge of the laws of the game of football and
practical application thereof during matches. Visual and tracking skills are also critical for
match officials for making quick, accurate and good decisions under different match
conditions (Pietraszewskia et al., 2013). Vigilance and visual training is, therefore, necessary
and can be improved over time through practise and training under supervised conditions.
Catteeuw et al. (2010) attempted to create video training materials of match situations to help
referees improve on their decision making so as to reduce errors during the match. Pinilla
(2008) also showed that when a proper diet and exercise are combined, they can affect
mitochondrial energy production, which in turn is vital for sustaining neuronal excitability, as
well as synaptic and cognitive function.
Factors such as dehydration and hyperthermia could also contribute to the development of
fatigue and a decline in cognitive function when athletes exercise in the heat or unfavourable
weather conditions (Mohr et al., 2005). Referees often officiate in environments where they
suffer moderate dehydration (Da Silva & Fernandez, 2003). During prolonged and strenuous
physical activities, body temperature may rise due to high ambient temperatures and high
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humidity, further restricting body heat loss and resulting in reductions in performance
(Maughan & Shirreffs, 2010). Davis and Bailey (1997) stated that performing continuous
physical activity leads to a reduction in energy reserves and may lead to dehydration which
will affect mental performance if a person does not drink enough fluids. The decline in the
cognitive or mental performance also has a negative impact on decision making. It has been
reported that a loss of total body water at a level of 2 % body mass has negative effects on
cognitive functioning (Sharma et al., 1986; Lieberman, 2007).

Da Silva and Fernandez, 2003 studied body water and body mass changes as a result of
officiating matches among 12 Brazilian referees. The matches took place at an average
temperature of 20˚C. The participants emptied their bladders before the match and their body
mass were measured. Their water intake and urinary volume during half time were used to
calculate total body water loss. After the match the referees’ body mass was measured again.
It was found that the referees lost 2.05 ± 0.18 % of total body water and 1.55 ± 0.12 % in
body mass. The assistant referees lost 1.05 ± 0.25 % of total body water and 0.63 ± 0.17 % of
body mass. Despite the moderate temperature the referees lost a significant amount of total
body water during the match. Maintaining an appropriate level of hydration during exercise
is, therefore, important as it Morh et al. (2010) showed that it prevents a decrease in cognitive
functioning.
Summary
This overview of the available literature has discussed body composition, physical fitness and
ECF as critical elements that contribute to successful refereeing performance. There are
knowledge gaps with regard to these topics among football referees in Africa and in
particular Zimbabwean football referees. Further research into these key elements will enable
those working with referees to develop and implement better training programmes to assist
referees in reaching adequate performance levels. Such findings will also help to establish
baseline data that can be used in the identification, selection and career development of
referees in Zimbabwe. The next chapter will outline the procedures used in the current study
on elite male Zimbabwean referees to gather their body composition, physical fitness and
cognitive functioning data.
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Chapter 3
Research Methodology
Study design
This study employed a non-probability sampling technique with participants being
conveniently selected. The study collected quantitative data and was descriptive in design.
The participants were sampled purposefully and due to the descriptive nature of the study
there was no control group. A one-group pretest-posttest design was used to determine the
effect of a fatigue-inducing protocol on executive cognitive functioning.
Participants
The participants were 41 male Zimbabwean FIFA (licensed) international referees and
Zimbabwe Football Association (ZIFA) Premier League referees (See Table 3.1).
Table 3.1. Study participants and group breakdown.

Number

Group
41

ZIFA
33

FIFA
8

Referees
21

Assistant
Referees
20

To participate in the study referees had to be registered as 2013 FIFA and/or ZIFA Premier
League referees. All of the referees passed the category one referee or assistant referee FIFA
physical fitness test in May 2013. Participants were excluded from the study if they were
older than 45 years of age and had any medical condition or illness at the time of the study
which may have inhibited their performance during testing. Referees were also excluded if
they sustained an injury within the last three months before the start of the study.
Research assistants
Five research assistants from the Department of Sports Science and Coaching (National
University of Science and Technology (NUST), Bulawayo, Zimbabwe) and one research
assistant from the Department of Sport Science (Stellenbosch University) assisted with data
collection. The five research assistants from NUST were all accredited level two International
Society for the Advancement of Kinanthropometry (ISAK) anthropometrists. The research
assistants were trained during a pilot study that was held on 10 August 2013 at the National
University of Science and Technology in Bulawayo.
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Pilot study
As recommended by Norton and Olds (1996), a pilot study was conducted to help the
researcher and research assistants to become familiar with the data collection tools,
procedures, to standardise the measurement techniques and to improve the efficiency of
taking measurement before undertaking the main study. The pilot study focused on the
anthropometric procedures, minimising errors and to improve on time management during
the main study. Six class one referees participated in the pilot study.
Ethical issues
The study protocol was approved by the Research Ethics Committee: Human Research
(Humanities) of Stellenbosch University (DESC_Banda2013, Appendix One). Permission to
carry out the study was granted by the Zimbabwe Football Association Referees Committee
(Appendix Two). The procedures did not include any invasive procedures and the
participation was voluntarily. The participants were informed that they could withdraw from
the study at any time. Participants who decided to take part in the study were asked to
complete an informed consent form that was explained in full and participants were allowed
to ask questions.
Procedure
The participants were informed of the study by the Secretary General of the Zimbabwe
Referees Committee (via email and a short text message). On arrival at the test venue, a
meeting was held with the participants in the presence of the Zimbabwe Referees Committee
executive members, where they were informed about the aims of the study and the
procedures. A similar meeting was held in Bulawayo before the second round of testing.
The first phase of data collection was held during the FIFA Member Association Elite
referees workshop (18 and 19 August 2013), at Prince Edward High School in Harare,
Zimbabwe. There were 31 referees who attended the course from the total number of 41
referees on the ZIFA panel. The remaining 10 referees were tested on 30 August 2013 at the
Elangeni Training Centre in Bulawayo during the national referee’s refresher course.
Table 3.2 show the testing schedule for day one and two. The first phase comprised of two
testing days. On day one the following data and measurements were collected:
anthropometric measures and body composition, flexibility (modified sit and reach test), leg
power (vertical jump), strength and muscle endurance (one minute sit up and one minute
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push up). Not all of the tests that were conducted on day one were included in the tests
prescribed by FIFA. The anthropometric measurements, modified sit and reach, vertical jump,
1 minute push up and 1 minute sit up tests were added due to its importance and frequent use
in the available literature. On the second day of phase one the referees performed the 6 x 40
meters repeated sprint ability test, using the FIFA fitness test protocol (FIFA, 2010). The
second phase began two weeks after the first testing dates and took a month. During the
second phase of testing, the referees performed the modified Stroop task before and after
completing the Change of direction ability (CODA) test and the Yo Yo intermittent recovery
(YYIR) level one test. The research team visited the referees in their home towns around the
country to collect data after failing to regroup the referees as planned, due to their work and
match assignments.
Testing
The study consisted of two phases (see Table 3.2). The first phase formed part of the annual
FIFA Member Association course which started on 18 August 2013. The second phase of the
study started on 8 September and was completed by 15 November 2013.
Table 3.2. Phase 1 and 2 testing schedule.
Phase 1 Test schedule:
Day 1:
1

Anthropometric measurements

2

10 minutes Warm up with Dynamic Stretching Exercises

3

Modified Sit and Reach (Flexibility)

4

Vertical Jump (Leg power)

5

1 min Push up (Strength and muscular endurance)

6

1 min Sit up (Strength and muscular endurance)

7

10 minutes Cool Down with Static Stretching Exercises
Day 2:

1

10 Minutes Warm up with Dynamic Stretching Exercises

2

6 x 40m Repeated Sprint Ability (Speed)

3

10 minutes Cool Down with Static Stretching Exercises
Phase 2 Test schedule:

1

Stroop task (Pre-test)

2

10 minutes warm up with Dynamic Stretching Exercises
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3

Change of Direction Ability (CODA) test

4

Yo Yo Intermittent Recovery Level 1 test (with heart rate recorded)

5

Stroop task (Post-test)

6

10 minutes Cool Down with Static Stretching Exercises

A medical doctor linked to the Zimbabwe Referees Committee assisted with the pre-test
medical check-up of the participants during the annual FIFA Member Association course. It
is a FIFA requirement that where physical fitness tests are to be held, a medical doctor should
carry out a pre-fitness test medical check to ascertain if the referees are fit to undertake the
test. All of the participants were cleared to be tested.
Anthropometric measurements
The measurements of stature, body mass, six skinfolds, five girths and two bone breadths
were collected according to the standard procedures described by ISAK (Marfell-Jones et al.,
2006).
Stature (stretched height)
The stature was measured using a Seca Stadiometer model 213 1721009 (Hamburg,
Germany) which measures the height between the vertex and the inferior aspects of the feet.
The procedure followed the one described by Marfell-Jones et al. (2006). The participant
stood on the base of the stadiometer in a perpendicular position, heels, buttocks and back of
the head slightly in contact with the upright ruler or scale of the stadiometer. The head of the
participant was positioned and held using the tips of the thumbs on each orbital to achieve the
Frankfort plane. The participant was requested to take and hold a deep breath at which time
the kinathropometrist slightly and gently lifted the participant’s head upward whilst keeping
the head in a Frankfort position. An assistant placed the head board on the vertex of the
participant’s head and the height was recorded to the nearest 0.1 cm.
Body mass
Body mass was assessed using a Seca Clara 803 digital scale (Hamburg, Germany).
Participants were asked to remove their shoes and any excess items or clothes, stand upright
on the scale, with hands placed on the side of the body and facing forward. The body mass
was recorded to the nearest 0.1 kg.
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Skinfolds
The following skinfolds were taken on the right-hand side of the body using the skinfold
calliper (Slimguide model): triceps, subscapular, supraspinale, abdominal, front thigh, and
medial calf. The landmarks were measured and indicated on their respective sites before
taking all skinfold measurements as explained by Marfell-Jones et al. (2006). In all cases
measurements were taken twice and the average of these measurements was used. In cases
where the first two measurements differed by more than 5% a third measurement was taken
and the median value was used for further analysis, as recommended by Eston et al. (1996).
Girths
The following girth measurements were taken using an anthropometric tape: arm (relaxed),
arm (flexed and tensed), waist, gluteal and calf. Where applicable, these measures were taken
on the right-hand side of the body.
Bone breadths
The distance between the medial and lateral epicondyles of the humerus and femur was
measured using the small sliding callipers for bone breadths according to the methods
described by Norton and Olds (1996). These measures were taken on the right-hand side of
the body.
Anthropometric calculations
The measures were used to calculate the sum of six skinfolds, estimated percentage body fat,
body mass index and somatotype using the following formulas:.
Sum of six skinfolds (mm) (Casajus & Castagna 2007).
= triceps + subscapular + supraspinal + abdominal + front thigh + medial calf.
Percentage body fat (%) (Reilly et al., 2009).
= 5.174 + (0.124 x triceps) + (0.147 x abdominal) + (0.196 x front thigh) + (0.13 x medial
calf).
Body mass index (kg/m2) (WHO, 1995).
= body mass/height2
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Somatotype (Norton & Olds, 1996)
Endomorphy
= –0.7182 + 0.1451Y – 0.00068Y2 + 0.0000014Y3
Mesomorphy
= 0.858 × humerus breadth + 0.188 × corrected arm girth + 0.161 × corrected calf girth –
height × 0.131 + 4.5.
Ectomorphy
The ectomorphy component was calculated using the height – weight ratio (HWR) according
to the stated conditions:
1. If HWR is greater than or equal to 40.75,
then: Ectomorphy = 0.732 × HWR – 28.58
2. If HWR is less than 40.75 but greater than 38.25,
then: Ectomorphy = 0.463 × HWR – 17.63
3. If HWR is equal to or less than 38.25,
then: then: Ectomorphy = 0.1.
Where: Y = Σ3SKF (triceps, subscapula, and supra-spinale skinfolds).
Corrected for height by multiplying Σ3SKF by 170.18 ÷ height (in cm).
HWR = height over cube root of mass.
Physical fitness assessments
All participants were required to warm up for 10 minutes before the tests. A demonstration
with instructions was given for all the activities. Participants were allowed up to three
practise trials for each activity after the demonstration.
Flexibility
Modified sit and reach test
Purpose: The test measures flexibility of the hamstring muscles and lower back (Hopkins &
Hoeger (1992); Mayorga-Vega et al., 2014). Lack of flexibility in the lower back and
hamstring muscles is associated with muscular pain in the lower back, gait limitations and
increased chances of falling (ACSM, 2012; Mayorga-Vega et al., 2014). The modified sit and
reach test has been used and validated by Minkler and Patterson 1994 and Lemmink et al.
(2003).
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Procedure: The test followed the one described by Hopkins and Hoeger (1992). The
participants were asked to remove their shoes and to sit on the floor with their back against
the wall and their legs stretched and flat on the ground. The sit and reach box was then placed
against their feet. The participants were asked to stretch their arms out without moving their
back from the wall. Their hands were place one on top of the other and with the middle
fingers level and then placed above the sit and reach box ruler. The first reading was taken at
the fingertips of the stretched arms to mark zero. The participants were asked to reach or lean
forward slowly as far as they could without flexing knees. During the test, the participants
were not allowed to jerk or bounce as they reached or leaned forward. The distance reached
from the zero mark was recorded. Three trials were allowed for each participant and the best
distance was used for further analysis.
Strength, power and muscular endurance tests
The participants performed three tests for strength and muscular endurance; the vertical jump,
one minute sit up and one minute push up test. A 10 minute warm up using static and
dynamic stretches was allowed for participants before the tests to minimise the risk of
injuries.
Vertical Jump test
Purpose: This test assesses the explosive power of the legs. Reilly et al. (2000) pointed out
that actions like jumping, kicking, tackling and changing pace are explosive and forceful.
These activities require power output related to leg muscle strength. There are many vision of
vertical jumps that use different jumping techniques (squat jump, countermovement jump and
drop jump), apparatus and machines (force plat forms, contact mats or high speed video
analysis, and field tests) (Logan et al., 2000; Menzel et al., 2010). The vertical jump test used
in this study follows the countermovement jump field test described by Logan et al. (2000)
and Markovic and Jaric (2007).
Procedure: The test was carried out on a plastered wall with a concrete floor inside the
testing venue. The wall had a good vertical clearance. Each participant put chalk dust on their
middle finger and stood with their side facing the wall and their arms stretched out. Without
lifting their heels, the participant marked on the wall with the middle finger the highest point
they could reach (standing reach). This mark was recorded. The participant took a step away
from the wall, opened their feet shoulder width apart and jumped off the ground with both
feet together. The participant attempted to touch the highest possible point on the wall. The
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participants were allowed to swing their arms and flex their knees so as to gain maximal
vertical velocity. The participants were not allowed to make any counter movements before
the jump. The distance between the standing height and the jumped height was measured and
recorded as the test results. The participants were allowed three trials. The final score was the
best distance jumped from the three attempts by subtracting the referee’s standing reach
height from the highest height jumped.
One minute sit up test
Purpose: The test measured the muscular endurance of the abdominal muscles. The test has
been used elsewhere by Esco et al. (2010).
Procedure: The test follows the one that was described by Esco et al. (2010). The
participants were asked to lie on the floor with their knees bent at a 90º angle and to place
both hands on the opposite shoulders across the body. A partner held down their ankles. A
time keeper with a stopwatch commanded “go” to start the test and the participant raised their
upper bodies forward until their elbows touched their thighs. The participants attempted to
perform as many sit ups as possible in one minute without losing the described form. They
were allowed to pause or rest during the minute. The maximum number of sit ups performed
in the correct form was recorded as their final score.
One minute push up test
Purpose: The test measures the strength and endurance of the arm and shoulder-girdle
strength (upper body muscles) (Baumgartner et al., 2002; Esco et al., 2010). The test has
shown to be a valid and reliable test to measure the upper body muscle strength and
endurance as reported by Romain and Mahar (2001) and Baumgartner et al. (2002).
Procedure: The testing procedure followed that outlined by Baumgartner et al. (2002). The
participants were asked to lie on the ground (assume the prone position) and to place their
hands next to their shoulders. The participants assumed the starting position by extending
their arms into a straight position. The participants faced forward and kept their body straight
at all times. When performing the push up the participants lowered their bodies until their
elbows are bent to 90° with the upper arm parallel to the floor as described in
FITNESSGRAM (1999). Participants had to touch a clenched fist placed underneath their
chest by the co-examiner so as to make sure that their body is lowered and an angle of 90° is
achieved at the elbows then they push up to return to the starting position. A time keeper gave
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the command “go” to start the one minute and “stop” to end one minute. The maximum
number of correctly completed push ups in one minute was recorded as the score.
Speed test
40 meter Repeated Sprint Ability (RSA) test
Purpose: The 40 m RSA test was used to measure the anaerobic performances of the referees
(Fitzsimons et al., 1993) and their ability to recover after short periods of rest. This test has
shown to be relevant to referees as a measure of match related fitness (Weston et al., 2009).
Procedure: The procedure of the test followed the protocol established by FIFA (FIFA,
2010). The referees ran six 40 m sprints with 90 seconds recovery or rest intervals between
each bout (Caballero et al., 2011). The 40 m fast run or sprint was performed on the tartan
athletics track and athletes performed the test with sports shoes. The use of athletics spike
shoes was not allowed. The referees attempted to complete each sprint in less than 6.2 s,
whereas the assistant referees attempted to complete each sprint in less than 6.0 s. Referees
that failed to complete the run in the given times were allowed one extra sprint at the end. A
second run outside the required times warranted failure of the test. The referees used the
standing start position 1.5 m behind the zero meter line. There were two photoelectric beams
(Microgates, Racetime2 kit light radio model, Italy) to record the time. One of the
photoelectric beams was placed at the zero mark and the other at the 40 m mark. The referees’
fastest and average times in 6 x 40 m sprints were used for analysis.
Agility
Change of Direction Ability (CODA) test
Purpose: The 10-8-8-10 m test is an agility test designed specifically to assess the quickness
of movement in the change of direction ability of football assistant referees.
Procedure: The test followed the procedure developed and proposed by Castagna et al.
(2011). The test was performed on the grassed football pitch, with cones place along the side
line. The referees were allowed only to use sports shoes. The referees would start the test 1.5
m from the starting line where a set of speed lights (Microgates Racetime2 kit light radio
model (Italy)) were placed. The participants sprinted 10 m forward from the starting line,
turned back, side shuffled for 8 m, turned, side shuffled 8m, turned and sprinted forward 10
m back to the starting line to finish the test (see Figure 3.1). Each participant performed three
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trials separated by a passive recovery (walking around or standing) of two minutes in
between. The fastest and mean times were used for further analysis.

