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ABSTRACT

T_he_ai_m..of this studyr vtras to evaloate the' physiotogical dernands of ofﬁciating in
..the code-_of Rugby Union at an elite level and to propose a relevant programme
‘.of ﬁt_ness. testing and t'raining. aris.irrg t‘rorn the 're'sults obtai_rred_. A grouo of ten
: RFU Nationai Panel éferees | w'efe 'selected as suhjects and all Were analysed
- performmg match duties as both a referee and a touch—Judge dunng a number of
| level Iand 2. league matches Each subject performed a range of laboratory tests
to estabhsh various- physiological parameters, which were then compared with the

match analysis ﬁndings of heart rate- and total match distances.

The mean total match distance covered by the referees was 8086 metres (s d +- - '

799 metres) with a range of 7036 to 9143 metres Heart rate durlng the matches
averaged 86% (s.d. +/-3.2 beats/min} of the referees’ maximum, with a range of
- 81 to 90%. This corresponded to a mean heart rate of 157 beats/min (s.d. +/- 7.6 |
~ beats/min) with a .range. of 144 to. 16-7 beats/min. . 'fhe time .spent abotre the heart
rate correspondxng to the onset of blood lactate accumulatron (OBLA) level of 4
, rnmol/l recorded through laboratoxy testing, averaged 52, 0 % _(s.d. +/- 24._7%)_ of the B

 total rnatch, with a range of between 10.9 to 84.3%.

_ The mean total. match distance covered byt the touch-judges was recorded as 4906

metres (s.d. +/- 666 metres), with a range of 3985 to 6409 metres. 95% of the



_- total distanﬁe covered was found to- be- within the’ Walking; jogging or. running
‘(fonvards and backwards) categories- of .rr'iovement. This pbrresponded to a mean’
~heart rate of 108 beats/m-in (s.d. +-12.5 _beats/inin) with a range of 88 to 126

beats/min. Very little time was spent with heart rate corresponding to-OBLA, an .
- average of 0.1% (s.d. +/- 0._2%) of ,the‘ toﬁl match 'tirhe, with a range of 0 to

0.5%.

’The quaptity of \n;ork performed dun’ng ‘:a m’atéh by Rugby Unioﬁ referees and .
touch-judges was found to be substantially greater than in previous research,
Suggesti_ng. a need to review bot_h fitness testing and 'traini_ng prografnmes presently
| accepted. There is also a _nced to test and develop the metabolic pathways of the
‘anaerobic system Qf referees at the el_ite levels of the game. An intermittent ﬁeld
test, specific to the demands of officiating, was devised and tested as a poteﬁtial

replécement for the multi-stage fitness test.
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CHAPTER 1

INTRODUCTION
11 Backeround to the problem

During a meeting of the Intemational Rugby Football Board in August 1:995 a |
- decision Wasr 'macle th"at. : cltatlged | the- nattlte of "‘.the‘ game of Rugby' Uhion ;
‘ove.might.' The 'ru'ling body announced that tbe co'de of Rugby Union, amateur .
for over 100 years was to become fully professional Although.' many observers
~at that tlme viewed thls measure as an inevitable change due to the semi-
professmnal attxtudes that several of the world’s govemning bOdlBS had been
exhlbltmg for some years, thls dCCISlon had far reachmg consequences for all -
concerned at the hlghest level of the game, Many players have now become '
full-tlme, hlghly pald professwnals, bound by contracts to club and, in several -
instances, country. Th:s has enabled them to develop thelr fimess and skill
.levels well beyond - theu' prev1ous limits, as they now have a masswely

mcreased time allowance for club - and' personal training, with no vocational

distractions inhibitirtg this.

Sport scientists have _slso' become irlvoived in desighing physiological and )
| psychological training jﬁrograhtmes to optimize the :‘attributes of the players -
across many of the professional clubs, leading to an increased rigour in the

approach of the athletes.




Qutside of the nmnedlate p[aylng structln'e of the sport crowds contmue to
expect nnprovements in the game 1f they are to pay increasing amounts of
_money for what has been, until the ‘a'dvent of professionalism, a relatively cheap
spectator sportt‘ The first: three seasons' of .pt'ofession-alism ‘has seen a marked .
o .in‘c'rease m attendance, particularly for the ‘nonveau ricne’ clubs of the Premier -

Division, .

| Satelhte television .moguls have begun‘ to take an mereased interest in the
commerclal pOSSIbllltleS of the game w1th several wealthy busmessmen also
realizing the potential financ1al gains to be made from the game Sponsors and_
the medna have also requlred the sport to nmprove as a spectacle and this will
place increasing demands on -the players - both physxcally and mentally.
‘Recently several of the financial backers of the professional clubs have begun
to | question their involvement in the sport and this will probably lead to an | |

even greater commercial push for the development -of the game,

HoWeven in alt of th'is.'. there- 'remains the t.;uest:ion. of “those 'men (and women) -
‘ln the mlddle’ . the referees and touch-jndges. leeir- amateut ‘status has begun’
' to alter with the Vincreased tevenue be_ing generated by tlle RFU and, m the |
season of 1996-97, there came into lneing the first match‘ fee system for the
National League officials, 'Although this was regarded by many as a nominal
sum of money in comparison- to‘ that which some of the playets were earning',_

it was nevertheless regarded as the first step to changing the status of the




officials within the overall sphere of the game. Since this time a continual
" review of . fees, expen'ses and contracts has been . undertaken and a move
"towa_rds full-time professionalism of officials is underway, with the first

- appointments having been made in the 1998/99 season.

ThlS serm -professmnal’ standing that the ma_]onty of the RFU .match ofﬁcrals,
currentiy operate under has led to a shtﬁmg of attltudes by the players and
then' pay—masters away ﬁom the old amateur, Connthlan-style ethos, with an
increased demand for improvements in the ofﬁcrals ‘overatl performance Davies
(1991) pomt_ed out that ‘players ar_e learning from other contemporary athletes
and are comrnitting themselves to rigorous tr'airthig regimes’ and that ‘players
_‘are becomlng more powerful and are capable of playmg the game at a-

sxgmﬁcantly greater lntensny than players of twenty years ago

Urldoubtcdly_ the participants in Rugby Union have.,. since lthis statement was |
made, continued to become even fitter and more skilful and this fact, allied to
the likelihood that the sport’s administrators are conti-nuing' to modify the laws
and structure of the game to make it quicker and more ‘spectator-friendly’, is

leading to.increased fitness and training demands on the top referees.



