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Abstract

Small-sided games (SSGs) are commonly incorporated into the conditioning
programmes of rugby league (RL) players. However, although several studies
have examined the physiological, perceptual, movement and skill demands of
SSGs, the majority of research in this area has focused on these responses in
soccer players. Therefore, the purpose of this programme of research was to
examine the effects of altering selected variables (player number, playing area
size, the role of the player and the role of the coach) on the physiological and
technical demands imposed on junior, high-level RL players during SSGs. In
addition, SSG responses were investigated in different junior age groups to
determine if playing age has an effect on SSG demands. Finally, given the role
of SSGs as a conditioning tool, the consistency of the exercise intensities

generated was assessed over repeated trials.

Chapter 3 investigated the influence of player number and playing area size on
the heart rate (HR) responses elicited by junior male RL players during SSGs.
Twenty-two players from a professional club (mean age: 14.5 + 1.5 yr; stature:

172.5 + 11.4 cm; body mass: 67.8 + 15.1 kg; VO, peak: 53.3 + 5.6 ml-kg™‘min";

HRmax: 198 + 7.8 b-min™") participated in two repeated trials of six four-minute
conditioned SSGs over a two-week period. The SSGs varied by playing area
size; 15x25 m, 20x30 m, and 25x35 m, and player number; 4v4 and 6v6.
Analysis revealed non-significant (P>0.05) effects of trials and playing area size
on HRs, but a significant effect of player number in the U16 age group only
(P<0.001), with HRs being higher in the 4v4 (90.6% HRmax) than the 6v6
SSGs (86.2% HRmax). The HR responses were found to be repeatable in all
SSG conditions (within + 1.9% HRmax) apart from the small 6v6 condition in the

older players.

Chapter 4 investigated the HR responses and incidence of specific game
actions during attacking and defending play in SSGs, with and without coach
encouragement. Seventeen boys from a professional club (mean age: 13.4 +

1.1 yr; stature: 168 £ 11.8 cm; body mass: 61.5 £ 14.9 kg; VO2 peak: 99.0 £ 5.6

ml-kg™-min”'; HRmax: 202 + 6.5 b-min™") participated in two repeated trials of
3



four, four-minute conditioned SSGs over a two-week period. It was observed
that attacking play elicited a greater amount of time above 90% HRmax than
defending (62.0 + 31.5 versus 48.4 + 31.3% of total time). Compared to the
older junior players (U15), the younger junior players (U13) elicited a greater
average SSG intensity (90.5 + 1.7% versus 87.9 + 0.6% HRmax) and spent a
greater amount of time above 90% HRmax (68.6 + 22.5% versus 43.3 + 34.6%
of total time). Moreover, compared to the U15 players, the U13 players
completed a greater volume of passes (20.8 + 2.9 versus 15.5 + 2.6),
successful passes (21.3 £ 0.0 versus 17.4 + 3.1), pass plays (6.6 + 1.4 versus
3.0 £ 0.5) and tries (2.5 + 1.1 versus 0.6 + 0.3), but a lower volume of attacking
runs (25.9 £ 1.3 versus 32.3 + 0.2), dummy runs (10.6 + 1.8 versus 18.9 £ 1.8),
touches (30.0 + 35.0 versus 35.8 £ 6.3), successful touches (30.5 £ 0.5 versus
42.1 £ 1.1) and completed sets (1.6 = 0.0 versus 3.5 + 0.6). The addition of
coach encouragement had no effect on the HR responses or volume of game
actions conducted. The SSGs demonstrated large trial-to-trial variability in the
game actions and average and peak HR intensities (bias of 3.7 + and + 4%
HRmax) and percentage of time in HR Zones (bias of + 25% percentage of

time), indicative of poor reliability.

The findings from this research demonstrate that SSGs specific to RL can
generate HR responses suitable for aerobic conditioning that, whilst unaffected
by the size of the area used, are sensitive to the player number, player role and
age. Moreover, coach encouragement may not affect SSG demands when
players are habituated to SSG conditioning. Furthermore, manipulating SSG
rules can adversely affect the reproducibility of HR responses.
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Chapter 1.0 Introduction