Fig. 3.1. Illustration of the Change of Direction Ability test as described by Castagna et
al. (2011)
Aerobic endurance
Yo Yo Intermittent Recovery (YYIR) Level One test
Purpose: The test focuses on the capacity to carry out intermittent exercise leading to a
maximal utilisation of the aerobic system. The test also determines the ability of athletes to
recover from intense exercise (Iaia et al., 2009).
Procedure: The YYIR level one was carried out on a standard football playing field with a
grass surface. Referees performed the YYIR level one test wearing sports shoes. The YYIR
level one test consisted of two 20 m shuttle runs performed at increasing velocities, with 10 s
of active recovery (walking around a cone 5 m from the finishing line) between runs until
exhaustion. Running speeds were dictated by an audible cue played from a CD (Castagna et
al., 2005b). If the participant failed twice to reach the cones or the 20 m line in time, they
would immediately be withdrawn from the test. To ensure that the referees gave a maximal
effort, verbal encouragement was given during the test. The total distance covered during the
YYIR level one test was measured. The following equation was used to estimate VO2max:
VO2max (ml/min/kg) (Bangsbo et al., 2008)
= YYIR distance (m) × 0.0084 + 36.4
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As soon as the referee completed the YYIR level one, the heart rate monitor was stopped and
the data was downloaded. The referees were immediately taken to the station next to the
football pitch to complete the Stroop task. The YYIR level one test was used as a model of
induced physical fatigue. Referees were encouraged to cool down after the tests.
Cognitive function test
The research team visited the referees in their home towns for the Stroop task, change of
direction test and YYIR level one test. All these tests were carried out at the football field.
Tests were carried out early in the morning or late in the afternoon to limit the effect of warm
weather conditions on their performance. All the participants had to warm up for ten minutes.
The warm up involved jogging, dynamic stretching and sub maximal sprints.
The cognitive function test (modified Stroop task) was administered twice. The participants
completed the first test (pre-exhaustion) before the warm up and the second test (postexhaustion) immediately after the YYIR level one test.
The modified Stroop task
Purpose: The modified Stroop task is used to evaluate selective attention, executive abilities
and ability to inhibit habitual response (Gruber et al., 2002; Chang & Etnier, 2009).
Procedure: The modified Stroop task is a computer-based task that was used to assess the
cognitive function of the referees in both a rested state and after a fatigue-induced protocol
(the YYIR level one test). The task was presented in English and the verbal instructions about
the task were given in English, Ndebele or Shona. All the participants of the study were
competent in using a computer. The researcher demonstrated and explained the task stage by
stage. This was followed by the participants completing the task under supervision of the
researcher who made sure that the participant understood how to perform the task. They were
given a final familiarisation trial without correction by the researcher.
When performing the task, decisions need to be made depending on the stimuli. The
cognitive functioning of an individual during the task requires the process of attention. The
individual needs to selectively concentrate on specific stimuli and at the same time ignore the
irrelevant or less important stimuli (Gruber et al., 2002). When attention is divided, it means
there is interference. The test requires an automatic process when naming the words and a
consciously controlled process when naming the colours. The modified Stroop task was
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programmed using Java (TM) (Platform SE 7 U21 binary) and was loaded onto two laptops
(HP model 635) to allow testing in the field.
At the beginning of the Stroop task and at each level of the test an instruction would appear
on the screen for 30 s (see Figure 3.2). The participants had to respond after receiving a
command at the beginning of each level. The stimulus was presented on the centre of the
laptop screen with the two responses situated at the bottom left and right of the screen. The
participant pressed either the (<) or (>) key on the keyboard which would correspond to the
left and right response when responding to the stimulus. Participates were requested to use
their right hand when selecting their answers.

Fig. 3.2. Instructions at the beginning of the Stroop task
Four levels (with increasing difficulty) of the modified Stroop task were used and there were
24 trials at each level. The four levels were: word naming (condition one - C1), colour naming
(condition two - C2), colour and word naming (naming the text colour – when colour and
word are incongruent) (condition three - C3) and mixed colour and word naming and answer
(condition four - C4). Examples of the four conditions are shown in Figure 3.3.
The original Stroop colour – word test was first studied and published by John Ridley Stroop
in 1935 (Lemercier, 2009). The Stroop task requires the participant to identify and read out
the text colour of a word, for example if the word BLUE is printed in the same colour blue it
is said to be congruent and when the word BLUE is printed in the a conflicting colour like red
it is said to be incongruent. In the modified Stroop task, the first level (C1) contains a word
typed in black colour and participants were required to show their ability to name the word by
choosing the correct answer. The second level of the task (C2) required participants to choose
the correct colour of the block shown in the middle of the screen. In the third level (C3), the
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word was presented in a conflicting colour and the answers were presented in black. The
participant was required to describe the ink colour of the word to show if they were able to
suppress irrelevant stimuli. During the fourth level (C4), the middle word was presented in a
conflicting colour, whilst the answers were also presented in a conflicting colour and
participants were expected to choose the word that describes the colour of the middle word.

Fig. 3.3. Visual illustration of the four modified Stroop Task conditions
The tasks did not have any time limit as it was self-determined by the response time to each
stimulus. Both reaction time and accuracy of given answers were measured. The results of
each completed task was downloaded and saved for analysis on a Microsoft Excel
spreadsheet. The scores for conditions one and two were used to measure the processing,
while condition three and four were used to measure interference or “The Stroop effect” (Van
der Elst et al., 2013). The interference score was calculated by subtracting the time for C3
from the time for C2. The same four blocks were administered before and immediately after
completing the CODA test and the YYIR level one test.
Heart rate
The heart rates of the referees were monitored during the YYIR level one test using Garmin
FR70 (Taiwan) heart rate monitors. At the end of the YYIR level one test the heart rate data
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was downloaded using Garmin online software and the maximum heart rate (HRmax) was
used for subsequent analysis.
Various equations have been developed to predict HRmax. Londeree and Moeschberger (1982)
came up with an equation that attempted to address issues of race, age, gender and level of
fitness in predicting the HRmax of different individuals. They concluded that there was a
decline in the HRmax with age, but that HRmax was not confounded by sex or race. Their study
was carried out among the general population who were between the ages of 5 and 81 years
and did not consider the participant’s body mass or physical fitness levels. In the study by
Miller et al. (1993) the participants were involved in fitness programmes. They were divided
into two groups; obese individuals and normal weight individuals. Their mean age was 42.0 ±
1.0 years and 45.3 ± 1.8 years, respectively. Results suggested that the equation: 217 – (0.85
x age) was more suitable for predicting HRmax for people involved in fitness programmes.
The equation by Miller et al. (1993) was, therefore, used in this study to calculate the
predicated HRmax.
Data analysis
The measurement of precision and reliability of the kinanthropometric measures was
calculated using the technical error of measurements (TEM) and intraclass correlation
coefficients (ICC) using the following equations:
𝑇𝐸𝑀 (𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒) = √𝑀𝑆𝑒
Where: MSe = mean square error (that is (

∑ 𝑑2
1
2𝑛

) summing the squared differences d1 between test

and retest for each person (i) divided by two times the sample size (n) (Eston et al., 1996)

%𝑇𝐸𝑀 (𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒) =

𝑇𝐸𝑀
× 100
𝑀𝑒𝑎𝑛

Where: Mean = overall mean of the variable or sample mean score

The intraclass correlation coefficient (ICC) was used to show the correlation among the three
measurements taken on the same subject. The ICC was used to indicate the reliability and
close agreement of measurements. The measurement was considered highly reliable when the
value was close to 1 between values range of 0 to 1. To attain ICC scores in the current study
the mean squares from analysis of variance of measurements were combined in a ratio
formula (Norton & Olds, 1996) and computed on the ISAK Microsoft Excel spread sheet.
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The four physical fitness performance variables; vertical jump, YYIR indirect VO2max, 6 x 40
m RSA and CODA were combined and used to calculate the mean z-score. Each of these
variables contributed equally to the standardised physical fitness performance score which
was correlated with the cognitive function (Stroop test) results. The formula described by
Thomas and Nelson (2001) was used to calculate the z-score for each variable:
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑖𝑧𝑒𝑑 score (z) =

𝑋−𝑀
𝑠

Where: X =sample value
M =sample mean
s = standard deviation

All statistical analysis was performed using the STATISTICA data software programme
Version 12 and Microsoft Office Excel 2013. Descriptive statistics (means (M) and standard
deviations (SD)) were calculated to summarize the anthropometric and physical fitness
performance data. Statistical significance was set at p ≤ .05, unless otherwise stated.
A one way analysis of variance (ANOVA) was used to compare the FIFA and ZIFA referees,
as well as the referees and assistant referees on all the variables. ANOVA’s were also used in
the pretest-posttest comparisons for the Stroop task. Spearman rank order correlation
coefficients were calculated to determine the relationships between age and the various body
composition variables, as well as between the cognitive functioning variables and the
physical fitness performance scores. The size of the Spearman correlation coefficients (r) was
interpreted according to the recommendations by Thomas and Nelson (2001) shown below.
Table 3.3. Interpretation of the Spearman coefficient correlations (r).
r
Interpretation
0.00 – 0.19
Very weak
0.20 – 0.39
Weak
0.40 – 0.59
Moderate
0.60 – 0.79
Strong
0.80 – 1.0
Very Strong
Effect sizes (ES) were calculated (for demographic, body composition, physical fitness and
cognitive functioning data) using the formula described by Thomas and Nelson (2001).
𝐸𝑓𝑓𝑒𝑐𝑡 𝑠𝑖𝑧𝑒 (𝐸𝑆) =

𝑀1 − 𝑀2
𝑠
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Where: M1 = group one mean
M2 = group two mean,
S = standard deviation.

The pooled standard deviation was calculated according to the following formula:

𝑆𝑝 = √
When:

𝑆12 (𝑛1 − 1) + 𝑆22 (𝑛2 − 1)
𝑛1 + 𝑛2 − 2

S1 = variance of the participants in Group One
n1 = number of participants in the first group
S2 = variance of the participants in Group Two
n2 = number of participants in the second group

The effect sizes were interpreted according to the guidelines by Thomas and Nelson (2001) as
shown in Table 3.4.
Table 3.4. Interpretation of the effect size magnitude (d).
Effect Size (d)

Interpretation

More or less 0.8

Large

More or less 0.5

Moderate

More or less 0.2

Small
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Chapter 4
Results
Introduction
This chapter presents the anthropometric and physical profiles, as well as the cognitive
functioning results of elite Zimbabwean football referees. The first section presents the
referees’ demographic information, educational background, refereeing experience and
training history. This is followed by a comparison of the anthropometric and physical
characteristics between elite FIFA and ZIFA referees, as well as between the referees and
assistant referees. Thereafter, the pre- and post-intervention cognitive functioning of the total
group of referees is compared. Finally, the relationship between cognitive functioning and the
physical fitness levels of elite Zimbabwean referees is reported.
Participants
A total of 41 participants met the inclusion criteria and voluntarily participated in the study.
The sample consisted of 21 referees and 20 assistant referees. Eight of the participants (three
referees and five assistant referees) were FIFA licensed referees, whereas the remaining 33
officiated in the ZIFA premier league. Three of the participants did not take part in the
second phase of the study due to other commitments.
Demographic variables
Table 4.1 depicts the demographic data, highest qualification, refereeing experience and
training history of elite Zimbabwean football referees. There were no significant age
differences between the respective groups. The results showed that all the referees had at
least completed Ordinary Level which implies that they can read and write. Six of the
referees had Bachelor’s degrees, with a further three holding Master’s degrees. The FIFA
referees had statistically significantly more years of refereeing in the Zimbabwean Premier
Soccer League (PSL) or ZIFA license than the ZIFA referees (p = .01). There was no
difference in the number of training sessions per week between the various groups of
referees.
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Table 4.1. Demographic, Education, Refereeing Experience and Training history of the elite Zimbabwean Football referees (N = 41).
Total
Assistant
group
FIFA
ZIFA
Significant
Referees
Referees
Significant
(N = 41)
(n = 8)
(n = 33)
differences
(n = 21)
(n = 20)
differences
M ± SD
M ± SD
M ± SD
M ± SD
M ± SD
p
p
ES
ES
Study participants (%)
Age (years)

100.0

19.51

80.49

-

-

51.22

48.78

-

-

34.89 ± 5.13

34.20 ± 4.22

35.06 ± 5.38

.68

0.17

35.00 ± 5.56

34.77 ± 4.79

.89

0.04

-

n=6

n = 10

-

-

Highest Educational Level
'O' Level

n = 16

n=3

n = 13

-

Certificate

n=1

-

n=1

-

-

-

n=1

-

Diploma

n = 15

n=4

n = 11

-

-

n=9

n=6

-

-

Degree

n=6

n=1

n=5

-

-

n=4

n=2

-

-

Masters

n=3

-

n=3

-

-

n=2

n=1

-

-

0.62a

11.19 ± 3.87

10.50 ± 3.90

.57

0.18

b

4.19 ± 2.44
3.67 ± 0.58
(n = 3)
15.00 ± 7.55
(n = 3)
3.00 ± 1.41
(n = 2)
2.76 ± 0.62

3.85 ± 2.70
2.60 ± 1.34
(n = 5)
6.60 ± 3.78
(n = 5)
2.67 ± 1.15
(n = 3)
2.70 ± 1.17

.67

0.13

.25

0.94b

.07

1.57b

.79

0.27

.83

0.07

0.74

15.76 ± 8.41

14.20 ± 9.42

.58

0.18

0.19

3.52 ± 0.68

3.50 ± 0.83

.92

0.03

Refereeing experience
Years refereeing
Years with ZIFA license

10.85 ± 3.85

10.39 ± 3.83

.12

6.25 ± 2.66

3.48 ± 2.24

.01**

1.19

Years with FIFA license

3.00 ± 1.20

-

-

-

Number of international matches

9.75 ± 6.58

-

-

-

International matches per year

2.80 ± 1.10

-

-

-

3.38 ± 1.19

2.58 ± 0.79

.03*

0.91b

Matches per month
PSL matches per year

4.02 ± 2.54

12.75 ± 3.54

2.73 ± 0.92
15.00 ± 8.84

20.13 ± 4.36

13.76 ± 9.24

.07

b

Training sessions
Training sessions per week

3.51 ± 0.75

3.63 ± 0.52

3.48 ± 0.80

.64

* Statistically significant difference (p ≤ .05)
** Statistically significant difference (p ≤ .01)
a Moderate practical significant difference (d ≈ 0.5) b Large practical significant difference (d ≈ 0.8)

64

Stellenbosch University https://scholar.sun.ac.za

Figure 4.1 shows the age distribution of the total group, FIFA referees, ZIFA referees,
referees and assistant referees, respectively. The results show that 50% of the FIFA referees
were younger than 32 years and there was a smaller variation in the age range of the FIFA
referees compared to the other groups of referees. Among the ZIFA referees the boxplot
showed that the age of referees were fairly equally spread around the mean age of 35 years
and it showed that there was a greater variation between the youngest and the oldest referee
in the group. The median age of the referees and assistant referees were similar at around 33
years, however, the variation of age among the referees was larger than that of the assistant
referees. A positive skewedness was observed among the assistant referees meaning that the
sample included a large number of young assistant referees.

50.0
45.0
40.0

Age (years)

35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0
Total Group
(N = 41)

FIFA
(n = 8)

ZIFA
(n = 33)

Referees
(n = 21)

Assistant Referees
(n = 20)

Fig. 4.1. Boxplots depicting the age of the elite Zimbabwean Football Referees (N = 41)
Figure 4.2 shows the boxplots for the number of refereeing years of the elite Zimbabwean
referees. The results showed that most of the FIFA referees had less than 13 years of
refereeing experience, but they had more years of refereeing experience compared to all the
other groups. The boxplot was symmetric, while the distribution of the data was positively
skewed with a small variation with regard to the years of refereeing experience among the
FIFA referees. Despite the fact that both the referees and assistance referees’ data was
negatively skewed, the results showed that most referees had more years of refereeing
experience than the assistant referees. The referees were tightly grouped between the median
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(12 years) and the upper quartile (13 years) compared to the assistant referees who were
spread between the median (10 years) and upper quartile (13 years).

Years of refereeing

20.0
18.0
16.0
14.0
12.0

10.0
8.0
6.0
4.0
2.0
0.0
Total Group
(N = 41)

FIFA
(n = 8)

ZIFA
(n = 33)

Referees
(n = 21)

Assistant Referees
(n = 20)

Fig. 4.2. Boxplots depicting the years of refereeing of the elite Zimbabwean Football
Referees (N = 41)
Figure 4.3 shows that the FIFA referees officiated in significantly (p = .03) more matches per
month than the ZIFA referees. Most referees officiated between two and three games per
month. The results also show that the FIFA referees had officiated in statistically significantly
more games than their ZIFA counterparts. Furthermore, FIFA referees officiated in more
games per year compared to the rest of the groups (see Figure 4.4).
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*

Number of matches per month

5.0
4.5

4.0
3.5
3.0
2.5
2.0

1.5
1.0
0.5
0.0

Total Group
(N = 41)

FIFA
(n = 8)

ZIFA
(n = 33)

Referees
(n = 21)

Assistant
Referees
(n = 20)

Fig. 4.3. Bar graphs depicting the number (± SD) of Zimbabwean Premier League
matches per month in which the referees (N = 41) officiated

Number of matches per year

25.0

20.0

15.0

10.0

5.0

0.0

Group (N = 41)

FIFA (n = 8)

ZIFA (n = 33)

Referees (n = 21) Assistant Referees
(n = 21)

Fig. 4.4. Bar graphs depicting the number (± SD) of Zimbabwean Premier League
matches per year in which the referees (N = 41) officiated
Body Composition
Table 4.2 depicts the technical error of measurements (TEM) for the precision of
measurements and the intraclass correlation coefficients (ICC) for the reliability in the body
composition measurements. ISAK recommends a maximum technical error of measurement
for level two anthropometrists of 5 % for skinfolds and 1 % for other measurements like
circumferences and bone breaths. The results show that the TEM and ICC were all within the
target percentage and that the testers’ measurements were reliable.
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Table 4.2. The Technical Error of Measurement (TEM)
Coefficients (ICC).
TEM Intra
Value
Body mass
0.06
Stature
0.13
Triceps skinfold
0.13
Subscapular skinfold
0.22
Supraspinale skinfold
0.24
Abdominal skinfold
0.41
Front thigh skinfold
0.31
Medial calf skinfold
0.19
Arm girth (relaxed)
0.16
Arm girth (flexed & tensed)
0.19
Waist girth (min)
0.56
Gluteal girth (max)
0.80
Calf girth (max)
0.07
Humerus breadth (biepicondylar)
0.02
Femur breadth (biepicondylar)
0.03

and Intraclass Correlation

%
0.08
0.08
1.56
1.97
3.15
2.93
2.60
2.30
0.67
0.63
0.76
0.86
0.20
0.26
0.31

ICC
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.99
0.98
1.00
1.00
1.00

Table 4.3 illustrates the body composition results of the elite Zimbabwean referees, with a
comparison between the FIFA and ZIFA referees, as well as between the referees and
assistant referees. No significant differences were observed in the body composition variables
except for the height of the referees and assistant referees (p = .04). Figure 4.5 shows that the
referees were taller than the assistant referees. A moderate practical significant difference
was observed between the FIFA and ZIFA referees’ body mass, BMI, endomorphy and
mesomorphy. A similar moderate practical significant difference was observed between the
referees and assistant referees for height and mesomorphy.
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Table 4.3. Body composition results of the elite Zimbabwean Football Referees (N = 41).