L2 . Current _fimess demands on officials -

‘This increased pressure, however, will not come as. a surprise to officials, as

the last eight years have seen the game become a faster, _more 'cempetitive

sport with the introduction of leagues to add to the emstmg national cup,

dwlsxonal and county champ1onsh1ps Spiller (1990) highlighted the issue of -
referees’ ﬁtness by stating that ‘referees Weuld be the ﬁrst to agree that today,
“more than ever, they owe the p_laye;S the responsibilityrof Iperforming at their

'opthnurn.level of fitness for the ent'tre.eighty"minutes.’ Trotter (1994) adds that |

‘as players get stronger, fitter, faster then surely so will the need 'for_ referees

to be able to keep pace.grow’ and ‘the referee must at least be able to keep

“up with the level of the game being refereed.”

This statement has even more recent]y been expanded upon : by Rutherford

(1995) who has stated that ‘the need for referees to be up‘with'the speed of

the' game both mentally and physically is talked ab‘out. quite freely’ and ‘as

rhany. of the ambitious teams will keep going for the full 80 minutes, so will

the ambitious referee.’ This has already placed the officials in a situation where

they have had to become more conscientious in their approach to the game and

 thus fitness 'standards have been raised at all Ievels In support of this v1ew,

Davies (1991) stated that there-ls a ‘need to instill’ in’ all rugby umon_ofﬁmals

‘the dedication and disciplirie required to ‘maximise ... fitness’ and that ‘high

status games should be identified at the beginning of the season )




“and the mental and physicalr approach honed accordingly.”

1. 3. .. Fitness testing - a historical pérsgectiire

Since the 1993-94 season the RFU have introduced the concepts of an

appointed touch-judge panel with disciplinary - powers for national league

matches and regular fitness tésting for all R.FU officials. This system has been
modified and adapted on a frequent basis and there are now minimum

standards for referees to achieve on the multistage fitness test, a record of a

subject’s estimated VO, max, if they are to continue to receive RFU

aplﬁointments.- This test it;irolv;:s the participants running back and forth along a

~ twenty metre track, in time to a pre-recorded ‘bleep’ which increases in pace .

each minute, The participants attémﬁt to run for as long as possible until it is

impossible to keep up with the pace set by the ‘bleep’. The test is therefore a

incremental test, with procedures not dissimilar to . those for deten'hining

maximum oxygen uptake.

The initial minimum standard on the multi-stage fitness teét of levei 10, shuttle

4, was established ‘as a benchmark on the basis of researcli performed at

_Loughborough University and formulated in the light of the standards already

estabhshed by the Football Association for officials in the code of soccer.




There is now, however, 1ncreasmg pressure to review this standard in the hght:

of changes oecurnng within the - professwnal game and from the 1998/99 B

season referees were requu‘ed to achieve level 11 shuttle 5. The RFU also
adopted, for the 1998/99 season, the use of the Cooper 12 mmute test. Thls.
test was estabhshed as an alternatlve test to the multlstage ﬁtness test w1th a :
_bencl_lmark' of 2000 metres to be covered in the test time. In this test the |
‘perticipa.nt's'- are asked to complete as" maﬂy iaps of e 'n.ieesured course, u'suaily
a 400 athlétics metre track, as is_'jaessible in twelve‘:- minutes. The participants
) | caﬁ walk, jog or sprint eluring' the test and the re.s*‘ult". is caleu_lated' in terms of

- metres covered at the end of the test period.

. Prior to the establishment of | this protocol, tou_ch—judges have been fitness
tested for some years nosv utilising the process of a_'re'peated sprint - test as a
methodl of establish.ing an individual’s match fitness. Tlm test involved running
a distance of forty metres with two tusns and repeating this eight times with a
short rest interval in between each repetition_. The ‘benchmark’ for a suceessful'
- sc_orerby_ the participants was regarded by the RFU as cot#p_leting_ each shuttle

in a prescribed time.

. Thls use of ‘benchmark’ minimum- standards for referees and touch-_ludges
creates a number of ph110soph1ca1 questwns to be debated when exammmg the

focus of the RFU on the rationale for ﬁtness testlng and the standards and



.protocols - so far established. The first question is whether the current testing

| protoc'ols for referees' and touch-judges, -hased on the underpinning criteria of

maximum oxygen uptake (the multrstage fitness test and the Cooper 12 mmute :

test), is reﬂectrve of . the demands of the game? Are the tests adopted'

'Sufﬁclenﬂy speclfic to the demands of the code of Rugby Umon or should the o

= RFU look to alternative tests, whrch are more representatrve of ‘the W°_1'k1 oad .. ._ s

undertaken within the game? - -

* Another 1philosophical ouestion to be considered is what ' are ' the legal and
.employment .irnplilcations‘- m a. prot‘essional geme : for establishing compulsory
fitness targets based on collated re.se.arch? - Would the standards and targets eet
by the RFU stand up to rigoro'us examhration? Much of the fitness testing

being carried out at present on rugby ofﬁcials owes its justification to the-

:L_thems by Sprller (1990) and associated work Whllst the value of tlus ground

breakmg research was mestrmable at the tnne, the nature of the game as
outlined above has changed dramatically in the last nine years and there is
now the possibility that the data - collected then is now outdated and needs

careful re-examination.

“Also What are the health ‘and safety inlplicnﬁons for nlacing individuals of
various ages, backgrounds and physical ﬁtness through a programme mvolvmg

maxnnal testmg‘7 Fmally are the tests beyond reproach when examined from a




viewpoint involving the validity, reliability and specificity of the testing

programme? These questions will be reflected upon when recommendations for

- future testing pi'otbcols are made in later éhapters.

~ To summarise, the advances in recent years are therefore plain to see and the

- role of the_ official, whether referee or touch-judge, will be placed under

_ increasing scrutiny.