1.1 The game of rugby league

Rugby league (RL) is a contact team sport that is intermittent in nature, with
periods of high intensity activity interspersed with periods of low intensity activity
(Gabbett et al., 2008a). Games are divided into two halves of 30 and 40
minutes for junior and senior players, respectively, and involve sequences of six
consecutive plays (a set) in which the attacking team pass the ball backwards,
and/or kick and run with it in an attempt to reach the opposition’s try line and
score by placing the ball over the line. Progress can be impeded by a player
with the ball being tackled, following which, play recommences by the tackled
player passing the ball uncontested between his/her feet to another attacking
player (‘play-the-ball’, PTB) (Meir et al., 2001a). Following each tackle the
defence must retreat 10 metres before they are allowed to return to play
following the PTB. The team in possession is permitted six tackles before play
is turned over unless an infringement has been made or a try or field goal has
been scored (Gabbett et al., 2008a). Rugby league players are grouped into
nine positional roles (prop, second row, loose forward, scrum half, hooker,
stand off, centre, winger and full back) and are more generally classified as
forwards and backs, notably players who are present within the scrum restart
and those who are absent from the scrum, respectively (Meir et al., 2001a;
Gabbett, 2002a). In addition, researchers have utilised more specific positional
sub-groups (Meir et al., 2001b; Gabbett, 2005¢c; 2005e, 2006¢c, Gabbett et al.,
2008a); commonly props, hookers and halves (scrum halves and stand offs),
back row (second row and loose forwards) and outside backs (centres, wings
and full backs).

1.2 Conditioning of rugby league players

As RL is a high-intensity, intermittent sport that places considerable demands
on both aerobic and anaerobic metabolic systems during competition, it has
attracted particular research on the efficacy of various training methods in the
preparation of its players. Traditional aerobic conditioning methods, such as
continuous steady-state intensity training, have been criticised as a part of the

conditioning programmes of team sports players due to being non-specific, time
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consuming, eliciting low motivation and incurring a greater incidence of overuse
injures due to an increased training volume (Brukner and Khan, 1994;
Impellizzeri et al., 2006). High-intensity interval training (HIT) has been shown
to be more effective in increasing maximal oxygen uptake (70 2max) than training
at the lactate threshold (LT) or 70% maximal heart rate (HRmax) (Helgerud et
al., 2007) and can be made sport-specific to team sports players, therefore

increasing player motivation (Hoff et al., 2002).

1.3 Small-sided game conditioning

Noteworthy in recent years is the emergence of small-sided games (SSGs) as a
multi-component training method, which allows the simultaneous development
of physiological, technical and tactical aspects of team sports (Rampinini et al,
2007). Research has suggested that SSGs can elicit intensities suitable for
aerobic development (above 90% HRmax; Helgerud et al., 2001; Helgerud et
al., 2007) in a HIT format (Hoff et al., 2002; Impellizzeri et al., 2006; Little and
Williams, 2006; Little and Williams, 2007; Mallo and Navarro, 2007; Rampinini
et al., 2007a; Kelly and Drust, 2009). Studies have determined how
manipulating SSG variables can increase the physiological, movement and
technical demands of SSGs, such as altering SSG rules (Mallo and Navarro,
2007; Gabbett et al., 2010), reducing playing number (Aroso et al., 2004; Sassi
et al., 2004), reducing playing area size (Tessitore et al., 2006); increasing
playing area size (Barnes et al., 2008; Kelly and Drust, 2009; Casamichana and
Castellano, 2010), reducing both player number and playing area size (Platt et
al., 2001; Little and Williams, 2006; Little and Williams, 2007; Williams and
Owen, 2007; Hill-Haas et al., 2009a; Katis and Kellis, 2009), reducing player
number and increasing playing area size (Owen et al., 2004, Rampinini et al.,

2007a) and including coach encouragement (Rampinini et al., 2007).

Small-sided games studies have been conducted with junior elite (Aroso et al.,
2004; Impellizzeri et al., 2006; Jones and Drust, 2007; Gabbett, 2008a; Kelly
and Drust, 2009; Gabbett et al., 2010), sub-elite (Casmichana and Castellano,
2010) and amateur players (Platt et al., 2001; Katis and Kellis, 2009), and
senior elite (Mallo and Nevarro, 2007; Kelly and Drust, 2009; Fanchini et al.,
2011), sub-elite (Hoff et al., 2002; Little and Williams, 2006; Tessitore et al.,

14



2006; Little and Williams, 2007) and amateur players (Coutts et al., 2009;
Fanchini et al., 2011). However, whilst there has been investigation into both
junior and senior SSGs of all levels of play, there has been no investigation into
the effect of age on the physiological and technical demands of SSGs, despite
previous findings that junior RL players of different ages (<15 and <18 years)
respond differently to a given training stimulus (Gabbett et al., 2008b).