Body Mass (kg)
Height (cm)
Body Mass Index (kg/m2)
Waist to Hip Ratio
Sum of 6 Skinfolds (mm)
% BF (Reilly et al., 2009)
Endomorphy
Mesomorphy
Ectomorphy

Group
(N= 41)

FIFA
(n = 8)

ZIFA
(n = 33)

Significant
differences

M ± SD

M ± SD

M ± SD

p

70.52 ± 10.50
175.72 ± 6.86
20.79 ± 2.47
0.83 ± 0.04
65.77 ± 24.75
11.97 ± 2.60
2.68 ± 1.19
4.62 ± 0.84
2.65 ± 1.07

67.06 ± 7.48
174.79 ± 5.62
19.92 ± 1.64
0.83 ± 0.04
59.89 ± 16.55
11.53 ± 1.89
2.24 ± 0.65
4.34 ± 0.63
2.98 ± 0.75

71.36 ± 11.04
175.95 ± 7.18
21.00 ± 2.61
0.82 ± 0.04
67.20 ± 26.36
12.07 ± 2.76
2.78 ± 1.27
4.69 ± 0.87
2.58 ± 1.13

* Statistically significant difference (p ≤ .05)
Moderate practical significant difference (d ≈ 0.5)
Sum of 6 Skinfolds (cm) (triceps, subscapular, iliac crest, abdominal, front thigh and medial calf)
a
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.30
.67
.27
.65
.46
.60
.25
.29
.35

ES
a

0.41
0.17
0.44a
0.18
0.29
0.21
0.46a
0.43a
0.37

Referee
(n = 21

Assistant Referee
(n = 20)

Significant
differences

M ± SD

M ± SD

p

ES

71.83 ± 11.57
177.85 ± 7.32
20.86 ± 2.72
0.82 ± 0.05
68.31 ± 26.33
12.23 ± 2.64
2.71 ± 1.27
4.43 ± 0.69
2.85 ± 1.14

69.16 ± 9.34
173.50 ± 5.69
20.72 ± 2.24
0.83 ± 0.03
63.11 ± 23.35
11.69 ± 2.61
2.64 ± 1.12
4.83 ± 0.94
2.45 ± 0.97

.42
.04*
.86
.43
.51
.51
.83
.13
.23

0.25
0.66a
0.06
0.25
0.21
0.21
0.07
0.49a
0.38

Stellenbosch University https://scholar.sun.ac.za

*

188.0

186.0
184.0

Height (cm)

182.0
180.0
178.0
176.0

174.0
172.0
170.0
Total Group
(N = 41)

FIFA
(n = 8)

ZIFA
(n = 33)

Referees
(n = 21)

Assistant Referees
(n = 21)

* Statistical significant differences (p ≤ .05)

Fig. 4.5. Bar graphs depicting the mean (± SD) height of the elite Zimbabwean Football
Referees (N = 41)
Somatotype
Figure 4.6 show the individual and mean somatoplots as well as the category chart for the
elite Zimbabwean referees. The referees were balanced mesomorphs (mean 2.62-4.65-2.65 ±
2.24-4.34-2.98). A dominancy of the mesomorphy component was observed among elite
Zimbabwean referees indicating that Zimbabwean referees tend to be muscular. The FIFA
referees were ectomorphic-mesomorphs, while the ZIFA referees were endomorphicmesomorphs. Likewise, the referees were ectomorphic-mesomorphs, whilst assistant referees
were endomorphic-mesomorphs. There was no difference between the groups (FIFA and
ZIFA referees; p = .30) or between the referees and assistant referees (p = .31) as shown in
Figure 4.8 and Figure 4.10, respectively.
The category charts contain a summary of the percentage players in each of the 13
somatotype categories. The participants of the study could be categorized into eight
categories, with three of these categories only having one participant, whilst the majority of
the participants were spread around the remaining five categories as shown in Figure 4.7.
Fourteen referees (34 %) fell in category six (i.e., endomorphic-mesomorphs).
Figures 4.9 and 4.11, respectively, show the category charts of the FIFA and ZIFA referees,
as well as the referees and assistant referees. Among the FIFA referees, the most prevalent
category (category 9; mesomorph-ectomorph) contained 38 % of the sample and the rest were
spread across four categories. The ZIFA referees fell into eight categories and the largest
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category (category 6; endomorphic-mesomorph) contained 36 % of the sample. Figure 4.11
shows that category 8 (i.e., ectomorphic-mesomorphs) included the majority of the referees,
whilst the majority of the assistant referees fell in category 6 (i.e., endomorphicmesomorphs).

Fig. 4.6. Somatochart showing the individual and mean somatoplots for the elite
Zimbabwean referees (N = 41; 2.68-4.62-2.65 = balanced mesomorphs)

Fig. 4.7. Somatotype category chart of the
elite Zimbabwean referees (N = 41)

71

Stellenbosch University https://scholar.sun.ac.za

Fig. 4.8. Somatochart showing the individual and mean somatoplots for FIFA referees
(n = 8; 2.24-4.34-2.98, ectomorphic-mesomorphs) and ZIFA referees (n = 33; 2.78-4.692.58, endomorphic-mesomorphs)

Fig. 4.9. Somatotype category chart for FIFA referees (n = 8)
and ZIFA referees (n = 33)
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Fig. 4.10. Somatochart for Referees (n = 21) (2.71-4.43-2.85, ectomorphic-mesomorphs)
and Assistant Referees (n = 20) (2.64-4.83-2.45, endomorphic-mesomorphs)

Fig. 4.11. Somatotype category chart for referees (n = 21) and assistant referees (n = 20)
The relationship between age and the various body composition variables
The results showed a moderate statistically significant linear relationship between the
following variables: age and waist-hip ratio (r = 0.50, p = .01), as well as age and BMI (r =
0.34, p = .04) (see Table 4.4). However, since there were no age differences between the
respective groups (FIFA vs. ZIFA, and Referees vs. Assistant referees), age was not used as a
covariant in any of the subsequent analysis.
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Table 4.4. Correlations between age and the various body composition variables among
elite Zimbabwean Football Referees (N = 41).
Spearman correlation (r)

Statistical significance (p)

Body mass (kg)

0.27

.09

Height (cm)

0.07

.67

Body Mass Index (kg/m2)

0.32

.04*

Waist to Hip Ratio

0.50

.01**

Sum of 6 Skinfolds (mm)

0.19

.23

% BF (Reilly et al., 2009)

0.21

.19

Endomorphy

0.27

.08

Mesomorphy

0.21

.18

Ectomorphy

0.30

.06

* Statistically significant difference (p ≤ .05)
** Statistically significant difference (p ≤ .01)
Sum of 6 Skinfolds (mm) (triceps, subscapular, supraspinal, abdominal, front thigh and medial calf)

Physical fitness
Table 4.5 contains the physical fitness results of the elite Zimbabwean football referees.
There was missing data for two participants for the one minute push-up test, the CODA test
and the YYIR level one test. The FIFA referees performed a significantly greater number of
sit ups in one minute than the ZIFA referees (p = .04). In the 6 x 40 m RSA test, the best 40
m time of the FIFA referees were significantly faster than that of the ZIFA referees (p = .03,
d = 0.88). There were no statistically significant differences observed in any of the other
physical fitness variables. Moderate practical significant differences were observed between
the FIFA referees and ZIFA referees and between the referees and assistant referees for the
one minute sit up test. A large practical significant difference was also observed between the
FIFA referees and ZIFA referees in the following physical fitness variables: vertical jump test,
one minute sit up test, one minute push up test and mean time on the 6 x 40 m RSA test. The
bar graphs in Figure 4.12 shows that the FIFA referees performed significantly better (p < .04,
ES = 0.83) than ZIFA referees, whilst the assistant referees performed better than referees in
the one minute sit-up test. Figure 4.13 reflects that the FIFA referees had faster trial times
than the ZIFA referees in the 6 x 40 m RSA test.
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Table 4.5. Physical fitness results of the elite Zimbabwean Football Referees (N = 41).

Modified Sit and Reach (cm)
Vertical Jump (cm)

Group
(N = 41)

FIFA
(n = 8)

ZIFA
(n = 33)

Significant
differences

Referees
(n = 21)

Assistant
Referees
(n = 20)

M ± SD

M ± SD

M ± SD

P

ES

M ± SD

M ± SD

p

ES

28.31 ± 6.42

29.49 ± 4.89

28.02 ± 6.77

.57

0.23

29.38 ± 6.14

27.18 ± 6.66

.28

0.34

37.92 ± 5.37

.08

0.71

b

38.76 ± 5.56

38.60 ± 5.84

.93

0.03

*

0.83

b

35.67 ± 10.22

39.55 ± 8.38

.19

0.41a

38.63 ± 5.63

41.8 1± 5.92

Significant
differences

One Minute Sit-up

37.56 ± 9.46

43.63 ± 8.18

36.09 ± 9.26

.04

One Minute Push-up#

26.13± 6.89

30.00 ± 7.73

25.13 ± 6.42
(n = 31)

.07

0.73b

26 ± 7.94
(n = 19)

26.25 ± 5.94

.91

0.04

5.49 ± 0.22

5.34 ± 0.25

5.52 ± 0.20

.03*

0.88b

5.44 ± 0.27

5.54 ± 0.15

.14

0.47a

5.62 ± 0.19

5.51 ± 0.21

5.65 ± 0.18

.06

0.75b

5.59 ± 0.23

5.65 ± 0.14

.36

0.29

9.60 ± 0.42
(n = 39)
950 ± 279
(n = 39)
44.38 ± 2.35
(n = 39)

9.40 ± 0.20
(n = 6)
980 ± 439
(n = 6)
44.63 ± 3.69
(n = 6)

9.64 ± 0.44

.20

0.58a

0.35

.78

0.13

.84

0.06

44.33 ± 2.10

.78

0.13

9.67 ± 0.41
(n = 18)
958 ± 318
(n = 18)
44.30 ± 1.97
(n = 18)

.28

944 ± 250

9.53 ± 0.42
(n = 20 )
940 ± 235
(n = 20)
44.45 ± 2.67
(n = 20)

.84

0.06

6 x 40m Sprint Repeated Ability
(SRA) – Best time (s)
6 x 40m Sprint Repeated Ability –
(SRA) – Mean time (s)
Change of Direction (CODA) –
Best time (s)#
YYIR level one (meters)#
YYIR level one Indirect VO2max
(ml/min/kg)#
#

Missing data
* Statistically significant difference (p ≤ .05)
a
Moderate practical significant difference (d ≈ 0.5)

b

Large practical significant difference (ES ≈ 0.8)
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*

Number of Sit-ups / minute

55.0

50.0

45.0

40.0

35.0

30.0
Total Group
(N = 41)

FIFA
(n = 8)

ZIFA
(n = 33)

Referees
(n = 21)

Assistant Referees
(n = 20)

* Statistically significant difference (p ≤ .05)

Fig. 4.12. Bar graphs depicting the mean (± SD) results for the one minute sit-up test
among the elite Zimbabwean Football Referees (N = 41)
5.8

*

5.7
5.6

Time (s)

5.5
5.4
5.3
5.2
5.1
5
Total Group

FIFA

ZIFA

Referee

Assistant Referee

* Statistical significant differences (p ≤ .05)

Fig. 4.13. Bar graphs depicting the mean (± SD) results for the best trial during the 40m
RSA test among the elite Zimbabwean Football Referees (N = 41)
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Cognitive function
A total of 38 participants completed the Stroop task before and after they completed a 10
minute warm up, the CODA and YYIR tests. There were no interaction effect between
association (FIFA or ZIFA) and referee type (referees or assistant referees) over time. This
implies that the change over time (before and after the physical exertion) was the same in all
the groups and, therefore, only the pre to post-test comparison for the total group will be
reported. Table 4.6 reports the correlations between the number of correct answers
(percentage) and the total time taken at each level, with Table 4.7 and 4.8, containing the pre
and post-test relationships between these variables.
The pre-test results presented in Table 4.8 revealed a significant correlation (r = 0.32, p = .05)
for C3 only. The relationship between the number of correct answers and time to complete at
C4 was almost significant (r = 0.31, p = .06). This suggests that taking longer to complete the
task was associated with a higher success rate. The post-test results only revealed a moderate
significant relationship for C1 (r = 0.41, p = .01). Again these results indicate that the referees
who scored a high percentage of correct answers took more time to complete this level.
Pre- to post-test comparisons and percentage change on the Stroop task
The percentage of correct answers and total time for each level of the Stroop task for the preand post-exercise test were compared (see Table 4.9 and Figures 4.14 to 4.17). Figure 4.14
show that there was not much change in the number of correct answers from pre- to post-test
for C1 and C2. The post-test results of C3 shown in Figure 4.15 indicate that a number of the
referees made more errors compared to their pre-test scores. A small improvement was
observed in the number of referees who improved in their performance (percentage correct
answers) from pre to post-test during C4 as illustrated by the shorter whisker as shown in
Figure 4.15. The pre to post-test percentage changes for each condition were calculated and
presented in the same table. The interference score was also calculated and reported in the
table by subtracting the time for C2 from the time for C3. A statistically significant
improvement in the total times were observed from pre-test to post-test for C1 (p = .01), C2 (p
= .01) and C3 (p = .04). The improvement observed during C4 bordered on being statistically
significant (p = .06). There were no significant differences between the pre- to post-test
percentage correct answers or the pre- to post-test interference scores.
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Table 4.6. The relationship between the number of correct answers (%) and the total time (s) on the Stroop task (n = 38).
Spearman correlation (r)
Statistical significance (p-value)
C1 - Word reading

0.22

.05*

C2 - Colour naming

0.01

.90

C3 - Colour and Word naming

0.08

.49

C4 – Mixed Colour and Word

0.20

.09

* Statistically significant difference (p ≤ .05)

Table 4.7. Pre-test correlations between the number of correct answers (%) and the total time (s) on the Stroop task (n = 38).
Spearman correlation (r)
Statistical significance (p-value)
C1 - Word reading

0.08

.64

C2 - Colour naming

0.02

.89

C3 - Colour and Word naming

0.32

.05*

C4 – Mixed Colour and Word

0.31

.06

* Statistically significant difference (p ≤ .05)

Table 4.8. Post-test correlations between the number of correct answers (%) and the total time (s) on the Stroop task (n = 38).
Spearman correlation (r)

Statistical significance (p-value)

C1 - Word reading

0.41

.01**

C2 - Colour naming

0.07

.69

C3 - Colour and Word naming

0.10

.55

C4 – Mixed Colour and Word

0.11

.53

** Statistically significant difference (p ≤ .01)
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Table 4.9. Pre- to post-test comparisons and percentage change on the Stroop test following the fatigue-inducing protocol (n = 38).
Pre-test (%)
Post-test (%)
Pre- to post-test change (%) Significant differences
Mean ± SD
Mean ± SD
Mean ± SD
p-value
ES-value
C1 - Word reading correctness (%)

98.79 ± 2.36

99.01 ± 2.04

0.28 ± 3.34

.67

0.10

C1 - Word reading total time (s)

29.07 ± 8.02

25.31 ± 9.14

-12.73 ± 13.51

.01**

0.44a

C2 - Colour naming correctness (%)

98.25 ± 2.49

98.36 ± 2.83

0.15 ± 3.22

.83

0.04

C2 - Colour naming total time (s)

27.67 ± 3.13

26.15 ± 3.67

-5.48 ± 8.20

.01**

0.45a

C3 - Colour and Word naming correctness (%)

96.71 ± 4.66

95.50 ± 6.00

-1.14 ± 6.38

.21

0.23

C3 - Colour and Word naming total time (s)

42.20 ± 9.60

37.50 ± 6.52

-9.15 ± 15.20

.04*

0.57a

C4 – Mixed Colour and Word correctness (%)

93.97 ± 8.26

93.53 ± 7.85

0.01 ± 9.13

.72

0.05

C4 – Mixed Colour and Word total time (s)

51.83 ± 12.06

46.33 ± 9.92

-8.42 ± 18.01

.06

0.50a

Interference (C3 – C2) (s)

14.53 ± 8.03

11.35 ± 6.16

-2.59 ± 69.05
Range: -100.21 to 198.85

.28

0.44a

* Statistically significant difference (p ≤ .05)
a
Moderate practical significant difference (d ≈ 0.5)

** Statistically significant difference (p ≤ .01)
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Pre- and post-test % correct answers
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Fig. 4.14. Boxplots depicting the % correct answers for pre and post C1 and C2
conditions
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Fig. 4.15. Boxplots depicting the % correct answers for pre and post C3 and C4
conditions
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Pre to post-test percentage change (%)
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Fig. 4.16. Percentage change from pre- to post-test for correct answers on each of the
four Stroop Test conditions (n = 38)

Pre to post-test percentage change (%)
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Fig. 4.17. Percentage change from pre- to post-test for the total time on each of the four
Stroop Test conditions (n = 38)
Heart Rate recordings
Heart rate recordings were taken during the YYIR tests to determine the intensity level at
which the referees performed the tests. The heart rate data is presented in Table 4.10. Their
age predicated heart rate was calculated using the formula by Miller et al. (1993). The mean
maximum heart rate (189.66 ± 8.61 b/min) when expressed as a percentage of their age
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predicted maximal heart rates was 101.26 ± 4.04 % (ranging between 93.72 % and 111.12 %
of HRmax). This suggests that the referees put in maximum or near-maximal effort, because
their maximal heart rates were on average higher than their age predicted heart rates.
Table 4.10. YYIR test results and heart rate data of the referees during the test (n = 38)
Mean (SD)
Range
YYIR Level 1 (Distance to failure) (m)
962.11 ± 271.92 560.0 – 1680.0
YYIR Level 1 (indirect VO2max) (ml/kg/min)
44.48 ± 2.28
41.10 – 50.51
a
Age Predicted HRmax
187.47 ± 4.35
178.70 – 197.71
Average HR (Beats/min)
160.32 ± 10.42 140.00 – 181.00
HRmax (Beats/min)
189.66 ± 8.61
174.00 – 211.00
a
% Predicted HRaverage
85.60 ± 5.27
73.83 – 93.93
a
% Predicted HRmax
101.26 ± 4.04
93.72 – 111.12
a Predicted HR = 217 – (0.85 x age) (according to the formula by Miller et al. (1993)).