1. 4, . ~ The éims of the study

It is the aim of this study, therefore, to examine whét the present déﬁmds of
th;a‘ game are‘ron the phy_éiologicél ﬁrocééses of the métch officials and also to
make valugd recommendations for the future testiqg of referees " and touch-
judges at the top !cvel- of the game, Thé study will 1601( to collect match data
on physicai workloads ﬁndertaken‘ by a:: group of RFU referees an_d' touch-
judges, through movement and heart-rate analysis, and relate the data to fesults
obtained - _by means .‘of a variety of labbratdry y assessments: -0 that

" recommendations can be drawn up for future testing protocols.

It is the belief of the author that due to the shifting demands of the game of

rugby union - this research should  examine the following experimental

hypotheses:




| Hypothesis 1-

Hypothesis 2-

o Hypothesis 3

Hypothesis 4-.. j”

~ "Hypothesis 5- -

The physiological workload plaéed upoh a referee at the

tbp levels of the game, measured in distance travelled, has

increased sighiﬂcantly,_Beyond levels recorded previousiy.

The quantity of high intensity work undertaken by a

' referee at the top levels of the game, measured in

total match distance covered at speeds above jogging

- levels, has increased signi_ﬁcantly béyond the levels |

‘recorded previously.

' The quantity of high intensity work undertaken by a

referee at the top levels of the game, measured in

percentage of total match distance covered at speeds

.above jogging levels, has increased significantly beYond.

the levels recorded previously.

Due to there being a significant increase in high intensity

work undertaken by a referee (Hypothesis 2), fitness

.testing‘ procedures _shquld be increased in rigour . and.

diversity.

There has been a signiﬁcant'incr'ease in the workload of

touch-ju'dges and, due to this, the fitness testing protocols



of RFU touch judges have a need to be re-evaluated and .

increased in their rigour.

1.5, - The definition of terms used in the stu&x

: The_r, following' terms have been used tiiroughbut the study and are defined as

follows:

Absolute exercise intensity'—l
| Ae;dbig_-_metabbxism -
Aerobié power —

A__naer'obic. metabolism —

*Endurance capacity -

‘a measure of exercise mtensxty which is

- mdependent of the mdmdual’s fitness levels,
.(e-.g. running at 9 fn/sec)’

‘the process by which energy _(ATP) is

produced, occurring in the mitochondria,
which utilizes oxygen’-

‘maximal rate at which an individual can

‘consume oxygen during the performance of

exhaustive exercise’

. the process by which energy' (ATP) is .

produced, occurring in the sarcoplasm, which
does not involve oxygen’

‘the time limit of a person’s ability to

withstand fatigue at a set speed.’




_Endurahbe performance -

Fitness —

Relative exercise intensity —

‘the time taken to complete a set task, e.g.

time taken on the Cooper 1.5 mile field
U test)”
. “the ability to perform work related tasks

(i.e. refereeing) without undue fatigue’

‘a measure of exercise intensity which is

. related to the individual’s fitness levels, (e.g.

running at 110% VO; max)’




- CHAPTER 2

' REVIEW OF LITERATURE
2. 1. Introduction

Although much of the research in the past tviientf yeai's has conceefrated o
the ether codes of football -- Asseciation, American a:id Atistralian Ruies and

not spec:ﬁcally upon. the game “of Rugby Umon a good deal of the publxshed
matenal 1s st111 of beneﬁt to tlus study, as there are a large number of |
 similarities existing between the codes. All of the gartes mennoned above

belong to the invasive, field category of sports and place an intermittent wo:k _

load on the participants,

The nature of these codes of football involves the ma:ior energy systems of the
body in varying degfees and lphases_ of physiological work are interspersed with

L periods of | rest or lower '1e_vels “of work. These | spasmodic periods" of ‘rest .

usually .oc‘cﬁ'r due to pIayers; infringements mjmy or the ball becoming

' unplayable, Therefore the requuements of the players and oﬂ’iexals in these
sports ca.n, due to the number of similarities emstmg between the codes, be

| .exammed w1th a view to compansons bemg made to the game of Rugby -

" Union. °

12




When enmiﬁng Which:of the three onofgy. oystems is 'prevalent. in nrovioing a
~ rugby official with the ATP required -for. thel multitude | of different aoti.vity,

phases thot thé__ individual_ undertakes, the. ‘energy oontinuum’ -.for va_fious oporis _
- .ac'tivitios s.houldlbo oxaﬁfned. This is ou-e-‘tol the fact that", a game of_irl..lgby
involvcs exércises that are both sho_rt-ter'm, high-intensity efforts, that ntili-ze
the anaerobic energy systonis, | such as sprinting into the in-goal' area 'for. a R
' goal-line decision and l_ong-tenn,' low intén;;fy efforts, that utifize the agi}ot:ié
energy syst'em such as jogging between successine rucks It is thefefofe not
V'poss1ble to classn’y the sport of rugby as elther anaerobw or aerobw but to

view it in the llght of havmg a blend of all the energy systems

The enei'gy continuum os‘ oeocdbed by Davio, - Kimmet and Auty (1986) is
illustrated in figure 1. This attempts to deﬁne various sportmg activities as
havmg a certam percentage contnbutlon ﬁom the aeroblc ‘and anaerobxc
'systems It would appear. ﬁ'om this dlagram that the total energy contribution
for an ofﬁc1a1 thhm the game of Rugby Umon would be approx1mately 30-
40% aecrobic and 60-70% anaerobic, as this is where the other invasive,
.intenni'ttontl-style games of Lacrosse,' Field Hockey and Association Footb_all are
locatcd‘ on the continuum. It is likely that. tfle activities involved in ; gaine' of .-
thxs nature wﬂl call on. anaerobic eneréy sources, for mstance through the
" player performmg hlgh-mtensuy shuttle runs - as movements from one phase of ..

| the game to another are roqu;red. A player covering back in defence and then

moving forward to support teammates in attack will require a high rate of




energy conversion from ATP/PC and lactic acid. energy systems leemse these

codes w111 require a supply of energy from the aerobic system, as the player
- recovers from the high intensity periods of play and moves at walking and

- jogging 'psc'es' to fulfill the positional fequireﬁlents of the player’s role. -

However this is only reahsucally a. starting pomt for the analysxs of energy

* production sources for an ofﬁclal in Rugby Umon as the continuum suffers' '

from generahzatlon It does not attempt to break the various codes of football
down into positions on the ﬁel_d, as{tllle energy cont;nuum of a goalkeep_er in -7
Association Fobtbéll will be different to that of a midfield playes. Likewise in
the code of Rugby Uﬁion, a prop forward’s responsibilites involve scrummage,
line-out | and - mcking/mauling duties, which are differént from those of a
" winger, :where little of sucﬁ work is required. Nor does it examine which
" areas of the game will require aerobic as oﬁpos’ed to anaerobic supplies qf ,
energy. Nevertheless the energy conﬁquum does allow a reference point for the .
reséarch into movsment. énéiysis to be bésed upon and, as such, has provided

the starting - point for much of the work into intermittent-style sports.