It is important for coaches to be confident in the ability of SSGs to provide a
consistent aerobic training stimulus. Little and Williams (2006, 2007) have
reported small differences in the test-retest HR responses of soccer SSGs
(coefficient of variation [CV] less than 3% maximal heart rate [HRmax]),
suggesting good reliability. Likewise, Hill-Haas et al. (2008) reported good test-
retest reliability of HR and movement demands in soccer SSGs (technical error
less than 5% mean HR responses). However, despite a heightened interest in
SSG research in recent years, few studies have considered the reliability of the
physiological responses to SSG training methods. Moreover, Rampinini et al.
(2007) found soccer SSGs to have moderate to poor reliability of physiological
and perceptual responses (CV values of 2-4.8, 20.5-43.7 and 6.2-31.9 for HR,
blood lactate and RPE respon ses, respectively. Thus, further investigation into
the repeatability of SSG responses is warranted.

1.4 Aims and scope of thesis

Whilst the effects of manipulating rules, playing number, playing area size and
coach encouragement on the demands of SSGs have been determined, they
have rarely been examined in isolation and, importantly, scrutiny has tended to
be confined to the game of soccer. Thus, the physiological and technical
responses to RL SSGs and how these responses are affected by altering the
variables mentioned above are undetermined. In the same vein, although the
reliability of soccer SSGs has been examined, the repeatability of RL SSGs on
a test-retest basis has yet to be examined and it is therefore unclear if such
games produce consistent stimuli (sufficient to elicit aerobic adaptations) on a
trial to trial basis. Therefore, the first study of this thesis identifies the heart rate

(HR) responses to a SSG commonly utilised in RL conditioning sessions in two
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different junior age groups, and examines the effects of manipulating the player
number and playing area size on those responses. In addition, the repeatability
of the HR responses across two trials is established.

Rampinini et al. (2007) reported that soccer SSGs with coach encouragement
elicited greater physiological demands than SSGs without coach
encouragement, possibly due to increased external motivation and
competitiveness (Mazzetti et al., 2000; Coutts et al., 2004; Gentil and Bottaro,
2010). However, there has been no research into the effect of coach
encouragement on the technical demands of soccer SSGs or the physiological
and technical demands of RL SSGs. Of equal importance, no studies have
examined the physiological or technical demands of attacking and defending
player roles. Thus, the second study of this thesis examines the effect of
altering player role (attack versus defence) and coach’s role (with coach
encouragement versus without coach encouragement) on the HR and technical
demands of RL SSGs in two junior age groups. Again, the repeatability of the

HR responses across two trials is also evaluated.

Therefore, the aims of this thesis are to (i) determine and identify the
physiological and technical demands of RL-specific SSGs, (ii) examine if these
demands are affected by manipulating SSG variables, specifically; player
number, playing area size, coach role and player role, and (iii) establish if there
are any differences between SSG demands between two junior age groups
and, (iv) assess the repeatability of the HR demands of SSGs. It is intended that
the findings from this research will be communicated to RL coaches and coach
educators in a manner that will inform their knowledge and practice of

conditioning for the game.
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Chapter 2.0 Review of Literature

2.1 The physiological demands of rugby league

Rugby league (RL) players require high levels of aerobic power, muscular
strength, power, agility and speed due to the demanding physiological
requirements of the game (Gabbett, 2005d; Gabbett et al., 2008a). The
physiological qualities of players have been shown to increase as the standard
of play increases (Gabbett, 2000; Meir et al. 2001b; Gabbett, 2002a, 2002b),
and accordingly, those of professional RL players are reported to be well
developed as a result of their demanding training schedules (Gabbett et al.,
2008a). Furthermore, the introduction of rule changes (Meir et al., 2001;
Gabbett, 2005e), the influx of overseas players and coaching methods and a
shift to summer rugby in the United Kingdom since 2000 have raised these
demands significantly at the highest level.

Rugby league requires considerable contributions from both the aerobic and
anaerobic energy systems due to the intense, intermittent nature of the game
(Coutts et al., 2003). For example, Coutts et al. (2003) analysed a single
competitive match involving 17 semi-professional RL players in which a mean
capillary blood lactate concentration of 7.2 + 2.5 mmol " was reported from
samples taken at specific stages throughout play. Notwithstanding individual
variability, this high blood lactate concentration would suggest a high anaerobic
contribution to competitive RL. Coutts et al. (2003) also reported mean match