Correlations between the Stroop task results and the standardised physical score
The standardised physical score were derived using the z-score formula shown in Chapter 3.
The mean z-score of the following physical fitness performance variables results were used:
vertical jump (best height), YYIR indirect VO2max, 6 x 40 m RSA (best time) and CODA
(best time). These variables were selected because of their importance and contribution to the
running performance of the referees on the field and all four variables contributed equally to
the standardised physical score.
Table 4.11 contains the correlations between the respective Stroop test results (for both the
pre-test and post-test conditions) and the standardised physical performance score. It shows
significant moderate negative correlations between the standardised physical score and C1(pretest)

and C3(pre-test). Moderate negative correlations are also reported between the standardised

physical performance score and all four levels of the Stroop task during post-testing.
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Table 4.11. Correlations between the time on each Stroop task level and the
standardised Physical performance score for the total sample (n = 38)
Spearman correlation
Statistical significance
(r)
(p)
Pre-test:
C1 - Word reading (s)
-0.40
.01**
C2 - Colour naming (s)
-0.27
.10
C3 - Colour and Word naming (s)
-0.34
.04*
C4 – Mixed Colour and Word (s)
-0.11
.51
Interference (C3 – C2) (s)
-0.29
.08
Post-test:
C1 - Word reading (s)
-0.35
.03*
C2 - Colour naming (s)
-0.36
.03*
C3 - Colour and Word naming (s)
-0.32
.05*
C4 - Mixed Colour and Word (s)
-0.35
.03*
Interference (C3 – C2) (s)
-0.09
.60
* Statistical significant correlations (p ≤ .05)

** Statistical significant correlations (p ≤ .01)

Table 4.12 contains the relationships between the pre- to post-test percentage change on each
of the four Stroop test levels (as well as the change on the Interference score) and the
standardised physical performance score. From this table it is clear that insignificant
correlations exist between these variables.
Table 4.12. Correlations between the pre- to post-test percentage change on each Stroop
task level and the standardised Physical performance score for the total sample (n = 38)
Spearman
Statistical
correlation (r)
significance (p)
% Change from pre- to post-test
C1 - Word reading (% change)
-0.06
.74
C2 - Colour naming (% change)
-0.24
.14
C3 - Colour and Word naming (% change)
0.15
.36
C4 - Mixed Colour and Word (% change)
-0.01
.96
Interference (% change)
0.20
.23

83

Stellenbosch University https://scholar.sun.ac.za

Chapter 5
Discussion
FIFA has suggested that member associations should consider age, physical condition,
psychological attributes, health status, educational level and knowledge about the laws of the
game when identifying and developing talented referees (FIFA, 2010). It was, therefore,
important that information about elite Zimbabwean referees should be gathered and
compared to studies on elite football referees from around the world in order to highlight
shortcomings so that these referees could be developed to perform optimally. The study may
shed light as to why fewer Zimbabwean referees are being invited for elite level competitions
by determining if any of the measured variables compare poorly with the available data of
other international referees.
The aim of this study was to determine the anthropometric and physical fitness profile, as
well as the executive cognitive functioning (ECF) in response to exhausting exercise of elite
male Zimbabwean Premier League football referees. Various anthropometric measurements
were used to describe the body composition and somatotype of these referees. Their physical
fitness levels were also assessed by means of the FIFA test battery, as well as a number of
additional tests. The study also compared the anthropometric and physical fitness
characteristics of FIFA and ZIFA referees, as well as that of referees and assistant referees.
The effect of fatigue (induced by an incremental maximal aerobic capacity test) on ECF was
determined, whilst the relationship between cognitive function and physical fitness was also
established. The baseline data collected in this study could be helpful in the development of
specific training programmes aimed at improving referees’ performances.
Demographic variables
Age
Age is an important factor in refereeing as aging has been shown to cause cognitive decline
and to adversely affect the physical performance of referees who may no longer be able to
keep up with play during the match (Castagna et al., 2005a; Weston et al., 2010). Article 4.4
of FIFA’s Statutes regarding the registration of referees and assistant referees, state that the
minimum age for referees is 25 years and for assistant referees 23 years, while the maximum
age is 45 years (FIFA Statutes 2013).
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The mean age of the referees in the current sample was 34.89 ± 5.13 years, indicating that
they were younger than the referees used in previous studies from countries such as Greece
(M= 36.3 ± 4.5 years, Rontoyannis et al., 1998), Spain (M = 35.5 ± 4.4 years, Casajus and
Castagna 2007), and Brazil (M = 37.9 ± 4.1 years, Da Silva et al., 2011). The FIFA referees
from Zimbabwe (M = 34.20 ± 4.22 years) were shown to be younger than the FIFA referees
who officiated in the 2005 (M = 39.32 ± 3.43 years) and 2013 Confederations Cup (M = 39 ±
3.5 years), respectively (FIFA, 2013). The referees in the current study were, however, older
than the elite Spanish referees in the study by Caballero et al. (2011) who had a mean age of
26.0 ± 4.9 years. This may indicate that in Spain, referees are being recruited and trained to
replace older referees at an earlier stage. The results of the current study may suggest that in
Zimbabwe there is a quick rotation of referees, which could contribute to the fact that
Zimbabwe referees are not visible at the highest level. The current sample was fairly young
and need to be developed within a structured programme in order to gain more experience.
Education
It is a requirement that football referees should be registered under a national association so
that they can be assigned to officiate in matches. Referees have to pass a test on their
technical knowledge of the laws of the game as examined by the International Football
Association Board (FIFA, 2010). The laws are described in English but have also been
translated to German, Spanish and French. Referees need to be able to speak, read and write
one of the languages so that they can understand and interpret the laws. In Zimbabwe,
English is the main language, therefore, football refereeing courses are held in English and
tests are also written in English.
The referees in this study met the minimum educational requirement recommended by FIFA,
since all of the referees had completed Ordinary Level, which enables them to speak, read
and write fluently in English. The highest educational qualification obtained by these referees
was a Master’s degree, with three of the participants having completed this qualification.
Refereeing experience
Referees require experience to become FIFA licensed referees and/or to officiate in the
Zimbabwean Premier League or at the international level (Caballero et al., 2011). The mean
number of years refereeing by the elite Zimbabwean referees in this study was 10.85 ± 3.85
years, which is considerably less than that reported by Catteeuw et al. (2009) among Belgian
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referees who had 18.8 ± 4.1 years of experience, whilst the assistant referees had 15.3 ± 2.6
years’ experience.
There was a significant difference between the FIFA and ZIFA referees in terms of the
number of years they had been refereeing at the PSL level. The FIFA referees had a mean
number of years of 6.25 ± 2.66 years officiating at PSL level compared to a mean of 3.48 ±
2.24 years of the ZIFA referees. Weston et al. (2009) reported that referees from England had
spent an average of 5.4 years (ranging from 2 to 11 years) officiating in the top English
Premier League.
The experience that the referees gained over the years is considered important by FIFA when
selecting referees for elite competitions (Castagna et al., 2005a). Mallo et al. (2007) reported
that elite FIFA referees who officiated in the 2005 Confederations cup had a mean number of
8.05 ± 3.39 years refereeing experience at the international level. The FIFA referees in the
current sample had had their FIFA licences for a period of 3.00 ± 1.20 years. It was
noticeable that the FIFA referees were assigned an average of three international matches per
year. The results also showed that the FIFA referees had considerably more match
assignments per month (3.38 ± 1.19) than the ZIFA referees (2.58 ± 0.79). Despite the notion
that the number of years refereeing is important, game time is also central to improving the
officiating skills of referees. Not only should the number of years refereeing be considered
when selecting referees for elite performance, but also the number of matches they have
officiated in. Therefore, the general lack of experience of the Zimbabwean referees may
partially explain why they do not feature at elite competitions.
Anthropometric and Body composition variables
FIFA and the respective national federations does not prescribe any tests to determine the
body composition of referees, but there is a need for consistent monitoring of body
composition, because refereeing performance is affected by aging (Da Silva et al., 2011) and
ageing results in changes in body composition. Unfortunately, there is a paucity of literature
against which the body composition results of the current referees could be compared.
Stature
Lategan (2011) noted that height and body mass are usually reported in studies on referees to
provide descriptive information about the sample. A significant difference between the
referees and assistant referees (p = .04) was observed. The Zimbabwean referees (M = 177.85
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± 7.32 cm) were taller than the assistant referees (M = 173.50 ± 5.69 cm), a trend that has
previously been reported. Krustrup et al. (2009) reported the referees in their study to be 188
cm tall, as opposed to the assistant referees being 181 cm tall. Lategan (2011) reported
similar results (referees: 173 ± 6.5 cm; assistant referees: 169.4 ± 6.7 cm), whilst the referees
in Mallo et al.’s (2012) study had a mean stature of 182.5 ± 5.9 cm, compared to the mean
stature of 178.2 ± 7.1 cm among the assistant referees. There has not been a clear explanation
from the available literature as to why this trend exists. Cabarello et al. (2011) suggested that
the taller stature of referees gives additional physical authority on the playing field and also
when applying the laws of the game. Collectively, the elite referees from Zimbabwe had a
mean height of 175.72 ± 6.86 cm, making them shorter than most international referees (e.g.,
Casajus & Castagna 2007; Mallo et al., 2007; Krustrup et al., 2009; Mallo et al., 2012). They
were, however, taller than their South African counterparts who recorded a mean height of
171.0 ± 6.7 cm (Lategan, 2011). According to Lategan (2011), the differences in height may
be the result of ethnicity and should, therefore, not be used as a measure of refereeing
performance. At present though, no body composition measurements are considered when
identifying, developing or appointing referees to officiate.
Body mass
Referees are required to keep up with play throughout the whole match so that they are
within the optimal distance of play to make accurate decisions (Helsen and Bultynck, 2004;
Weston & Helsen, 2013). To be more mobile and not to tire quickly, referees should maintain
an ideal body mass. The elite Zimbabwean referees had smaller body mass values (M = 70.52
± 10.50 kg) compared to those reported by Rontoyannis et al. (1998) among Greek referees
(M = 81.6 ± 7.8 kg), Reilly et al. (2006) among English referees (M = 89.8 ± 4.8 kg), Casajus
and Castagna (2007) among Spanish referees (M = 75.1 ± 6.6 kg), Mallo et al. (2007) among
FIFA referees (M = 80.8 ± 11.1 kg), Lategan (2011) among South African referees (M =
74.08 ± 8.76 kg) and Caballero et al. (2011) among Spanish referees (M = 76.3 ± 13.1 kg).
The low body mass values of the Zimbabwean referees may be due to their naturally small
physique.
Body fat
Chamorro et al. (2012) pointed out that determining the levels of adiposity is important and
should be considered when developing training programmes and nutritional plans for athletes
(and by implication for referees). There were no significant differences between the FIFA
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and ZIFA referees or between the referees and assistant referees in terms of their BMI, waistto-hip ratio (WHR), the sum of six skinfolds or the percentage body fat.
The measurements of BMI and WHR have been used widely in health surveillance
programmes and to detect the risk of diseases caused by obesity (WHO, 2008). BMI has also
been used as a general measure of body composition. The elite Zimbabwean referees’ mean
BMI value of 20.79 ± 2.47kg/m2 fall within the normal range according to the WHO (1995),
as well as the ACSM (2012) norms. These values are lower than the values reported by Reilly
& Gregson (2006) among referees from England (M = 27.1 ± 5.3 kg/m2) and Krustrup et al.
(2009) among referees from Denmark (M = 23 kg/m2). This indicates that the Zimbabwean
referees are not fat. According to the WHO (2008), the mean WHR value of 0.83 ± 0.04 of
the current sample fall within the low risk category. WHR can also help to identify the area(s)
where body fat is located for example around the hips or abdominal area. There is, however,
no literature on the WHR of referees against which the current results could be compared.
The sum of six skinfolds has been used to determine and reflect the amount of fat found in
the adipose tissue (Casajus & Castagna, 2007; Chamorro et al., 2012). The mean sum of six
skinfolds was 65.77 ± 24.75 mm for the current sample. In the only other study that reported
the sum of six skinfolds of football referees, Casajus and Castagna (2007) found a mean of
83.2 ± 20.5 mm among Spanish referees (n = 45). The results show that the Zimbabwean
referees were leaner than the Spanish referees.
The mean percentage body fat of the elite Zimbabwean referees (11.97 ± 2.60 %) calculated
with Reilly et al.’s (2009) skinfold equation yielded lower values than the 16.7 ± 4.5 %
reported by Rontoyannis et al. (1998) among Greek referees, the 19.3 ± 4.1 % reported by Da
Silva et al. (2011) among national Brazilian referees and the 12.63 ± 4.2 % reported by
Lategan et al. (2011) among South African referees.
The results of the current study show that the ZIFA referees had greater fat percentages than
the FIFA referees. The results of the current study also showed lower figures in BMI, WHR,
sum of six skinfolds and %BF of the Zimbabwean referees when compared with data from
football referees from other countries. Body adiposity does not seem to be a limiting factor
for refereeing performance, however, Da Silva et al. (2011) highlighted that most elite
athletes have low values of body fat. It is, therefore, important that Zimbabwean referees
should also maintain low body fat values as well as optimise their nutritional intake.
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Somatotype
The mean somatotype of 2.68-4.62-2.65 implies that the elite Zimbabwean referees are
categorised as balanced mesomorphs. This is different from the mesomorph-endomorph (3.94.3-1.9) classification observed among referees from Brazil (Da Silva et al., 2011) and the
endomorphic-mesomorph (3.81-5.67-1.57) classification noted among referees from Chile
(Vargas et al., 2008). The current results suggest that the muscular-skeletal component was
dominant among the elite Zimbabwean referees, whereas Lategan (2011) found a dominancy
of adiposity (4.17-3.60-2.13) among South African referees.
Correlation between age and the various body composition variables
Body composition changes over time; at first due to growth and maturation and later in life
due to the effects of aging. In this study there was a strong and statistically significant linear
relationship between age and WHR, BIA percentage body fat, whilst a moderate significant
relationship was observed between age and BMI. These results confirm that aging influences
the body composition which in turn may affect the performance of referees. It has been
shown that regular exercise among aging individuals may lead to a decrease in body fat
content and in turn these individuals may become muscular and carry less adipose tissue. The
loss of lean body mass or muscle mass negatively affects mobility (Peterson et al., 2011) and
thereby negatively affects athletic (and by implication refereeing) performance.
Physical fitness
Mascarenhas et al. (2002) stated that the correct application of football rules are related to the
fitness levels of referees as they have to be close to the action at the right time, and in a good
position to make correct decisions. The physical fitness results yielded significant differences
regarding the one minute sit-up test and the 6 x 40 m RSA test between the FIFA and ZIFA
referees. There were no other significant physical fitness differences between the FIFA and
ZIFA referees or between the referees and assistant referees. These findings are most likely
due to the fact that the current sample consisted of elite referees that officiated in the
Zimbabwe Premier League and, therefore, follow similar training programmes. These
findings are inconsistent with previous findings and expectations, as the roles and activities
performed by referees and assistant referees during a match vary considerably. For example,
Krustrup et al. (2009) reported significant differences regarding the physical demands and
match activities of referees and assistant referees, whereas Weston et al. (2004) observed
differences in the physical fitness levels of national and international referees.
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One minute sit up test
The one minute sit up test was used to measure muscle endurance in the abdominal region.
There was a significant difference in the sit up results of the FIFA (M = 43.63 ± 8.18) and
ZIFA (36.09 ± 9.26) referees. According to the sit-up norms by Golding et al. (1989), the
scores obtained by the FIFA referees was good, while the ZIFA referees fell in the above
average category. When combined, the elite Zimbabwean referees (N = 39) on average
completed 37.56 ± 9.46 sit ups in one minute, which places them in the above average
category according the Golding et al.’s (1989) norms.
One minute push up test
The one minute push up test was used to measure upper body muscle endurance. Although
the FIFA referees’ performance (30.00 ± 7.73) in the push up test was significantly better
than that of the rest of the participants (25.13 ± 6.42), the mean score for the total sample was
26.13 ± 6.89 push ups. Collectively the performance of these referees was classified as
average according to the one minute push up norms for men aged between 30 years and 39
years outlined by Katch et al. (2011).
Modified sit and reach test
The modified sit and reach test was used to measure the hamstring flexibility. There were no
significant differences in the modified sit and reach test between the FIFA and ZIFA referees,
or between the referees and assistant referees. The mean score for the elite Zimbabwean
referees was 28.31 ± 6.42 cm, which was 10 to 20 % lower than the health fitness standards
reported by Hoeger and Hoeger (2005), thereby categorising their flexibility as poor.
Vertical jump test
Despite the importance of the vertical jump as a measure of explosive power only one study
by Castagna et al. (2005a) examined the vertical jump performance of elite Italian referees.
The current results of 38.63 ± 5.63 cm, compares favourably to the figures of 34 ± 3 cm for
the entire group, the 36.31 ± 3.25 cm for younger referees (n = 12), the 33.00 ± 2.93 cm
average aged referees (n = 14) and the 32.6 ± 3.02 cm for older referees (n = 10) reported in
the afore-mentioned study on 36 Italian referees. Their study examined the age related loss of
leg power in the vertical jump and showed a significant difference in the vertical jump
performance of younger and older referees (p < .03). Among the current sample, the FIFA
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referees performed slightly better (41.81 ± 5.92 cm) than the ZIFA referees (37.92 ± 5.37
cm), whilst there was no difference between the referees and the assistant referees.
6 x 40 m RSA test
Several studies have reported the repeated sprint performance of football referees. The mean
best time in the 6 x 40 m RSA test for the current sample was 5. 49 ± 0.22 s with the fastest
recorded time of 4.91 s. This was slightly better than the mean best time of 5.59 ± 0.21 s
reported by Weston et al. (2009) on English referees (n = 17), and the 5.70 ± 0.17 s of the 11
referees who officiated in the FIFA 2005 Confederations cup. The FIFA referees recorded
significantly better times than the ZIFA referees. According to the FIFA fitness referee
assistance programme training resource material (Helsen et al., 2013), the mean time of 5.59
± 0.23 s recorded among the referees is rated as excellent, while the mean time of 5.65 ± 0.14
s recorded among assistant referees is rated as good.
Change of Direction Ability (CODA) test
Football referees regularly have to change direction during the match due to the nature of the
game. Change of direction and agility are, therefore, important performance determinants.
Castagna et al. (2011) classified a score of ≤ 9.67 s on the CODA as a good performance.
The mean best time in the CODA for elite referees of Zimbabwe was 9.60 ± 0.42 s. This was
similar to the 9.61 ± 0.45 s reported among 50 elite Italian referees by Castagna et al. (2011).
The assistant referees were expected to perform better than the referees in this test because
the test (and the running direction) is specific to the match activities of the assistant referees’.
However, no such difference was observed. There was also no difference between the FIFA
and ZIFA referees.
Yo Yo Intermittent Recovery (YYIR) Level One test
This specific test did not form part of the FIFA test protocol for referees. Due to the
intermittent nature of refereeing activities during a match, Castagna et al. (2005b) suggested
that the YYIR test be used to assess the aerobic capacity of referees and as a tool for
identifying talented referees. The distance covered during the YYIR has been shown to be
correlated with the match running capacity of football referees (Castagna et al., 2005b).
Weston and Helsen, (2013) stated that a fitness test is only valid if it corresponds with the
physical task performed, in this case being the referees’ match physical activities or demands.
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The results of the current study showed that there were no significant differences in the
distance covered by the FIFA and ZIFA referees or between the referees and assistant
referees. These referees performed poorly on the YYIR test (M = 950 ± 279 m) when
compared to previous results. The lowest distance covered by a referee was 560 m (level 14.3
running at a speed of 14.5 km/h), which meant that the time to failure lasted approximately 4
minutes and 40 seconds. The maximum distance covered by a referee was 1680 m (level 17.7
running at a speed of 16 km/h), which took 13 minutes and 45 seconds to complete. Bangsbo
et al. (2004) reported distances of 1420 ± 90 m by Danish referees, Weston et al. (2004)
reported pre-season distances of 1720 ± 276 m among Belgium international referees, whilst
the national referees in this study recorded values of 1290 ± 407 m. Castagna et al. (2005b)
also measured a mean distance of 1503 ± 399 m among national referees from Italy.
It was expected that the referees would at least have covered similar distances to the referees
from other countries. The poor results by the elite Zimbabwean referees on the YYIR test
could plausibly be attributed to the fact that it was the first time that they performed this test.
They were, however, familiarised before they completed the test. It could also be that the
referees may have failed to recover sufficiently during the 10 seconds active recovery in
between shuttles required to sustain the gradually increasing intensity levels and runningspeeds of the YYIR test.
The YYIR test assesses the endurance capacity and ability of an individual to perform
repeated high intensity intermittent exercise and the capacity to recover from these activities
(Krustrup et al., 2003). The ability to continuously perform these types of activities and
recover between each of the levels is deemed important for referees. The poor YYIR test
results of the current sample could indicate that the referees reached their maximum effort
training zones faster than other similar samples, which resulted in dropping out of the test
earlier. Although all the referees in the current study managed to pass the FIFA high intensity
interval test, the results show that the YYIR test identified a shortcoming in the physical
fitness profiles of these participants. The future use of the YYIR test as part of FIFA’s test
battery for referees has some merit, as it can distinguish between referees with regard to their
ability to perform repeated high intensity exercises with little recovery.
Aerobic fitness
Weston and Helsen (2013) stated that football referees should possess good levels of aerobic
fitness to meet the imposed match physical demands that they face during matches. The
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maximal oxygen uptake (VO2max) was estimated from the YYIR test using the equation by
Bangsbo et al. (2008). This is an indirect measure of VO2max and, therefore, poor
performance in the YYIR level one means that similar tendencies will be observed in VO2max
results. The mean VO2max for the elite Zimbabwean referees was 43.38 ± 2.35 ml/kg/min-1.
The aerobic capacity of elite Zimbabwean referees was compared to that reported in other
studies that determined VO2max by means of the YYIR test. For example, Krustrup and
Bangsbo (2001) reported a higher mean VO2max value of 46.3 ml/kg/min-1 (range 40.9 to
55.7) among referees from Denmark, whilst Krustrup and Bangsbo (2001) reported that a
mean value of 45.9 ml/kg/min (range 40.9 to 53.6 ml/kg/min-1) among Danish assistant
referees. Bangsbo et al. (2004) reported VO2max values of 47.7 ± 1.5 ml/kg/min-1, 45.9 ± 1.1
ml/kg/min-1 and 44.7 ± 0.8 ml/kg/min-1 for younger, average aged and older Danish referees.
Castagna et al. (2007) suggested a VO2max of 50 ml/kg/min-1 as adequate for successful
refereeing. The current results fall well below this value, which suggest poor aerobic fitness
levels and/or an inability to maintain the high intensity levels of the YYIR test. These
outcomes are mostly likely influenced by the type of training of the referees.
Executive cognitive function
Referees are required to make quality decisions and to apply the laws of the game effectively,
despite the fact that fatigue gradually sets in as the match progresses. Mallo et al. (2012)
revealed that referees tend to make more incorrect decisions during the last 15 minutes of a
match for this very reason. Tomporowski and Ellis (1986) noted that individuals with higher
physical fitness levels performed better in cognitive tasks than individuals with lower
physical fitness levels. In a review by Lambourne and Tomporowski (2010), cognitive
performance was shown to improve following submaximal aerobic exercise. Therefore, it
was important to determine if the physical fitness levels of the referees had any influence on
their cognitive function. To the best of the author’s knowledge no study has reported the
Stroop task results among football referees.
There was a significant improvement in the time taken to complete the easy conditions (C1
and C2), whilst a moderately significant improvement was reported for the more difficult
condition (C3) and a small significant improvement in the most difficult condition (C4,). The
results showed that there were significant improvements in the time, but not in the
correctness of answers (probably due to the range restriction of this aspect of the test; a high
percentage of correct answers were recorded). There was a moderate practical significant
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difference between the pre- and post-test interference scores. These results are similar to
those found by Chang and Etnier (2009), Yanagisawa et al. (2010), Alves et al. (2012), as
well as Rattray and Smee (2012). These studies also reported that improvements in the time
to completion did not affect or compromise the accuracy of answers in the Stroop task. The
results from the current study also support the conclusion by Tomporowski (2003) that
exercise improves response speed.
The referee’s performance on the Stroop task improved significantly from pre- to post-test.
The YYIR level one test is an incremental test and the results show that a number of the
referees pulled out during the early stages of the test, despite their heart rate data showed that
they performed the test at a mean of 101.26 ± 4.04 % of their age predicted maximal heart
rate. They may have pulled out, because of the rapid increase in the running speed of each
progressive level of the test, indicating that this test may have been too tough for them. The
participants were allowed to stop when they could no longer continue the test; therefore, the
YYIR test probably only induced acute fatigue and was not sufficient to illicit a decline in
cognitive functioning normally expected with refereeing a 90-minute match. The duration of
the test might have been insufficient to negatively affect ECF, since the time before dropping
out of the test ranged from 4 minutes and 40 seconds to 13 minutes and 45 seconds. The high
level of exertion over the relatively short duration of the test, therefore, seem to have
facilitated an improvement in cognitive function, as the intensity level and/or duration were
insufficient to have an adverse effect on the cognitive functioning. The improvement in the
cognitive functioning is consistent with past literature that showed that acute exercise bouts
had positive benefits on cognitive function (Brisswalter et al., 2002; Tomporowski, 2003).
Tomporowski (2003) observed that increased physical activity for a duration of up to 60
minutes lead to a significant increase in cognitive function. He concluded that acute bouts of
exercise have various cognitive function benefits that include improvements in problemsolving, response accuracy, response speed and inhibition. It is plausible that the YYIR level
one test may have improved the transportation of energy and oxygen to the frontal lobes that
contributed to an improvement in the ECF.
According to McMorris (2008), an increase in exercise intensity may lead to changes in
arousal levels and in turn benefit cognitive processes. Chang and Etnier (2009) pointed out
that there is an inverted-U relationship between physiological arousal and cognitive
performance. The improved pre- to post-test cognitive function results may also have
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demonstrated that the referees had become conditioned to perform optimally even if they
were fatigued. Sibley et al. (2007) attributed the ability of an individual to overcome
interference to the process of goal-orientation and attention.
There was a positive correlation between the number of correct answers and time to complete
the Stroop test for C3 (pre-test) and C1 (post-test), which implies that taking longer to
complete each test improved the accuracy of the answers. However, football referees often
need to make quick, but accurate decisions. They need to apply the laws of the game before
making correct decisions for each match situation and as such decisions made during the
match are not automatic; they require effort and cognitive functioning. Chodzko-Zajko and
Moore (1994) stated that cognitive functioning tasks need allocation of attentional resources
to be successfully completed.
Although the magnitude of the correlations found between the physical fitness (standardised
physical fitness) results and the Stroop task results was only moderate, it does indicate that
physical fitness and cognitive functioning is significantly correlated. It is essential to find
ways to maintain and enhance the cognitive functioning of referees due to the nature of their
work. Their performance depends on their ability to simultaneously keep up with play while
making accurate and crucial decisions during the match. Emphasis has been placed on the
importance of referee’s possessing high levels of fitness because of its effects on cognitive
functioning and decision making ability (Helsen & Bultynck, 2004; MacMahon et al., 2007;
Mallo et al., 2012). The observed improvements in the cognitive task performance may,
therefore, relate to the referees’ ability to maintain high levels of cognitive functioning even
when they are affected by fatigue.
Even though the YYIR is not part of the FIFA fitness test battery, the test is deemed relevant,
since it contains repeated, intermittent movements at intensity levels similar to those
experienced by referees during matches. The YYIR test was used to induce fatigue before
administering the Stroop task that was used to assess cognitive functioning of referees.
However, the fatigue induced by the YYIR test did not negatively affect the cognitive
functioning of the referees. These results, may mean that referees have become conditioned
to sustaining match related physical demands and at the same time maintain their ability to
make decisions during the match.
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Chapter 6
Summary, Limitations and Recommendations
Summary
No previous study could be found that profiled elite male Zimbabwean football referees. The
study revealed that the referees were not obese and, therefore, not at risk of cardiovascular
diseases. The results also showed that the elite male Zimbabwean referees were shorter and
weighed less than referees who participated in other studies. The referees were found to be
taller than the assistant referees. The somatotype results revealed that the majority of the
referees in the current study were balanced mesomorphs. This indicates that the elite male
Zimbabwe referees tend to be quite muscular.
The referees in this study had acceptable physical fitness levels to officiate in the Premier
League, however, they had considerably lower aerobic capacity (VO2max scores) than those
reported in previous studies. The lower aerobic capacity may negatively affect their
performance, in trying to keep up with play and sustaining the physical demands of the
match. It is important that referees incorporate training that improves their maximal aerobic
power and endurance using intermittent and high intensity training programmes. The physical
exertion during the YYIR level one test improved the cognitive functioning of the referees.
There was also a small, but statistically significant relationship between cognitive functioning
and physical fitness.
This study lays a foundation for future studies about the anthropometric, physical fitness and
cognitive characteristics of elite Zimbabwean referees. The results from the present study will
allow those working with referees to compile specific training programmes to improve their
physical fitness and to monitor their body composition. Furthermore, the results from this
study can be utilised to develop criteria for identifying and developing talented young
referees in Zimbabwe. In doing so their chances of being selected for elite competitions
locally and internationally may improve.
Limitations
The current study had several limitations which need to be addressed to improve future
studies.