14



AEROBIC

" ANAEROBIC

| Weight-liﬁing__ 0 - 100 100 metre dash
Gymnastics - Golf swing.
200m sprint o American football
Wrestling 1 10 90 ‘Basketball
. Ice hockey | | ‘Baseball .
.. Fencing o - Volleyball
100 metre swim | 20 80 } - 400 metre sprint
Temnis | |
Field hockey 30 70 Lacrosse
- ' Soccer
- - 40 60 ‘ -
800 metre sprint o 200 metre run
Boxing 50 - 50 .
Rowing (2000 m)| 60 40 -
' : " 1500 metre run
-1 mile run ) -
‘ 70 30
: 800 metre swim
2 mile run - 80 20
3 mile. run
' 90 10 _
: ' ' ' o Cross-country running -
10 000 metre run . . Cross-country skiing
Marathon 100- 0 Jogging
Figure 1 . The energy continuum and various sporting actwmes (From _

Davis, Kimmet and Auty, 1986)
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2.2, Fitness demands of intermittent-style invasive games e

2.-2; 1. Introduction_to ourrent research

- Many of the recommendatlons about the referees ﬁtness testlng and trammg

protocols, made by the Rugby Football Union, are- based on the work by

Spiller (1990) and the basis of thls research should now be ‘examined in the

lxght of the new profess1onal game

~'As Rutherford (1995) points out, after drawing conclusions from the research

_of Spiller .(1990), ‘the modemn game is increasingly faster, with an ,emlohasis )

on continuity, which creates an even greater demand on referees’ fitness

levels.’

Since this statement was pubiished the laws of the game have continued to be
modified and this fact, -in conjunction with the playing directives now agreed

between top coaches, players and referees in Englond on a seasonal basis, has

- meant that the game has increased even further in pace and intensity. Williams

: (1996) reinforced  this viéwpoint by stating' that ‘the arrival of true

professionalism, and any minor law changes that may be made, will only serve

to place more emphasis on fitness standards approaching those of track and.

field athletes.’ This highlights the need for o thorough re-examination of the

current state of officials’ fitness demands in the light of recent devélopments _

16



and the likelihood that the game will continue to change radically in the near

future,

'.__When exammmg the physwlog:cal demands of a garne such as rugby union 1t, <

s 1mportant to bear in mmd that a crucial factor is the relevant exercise

mtens1ty at which most of - the. dtfferent act1v1t1es are. performed. : When.
developmg fitness trammg and testmg regnnes for match ofﬁclals xt is the )
percentage breakdown of these various exercise intensities whlch W111 determme -

s the overall desngn of such programmes Also wrthm these programmes

con51derat10n must be glven for ofﬁclals vocatlons habltual activities, dtetary"' |

_ requirements and the need for_preventlon of injuries.

It s interesting to note that concepts of fitness testing an.d‘-m.easurement for
the code of rugt:y. union were being discussed oyer twenty years ago when
Evans (1973) stated that “..stress is .being laid upon .tl_le ph&sical requirem'ents
of the game so that quat_ities of rnu_scular stren'g_th,. muscular endurance, speed
and stamina ... are Being _increasingly more accepted as being basic
ingredients for ttle re'cipe. of good plaf' Similarly' Reid. and Williams (19745 -
concentrated the1r work on the premlse that ‘the most unportant area of fitness_

for rugby football is that of the cardlo-vascular response to a contmual htgh;

level of physmal output ’
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Later research by 'Docherty' et al (1988) - reinforced the viewpotnt that the

stamina asnect of fitness is the key' to - performance in rughy by stating that,

‘it is important to build both aerobic power' and aerobic capacity. Aerobic . .
power will facilitate the non-intense runnmg match play act1v1t1es and enhance

the recovery of the : phosphagen stores, and € e players W1Il beneﬂt by

’ mcreasmg their aeroble capactty ThlS view is supplemented by Wllhams

(1996), who stated that 1t is accepted that aerobxc power is necessary to"
- recover between mtense bouts of exercise’ and remforced by Deutsch et al.
(1998) who states that ‘the mterrmttent nature of rugby union suggests that the

oxidative (aerobic) and creatme phosphate (anaeroblc) pathways are the major

.contnbutors to adenosine - tnphosphate (ATP) regeneratlon dunng rugby.” It

appears from these statements that Docherty et al (1988) and Wllhams (1996)

defined ‘acrobic power’ as the speed by which the body can repay oxygen

deficit or supply ATP requirements via aerobic metabolism whereas ‘aerob'ic'

capacity’ is the equivalent of maximal oxygen uptake ability.

Certainly much of the research within invasive field sports, which_ have such

intermittent-style work patterns, has ‘pointed ‘to the need for a high maxinum

. aerobic capacity (VO, max) in order that prolonged bouts of work ‘ean-r be

~ carried out by the athlete, It has been found that, in Association Football, the -
distance covered in a game is highly correlated with the player’s VOz max

value (Reilly, 1993) and that the number of sprints that a player attempts is

also linked to their VO, max (Smaros, 1980). -




Allied Ito this fact _is that the upper limit at which continuous exercise can be
maintained ils also important to invasi\}e field sperts" athletes and this ‘is
influenced by the anaeroblc threshold’ snd a h1gh fractlonal utlhzatlon of VOz |
‘max’ (Rellly, 1990) Wllhams (1996) counters- tlns by stating that ‘as yet

_scxentlﬁc observatlon does not seem to support the idea that the lactic-acid
- system  is’ stressed significantly for most’ rugby players This is ﬁu‘therl
" reinforced by ‘Deutsch et al. (1998) who states that ‘the conmbutmn of
anaeroblc glycolys1s to rugby _umon remains unclear. However the
einlphasis ._recently, within intefnxittent—type .sports, 1s that hlgh 1ntensity work 1s |
a .beeo_ming i_ncreesingly more important and the evideﬁce' for an increased focus

on anaerobic metabolism is examined again later in this chapter.