oxygen consumption (V0 ,) values of 81.1 + 5.8% of maximal values (VO 2max) in

semi-professional RL matches. In addition, average heart rate (HR) values
equating to 84.3 + 4.8% (Coutts et al., 2003) and 86.7 + 4.4% (Estell et al.,
1996) of maximal values (HRmax) have also been reported in semi-professional
and elite junior matches, respectively, and players have been reported to spend
a significantly greater amount of time in moderate (39.7 £ 12.6%) and high
intensity activity (44.4 + 15.9%) compared to low intensity activity (15.9 +
19.5%) (Coutts et al., 2003). Collectively, although the above data are now
relatively dated and were recorded from single RL matches, they indicate that
competitive RL is intense and consequently, the aerobic and anaerobic
demands during competition are relatively high.
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More recent research has reported elite players to cover distances of 8,503 +
631 m during a match, with positional values ranging from 8,142 + 630 m
(outside backs) to 8,800 + 581 m (pivots) and prop and back row players
covering 8,688 + 405 m and 8,685 + 547 m, respectively (Sykes et al., 2009).
Although following the same positional patterns of distance covered within a RL
match, King et al. (2009) reported professional RL players to cover lower
distances, ranging from 4,310 £ 251 m (props and second row) to 6,265 + 318
m (outside backs) (King et al., 2009). This discrepancy could in part be due to
differences in the time motion analysis methods employed; Prozone, a semi-
automated image recognition system, and a hand notation system were utilised
by Sykes et al. (2009) and King et al. (2009), respectively.

Rugby league players require high levels of aerobic fithness to be able to
repeatedly perform high intensity movements, as aerobic fithess has been
shown to benefit recovery from high intensity efforts (McMahon and Wenger,
1998; Tomlin and Wenger, 2001; Tomlin and Wenger, 2002; Bishop et al.,,
2004) through enhanced oxygen uptake kinetics, improved lactate removal and
better phosphocreatine regeneration (Tomlin and Wenger, 2001). Further,
Spencer et al. (2004) have suggested that repeated sprint ability (RSA) is an
important facet of team sports performance. However, Sirotic et al. (2009)
reported no differences in sprint data between elite and semi-elite RL
competition, with mean sprint durations of 2.1 £+ 1.2 and 2.0 £ 0.9 s, durations
between sprints of 7.7 £+ 5.0 and 9.3 + 5.5 s and duration between sprinting
bouts of 3.9 + 1.6 and 4.2 + 1.9 min, respectively. Interestingly, Sirotic et al.
(2009) found repeated sprint bouts to be rare within RL, as they observed an
average between 0 and 3 bouts across 30 matches. However, the authors
suggest rugby-specific repeated bout training should be employed by RL
coaches as repeated sprint efforts can occur at critical time points within
competition, such as successive tackles or collisions (Spencer et al., 2004).
Moreover, previous studies have shown a moderate correlation between
aerobic fitness and RSA in untrained to moderately trained subjects (r ranging
from 0.42 to 0.66; Dawson et al., 1993; McMahon and Wenger, 1998; Bishop et
al., 2004). In contrast, weaker correlations have been reported in trained team
sports players (r ranging from -0.15 to 0.35), suggesting that factors developed
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through team sports training other than aerobic fitness are important to RSA
(Bishop and Spencer, 2004). However, there is limited evidence to determine
the factors which limit RSA and consequently how RSA might be improved
(Bishop et al., 2004).

Gaitanos et al. (1993) examined muscle metabolism in an exercise sprint test
protocol specific to the movement demands of team sports of 10 x 6 s sprints
interspersed with 30 s rest. No change was found in muscle lactate levels,
although there was only a 73% reduction in mean power output from the tenth
and last sprint in comparison to the first sprint. In addition, phosphocreatine
concentration decreased to 57% and 16% of resting values following the first
and last sprint, respectively, suggesting that phosphocreatine stores are not
fully replenished within 30 s following a 6 s sprint. Similar findings have been
reported by Dawson et al. (1998) who reported a reduction of 45% in
phosophocreatine stores from resting concentration following 24 s recovery
from 6 s cycle sprints. Together, the above studies demonstrate a decreased
reliance on anaerobic metabolism across short repeated sprints, and therefore
a greater contribution from aerobic processes in order to support exercise of
this nature. Consequently, it might be assumed that a well developed aerobic
system and repeated sprint ability are important factors in RL performance.