To the researcher’s knowledge, this was the first study to be conducted among football
referees in Zimbabwe. The results of this study cannot be generalised to represent all the
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referees in Zimbabwe due to the fact that the study only focussed on referees that were
officiating in the Premier League of Zimbabwe. Furthermore, the sample size of the
FIFA referees was small hence the results have limited generalizability.


During the second phase of the data collection, the referees had to be visited in
towns/areas where they lived. This meant that referees were exposed to different weather
or environmental conditions although all of the testing occurred in favourable weather
conditions. The difference in weather conditions from one town to the other and the time
during the day the tests were conducted could also have affected the performance of the
referees. Different running surfaces were used, but the researcher searched and used the
best and similar running surface available in each area. For future studies it is important
that the referees are tested under exact similar conditions.



During the second phase of the study, the referees performed the tests individually.
Therefore, the participants may have lacked support and competition and as a result they
may have failed to put maximum effort during the CODA and YYIR tests. Social
facilitation due to others performing the test at the same time has been shown to enhance
effort and performance.



The referees had little time to familiarise themselves with the CODA and YYIR tests
which were introduced to them during the first phase of the study. The lack of
familiarisation might have had a negative impact on their performance. It could have
been helpful to set a minimum number of practise sessions that one had to complete
before they could participate in the study to reduce the level of uncertainty and possible
anxiety during the test.



The YYIR level one results was used to estimate the maximal oxygen uptake. This is an
indirect measure of VO2max and, therefore, poor performance in the YYIR level one test
means that similar tendencies will be observed in VO2max results.



It was not possible to calculate the actual mean heart rates of the referees during the
YYIR due to the fact that the heart rate monitor recordings included the instructional
phase of the YYIR audio clip. This included the recordings from the start of the audio
clip roughly 10 seconds before the start of the test, instead of starting the recording at the
beginning of the running phase. Therefore, it is important that the heart rate reading
should be recorded from the start of the running phase or by using heart rate monitors
with software that allows the deletion of unwanted data.
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Despite the fact that the cognitive test results showed some improvements after the
YYIR test, the Stroop task may not necessarily be the most relevant test for football
referees. The Stroop task remains one of the most frequently used, valid and reliable tests
to measure executive cognitive functioning. However, the nature of refereeing and the
stressful environment in which referees fulfil their duties probably requires tests that
simulate real match situations (in terms of the type, intensity and duration of physical
activity, as well as having to make decisions similar to ones encountered during
matches). Vigilance and tracking tests might, therefore, be more appropriate for referees.



In order to increase the generalizability of the Stroop task results, it is important to use a
larger sample size and also to include referees from a wider age range as age may have
an effect on the results.



Although the use of the YYIR test revealed shortcomings with regard to the ability of the
participants to repeatedly perform high intensity intermittent sprints, the duration of the
test was insufficient to illicit fatigue and a decline in cognitive functioning.

Recommendations and future research


There is a need for constant, measuring and continuous monitoring of the referee’s body
composition. Longitudinal studies are, therefore, required.



Since age has been found to have an influence on several body composition and physical
fitness variables, there is need to recruit young talented referees with appropriate aerobic
and anaerobic capacity. Such a move will afford young referees to gain exposure and
experience at an early age.



Despite the fact that the YYIR is not a FIFA recognised fitness test, it should be
considered for future testing of referees. The minimum distance the referees should be
able to complete should also be determined for each of the different refereeing
categories.



Referee fitness instructors should consider using a variety of relevant fitness tests and not
only the tests recommended by FIFA, as the game of football is changing fast. The
current study also showed that whilst the referees performed well in most of the tests,
they performed poorly in the YYIR test, which highlights a need for improvement with
regard to their ability to perform repeated high intensity runs.



Future studies should determine the effects of a specific high-intensity training
programme on the referees’ physical fitness levels. In this regard Weston et al. (2004)
argued the need to evaluate the effects of prescribed training programmes.
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Since this was the first study among referees to use the Stroop Task, future studies
should consider using other cognitive tests that may be more relevant to the actual
demands of officiating matches.



Future studies should also use a protocol which simulates the actual activities (duration
and intensity) as well as the decision-making challenges facing referees during matches.

Recommendations for applied practice


There are many important factors for a successful career as an elite football referee.
These include optimal morphological characteristics, being physically fit and able to
make correct decisions during the match. It is important that referees are constantly
educated about these aspects and its role in a successful career.



The FIFA protocol for the testing of referees does not include any body composition
measurements, apart from BMI which forms part of the medical screening. It is
important that FIFA considers using body composition measurements to monitor referees
as well as to compliment and optimise their health and performance.



Referees and assistant referees should engage more regularly in role specific training
programmes that are aimed at maintaining high and appropriate physical fitness levels to
prepare them for the specific match demands. For example, training programmes for
assistant referees should include changing of direction and sideways running.



Physical fitness tests are an important benchmark and should be performed regularly as
part of an integrated system aimed at developing referees and making sure that they are
ready to officiate at the highest level. It is also important that FIFA uses physical fitness
tests that are able to discriminate between successful and less successful referees. Tests
such as the YYIR test shows promise to be included. Alternatively, this test could be
adapted to simulate the specific activity demands placed on referees during matches.



The current sample of referees has to improve their aerobic capacity and/or their ability
to sustain repeated high intensity running bouts. Heart rate recordings during training
sessions should provide feedback about the time spent in various training zones, which
could be valuable to the trainers to individualize training programmes instead of
prescribing a generic programme for all the referees.



The referees should also be subjected to more cognitive or decision making activities in
their training programmes to improve their concentration ability, their ability to supress
and/or ignore irrelevant stimuli and activities that improve visual skills to help them
make good and correct decisions in the shortest possible time.
99

Stellenbosch University https://scholar.sun.ac.za

References
ABERNETHY, P. & WILSON, G. (2000). Introduction to the assessment of strength and
power. In C.J. Gore (Ed.) by Australian Institute of Sport, Physiological tests for elite
athletes (pp. 147-150). Champaign, ILL: Human Kinetics.
ABERNETHY, P.; OLDS, T.; EDEN, B.; NEILL, M. & BAINES, L. (1996).
Anthropometry, health and body composition. In K. Norton and T. Olds (Eds),
Anthropometrica. A textbook of body measurement for sports and health courses. (pp
365-392) University of New South Wales Press, Australia.
ALVES, C. R. R.; GUALANO, B.; TAKAO, P. P.; AVAKIAN, P.; FERNANDES, R. M.;
MORINE, D. & TAKITO, M. Y. (2012). Effects of acute physical exercise on
executive functions: A comparison between aerobic and strength exercise. Journal of
Sport and Exercise Psychology, 34: 539-549.
American College of Sports Medicine (ACSM). (2012). ACSM Guidelines for exercise
testing and prescription. Philadelphia: Lippincott Williams and Wilkins.
ANDO, S.; KOKUBU, M.; YAMADA, Y. & KIMURA, M. (2011). Does cerebral
oxygenation affect cognitive function during exercise? European Journal of Applied
Physiology, 111: 1973-1982.
ANTUNES, H.; SANTOS, R.; CASSILHAS, R.; SANTOS, R.; BUENO, O. & MELLO, M.
(2006). Reviewing on physical exercise and the cognitive function. Revista Brasileira
de Medicina do Esporte, 12(2): 97e-103e.
ASAMI, T.; TOGARI, H. AND OHASHI, J. (1988). Analysis of movement patterns of referees
during soccer matches. In T. Reilly, A. Lees, K. Davids and W.J. Murphy (Eds), Science and
Football (pp. 341- 345). Routledge, London

AUDIFFREN, M. (2009). Acute exercise and psychological functions: A cognitive-energetic
approach. In T. McMorris; P.D. Tomporowski & M. Audiffren (Eds.), Exercise and
Cognitive Function (pp. 3-39). John Wiley & Sons Ltd.
BAARS, B. J. & GAGE, N. M. (2007). Cognition, Brain, and Consciousness: Introduction to
Cognitive Neuroscience. Academic Press.
BANGSBO, J. & LINDQUIST, F. (1992). Comparison of various exercise tests with
endurance performance during soccer in professional players. International Journal of
Sports Medicine, 13: 125-132.
100

Stellenbosch University https://scholar.sun.ac.za

BANGSBO, J. (1994). Energy demands in competitive soccer. Journal of Sports Sciences,
12: S5-S12.
BANGSBO, J. & IAIA, F. M. (2013), Principles of fitness training. In A. M. Williams (Ed),
Science and soccer: Developing elite performers (3rd ed.) (pp 24-42). Routledge: New
York.
BANGSBO, J.; IAIA, F. M. & KRUSTRUP, P. (2008). The Yo-Yo Intermittent Recovery
test: A useful tool for evaluation of physical performance in intermittent sports. Sports
Medicine, 38(1): 37-51.
BANGSBO, J.; MOHR, M. & KRUSTRUP, P. (2004). Physical capacity and match
performance of top-class referees in relation to age. Journal of Sports Sciences, 22(6):
524.
BANGSBO, J.; MOHR, M.; POULSEN, A.; PEREZ-GOMEZ, J. & KRUSTRUP, P. (2006).
Training and testing the elite athlete. Journal of Exercise Science and Fitness, 4(1): 114.
BARBERO-ALVAREZ, J. C.; BOULLOSA, D. A.; NAKAMURA, F. Y.; ANDRIN, G. &
CASTAGNA, C. (2012). Physical and physiological demands of field and assistant
soccer referees during America’s cup. Journal of Strength and Conditioning Research,
26(5): 1383-1388.
BAUMGARTNER, T. A.; Oh, S.; CHUNG, H. & HALES, D. (2002). Objectivity, reliability,
and validity for a revised push-up test protocol. Measurement in Physical Education
and Exercise Science, 6(4): 225-242.
BIZZINI, M. (2010).