Certainly there is evidence within Association Football that counters the view |
of Williams (1996), with Reilly (1996) stating that while ‘most activity during
a game is ‘at low or submaximal le{rel of exertion ..... players generally have

to run with effort (cruise) or sprint every 30 seconds.”

It is also likely .that the timing of these_'exer_c'ise peﬁods, | probaf:_ly anaerobic ‘in
~ the main, sre crucial to the. sﬁccess of the player aﬁd their team. An efﬁcial
W1thm the game of Rugby.. Union p:obably also has a similar .importsnce'
attached to beuts of high infensity activity, as they nitist ensure that they are
in the right position at the right time, to make'. erueial, borderline decisions

fhat‘ can be highly influential to the result of a game. Spiller (1990) reinforces




this by stating that speed is ‘a vital asset for a referee in the game of rugby

as is speed off the mark. An interception ... can totally change the direction

of play in a split second. The referee must also be able to keep up with a

fast breakéway to be 'ablé to observe any forward lﬁasses.’ Williams (1996) also

states that ‘it is accepted that the short-term energy system, mainly the

phosphocreatine system, is repeatedly stressed’ within the game of ;Rugby

Union.

2.2, 2. " Research findings' dn players’ movement patterns

The research conducted into intermittent style games has focused largely on the

- more popular code of Association Football, with a variety of studies utilizing

motibnﬂ analysis to calculate the physical workloads on -piayers. A summary of

overall work-rates in the literatufe is showﬁ in table I (Reilly, 1996). This

data indicates that outfield playefs are covering between 8-12 kilometres during

" the course of 2 match and there are on average around ‘1000 * different
~-activities in a géme or a break in the level or type of activity once every 6s’

(Reilly and Thomas, 1976)."

The overall diStance covered by outfield players in an_' average English tdp_

division match consists of 24% walking, 36% jogging, 20% cruising, 11%
's-prir'lt'ing, 7% moving backwards and 2% moving in possession of the ball.

b
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These figures have also been reported as 1nd1cat1ve of other major natlonal

leagues in Europe and at a top level in Japan (Reilly, 1996)

"I‘hé ratios of low intensity (Below cruising -pace) wdrk to high intensity “work

'have also been exammed and has been reported as bemg about 221 in tenns_

- of dlstance covered and about 7 1 in terms of nme, ‘denotmg a predommately

aerobic outlay of energy (Rellly, 1996).
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Table I . Mean distance covered per game according to various sources in

Association Football (From Reilly, 1996)

| Source. o Distan.ée. co?e_r_ed (m)._ Method :
 English | 40 — 4834 ) Hand notation
- .-Fiﬁnish_ T 7 | | 7100 . __ ‘T.V‘ cameras_(.2)v_'
E_flgl.isl-l_ 40 _ 3680' . T Tapé-recbfder
Japahese l 2 _ . 9845 - | Trigonometry
BT R , e (2 cameras) -
Swedish _10 - 9800 ' 'Hand notation
Japanesg' - 9971 o -Trigonometry'
Belgian | .7 o . 10245 . Cine-ﬁlm
Damsh | 14 | 10800 ~~Video (24 cameras)
Swedish 9 T : 10900 . Cine-film
| Czech 1 1 ' 1'15-00 _ | _Undisclosed
Awtalian | 20 | 1527 | Videotape
Japaﬁese T  50 T .- 11529 Trigonometry
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Data relatihg to cardiovascular and | bleod. lactate trariahles has also | been
collated in the code of Assocratton Football and this data is presented in
summary format in tables II and III Van Gool et a] (1983) have reported )
mean ﬁgures of 155 beats/mm for a centre-back and a full-back 170 beats/min

for a mrdﬁeld player and 168 and 171 beats/mm for two forwards throughout

a match ThlS research team- also conducted research on a Belgtan university

~team ‘durmg a _fne_ndl){ rnatc_h and’. repcrted values of 169 beats/min m the Airst
halt and 165 beats/min in the second half. Reilly (1996) states that ‘these
trertds have been. conﬁrmed inl_ matches played by English urniversity‘ teams’ -
and ‘most estimates are that the exercise intensit;/- during -soccer is about 75-

" 80% VO, max’.

" Results of lactate analysis during competitive Association Football matches
have found values of 4-6 mmol/l, on average, during play, but Ekblom (1986)
_ claimed that ‘peak values above 12 mmol/l were frequently measured at the

higher levels of soccer play.’




_ Table II Mean valties for 'heart rate (beats/min) during soccer (From

Reilly, 1996)

HR (bpm)

Series - Match-play situation
Seliger (1968) 160 Viodel 10 i gams
Seliéer (1968b) — 165 Modei 10 min match
_ Reilly (1986) _ 1.57 Training matches
Ogushi et al (1993) _161 Friendly‘match l(90 min)
Ali_l and Farrally (1991) - 169 ' Friendly match (90 fnin)
Florida-James and Reilly 161 Competitive game (0 min)
(1995)

 Table ur | Mean (+/- s.d) blood lactate concentrations (mmol/l) during -

" soccer (From Reilly, 1996) ‘.

Ist half 2nd half ‘Source
51 (7~ 1.6) 3.9 (- 1.6) Rhode ard Espersen (1988)
4.7 (+/-2.2) .' Gerisch et al (1988)

5.6 (+-2.0)

4.9 ..(no s.d. recorded)

3.7 (no s.d. recorded)

“Bangsbo et al (1991)

" 44 (H-12)

4.5 (H-2.1)

Florida-James and Reilly (1995)
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Research into the other codes of football has 'élso examined the ‘mo{remcnt
patterns of thé players inQolved.' In Australian Rules .pjlay_'ers have found | to
_‘cover, on average, ‘over 10 kilometres per game, ‘com‘pdsed of 27% IWalking,
| 53% jdgging and the remaining 20% stﬁding or sprinting.’. (Do-uge,' .1988),‘
Similar patterns to those in Association '.Footba!l, w1th fegafc_l to differentié.ﬁon
.of workload according to posit'ion.al roles, have been found. Pyke and 'Smith
.(1975) suggestet;l thét"‘the distanée cové'red‘ by a half-back ﬂankér in a game .

was about 77% of that of a rover.’