Studies have reported RL players to have estimated VO amax values between 42
to 53.5 mikg'min™ (Table 2.1). Gabbett (2002a) found Australian first, second

and third grade players to have similar mean estimated VO values, ranging

from 45.5-48.5 mikg"'min™'. Other studies have reported senior sub-elite mean
estimated VO omax values in the range of 43-52 ml'kg'1'min'1 and elite junior and
sub-elite values ranging from 45-50 mlikg''min® and 43-50 mlkg"'min™,
respectively (Table 2.1). These VOamax values are lower than previously
reported in other team sports, with values ranging from 52-55 and 57-64 mlkg
"min”' reported in elite rugby union (Mayes and Nuttall, 1995; Deutsch et al.,
1998; O’Gorman et al., 2000) and soccer (Wisloff et al., 1998; Helgerud et al.,
2001; Reilly and White, 2004), respectively. However, the aforementioned RL
studies have estimated VO 2max from the level achieved in the multi-stage fitness

test (MSFT; see Table 2.1), possibly due to practical issues of assessing
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VO 2max. Whilst the MSFT might be considered practical when testing large
groups of players, Twist et al. (2007), have shown the MSFT to consistently
underestimate VOzmax by 5.24 mlkg"min” in high-level junior RL players
(values of 52.1 + 5.2 mlkg™"'min” versus 57.3 + 6.6 mlkg™'min' reported from a

MSFT and treadmill based assessment of VO respectively). Similar levels

of aerobic fitness have been reported between forwards and backs in semi-
professional RL players (45-50 mlkg™"'min™'; Gabbett, 2002a, Gabbett, 2002b),
which suggests positional specific conditioning does not occur at this level.
However, at higher standards of play, props have been shown to have lower
estimated 70 2max values than players in other positions among professional
(Meir et al., 2001b), sub-elite (Gabbett, 2006¢c; Gabbett and Herzig, 2004) and

junior elite players (Gabbett and Herzig, 2004).
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Table 2.1: Estimated VO »max Of RL players (values are mean + SD unless otherwise stated)

Study

Level of play

Phase of season

Age
(y)

Estimated VO 2max
(ml'kg"'min”")

Gabbett (2002a)

Gabbett (2002b)

Gabbett (2004)

Gabbett and
Herzig (2004)

Gabbett (2005a)

Gabbett (2005b)

Gabbett (2006a)

Senior sub-elite

Junior sub-elite
Semi-professional

Sub-elite

Junior elite

Amateur

Non-elite

Junior sub-elite
Senior sub-elite

Competitive

Competitive
Pre-season

Pre-season 2001
Pre-season 2002
Pre-season 2003

Competitive

Off-season

Pre-season
Mid-season
End-season

Off-season

Pre-season
Mid-season
End-season

Pre-season

(first grade, second grade, U19)

(U16, U15, U14, U13)

24+ 4

22.9 (Cl: 20.7-25.1)
19.6 (CI: 18.4-20.8)
215 (Cl: 19.6-23.4)
U15, U16, U17

>18

17.9 (SE: 0.4)

16.9 (CI: 16.7-17.1)
25.5 (Cl: 23.6-27.3)

Range = 43.9 - 50.1
Range = 32.1 -49.5
46+ 4.4

47.2 (Cl: 45.1-49.3)

455 (Cl: 43.4-47.6)
48.5 (Cl: 46.1-50.9)

49.3 (Range: 48.4-50.6)

42.0 (CI: 38.8-45.1)
48.5 (CI: 46.1-50.9)
51.3 (Cl: 49.6-52.9)
49.6 (Cl: 47.5-51.7)

43.7 (CI: 39.9-47.5)
50.6 (Cl: 48.5-52.8)
53.5 (Cl: 51.7-55.3)
52.1 (ClI: 50.5-53.8)

50.3 (Cl: 48.5-52.1)
47.2 (Cl: 44.8-49.6)

U= under, Cl = confidence interval, SE = standard error, SEM = standard error of measurement



Table 2.1 continued: Estimated VO 2max Of RL players (values are mean + SD unless otherwise stated)

Study Level of play Phase of season Age Estimated VO 2max
(y) (mi'kg " 'min™)
Gabbett (2006b) Sub-elite Competitive (SSG) 22.3 (SE: 0.8) 52.2 (SE: 0.5)
Competitive (Traditional) 22.1(SE: 0.9) 48.8 (SE: 0.4)
Gabbett (2006c) Sub-elite Competitive 223150 456 +6.5
Gabbett et al. (2007) First Grade Competitive 23.7+43 469+ 58
Second Grade 244150 456157
Third Grade 178+15 476+7.6
Twist et al. (2007) Junior sub-elite Not reported 144+12 2182
Gabbett et al. (2008b) U18 elite End of pre-season 16.9+0.3 452 +1.2
U15 elite End of pre-season 14.1+02 488 £ 1.1
Gabbett (2009) Junior elite Competitive 16.0+ 0.2 482+ 46
Junior sub-elite 1569+ 06 43.3+54
Till et al. (2011) Junior regional Competitive U13, U14, U15 487+ 5.2
Junior national Competitive U13, U14, U16 50.3+ 3.8