Injuries and musculoskeletal complaints in football referee.

Dissertation from Norwegian School of Sport Science.
BIZZINI, M.; JUNGE, A.; BAHR R. & DVORAK, J. (2009a). Injuries and musculoskeletal
complaints in referees - A complete survey in the top divisions of the Swiss football
league. Clinical Journal of Sports Medicine, 19: 95-100.
BIZZINI, M.; JUNGE, A.; BAHR, R.; HELSEN, W. & DVORAK, J. (2009b). Injuries and
musculoskeletal complaints in referees and assistant referees selected for the 2006
FIFA World Cup: retrospective and prospective survey. British Journal of Sports
Medicine, 43: 490-497.

101

Stellenbosch University https://scholar.sun.ac.za

BLOOMFIELD, J.; POLMAN, R.; O'DONOGHUE, P. & McNAUGHTON, L. (2007).
Effective speed and agility conditioning methodology for random intermittent dynamic
type sports. Journal of Strength and Conditioning Research, 21(4): 1093-1100.
BRAND, R.; SCHMIDT, G. & SCHNEELOCH, Y. (2006). Sequential effects in elite
basketball referees foul decisions: An experimental study on the concept of game
management. Journal of Sport and Exercise Psychology, 28: 93-99.
BRISSWALTER, J.; COLLARDEAU, M. & RENE, A. (2002). Effects of acute physical
exercise characteristics on cognitive performance. Sports Medicine, 32(9): 555-566.
BROWN, L. E. (2003). ACSM outreach training for speed agility and quickness. American
College of Sports Medicine, 14(2): 15-16.
BROZEK, J. (1961). Body measurements, including skinfold thickness, as indicators of body
composition. In J. Brozek & A. Henschel (Eds.), Techniques for measuring body
composition (pp. 3-35). Washington: Quartermaster Research and Engineering Centre.
BOSTROM, N. & SANDBERG, A. (2009). Cognitive enhancement: methods, ethics,
regulatory challenges. Journal of Science Engineering Ethics, 15: 311-341
BUNN, J. A. (2011). Aging and the motor unit. Journal of Sports Medicine and Doping
Studies, S1: 1-2.
CABALLERO, J. A. R.; OJEDA, E. B.; GRACIA-ARANDA, J. M.; MALLO, J.; HELSEN,
W.; SARMIENTO, S.; VALDIVIELSO, M. N. & GARCIA-MANSO, J. M. (2011).
Physiological profile of national-level Spanish soccer referees. International Sports
Medicine Journal, 12(2): 85-91.
CARLING, C.; LE GALL, F. & DUPONT, G. (2012). Analysis of repeated high-intensity
running performance in professional soccer. Journal of Sports Sciences, 30(4): 325336.
CARTER, L. (1996). Somatotyping. In K. Norton and T. Olds (Eds.), Anthropometrica. A
textbook of body measurement for sports and health courses. (pp 147-170) University
of New South Wales Press, Australia.
CARTER, J. E. & HEATH, B. H. (1990). Somatotype - development and applications.
Cambridge: Cambridge University Press.

102

Stellenbosch University https://scholar.sun.ac.za

CASAJUS, J. & CASTAGNA, C. (2007). Aerobic fitness and field test performance in elite
Spanish soccer referees of different ages. Journal of Science and Medicine in Sport, 10:
382-389.
CASSILHAS, R. C.; VIANA, V. A.; GRASSMANN, V.; SANTOS, R. T.; SANTOS, R. F.
& TUFIK, S. (2007). The impact of resistance exercise on the cognitive function of the
elderly. Medicine Science Sports and Exercise, 39: 1401–1407.
CASTAGNA, C. & ABT, G. (2003). Inter-match variation of match activity in elite Italian
soccer referees. Journal of Strength and Conditioning Research, 17(2): 388-392.
CASTAGNA, C.; ABT, G. & D'OTTAVIO, S. (2004). Activity profile of international level
soccer referees during competitive matches. Journal of Strength and Conditioning
Research, 18(3): 486-490.
CASTAGNA, C.; ABT, G. & D'OTTAVIO, S. (2005b). Competitive-level differences in YoYo Intermittent Recovery and twelve minute run test performance in soccer referees.
Journal of Strength and Conditioning Research, 19(4): 805-809.
CASTAGNA, C.; ABT, G. & D'OTTAVIO, S. (2007). Physiological aspect of soccer
refereeing performance and training. Sports Medicine, 37(7): 625-646.
CASTAGNA, C.; ABT, G.; D'OTTAVIO, S. & WESTON, M. (2005a). Age-related effects
on fitness performance in elite-level soccer referees. Journal of Strength and
Conditioning Research, 19(4): 785-790.
CASTAGNA, C.; BENDIKSEN, M.; IMPELLIZZERI, F. & KRUSTRUP, P. (2012).
Reliability, sensitivity and validity of the assistant referee intermittent endurance test
(ARIET) - a modified Yo-Yo IE2 test for elite soccer assistant referees. Journal of
Sports Sciences, 30(8): 767-775.
CASTAGNA, C.; IMPELLIZZERI, F.; BIZZINI, M.; WESTON, M. & MANZI, V. (2011).
Application of a change of direction ability field test in soccer assistant referees.
Journal of Strength and Conditioning Research, 25(3): 860-866.
CASTAGNA, C.; MANZI, V.; IMPELLIZZERI, F.; WESTON, M. & BARBERO ALVAREZ, J. C.
(2010). Relationship between endurance field tests and match performance in young soccer
players. Journal of Strength and Conditioning Research, 24(12): 3227-3233.

103

Stellenbosch University https://scholar.sun.ac.za

CATTEEUW, P.; GILIS, B.; WAGEMANS, J. & HELSEN, W. (2010) Perceptual-cognitive skills in
offside decision making: Expertise and training effects. Journal of Sport and Exercise
Psychology, 32: 828-844.

CATTEEUW, P.; HELSEN, W. F.; GILIS, B. & WAGEMANS, J. (2009). Decision-making
skills, role specificity and deliberate practice in association football refereeing. Journal
of Sports Sciences, 27(11): 1125-1136.
CATTERALL, C.; REILLY, T.; ATKINSON, G. & COLDWELLS, A. (1993). Analysis of
.m….m.the work rates and heart rates of association football referees. British Journal of
Sports Medicine, 27(3): 193-196.
CERQUEIRA, M.; DA SILVA, A. & MARINS, J. (2011). Analysis of the model of physical
evaluation applied to the soccer referees. Revista Brasileira de Medicina do Esporte,
17(6): 421-426.
CHANG, Y. & ETNIER, J. L. (2009). Effects of an acute bout of localized resistance
exercise on cognitive performance in middle-aged adults: A randomized controlled trial
study. Psychology of Sport and Exercise, 10: 19-24.
CHANG, Y.; CHU, C.; WANG, C.; WANG, Y.; SONG, T.; TSAI, C. & ETNIER, J. L.
(2014). Dose-response relation between exercise duration and cognition. Medicine and
Science in Sports and Exercise, 47(1): 159-165.
CHANG, Y.; TSAI, C.; HUNG, T.; SO, E.C.; CHEN, F. & ETNIER, J. (2011). Effects of
acute exercise on executive function: A study with a Tower of London Task. Journal of
Sport and Exercise, 33: 847-865.
CHELLY, M. S.; FATHLOUN, M.; CHERIF, N.; BEN AMAR, M.; TABKA, Z.; & VAN
PRAAGH, E. (2009). Effects of a back squat training program on leg power, jump, and
sprint performances in junior soccer players. Journal of Strength and Conditioning
Research, 23(8): 2241-2249.
CHODZKO-ZAJKO, W.; KRAMER, A. F. & POON, L. W. (2009). Enhancing cognitive
functioning and brain plasticity (Volume 3). Champaign, ILL: Human Kinetics.
CHODZKO-ZAJKO, W. J. & MOORE, K. A. (1994). Physical fitness and cognitive
functioning in aging. Exercise & Sport Sciences Reviews, 22(1): 195-220.
Cooper Institute for Aerobics Research. (1999). FITNESSGRAM test administration manual
(2nd ed.).Champaign, IL: Human Kinetics.

104

Stellenbosch University https://scholar.sun.ac.za

DA SILVA, A. & FERNANDEZ, R. (2003). Dehydration of football referees during a match.
British Journal of Sports Medicine, 37(6): 502-506.
DA SILVA, A. & NASCIMENTO, A. (2005). Body composition and physical fitness of CBF
soccer referees after FIFA's new sequence of physical tests. Fitness and Performance
Journal, 4(5): 306-312.
DA SILVA, A.; FERNANDEZ, R.; PAES, M.; FERNANDES, L. & RECH, C. (2011).
Somatotype and body composition of Brazilian football (soccer) referees. Archivos de
Medicina Del Deporte, (144): 238-246.
DA SILVA, A. I.; FERNANDES, L. C. & FERNANDEZ, R. (2008). Energy expenditure and
intensity of physical activity in soccer referees during match play. Journal of Sports
Science and Medicine, 7(3): 327-334.
DAVIS, D.; ASHBY, P.; MCCALE, K.; MCQUAIN, J. & WINE, J. (2005). The
effectiveness of 3 stretching techniques on hamstring flexibility using consistent
stretching parameters. Journal of Strength and Conditioning Research, 19(1): 27-32.
DAVIS, D.; QUINN, R.; WHITEMAN, C.; WILLIAMS, J. & YOUNG, C. (2008).
Concurrent validity of four clinical tests used to measure hamstring flexibility. Journal
of Strength and Conditioning Research, 22(2): 583-588.
DAVIS, M.J. & BAILEY, S.P. (1997). Possible mechanisms of central nervous systems
fatigue during exercise. Medicine Science Sports and Exercise, 29(1): 45-57.
DAWSON, B. (2012) Repeated-sprint ability: Where are we? International Journal of Sports
Physiology and Performance, 7: 285-289.
DEMPSTER, F. (1992). The Rise and fall of the inhibitory mechanism: Toward a unified
theory of cognitive development and aging. Developmental Review, 12: 45-75.
D'OTTAVIO, S. & CASTAGNA, C. (2001). Physiological load imposed on elite soccer
referees during actual match play. Journal of Sports Medicine and Physical Fitness,
41(1): 27-32.
DURNIN, J. & WOMERSLEY, J. (1974). Body fat assessed from total body density and its
estimation from skinfold thickness: measurements on 481 men and women aged 16 to
72 years. British Journal of Nutrition, 32: 77-97.

105

Stellenbosch University https://scholar.sun.ac.za

DUQUET, W. & CARTER, J. E. (1996). Somatotyping. In R. Eston & T. Reilly (Eds.),
Kinanthropometry and exercise physiology laboratory manual. Tests, procedures and
data. (3rd ed., Volume 1: Anthropometry). Routledge, New York.
EDWARDS, R.H. (1983). Biochemical bases of fatigue in exercise performance: Catastrophe
theory of muscular fatigue. International Series Sports Science, 13: 3-28.
ELLIS, L.; GASTIN, P.; LAWRENCE, S.; BERNARD, S.; BUCKERIDGE, A.; STAPFF,
A.; TUMILTY, D.; QUINN, A.; WOOLFORD, S. & YOUNG, W. (2000). Protocols
for the physiological assessment of team sport players. In C.J. Gore (Ed.),
Physiological tests for elite athletes (pp. 128-144). Champaign, ILL: Human Kinetics.
EMERY, C. F.; HUPPERT, F. A. & SCHEIN, R. L. (1995). Relationships among age,
exercise, health, and cognitive function in a British sample. The Gerontologist, 35(3):
378-385.
ESCO, M. R.; OLSON, M. S. & WILLIFORD H. N. (2010). The relationship between
selected body composition variables and muscular endurance in woman. Research
Quarterly for Exercise and Sport, 81(3): 272-277.
ESTON, R.; HAWES, M.; MARTIN, A. & REILLY, T. (1996). Somatotyping. In R. Eston &
T. Reilly (Eds.), Kinanthropometry and exercise physiology laboratory manual. Tests,
procedures and data. (3rd ed., Volume 1: Anthropometry). Routledge, New York.
ESTON, R. G.; ROWLANDS, A. V.; CHARLESWORTH, S.; DAVIES, A. & HOPPITT, T.
(2005). Prediction of DXA-determined whole body fat from skinfolds: importance of
including skinfolds from the thigh and calf in young, healthy men and women.
European Journal of Clinical Nutrition, 59: 695-702.
FATOUROS, I. G.; TAXILDARIS. K.; TOKMAKIDIS, S. P.; KALAPOTHARAKOS. V.;
AGGELOUSIS, N.; ATHANASOPOULOS, S.; ZEERIS, I. & KATRABASAS, I.
(2002). The effect of strength training, cardiovascular training and their combination on
flexibility of inactive older adults. International Journal of Sports Medicine, 23: 112119.
FIFA.

(2000,

February

03).

Big

www.fifa.com/worldfootball/bigcount/index.html

106

Count.

Retrieved

from:

Stellenbosch University https://scholar.sun.ac.za

FIFA. (2007, May 31). FIFA Big Count 2006: 270 million people active in football.
Retrieved from: www.fifa.com/mm/document/fifafacts/bcoffsurv/bigcount.statspackage
7024.pdf
FIFA. (2010). Regulations on the organisation of refereeing in FIFA member association.
Zurich: FIFA.
FIFA. (2011). 2010 FIFA World Cup South Africa technical report and statistics. Zurich:
FIFA.
FIFA.

(2015,

August

04).

From

1863

to

the

present

day.

Retrieved

from:

http://www.fifa.com/about-fifa/who-we-are/the-laws/
FIFA. (2013b). FIFA confederations cup Brazil 2013. Zurich: FIFA.
FIFA. (2013a). FIFA Laws of the Game 2013/14. Zurich: FIFA.
FITZSIMONS, M.; DAWSON, B.; WARD D. & WILKINSON A. (1993) Cycling and
running tests of repeated sprint ability. Australian Journal of Science and Medicine in
Sport, 25(4): 82-87.
FOTENOS, A.; SNYDER, A.; GIRTON, L.; MORRIS, J. & BUCKNER, R. (2005).
Normative estimates of cross-sectional and longitudinal brain volume decline in aging
and AD. Neurology, 64(6): 1032-1039.
GABRILO, G.; OSTOJIC, M.; IDRIZOVIC, K.; NOVOSEL, B. & SEKULIC, D. A
retrospective survey on injuries in Croatian football/soccer referees. BMC
Musculoskeletal Disorders, 14:88.
GIRARD, O.; MENDEZ-VILLANUEVA, A. & BISHOP D. (2011). Repeated-sprint ability
– Part One. Factors contributing to fatigue. Sports Medicine Journal, 41(8): 673-694.
GLEIM, G. W. & MCHUGH, M. P. (1997). Flexibility and its effect on sports injury and
performance. Sports Medicine, 24(5): 289-299.
GOLDBERG, E. & BOUGAKOV, D. (2007). Goals, executive control, and action. In B. J.
Baars and N. M. Gage, Cognition, brain, and consciousness. Introduction to cognitive
neuroscience (pp 343 – 347).Elsevier Ltd, UK.
GOLDING, L. A.; MYERS, C. R. & SINNING, W. E. (1989) Y`s Way to Physical Fitness
(3rd ed.). Champaign, ILL: Human Kinetics.

107

Stellenbosch University https://scholar.sun.ac.za

GRUBER, S. A.; ROGOWSKA, J.; HOLCOMB, P.; SORACI, S. & YURGELUN-TODD,
D. (2002). Stroop performance in normal control subjects: An fMRI study.
NeuroImage, 16: 349-360.
HAINES, M. (2013, June 21). The role of performance analysis within the coaching process.
Retrieved from Mike Haines: Performance analyst:
http://mikehainesperformance.wordpress.com/2013/06/21/the-role-of-performanceanalysis-within-the-coaching-process/
HARRELL, R. (2006). Stretching and flexibility. Crossfit Journal Articles (41): 1-3.
HAWKINS, S. A. & WISWELL, R. A. (2003). Rate and mechanism of maximal oxygen
consumption decline with aging: Implications for exercise training. Journal of Sports
Medicine, 33(12): 877-888.
HELGERUD, J.; RODAS, G.; KEMI, O. J. & HOFF, J. (2011). Strength and endurance in
elite football players. International Journal of Sports Medicine, 32(9): 677-682.
HELSEN, W. (2013). FIFA fitness instructors training material.
HELSEN, W. & BULTYNCK, J. B. (2004). Physical and perceptual-cognitive demands of
top-class refereeing in association football. Journal of Sports Sciences, 22(2): 176-189.
HELSEN, W.; GILIS, B. & WESTON, M. (2007). Do not err in questioning the optical error
hypothesis as the only major account for explaining offside decision-making errors.
Journal of Sports Sciences, 25: 991-994.
HEYWARD, V. H. & WAGNER, D. R. (2004). Applied body composition assessment (2nd
ed.). Champaign, ILL: Human Kinetics.
HOEGER, W. K. AND HOEGER, S. A. (2005). Lifetime physical fitness and wellness: A
personalized program. Belmont, CA: Thomas Wadworth.
HOFF, C.; WISLOFF, U.; ENGEN, L. C.; KEMI, O. J. & HELGERUD, J. (2002). Soccer
specific aerobic endurance training. British Journal of Sports Medicine, 31: 218-221.
HOFF, J. & HELGERUD, J. (2004). Endurance and strength training for soccer players.
Sports Medicine, 34(3): 165-180.
HOPKINS, D. & HOEGER, W. (1992). A Comparison of the sit and reach test and the
modified sit and reach test in the measurement of flexibility for males. Journal of
Applied Sport Sciences and Research, 6(1): 7-10.