Mean heart rate | during com_peti_ti_ve matchplay in Australian Rules has been
.reported by Douge (1988) as ‘161 beats/min’, a value comparable to that
found in Association Football. Pyke and Smith (1975) reinforce this finding
w.ith'ﬂgures “fluctuating between 170 and 185 beats/min _mosi of the time’ and
an overall mean hea_rf rate of 178 beats/min for the en#ire match. The rate did‘ _

not fall below 150 beats/min at any time.

Although ‘numerou,s. studies have - been condﬁcted in the related field of
Association Football, the data available from the field of Rugby Union remains |
sparse. Docherty et al "(1988) @dﬁed that ‘playcré sﬁeﬁt 85% of ltota_l piaying
time in low-inténsity gctivity (standing, waiking or. j'ogging) and' only 15%: of

playing time in high intensity activity (running, sprinting or static exertion).’
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There appeared from this .study to‘be' a division of labour within the ‘game as’

1n51de backs spent more tlme sprlntmg than prop forwards (3% Versus . 1%) but

the ' forwards spent more tune engaged in statrc exertlons (16% versus 3%) |

Treadwe_ll (1988)_ also discovered that. players spent a large quantity of time

- (73% for backs, 64% for forwards) engaged in low-intensity activities
_ (mcking/maolmg,' scrummaging, standing, walking and jogging) although there
s an 'argument for regarding mcking,/maulihg and 'scrummaging work- as more

eiemanding ‘than ‘low-intensity’. Treadwell (1988) appears to give Tittle o

justification for the categorizaltion' of the movement types.

McLean (1992) reported that ‘63.% of high-intensity work periods (running, |

: scrummagmg, lineouts, rucking and maulmg) were shorter than the ensuing
 rest.’ Many of the work—to-rest ratios were between 1 1 and l 1.9 with the

mean duration of each work penod being 19 seconds.

Calculations of total distance covered by players in a match have ranged‘ from

3.8 to 9. 6km (Reld and Wllhams, 1974; Williams, 1976; and Morton 1978).

However there have been problems over the use of standardlsed recording and -

_ measuring techmques and the dlfferences in clasmﬁcatlons of movement

patterns; which has raised que’Stions_'over the validity of the_se measurements.

‘More recent research by Deutsch et al. (1998) has attempted to reslolve. these -

issues through' use of video playback and associated. c_ompl_iter analysis. It was

found that the-players covered between 4240 metres (backs) to 5640 ‘_metres
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(forwards), although the accui'acy of. these figures is questioneble; as the results
 were ebtai_ixed by doubling the data from 35  minutes of play, rather than from

ana]ysing the entire match.

The major problem w1th much of the. research is  that there is an B
.overwhelmmg concentratxon on the demands of the game on the players i
physmloglcal processes and very little has been specifically tied to the needs
.. of the _ofﬁcials ineeleed in the gé;me. ‘-This has-creafed pe‘oblems wheﬂ making -

~ recommendations for the structure of fitness testing and development of fitness

- programmes for the officials, as the physical demands of this- group are

" different from those of the ,players. For example, referees in Rugby U.nion'a.re
not inflolved in ehe phyeical eoﬁtact aspects Qf the geme, sucﬁ as tackling and ”
mauliqg, but this is_ _net ‘to eay that muecular strengih and musculaf eﬁduraﬁce
are nof an integrai part -of the physical” demands of the game and these

components should not necessarily be ignored when devising appropriate fitness

. progfammes.

Alongsmle thlS is that there are extreme demands placed on . the referee s ._
menta] capablhtles, | mcludmg concentratlon, perception and dec1smn-makmg'
skllls As Reilly (1996) states, “These _deels_lon-makmg stresses ‘are |
superimposed on a relatively thh ievel of physiological etress,’ and thus have

‘implications for fitness required to officiate at a high level.’ The research on
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referees in various codes of football' needs to be analysed for ‘more” specific

findings related to- officials in Rugby Union.

2. 2. 3.7 Research findings derive m_officials_withi he_various_cod

_ of football

_ Much of the research in the ﬁeld of 'PhYSIiological artalysis' has foCuaed.on the -
code of Assocxatton Football due m large part to its global populatity and .
status as the pre-emmcnt code, and it is worth h1ghhght1ng the demands on -
officials in this mtermtttent style game Catterall et al. (1993) dtscovered that - |
' referees in the Premier Dms:on of the English League cover approxtmately 9 5
km during the course of the game, Of this total dtstance, on average 47% 'is
covered at a jogging pace 23% walktng, 12% Spnntmg and . 18% reverse

runnmg Top-class referees in Japan have had greater total match distances

i reported, with Asami et al. (1988). ﬁndmg that foreign ‘referees in international :_ o

matches and referees in the Japan Nattonal Soccer League covered 10.5 km '
and 11 2 km respectlvely These - figures closely matched those reported for
. professional players and exceed those of some positions within the g_a_me, e.g

central defenders.