U= under, SE = standard error, SEM = standard error of measurement
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2.2 The technical demands of rugby league

A technical analysis is commonly conducted using a set of performance
indicators, which can be any parameter, movement variable or action that
contributes to performance or skill execution. Although time-motion analyses
within team sports have largely focused on the analysis of movement
demands, far less scrutiny has been given to performance indicators, where
closed skills are usually categorised as either scoring indicators or indicators
of skill quality (Hughes and Bartlett, 2002). It is difficult to compare results
across some studies as different descriptive statistics of frequency data have
been reported. Some of the earlier studies have reported mean and standard
deviation values, whereas median values have been deemed a more
appropriate measure of central tendency in non-typical data (Eaves et al.,
2005). More recent studies analysing rugby union performance have reported
median values in conjunction with 95% confidence limits (Prim et al., 2006;
Jones et al.,, 2004; James et al.,, 2005), range (van Rooyen et al., 20086,
2008a) and inter-quartile range (Jones et al., 2008). To report frequency
statistics appropriately and to allow comparison to previous studies, Eaves et
al. (2005) have suggested reporting both frequency mean and median values
with technical data, although both measures are seldom reported (Ortega et
al., 2009; Eaves et al.,, 2005). There are also issues with the statistical
analyses conducted on frequency data. A few studies have employed
parametric tests with non-typical frequency data (McKenzi et al., 1989;
Hughes and White, 1997) or have failed to report the statistics utilised
(Stanhope and Hughes, 1997).

Whilst studies have established and assessed the technical demands of
rugby union competition (McKenzie et al., 1989; Hughes and White, 1997;
Stanhope and Hughes, 1997; Smythe et al., 1998; Vivian et al., 2001; Eaves
and Hughes, 2003; Jones et al., 2004; Eaves et al, 2005; James et al., 2005;
van Rooyen et al., 2006; Ortega et al., 2009; Vaz et al., 2010; Vaz et al.,
2011), performance indicators are less researched and therefore established
within RL (Eaves and Broad, 2007; Eaves and Evers, 2007; Eaves et al.,
2008). The majority of studies have compared the performance indicators of
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winning and losing teams (Hughes and White, 1997; Stanhope and Hughes,
1997; McCorry et al., 2001; Jones et al., 2004; James et al., 2005; Prim et
al., 2006; van Rooyen et al., 2006, van Rooyen et al., 2008b; Ortega et al.,
2009; Vaz et al.,, 2010; Vaz et al., 2011). However, these studies have
investigated the success of full games, which is not representative of
changes in performance within critical phases within the match (Eaves and
Evers, 2007).

Jones et al. (2004) constructed a performance profile of a professional rugby
union team across a season consisting of 20 matches, in which the indicators
of scrums, lineouts, rucks, mauls, tackles, passes, kicks, breaks, turnovers,
tries scored, penalties conceded and errors were examined. Successful
performances were generally characterised by higher percentage success
rates. However, the study examined only the confrontation between two
teams, of which one was always the same team, winning teams were found
to gain a greater amount of ball possession from the opposition’s line-out. A
study by James et al. (2005) examined similar performance indicators within
rugby union competition within positional roles and groups. They reported
intra-positional differences, which the authors suggested were due to
variations in individual style of play and decision making. However, again,
only one team’s matches across a season were examined and the sample
size within each positional group ranged from 1 to 5 players. Moreover,
Jones et al. (2004) and James et al. (2005) researched club level rugby and
not international competition. Van Rooyen et al.,, (2006) compared the
performance variables (frequency of tries, conversions, penalties, drop goals,
scrums, possession and territory) of South Africa to the top three nations
(England, Australia, New Zealand) in the 2003 Rugby Union World Cup.
Their findings suggested that successful teams have more ball possession
and score more points in the second half. However, although a reliability
analysis was conducted, the results were not reported. Van Rooyen (2008b)
subsequently conducted a similar study on the teams who reached the semi-
finals versus the quarter-finals in the 2005 Rugby World Cup Sevens. The
successful (semi-final) teams maintained possession for between 30-60