108

Stellenbosch University https://scholar.sun.ac.za

HUGHES, M. & BARTLETT, R. (2008). What is performance analysis? In M.H. Franks
(Ed.), The Essentials of Performance Analysis: An introduction (pp. 8-20). London,
UK: Routledge.
IAIA, F.; RAMPININI, E. & BANGSBO, J. (2009). High-Intensity Training in Football.
International Journal of Sports Physiology and Performance, 4: 291-306.
International Association of Athletics Federations manual (2009)
JACKSON, A. A.; JONHSON, M.; DURKIN, K. & WOTTON, S. (2013). Body composition
assessment in nutrition research: Value of BIA technology. European Journal of
Clinical Nutrition, 67(1s): S71-S78.
JOHNSON, J. (2006). Cognitive modelling of decision making in sports. Psychology of Sport
and Exercise, 7: 631-652.
KARADEMIR, T. (2012). The factors that influence the burn-out condition of city football
referees. Journal of Physical Education and Sports Management, 3(2): 27-34.
KATCH, V. L.; MCARDLE, W. D. & KATCH, F. I. (2011). Essentials of Exercise
Physiology (4th ed.). Philadelphia: Lippincott Williams & Wilkins.
KAY, B. & GILL, N. (2004). Physical demands of elite rugby league referees: Part two heart rate responses and implications for training and fitness testing. Journal of Science
and Medicine in Sport, 7(2): 165-173.
KNUSON, D. V.; MAGNUSSON, P. & MCHUGH, M (2000). Current issues in flexibility
fitness. Presidents’ Council on Physical fitness and Sports research Digest, 3(10).
KRUGER, A.; EKMEKCI, R.; STRYDOM, G. & ELLIS, S. (2012). Stressors among South
African soccer officials: A profile analysis. South African Journal for Research in
Sport, Physical Education and Recreation, 34(2): 53-62.
KRUSTRUP, P. & BANGSBO, J. (2001). Physiological demands of top-class soccer
refereeing in relation to physical capacity: effect of intense intermittent exercise
training. Journal of Sports Sciences, 19(11): 881-891.
KRUSTRUP, P.; HELSEN, W.; RANDERS, M. B.; CHRISTENSEN, J. F.; MACDONALD,
C.; REBELO, A. N. & BANGSBO, J. (2009). Activity profile and physical demands of
football referees and assistant referees in international games. Journal of Sports
Sciences, 27(11): 1167-1176.

109

Stellenbosch University https://scholar.sun.ac.za

KRUSTRUP, P.; MOHR, M. & BANGSBO, J. (2002). Activity profile and physiological
demands of top class soccer assistant refereeing in relation to training status. Journal of
Sports Sciences, 20: 861-871.
KRUSTRUP, P.; MOHR, M.; AMSTRUP, T.; RYSGAARD, T.; JOHANSEN, J.;
STEENBERG, A.; PEDERSEN, P.K. & BANGSBO, J. (2003). The YO-YO
Intermittent Recovery test: physiological response, reliability and validity. Journal of
the American College of Sports Medicine, 35(4): 697-705.
LAMBOURNE, K. & TOMPOROWSKI, P. (2010). The effect of exercise induced arousal
on cognitive task performance: A meta-regression analysis. Brain Research, 12-24.
LAMBOURNE, K.; AUDIFFREN, M. & TOMPOROWSKI. (2010). Effects of acute
exercise on sensory and executive processing tasks. Medicine & Science in Sports &
Exercise, 42(7): 1396-1402.
LANSBERGEN, M. M.; KENEMANS, J. L. & VAN ENGELAND, H. (2007). Stroop
interference and attention-deficit/hyperactivity disorder: A review and meta-analysis.
Neuropsychology, 21(2): 251-262.
LATEGAN, L. (2011). Physiological profiles of South African soccer referees and assistant
referees. African Journal for Physical, Health Education, Recreation and Dance, 17(4):
675-693.
LEICHT, A. (2007). Aerobic power and anthropometric characteristics of elite basketball
referees. Journal of Sports Medicine and Physical Fitness, 47(1): 46-50.
LEMERCIER, C. (2009). Incidental learning of incongruent items in a manual version of the
Stroop task. Perceptual and Motor Skills, 108: 1-12.
LEMMINK, K. A. P. M.; KEMPER, H. C. G.; DE GREEF, M. H. G.; RISPENS, P. &
STEVENS, M. (2003). The validity of the sit-and-reach test and the modified sit-andreach test in middle-aged to older men and women. Research Quarterly for Exercise
and Sport, 74: 331-336.
LIEBERMAN, H. R. (2007). Hydration and cognition: a critical review and
recommendations for future research. Journal of the American College of Nutrition,
26(5): 555S-561S.

110

Stellenbosch University https://scholar.sun.ac.za

LITTLE, T. & WILLIAMS, A. (2005). Specificity of acceleration, maximum speed and
agility in professional soccer players. Journal of Strength and Conditioning Research,
19(1): 76-78.
LIU-AMBROSE, T.; NAGAMATSU, L. S. GRAF, P.; BEATTIE, B. L.; ASHE, M. C &
HANDY, T. C. (2010). Resistance training and executive functions. A 12-month
randomized controlled trail. Archives of Internal Medicine, 170(2): 170-178.
LOGAN, P.; FORNASIERO, D.; ABERNETHY, P. & LYNCH, K. (2000). Protocols for the
assessment of isoinertial strength. In C.J. Gore (Ed.), Physiological tests for elite
athletes (pp. 201-222). Champaign, ILL: Human Kinetics.
LOHMAN, T. G.; SLAUGHTER, M. H.; BOILEAU, R. A.; BUNT, J. & LUSSIER, L.
(1984). Bone mineral measurements and their relation to body density in children,
youth and adults. Human Biology, 56: 667–679.
LONDEREE, B.R. & MOESCHBERGER, M.L. (1982). Effect of age and other factors on
Maximal Heart Rate. Research Quarterly for Exercise & Sport, 53(4):297-304.
LUKASKI, H. C. (1987). Methods of the assessment of human body composition: traditional
and new. American Journal of Clinical Nutrition, 46: 537-556.
MACKENZIE, B. (2014, June 20). http://www.brianmac.co.uk/speed.htm. Retrieved from
Speed training: http://www.brianmac.co.uk/speed.htm
MACKINNON, D.; GEISELMAN, R. & WOODWARD, J. (1985). The effects of effort on
Stroop interference. Acta Psychologica, 58: 225-235.
MACLEOD, C. M. (1991). John Ridley Stroop: Creator of a landmark cognitive task.
Canadian Psychology, 32(3): 521-524.
MACMAHON, C.; HELSEN, W.; STARKES J. L. & WESTON, M. (2007). Decisionmaking skills and deliberate practice in elite association football referees. Journal of
Sports Sciences, 25: 65-78.
MCMORRIS, T.; COLLARD, K.; CORBETT, J.; DICKS, M. & SWAIN, J. (2008). A test of
the catecholamines hypothesis for an exercise–cognition interaction. Pharmacology
Biochemistry and Behavior, 89: 106–115.

111

Stellenbosch University https://scholar.sun.ac.za

MALLO, J.; FRUTOS, P.G.; JUAREZ, D. & NAVARRO, E. (2012). Effect of positioning on
the accuracy of decision making of association football top-class referees and assistant
referees during competitive matches. Journal of Sports Sciences, 30(13): 1437-1445.
MALLO, J.; NAVARRO, E.; GARCIA-ARANDA, J. & HELSEN, W. (2009). Activity
profile of top-class association football referees in relation to fitness-test performance
and match standard. Journal of Sports Sciences, 27(1): 9-17.
MALLO, J.; NAVARRO, E.; GARCIA-ARANDA, J.; GILIS, B. & HELSEN, W. (2008).
Analysis of the kinematical demands imposed on top-class assistant referees during
competitive soccer matches. Journal of Strength and Conditioning Research, 22(1):
235-242.
MALLO, J.; NAVARRO, E.; GRACIA-ARANDA, M.J.; GILIS, B. & HELSEN, W. (2007).
Activity profile of top-class association football referees in relation to performance in
selected physical tests. Journal of Sports Sciences, 25(7): 805-813.
MARFELL-JONES, M.; OLDS, T.; STEWART, A. & CARTER, J. E. (2006). International
Standards for Anthropometric Assessment. Trainers’ Manual. The International Society
for the Advancement of Kinanthropometry (ISAK).
MARKOVIC, G. (2007). Does plyometric training improve vertical jump height? A metaanalytical review. British Journal of Sports Medicine, 41: 349-355.
MARKOVIC, G. & JARIC, S. (2007). Is vertical jump height a body size-independent
measure of muscle power? Journal of Sports Sciences, 25(12): 1355 – 1363.
MASCARENHAS, D. R., COLLINS, D. & MORTIMER, P. (2002). The art of reason versus
the exactness of science in elite refereeing: Comments on Plessner and Betsch. Journal
of Sport & Exercise Psychology, 24: 328-333.
MAUGHAN, R. & SHIRREFFS, S. (2010). Dehydration and rehydration in competitive
sport. Scandinavian Journal of Medicine and Science in Sport, 20(3): 40-47.
MAYORGA-VEGA, D.; VICIANA, J.; COCCA, A. & MERINO-MARBAN, M. (2014).
Criterion-related validity of toe-touch test for estimating hamstring: A meta-analysis.
Journal of Human Sport and Exercise, 9(1): 188-200.
MCARDLE W.D.; KATCH F.I. & KATCH V.L. (2010). Exercise Physiology: Nutrition,
Energy, and Human Performance. Lippincott Williams & Wilkins.

112

Stellenbosch University https://scholar.sun.ac.za

MEEUSEN, R. & ROELAND, B. (2010). Central fatigue and neurotransmitters, can
thermoregulation be manipulated? Scandinavian Journal of Medicine and Science in
Sports, 20(3): 19-28.
MENZEL, H. J.; CHAGAS, M. H.; SZMUCHROWSKI, L. A.; ARAUJO, S. R.; CAMPOS,
C. E. & GIANNETTI, M. R. (2010). Usefulness of the jump and reach test in
assessment of vertical jump performance. Perceptual and Motor Skills, 110(1): 150158.
MILLER, W.; WALLACE, J. & EGGERT, K. (1993). Predicting max HR and the HR-VO2
relationship for exercise prescription in obesity. Medicine & Science in Sports &
Exercise, 25(9): 1077-1081.
MINKLER, S. & PATTERSON, P. (1994). The validity of the modified sit and reach test in
college age students. Research Quarterly for Exercise and Sport, 65(2): 189-192.
MIYAKE, A.; FRIEDMAN, N. P.; EMERSON, M. J.; WITZKI, A. H. & HOWERTER, A.
(2000). The unity and diversity of executive functions and their contributions to
complex “frontal lobe” tasks: A latent variable analysis. Cognitive Psychology, 41: 49100.
MOHR, M.; KRUSTRUP, P. & BANGSBO, J. (2005). Fatigue in soccer: A brief review.
Journal of Sports Sciences, 23: 593-599.
MOHR, M.; MUJIKA, I.; SANTISTEBAN, J.; RANDERS, M. B., BISCHOFF, R.,
SOLANO, R., HEWITT, A., ZUBILLAGA, A., PELTOLA, E., & KRUSTRUP, P
(2010). Examination of fatigue development in elite soccer in a hot environment: a
multi-experimental approach. Scandinavian Journal of Medicine and Science in Sports,
20(3): 125-132.
MOON, J. (2013). Body composition in athletes and sports nutrition: an examination of the
bioimpedance analysis technique. European Journal of Clinical Nutrition, 67: S54-S59.
MOORE, R.; ROMINE, M.; O'CONNOR, P. & TOMPOROWSKI, P. (2012). The influence
of exercise-induced fatigue on cognitive function. Journal of Sports Sciences, 30(9):
841-850.
NANDA, B.; BALDE, J. & MANJUNATHA, S. (2013). The acute effects of a single bout of
moderate-intensity aerobic exercise on cognitive functions in healthy adult males.
Journal of Clinical and Diagnostic Research, 7(9): 1883-1885.

113

Stellenbosch University https://scholar.sun.ac.za

NEVILL, A. M.; BALMER, N. J. & WILLIAMS, A. M. (2002). The influence of crowd
noise and experience upon refereeing decisions in football. Psychology of Sport and
Exercise, 3: 261-272.
NORGAN, N. G. (2005). Laboratory and field measurements of body composition. Public
Health Nutrition, 8(7A): 1108-1122.
NORTON, K. & OLDS, T. (1996). Anthropometrica: A textbook of body measurement for
sports and health courses. New South Wales: Southwood Press.
OLIVER, J. L.; WILLIAMS, C. A. & ARMSTRONG (2006). Reliability of a field and
laboratory test of repeated sprint ability. Paediatric Exercise Science, 18: 339-350.
ORENDURFF, M. S.; WALKER, J. D.; JOVANOVIC, M.; TULCHIN, K. L.; LEVY, M. &
HOFFMANN, D. K. (2010). Intensity and duration of intermittent exercise and
recovery during a soccer match. Journal of Strength and Conditioning Research,
24(10): 2683-2692.
PETERSON, M.; SEN, A. & GORDON, P. (2011). Influence of Resistance Exercise on Lean
Body Mass in Aging Adults: A Meta-Analysis. Medicine & Science in Sports &
Exercise, 43(2), 249-258.
PIETRASZEWSKIA, P.; MASZCZYKA, A.; ROCZNIOKA, R.; GOŁAŚB, A. &
STANULAA, A. (2014). Differentiation of perceptual processes in elite and assistant
soccer referees. Procedia - Social and Behavioral Sciences, 117: 469 – 474.
PINILLA, F. G. (2008). Brain foods: the effects of nutrients on brain function. Journal of
Science and Society, 9: 568-578.
PHILIPPE, F. L.; VALLERAND, R. J.; ANDRIANARISOA, J. & BRUNEL, P. (2009).
Passion in referees: Examining their affective and cognitive experiences in sport
situations. Journal of sport and Exercise Psychology, 31: 77-96.
PLESSNER, H. & BETSCH, T. (2001). Sequential effects in important referee decisions:
The case of penalties in soccer. Journal of Sport & Exercise Psychology, 23: 254-259.
PLESSNER, H. & HAAR, T. (2006). Sports performance judgments from a social cognitive
perspective. Psychology of Sport and Exercise, 7: 555-575.
POPE, R. P.; HERBERT, R. D.; KIRWAN, J. D. & GRAHAM, B. J. (2000). A randomized
trial of preexercise stretching for prevention of lower- limb injury. Medicine and
Science in Sports and Exercise, 32(2): 271-277.
114

Stellenbosch University https://scholar.sun.ac.za

POWERS, S. K. & HOWLEY, E. T. (2007). Exercise Physiology (6th ed.). New York:
McGraw-Hill.
RAINEY, D.W. & HARDY, L. (1997). Ratings of stress by rugby referees. Perceptual and
Motor Skills, 84: 728-730.
RAMPININI, E.; BISHOP, D.; MARCORA, S.; BRAVO, D.; SASSI, R. & IMPELLIZZERI,
F. (2007). Validity of Simple Field Tests as Indicators of Match- Related Physical
Performance in Top-Level Professional Soccer Players. International Journal of Sports
Medicine, 28: 228-235.
RATTRAY, B. & SMEE, D. (2012). Exercise improves reaction time without compromising
accuracy in a novel easy to administer table-based cognitive task. Journal of Science
and Medicine in Sport, 16(6): 567-570.
REILLY, T. & GILBOURNE, D. (2003). Science and Football: A review of applied research
in the football code. Journal of Sports Sciences, 21(9): 693-705.
REILLY, T. & GREGSON, W. (2006). Special populations: The referee and assistant
referee. Journal of Sports Sciences, 24(7): 795-801.
REILLY, T. & THOMAS, V. (1976). A motion analysis of work-rate in different positional
roles in professional football match-play. Journal of Human Movement Studies, 2: 8797.
REILLY, T. (1997). Energetics of high-intensity exercise (soccer) with particular reference to
fatigue. Journal of Sports Sciences, 15: 257-263.
REILLY, T.; GEORGE, K.; MARFELL-JONES, M.; SCOTT, M.; SUTTON, L. &
WALLACE, J. (2009). How well do skinfold equations predict body fat in elite soccer
players? International Journal of Sports Medicine, 30: 607-613.
REILLY, T.; WILLIAMS, A. M.; NEVIL, A. & FRANKS, A. (2000). A multidisciplinary
approach to talent identification in soccer. Journal of Sports Sciences, 18(9): 695-702.
ROMAIN, B. S. & MAHAR, M. T. (2001). Norm-Referenced and Criterion-Referenced
Reliability of the Push-Up and Modified Pull-Up. Measurement in Physical Education
and Exercise Science, 5(2): 67-80.