In comparison rescarch on, ofﬁcxals in the code of Rugby Union football is

relatively limited, thh the work by Spiller (1990) providing the major focal
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point. Spiller (1990) found that ‘the average distance covered in an eighty

minute game of first claés standard for a referee is approximately 4878 metres

- or 3‘ miles, but it could be as high as ,6(‘).74‘met_r'es or 4 miles.” The total
distances covered by the referees in the research by Spiller (1990) are .outl'ined

‘ in table IV. The table has been adapted from _the research- by Spiller (1990)

with_ the removal of the decimal 'placés, as it was felt that the methods of

determining. total distance covered by the officials would not have been

sufficiently accurate to allow calculation of centimetres. ‘This removal of

decimal places has been adopted throughout the document, when referring back

to Spiller (1990).
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Table IV-  Total distance covered by six referees dﬁring various Rugby

Union club matches (Adapted from Spiller, 1.990) 

~SUBJECT DISTANCE DETANGE ~TOTAL
© | COVERED-IST | COVERED-2ND | . DISTANCE
‘HALF (metres) | HALP“l(metres) COVERED (men-és)
_ AT 525 2849 6074
BT 81 1861 3752
ci 2516 2552 5468
DI 1991 ATT 4108
T 2674 2834 T 5509 .
T 2336 2124 4360
TEAN 2422 2485 4879
50 DEV. '4_51 427 847
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The distances covered in each movement category by every referee and the
" percentage contribution. of each movement pattern to the total distance covered

in the work by Spiller (1990) are highlighted in table V.
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Table V

Dlstance covered by the referees subject group in each movement category (metres) and the percentage of

total dnstance covered for each movement category (Adapted from Splller 1990)
SUBJECT WALK [ WALK (B) JOG SIDEWAYS:|.  RUN JOG (B) SPRINT TOTAL
- Al 1542 559 2839 310 742 66 - 16 - 6074
25.38% 9.21% 46.74% 5.10% 12.21%. 1.10% 0.26% o
B1 -858 434 1747 89 547 . 57 | 20 3752
_ 22.87% 11.56% 46.54% 2.36% 14.58% 1.51% 0.54% :
Cl - 1300 713 2309 388 632 107 . 19 - 5468
23.76% 13.04% 4222% 7.09% 11.56% 1.95% 0.35% '
D1 922 508 2195 91 323 53 16 - 4108
22.43% 12.36% 53.42% 2.21% . 71.86% 1.29% 0.75% .
El - 1546 - 620 2710 144 425 .50 .14 5509
- 28.06% | 1L.25% 49.19% 2.61% 7.71% 0.90% 0.24% |
F1 716 428 | 2480 120 466 . 86 64 - 4360
16.40% 9.82% . 56.88% - 25% 10.68% 1.97% - 1.46% -
MEAN 1147 544 2380 190 545 70 25
STD. DEV. +/-331 +/- 101 - +/-368 +/- 116 - - 137 +-20 S +H-18
MEAN [ 23.15% 11.20% - 49.16% 3.68% - 10.67% 1.45% 0.60%
STD. DEV. +/-3.54 +/-4.80 +/-1.80 - +-241- | +/-0.40 - +H-0.42

+/~1.33
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_"Spiiler. (1990) ‘states that' ‘referees walk, jog aﬁd run (fot'wafds and beckwards) |
.apprommately nmety ﬂve percent of the total game of which approximately -
fifty- percent is by jogging forwards.’ From a combmatzon of all these'
" findings Splller (1990) focuses strongly on the aerobic Ioadmg placed on the -
| .physxologlcal systems of the ofﬁcxal The f' tness programmes and testmg
.protocols are based around th15 supposmon, with a tendency to ignore makmg‘
many recommendations relating to the hxgh mten51ty zone of the referees’ |

workload

In 'conttest to this \tiewpoix_at are the ﬁndtﬁgs by -Reiily .(19‘90), where. it is
.‘stéted that ‘soccer play calls for an oxygen uptake correspoﬁding mughl.y' to
75% VO, 'lmax, .o value likelSr to .be close to the anaerot)ic threshold of top- |
© soccer playets.’ This has been allied to the- fact that 'measurements on
thirteen referees during .top-'_c'lass league matches indicated heart rates avemgﬁlg-_

165 beats/min during the whole game® (Reilly, 1996).

o 'Therefot'e there is a possibility that officials in Rugby Utﬁon- are utilizing the
anaerobic energy | systeni -and that. the aerobic/anacrobic thseshol& is - surp-essed-
‘on a regular basis dunng a game This could not be verified: through the
work of Spliler (1990), as there was no. collectlon of elther heart-rate or-
| 'blood lactate measurements and the relatmg of these to the movement patterns_

in the research. Therefore the vahdsty of the prog11051s by Spﬂler (1990) that
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the vast percentage of the work carried out by a referee is due to aerobic

metabolism is open to conjecture at this time,

Associated with this. poirit, it was aiso very imboftant to relate the _individual'
o physical fitness status of ‘the__ subjects to the, résults ‘of the baseline - laboratory
ltests;"' Thmwas dﬁe to thé-faét that 2 refefeé _Wﬁo is hiﬂ'ghly' trained‘ and/or has :
correspondingly high maximum oxygen uptake and ‘OBLA valués could find
- that the ‘running’ demands of the game are coped .;vith adequately by the
aerobic’ energy system. Hov'vever. on the other hand a reféree th ha_s a low
level of fitness :and/or low oxsrgex; ﬁptake and OBLA vaiues could be inllacéd
under a certain degree of demand from the anaerobic pathways &uring the
periods 'of ‘running’ acti\{ity.' Therefore th_e Iaﬁoratory results were cotrelated
with the subject’s field measures of heart fﬁte_ and associated OBLA. ruﬁ;ﬂng
speeds to the individual referce’s fitmess levels. Although Spiller- (1990) did
not analyse the effects of officiating on heart rate, there is a degree. of work

in other codes of footbéll that utilize this approach.

Earlier _- research 'by lMurray : (1987) into the--'mo-v;cmcnt patterns _of a group of
RugBy League officials in ﬁfst grade matches utilized the méasuremenf of
heért rates to .examin.e the cardiovéscﬁlar loadings placed on officials during
the . games ‘_as well. 'as recor&ing the -distahégs that the | ref‘e.re_es‘ and touch-
- judges covéred in the mﬁtches. The distances _dovered by the referees in th_é

research by Murray (1987) are highlighted in table VI,
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Table VI~ Distances covered by New Zealand Rugby League referees

(From Murray, 1987)

—~SUBECT | DETANGE BISTANCE oA
| | COVERED - 1ST COVERED - 2ND DISTANCE
HALF (metres) | HALF (metres) COVERED (metres)
S A T 8080,
B 7 N %476
c | s\ | g5 9618
D | ey T I BT
T 4366 443 5011
Fo | o1 | o 8155
MEAN 4417 552 E—TT
N T - VYT - 546
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It is mterestmg to observe that the research of Murray (1987) calculates that B
for a Rugby League ofﬁctal ‘the average dtstanee covered by a referee

is 8768 metres ‘w1th a range_of 8080 to 9618 metres’ and that referees un

approximately 90% ef the total game compared to 66% for touch judges.’