seconds and were able to score from at least 30% of ball possessions.
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Ortega et al. (2009) examined aspects of scoring, phases of play and game
development in 58 Six Nation matches from 2002-2006. The results
demonstrated that winning teams have more ball possession; especially in
scrums and lineouts, utilise the maul more in attack and complete more
tackles in attack. However, no reliability analyses were reported. Similar
studies that have carried out comprehensive analyses of rugby union World
Cup, Six Nations, Tri Nations and Super 12 games from 2003-2006, reported
no significant differences between winning and losing teams when the final
score was close (Vaz et al.,, 2010, Vaz et al., 2011). However, northern
versus southern hemisphere teams were included in some of the analyses,
notwithstanding previous findings of differences in playing styles between
northern and southern hemisphere teams (Eaves and Broad, 2007). In
contrast to the above studies that have evaluated success from match
outcome alone, Jones et al. (2008) assessed success through team
performance indicators, comparing two professional teams’ performances to
their current and previous form across the season (preceding 5 and 19
games, respectively). This method proved to be interesting from a coaching
perspective, as one team was shown to win their match despite performing at
a lower level than their previous matches, whereas another team lost their
match but performed at a higher standard in some areas.

The frequency of ball retention in contact situations has also been
investigated within rugby union performance research (McKenzie et al., 1989;
Smyth et al, 1998; Prim et al., 2006). However, this investigation is limited
considering the high prevalence of contact situations within rugby union.
McKenzie et al. (1989) reported that successful teams are able to retain the
ball more in contact situations in international play. Moreover, Smyth et al.
(1998) reported that the most successful ball-carrier action into contact is
turning towards support players from a low body position. Subsequent
studies have examined the frequency and success rate of aspects of contact
situations, namely; ruck and maul success as well as successful tackles
made (Jones et al.,, 2004; 2008), tackle success (James et al., 2005) and
ruck and maul frequency (Eaves et al. 2005). However, detailed information

of contact situations are not reported in the aforementioned studies. Prim et
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al. (2006) conducted a more comprehensive analysis of international rugby
union performance in the 2005 Super 12 Competition. The performance
indicators analysed included recycle time (time between ball-carrier being
held and the ball becoming available), fast ball obtained and conceded
(frequency ball obtained and conceded from tackle situations in less than
three seconds) and unsuccessful tackles made as well as indicators of the
time taken to offload the ball and turnover a tackle. No differences in any
indicators were found, although the game sample size was small, thus,
possibly increasing the risk of a type Il error and missing significant findings.
Moreover, the aforementioned studies have used inconsistent definitions of
contact. Consequently, van Rooyen et al. (2008a) classified and examined
the frequency of 10 different types of contact involving impact in open play,
with the ground and in scrums, rucks lineouts, tackles and mauls within
professional rugby union matches. The most frequent contact observed was
with the ground, followed by scrums and differences were found between the

number of contact situations in forward and backline players.

As mentioned previously, although rugby union has received extensive
analysis of performance, there has been limited investigation into RL
performance. Eaves and Broad (2007) compared the playing patterns (pitch
area, type of tackle and attacking run post-ruck) between English Super
League (SL) and Australian National Rugby League (NRL). The post-ruck
movements analysed included tactical kick, dummy run (a run with the ball
from the PTB), hit-up (a single pass to a player who carries the ball in
contact) and pass play (two or more passes before the ball is carried into
contact). The contact situations of single, combination and turtle tackles
(player turned on back) were examined, which is quite a basic analysis of
contact situations in comparison to recent rugby union research (van Rooyen
et al., 2008a) and the tackle classifications were not described. Nonetheless,
Eaves and Broad (2007) reported NRL teams carried out a greater number of
turtle tackles. Differences were also reported in playing patterns and
movements post-ruck demonstrating different playing tactics between English

and Australian RL. The same attacking run classifications were used in a
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later study in professional RL, in which play-the-ball (PTB) speed and the
position of the attack were found to be factors associated with creating
perturbations in play (Eaves and Evers, 2007). However, Eaves and Broad,
(2007) and Eaves and Evers (2007) examined only 6 games in each

hemisphere and in total, respectively.

2.3 Monitoring team sports training

It is important to monitor team sports training in order to determine the
physiological and technical demands placed on players and to help identify
and monitor both individual and team training goals. Common methods of
examining the exercise demands of training include HR monitoring, ratings of
perceived exertion (RPE), assessment of blood lactate and notational

analysis.