115

Stellenbosch University https://scholar.sun.ac.za

RONTOYANNIS, G.; STALIKAS, A.; SARROS, G. & VLASTARIS, A. (1998). Medical,
morphological functional aspects of Greek football referees. The Journal of Sports
Medicine and Physical Fitness, 38(3): 208-214.
SALO, R.; HENIK, A. & ROBERTSON, L. C. (2001). Interpreting Stroop Interference: An
analysis of differences between task versions. Neuropsychology, 15(4): 462-471.
SHARMA, V.; SRIDHARAN, K.; PICHAN, G. & PANWAR, M. (1986). Influence of heartstress induced dehydration on mental functions. Ergonomics, 29(6): 791-799.
SHEPPARD, J. & YOUNG, W. (2006). Agility literature review: Classifications, training
and testing. Journal of Sports Sciences, 24(9): 919-932.
SIBLEY, B. A.; ETNIER, J. L. & LE MASURIER, G. C. (2007). Effects of an acute bout of
exercise on different cognitive aspects of Stroop performance. Journal of Sport &
Exercise Psychology, 28: 285-299.
SIRI, W.E. (1961). Body Composition from fluid spaces and density: analysis of methods. In
J.B. Henschel (Ed.), Techniques for measuring body composition (pp. 223-244).
Washington: Quartermaster Research and Engineering Centre.
SOGA, K.; SHISHIDO, T. & NAGATOMI, R. (2015). Executive function during and after
acute moderate aerobic exercise in adolescents. Psychology of Sport and Exercise, 16:
7-17.
SPENCER, M.; BISHOP, D. & LAWRENCE, S. (2004). Longitudinal assessment of the
effects of field-hockey training on repeated sprint ability. Journal of Science Medicine
in Sport, 7(3): 323-334.
SPENCER, M.; FITZSIMONS, M.; DAWSON, B.; BISHOP, D. & GOODMAN, C. (2006).
Reliability of a repeated sprint test for field-hockey. Journal of Science and Medicine in
Sport, 9: 181-184.
SPIRDUSO, W.; POON, L. & CHODZKO-ZAJKO, W. (2008). Using resources and reserves
in an exercise cognition model. In W. Spirduso, L. Poon & W. Chodzko-Zajko (Eds.)
Exercise and its mediating effects on cognition. Champaign, ILL: Human Kinetics.
STØLEN, T.; CHAMARI, K.; CASTAGNA, C. & WISLOFF, U. (2005). Physiology of
soccer. Sports Medicine, 35(6): 501-536.

116

Stellenbosch University https://scholar.sun.ac.za

STOREN, O.; HELGERUD, J; STOA, E. M. & HOFF, J. (2008) Maximal strength training
improves running economy in distance runners. Medicine Science Sports and Exercise,
40:1087–1092.
SUTTON, L.; SCOTT, M.; WALLACE, J. & REILLY, T. (2009). Body composition of
English Premier League soccer players: Influence of playing position, international
status and ethnicity. Journal of Sports Sciences, 27(10): 1019-1026.
SVENSSON, M. & DRUST, B. (2005). Testing soccer players. Journal of Sports Sciences,
23(6): 601-618.
THOMAS, J. R. & NELSON, J. K. (2001). Research methods in physical activity (4th ed.).
Champaign, Il: Human Kinetics
THOMAS, J.; NELSON, J. & SILVERMAN, S. (2010). Research Methods in Physical
Activity (6th ed.). Champaign, ILL: Human Kinetics.
TOMPOROWSKI, P. D. (2003). Effects of acute bouts of exercise on cognition. Acta
Psychologica, v112 n3: 297-324
TOMPOROWSKI, P. & ELLIS, N. (1986). Effects of exercise on cognitive processes: A
Review. The American Psychological Association, 99(3): 338-346.
TOMPOROWSKI, P. D.; BEASMAN, K.; GANIO, M. & CURETON, K. (2007). Effects of
dehydration and fluid Ingestion on cognition. International Journal of Sports Medicine,
28: 1-6.
VAN DER ELST, W.; MOLENBERGHS, G.; VAN BOXTEL, M. P. J. & JOLLES, J.
(2013). Establishing normative data for repeated cognitive assessment: a comparison of
different statistical methods. Behavior Research Methods, 45: 1073-1086.
VARGAS, G.; DA SILVA, A. & ARRUDA, M. (2008). Anthropometric profile and physical
fitness of the professional referees Chilean soccer. International Journal of
Morphology, 26(4): 897-904.
VERHAEGHEN, P & CERELLA, J. (2002). Aging, executive control, and attention: a
review of meta-analyses. Neuroscience and Biobehavioral Reviews, 26: 849–857.
WAGNER, D. & HEYWARD, V. (2000). Measures of body composition in blacks and
whites: a comparative review. American Journal of Clinical Nutrition, 71: 1392-1402.

117

Stellenbosch University https://scholar.sun.ac.za

WAGNER, D. & HEYWARD, V. H. (1999). Techniques of body composition assessment: A
review of laboratory and field methods. Research Quarterly for Exercise and Sport,
70(2), 135-149.
WALLACE, J.; MARFELL-JONES, M.; GEORGE, K. & REILLY, T. (2009). A comparison
of skinfold thickness measurements and dual-energy x-ray absorptiometry analysis of
percent body fat in soccer players. (2009). International Journal of Sports Medicine,
30: 364-369.
WARM, J.; PARASURAMAN, R. & MATTHEWS, G. (2008). Vigilance requires hard
mental work and is stressful. Human Factors, 50(3): 433-441.
WEINBERG, R. S. & GOULD, D. (2011). Foundations of Sport and Exercise Psychology
(5th ed.). Champaign, ILL: Human Kinetics.
WESTON, M. & CASTAGNA, C. (2005). The relationship between heart rate and intensity
of match play in soccer referees. Journal of Sports Sciences, 23(11): 1302-1303.
WESTON, M.; BIRD, S.; HELSEN, W.; NEVILL, A. & CASTAGNA, C. (2006). The effect
of match standard and referee experience on the objective and subjective match
workload of English Premier League referees. Journal of Science and Medicine in
Sport, 9: 256-262.
WESTON, M.; CASTAGNA, C.; HELSEN, W. & IMPELLIZZERI, F. (2009). Relationships
among field-test measures and physical match performance in elite- standard soccer
referees. Journal of Sports Sciences, 27(11): 1177-1184.
WESTON, M.; CASTAGNA, C.; IMPELLIZZERI, F.; BIZZINI, M.; WILLIAMS, A. &
GREGSON, W. (2012). Science and medicine applied to soccer refereeing. Sports
Medicine, 42(7): 615-631.
WESTON, M.; CASTAGNA, C.; IMPELLIZZERI, F.; RAMPININI, E. & ABT, G. (2007).
Analysis of physical match performance in English Premier League soccer referees
with particular reference to first half and player work rates. Journal of Science and
Medicine in Sport, 10: 390-397.
WESTON, M.; CASTAGNA, C.; IMPELLIZZERI, F. M.; RAMPININI, E. & BREIVIK, S.
(2010). Ageing and physical match performance in English Premier League soccer
referees. Journal of Science and Medicine in Sport, 13: 96-100.

118

Stellenbosch University https://scholar.sun.ac.za

WESTON, M.; DRUST, B. & GREGSON, W. (2011b). Intensities of exercise during matchplay in FA Premier League referees and players. Journal of Sports Sciences, 29(5):
527-532.
WESTON, M.; DRUST, B.; ATKINSON, G. & GREGSON, W. (2011a). Variability of
soccer referees match performances. International Journal of Sports Medicine, 32(3):
190-194.
WESTON, M & HELSEN, W. (2013), Match officials. In A. M. Williams (Ed), Science and
soccer: Developing elite performers (3rd ed) (pp 271-285). Routledge: New York.
WESTON, M.; HELSEN, W.; MACMAHON, C. & KIRKENDALL, D. (2004). The impact
of specific high-intensity training sessions on football referees' fitness levels. The
American Journal of Sports Medicine, 32(1): 54S-60S.
WHO. (1995). Physical status: the use and interpretation of anthropometry. Report of a
WHO expert committee. WHO Technical Report Series 854. World Health
Organisation, Geneva.
WHO. (2008). Waist circumference and waist-hip ratio. Report of a WHO expert
consultation. Geneva: WHO.
WILMORE, J. H. & COSTILL, D. L. (2004). Physiology of Sports and Exercise (2nd ed.).
Champaign, ILL: Human Kinetics Press.
WISLØFF, U.; HELGERUD J. & HOFF, J. (1998). Strength and endurance of elite soccer
players. Medicine and Science in Sports & Exercise, 30(3): 462-467.
WOODS, K.; BISHOP, P. & JONES, E. (2007). Warm-up and stretching in the prevention of
muscular injury. Journal of Sports Medicine, 37(12) 1089-1099.
YANAGISAWA, H.; DAN, I.; TSUZUKI, D.; KATO, M.; OKAMOTO, M.; KYUTOKU, Y.
& SOYA, H. (2010). Acute moderate exercise elicits increased dorsolateral prefrontal
activation and improves cognitive performance with Stroop test. Neuroimage, 50:
1702-1710.
YOUNG, W. & FARROW, D. (2013). The importance of a sport-specific stimulus for
training agility. Strength and Conditioning Journal, 25(2): 39-43.
YOUNG, W. B.; MCDOWELL, M. H. & SCARLETT, B. J. (2001). Specificity of sprint and
agility training methods. Journal of Strength and Conditioning Research, 15(3): 315319.
119

Stellenbosch University https://scholar.sun.ac.za

ZIV, G. & LIDOR, R. (2010). Vertical jump in female and male basketball players- A review
of observational and experimental studies. Journal of Science and Medicine in Sport,
13(3): 332-339.

120

Stellenbosch University https://scholar.sun.ac.za

Appendix One – Ethics Approval Letter

Approved with Stipulations
New Application
20-Jun-2013
Banda, Morris M
Proposal #: DESC_Banda2013
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ZIMBABWEAN FOOTBALL REFEREES
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Please take note of the general Investigator Responsibilities attached to this letter. You may commence with your research after
complying fully with these guidelines.
Please remember to use your proposal number (DESC_Banda2013) on any documents or correspondence with the REC
concerning your research proposal.
Please note that the REC has the prerogative and authority to ask further questions, seek additional information, require further
modifications, or monitor the conduct of your research and the consent process.
Also note that a progress report should be submitted to the Committee before the approval period has expired if a continuation is
required. The Committee will then consider the continuation of the project for a further year (if necessary).
This committee abides by the ethical norms and principles for research, established by the Declaration of Helsinki and the
Guidelines for Ethical Research: Principles Structures and Processes 2004 (Department of Health). Annually a number of projects
may be selected randomly for an external audit.
National Health Research Ethics Committee (NHREC) registration number REC-050411-032.
We wish you the best as you conduct your research.
If you have any questions or need further help, please contact the REC office at 0218839027.
Sincerely,
Susara Oberholzer
REC Coordinator
Research Ethics Committee: Human Research (Humanities)
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Appendix Two – Letter of Permission to carry out the study from
the Zimbabwe Football Association Referees Committee
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Appendix Three – Informed Consent Form

STELLENBOSCH UNIVERSITY
CONSENT TO PARTICIPATE IN RESEARCH
Anthropometric Profile, Physical Fitness and Cognitive Functioning
of Elite Zimbabwean Football Referees
You are asked to participate in a research study conducted by MORRIS BANDA (B.Sc. Hons. Sports Science
and Coaching) from the Department of Sport Science at Stellenbosch University. You were selected as a
possible participant in this study because you are:
I. Officiating in the 2013 Zimbabwe Football Association Premier League.
II. A registered male 2013 Fe´de´ration Internationale de Football Association (FIFA) International referee
III. A registered male 2013 Zimbabwe Football Association Premier League.
1. PURPOSE OF THE STUDY
The purpose of the study is to profile the anthropometric, physical and cognitive functioning of elite
Zimbabwean football referees.
2. PROCEDURES
If you volunteer to participate in this study, we will do the following/ ask you to do the following:
2.1. Demographic data - You will be requested to provide information about yourself and your refereeing
career.
2.2. We will measure your resting blood pressure.
2.3. You should wear minimum clothing (for example t-shirt and a short) for anthropometric measurements.
The following anthropometric variables will be measured according to the standard procedures described
by the International Society for the Advancement of Kinanthropometry (Norton & Olds, 1996):
1. Height
2. Body mass
3. Eight (8) skinfolds (biceps, triceps, subscapular, iliac crest, supraspinal, abdominal, front thigh, and
medial calf) using a skin fold callipers
4. Five (5) girths or circumferences (arm relaxed, arm flexed and tensed, waist, gluteal and calf) using an
anthropometric tape
5. Two bone (2) breadths (humerus and femur) using a sliding callipers.
2.4. We will measure body fat and fat free mass using the Bioelectric Impedance Analyser. You will be asked
to lie facing up (in the supine position) and two electrodes will be attached or connected to your right arm
and leg to allow us to take the readings.
2.5. You will be asked to complete the following physical performance tests:
1. Sit and reach (Flexibility)
2. Vertical jump (Leg power)
3. Sit up and push-up (Strength and muscular endurance)
4. 6 x 40m sprints (Speed)
5. 10-8-8-10m change of direction ability (Agility)
6. Yo Yo intermittent recovery level 1 (Aerobic endurance)
2.6. You will be asked to wear a heart rate monitor to measure heart rate during the Yo-Yo intermittent
recovery level 1.
2.7. You will be asked to take the Stroop task to assess cognitive function before and immediately after the YoYo intermittent recovery level 1.
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3. POTENTIAL RISKS AND DISCOMFORTS
The exercise intensity during the vertical jump test, agility test and 40m repeated sprint ability will be similar to
what you will experience during your training and when you are officiating in a football game. The Yo-Yo
intermittent recovery level one may be uncomfortable and tiring as you will be asked to give your best or
maximum effort. You may have muscle soreness the next day. However, the exercise intensity should be similar
to the intermittent movement you would experience during a match. All testing sessions will be supervised by a
medical doctor or state registered nurse.
4. POTENTIAL BENEFITS TO SUBJECTS AND/OR TO SOCIETY
For participating in the study, you will be able to get information on your current physical, body composition
and cognitive functioning status. You we receive feedback that is important to help you improve and maximise
on your performance as a referee. Your participation in the study will contribute to the creation of a data base
for referees profile in Zimbabwe. The data that will be collected will help in understanding the current
anthropometric, physical, and cognitive functioning status of Zimbabwean referees. This will help in designing
training programmes that are relevant and suitable to Zimbabwean referees in an effort to raise the level of
match fitness.
5. PAYMENT FOR PARTICIPATION
You will not be charged any amount for participating in the study. However during the second part of the study
participants will be provided with refreshments on the day of testing.
6. CONFIDENTIALITY
Any information that is obtained in connection with this study and that can be identified with you will remain
confidential and will be disclosed only with your permission or as required by law. Confidentiality will be
maintained by means of put password protection on data stored on computers and locking up all the collected
data in the study leader’s office at the Department of Sport Science for safekeeping. Information relating to the
study will only be accessible to the research team. Participants of the study will not be identified by their names,
as a code number will be allocated to each participant. The documents with specific code numbers linking the
participants’ identities will be kept separate from the rest of the records. Participants will be given an individual
report after the tests. The group results of the study will be published in a scientific journal or presented at
scientific conferences and confidentiality of participant’s names will be maintained. The data collected will be
kept for a period of five years.
7. PARTICIPATION AND WITHDRAWAL
You can choose whether to be in this study or not. If you volunteer to be in this study, you may withdraw at any
time without consequences of any kind. You may also refuse to answer any questions you don’t want to answer
and still remain in the study. The investigator may withdraw you from this research if circumstances arise which
warrant doing so. In a case where you are ill, injured or if there are any adverse effects.
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8. IDENTIFICATION OF INVESTIGATORS
If you have any questions or concerns about the research, please feel free to contact:
Mr. Morris Banda (Principal Investigator), Cell: +263 772 896 138, Email: 17030358@sun.ac.za or
morrisbanda23@gmail.com.
Dr. H.W. Grobbelaar (Supervisor), Telephone: +27 21 808 4771, Email: hgrobbelaar@sun.ac.za
Prof. E. Terblanche (Co-Supervisor), Telephone: +27 21 808 4817, E-mail: et2@sun.ac.za.
9. RIGHTS OF RESEARCH SUBJECTS
You may withdraw your consent at any time and discontinue participation without penalty. You are not waiving
any legal claims, rights or remedies because of your participation in this research study. If you have questions
regarding your rights as a research subject, contact Ms Maléne Fouché [mfouche@sun.ac.za; 021 808 4622] at
the Division for Research Development.
SIGNATURE OF RESEARCH SUBJECT OR LEGAL REPRESENTATIVE
The information above was described to ________________________________ by Morris Banda in
English/Ndebele/Shona and I am in command of this language. I was given the opportunity to ask questions and
these questions were answered to my satisfaction.
I hereby consent voluntarily to participate in this study. I have been given a copy of this form.
________________________________________
Name of Subject/Participant
________________________________________
Name of Legal Representative (if applicable)
________________________________________
Signature of Subject/Participant or Legal Representative

______________
Date

SIGNATURE OF INVESTIGATOR
I declare that I explained the information given in this document to ________________________ and he was
encouraged and given ample time to ask me any questions. This conversation was conducted in
English/Ndebele/Shona and no translator was used.

______________________

______________

Signature of Investigator

Date
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Appendix Four: Data Sheet

University of Stellenbosch
Department of Sport Science
Name:

Code:

Date of Birth:

Male/Female:

Date of Testing:

Referee/Assistant:

Weight:

Height:

Body Composition
Data to collect
% Body Fat
% Lean Body Mass
Predicted Weight
Resting Energy Consumption
Energy Required
H2O Content
Body Mass Index
Body Fat Mass Index
Fat Free Mass Index

Values

Normative ranges

Kcal

KJ

Kcal

KJ

Physical Fitness Test
1

2

3

Change of Direction Ability
Modified Sit and Reach Test
Vertical Jump Test
1minute Sit up Test
1minute Push-up Test

40m Sprint Test

1

2

3

Yo Yo Intermittent Level One
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Appendix Five: Refereeing History
Refereeing History
Code: _______________________________

Match Referee

Assistant

Education
Please indicate the highest level of education.

Primary/High school:

‘O’ level:

Technical/College Diploma:

Certificate:

Degree:

Masters:

PhD:

Profession: ___________________________________
1

When did you receive the first official license for refereeing?

2

When did you receive the FIFA license for refereeing?

3

When did you start refereeing for the Premier League?

4

When did you start officiating international matches?

5

How many national matches do you officiate per year?

6

7
8

No. Of
Matches

Yes

No

Mild

Severe

Yes

No

How many international matches have you officiated?

On average, how many national and international matches do
you officiate per year?
What is the maximum number of matches per month have
you officiated in the past twelve months?
Did you incur an injury in the last six months?

9

Competition

Please specify the injury.
Is it mild or severe?
Are you on any medication?

10
If so what medication are you taking?
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Appendix Six – Anthropometric Data Sheet

Stellenbosch University
Department of Sport Science

Test ID: _______________________

Lab Tester ID: ________________________

Name: ________________________

D. O. B.: _____________________________

Test Date: _____________________

Gender:

Body Mass: ____________________

Height: _____________________________

SITE
Skinfolds (mm)

TRIAL 1

Triceps
Subscapular
Biceps
Iliac crest
Supraspinale
Abdominal
Front thigh
Medial calf

Girths (cm)

Arm relaxed
Arm flexed and tensed
Waist
Gluteal (hip)
Calf

Breadths (cm)

Humerus
Femur
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M

□

TRIAL 2

F

TRIAL 3

□

MEDIAN