2.3.1 Ratings of perceived exertion

The use of RPE within team sport training is a cost effective method of
obtaining subjective, self-reported assessments of exercise intensity,
especially if HR monitors are not practical or available (Borresen and
Lambert, 2009). However, RPE is limited due to being a subjective measure
of intensity and studies have found RPE to be affected by the external
training load (Impellizzeri et al., 2005), training status (Robertson and Noble,
1997), over-training (Snyder et al., 1993) and any factors which contribute to
the personal perception of physical effort, such as hormone concentration,
substrate concentration, personality traits, ventilation rate, neurotransmitter
levels, environmental conditions and psychological states (Borressen and
Lambert, 2009).

2.3.2 Blood lactate analysis

The assessment of blood lactate concentration during team sports
competition and training is problematic due to sampling issues, despite the
development of valid and reliable portable analysis systems (Bishop, 2001;
Pyne et al., 2000). Moreover, aspects of training such as muscle glycogen

concentration (Swart and Jennings, 2004), muscle tissue damage (Asp et al.,
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1998; Swart and Jennings, 2004) improvements in training status and over-
training (Jeukendrup and Hesselink, 1994; Urhausen et al., 1998) have been
shown to affect blood lactate concentration. Therefore, the analysis of blood
lactate concentration has limited value for monitoring training intensity
(Borresen and Lambert, 2009).

2.3.3 Heart rate analysis
The theoretical justification for assessing training intensity via HR monitoring

is the linear relationship and positive correlation observed between HR and
VO, in steady-state sub-maximal exercise (Astrand and Rodahl, 1986;
Haskell et al., 1993; Kay et al., 1995). However, the HR- VOZ relationship is

curvi-linear both towards maximal and low exercise intensities (Davies, 1968)
and can result in an 8-12 bmin” standard deviation of the estimation of
HRmax (Whaley et al., 1992; Miller et al., 1993). Furthermore, the use of HR
monitoring within team sports has been questioned due to the non-steady
intermittent nature of such activities, with sudden changes in work load not
reflected in the slower changes in HR (Tumility, 1993; Achten and
Jeukendrup, 2003; Impellizzeri et al., 2005). Additionally, caution is needed
when assessing training intensity via HR monitoring due to HR being
sensitive to emotional stress (Coutts et al., 2003), as well as physiological
and environmental factors (Achten and Jeukendrup, 2003).

Despite the aforementioned limitations, HR analysis has prevailed in
individual sports and is becoming more widely used within team sports
through the development of team HR systems. Moreover, HR monitoring is
an objective method of measuring exercise intensity in comparison to
assessments of RPE and is a more valid method of measuring intensity than
blood lactate assessment. In addition, HR measurement has been found to
be a reliable assessment of intensity within soccer specific conditioning
through small-sided games (SSG) (Little and Williams, 2006; Tessitore et al.,
[2006; Little and Williams, 2007, Hill-Haas et al., 2008). Therefore, the
majority of team sports research has utilised HR analysis, in which HR

intensity is commonly presented as a percentage of maximal HR (%HRmax)
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or categorised into discrete HR zones from which training intensity can be

prescribed

2.3.4 Notational Analysis

Notational analysis examines actual sports performance within competition
and training environments (O’'Donoghue, 2010). The purpose of notational
analysis has been categorised as tactical evaluation, technical evaluation,
analysis of movement, performance modelling and coach and player
education (Hughes and Bartlett, 2008). The maijority of notational analysis
research within team sports has been from a technical viewpoint of

investigating open skills in team sports (Hughes and Bartlett, 2004).

The simplest method of notational analysis involves hand notation systems in
which performance indicators are tallied by hand during competition or
training. Advancements in computer technology have led to computerised
notational analysis of sport which can integrate video footage and
performance databases (O’'Donoghue, 2010). Both hand notation and
computer-based notation systems raise inter- and intra- observer reliability
concerns due to the subjective method of producing data. Consequently,
inter- and intra- operator reliability is often examined using an acceptable
percentage error of less than 5% or 10%. Moreover, computer-based
systems increase the possibility of operator and software errors, although
attempts to minimise these errors can be made through validating notation
systems (Hughes and Franks, 2004). Thus, computer-based systems, such
as Sports Code, remain a common method of notation during both live

matches and within post-match analysis.

2.4 Aerobic conditioning for team sports

Section 2.1 demonstrated that RL players require high aerobic fitness to
assist in the recovery from the intermittent repeated sprint nature of the game
and to be able to endure the reported distances covered within a match.
Thus, aerobic conditioning could be assumed to be an essential part of RL

training programmes. The effectiveness of aerobic conditioning achieved
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