These results show a 79 7% increase on the dlstance covered by rugby union

'referees (Spiller, 1990) lllustratmg the more contmuous nature of the code of o

B rugby Ie_ague.

 This is also the only research that ‘has highlighted the demsnds of the game

on ' the tduch—judges and Murray (1987) found 'tlt_at the average distance

‘cotrered by a touch judge ‘is 5684 metres with a range of 15503 metres to
5864 metres’. However the velidity . of' ‘the study was undermined by the fact
that only two sub_]ects were analysed. The distances covered by the touch-

' judges are illustrated in table VII
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Table VI - Distances covered by' New Zealand Rugby League touch-judges

(From Murray, 1987)

SUBIECT | DBSTANCE | DISTANCE | TOTAL
| COVERED - 1ST | COVERED - 2ND | DISTANCE - |
HALF (metres) | HALF (metres) - | COVERED (metres) |
A | 2 | 318 - | S84
B 2728 s 5503
MEAN 2787 2897 5634
SD. | +5% 122 - 181
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~ Following the initial ﬁxidings of Murray (1987), one of the aims of the study

is to analyse the work rates of a top ﬂlght touch judge in the Rugby Umon"""-‘

code so that recommendatxons for the physmal trammg and testing of the
_ touch judges can be made based on empmcal evidence: As the duties of the

touch judges are eonsxstently bemg expanded under the gmdance of the RFU

| and the game of Rugby Union contmues to 1ncrease in pace and contmmty, it -

N is to be expected that the physical demands on touch Judges will grow.

| Finall& the reéearch by Murray (1987) is useful in ideﬁtifying whether a
~ similar type of game elicits heart rate leveIs that would indicate Ingh work' X
' demtands throughout the match. The results show that the heart fate of
officials during the entire game ‘varies bétween 83-96% of maximum, with an
. average of 91%, for refgrees and 69-87% of maximum, Vwith an average of
78%, for touch judgeé. These. fmdings deménstrate that ‘the card-iovascular
. demands én- referces are undoubtedly considerable’ and those on the tou_cﬁ |

_judges ‘are significant’, (Murray, 1987}.

‘When looking to apalysé fnbre closely the relative qontributions of the aerobic

and anaerobic energy systems it.is necessary to calculate the rate of oxygen

consumption- during the exercise for an estimate of the aerobic ‘demand and -

the two most common methods for estimating anaerobic effort involve either

the examination of po*st-exerci'se oxygen consumption or the analysis of the

[actate threshold.




However the;. use of Vth‘és'el 'fﬁethods for the purposes of field research have
their problems, which will Be' discﬁsseci \hérein‘ Firstly ﬁm assessmenf of the
‘oxygen consumptlon of an official dunng a game cannot be ‘obtained dzrectly,
.due to the unw1eldy nature of the equipment necessary for this style of a
'_measurement However it 1s possxble to use the telemetermg of heart rate, for .

under submaxunal “work loads - thxs vanable is hnearly related to the work

performed and to- the amount of oxygen consumed per mlnute (V02) This

".relatlonshlp is illustrated in ﬁgure 2 and table VIIL
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Figure 2 _Re]ationship§ that exist between work load, \-702 and heart rate,
indicating variability that exists between individuals, (From Fox

et al, 1993)




Table VIII  The relationship between the variables of VO, max, maximum

heart rate' and heart rate reserve. (Erom Powers and Howley,

'1997)
_%L@va: TWERR |  9{M#}m '

— o | s | %
55 5 | | _‘ 70
I | 60 R
& G 77

70 | 10 | —

E T 5 T %
I i % | B
5 | 85 | — %
90, _ 90 | 96
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ThlS reIatronslnp allows for an esttmate of VO, cost of the activities that an
.ofﬁc1al undertakes when lmked to the laboratory measurements .of oxygen
‘uptake "and the heart rates ehcrted by carefully monrtored workloads It is
“therefore possible to have each official monitored on a treadnnll at gradually |
) mcreasmg workloads with - measurements of heart rate and oxygen
“ consumptron taken at each work load and using a statrstlcal regressmn plot
.the relatlonshrp that exrsts between VO; and heart rate, as in ﬁgure 2. Each

ofﬁcral can then be fitted w1th a heart rate transmitter and receiver, whxch
will record and store data throughout the duration of a match. In this rrtanner

it is possrble to estlmate VOz for any ttme penod durmg the match.

This strategy' has been’ usecl' in a variety of 'conteth; oarticularly recently t‘or
assessing the physiological workload in. Association Football, Reilly - (1996)
states that ‘whilst the .limitations of | extrapolating from laboratory to field data,
usmg HR-VOZ regression lmes, suggest that th1s ﬁgure may represent an
overestrmate, comprehenswe calculatrons mdrcate that this error is not very )
large.’ In addrtlon to thlS hehef, Lothlan and Farrally (1995) drscovered that
‘heart’ rate analysis overestimated the true cost by a mean of 4 3%’ in the
game of Field Hockey, and that ‘heart rate cannot be used to predtct oxygen
uptake at a spectﬂc pomt in ttme, as the heart. rate response is slower and _

less extreme than the changes in actwrty.
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 Christmass et al. (1998) also state that “Factors co_;;foqnding' the relationship
betvreen heart rate and \762 during intermittent exercise should be considered.’
 One of theée factors .is thert heart rate is not immediately ﬁpresentative of the
work eerlriucfed ! ar_l_d‘ that__ there -.‘can be large clra_ngesl in - thel rntensity _ef the
exercise rand' hear_t rate can remain relatively stable 'wl.ren these heriods are of
Ca brief duration. Christmass et al (1998)- also repo'rt.thar the overeéﬁrhation of
VOz from heart rates during mtemuttent exercise could be as hlgh as 17%

"contrast to the- 5% error reported by Bangsbo (1994) dunng contintious

treadmill runmng.

: However in supportlng the use of this protocol Lothlan and Farrally (1995)

| state ‘heart rate analysrs is a good method of estnmatmg oxygen uptake durmg

intermittent exercise typical of team games’ and is a ‘much- better -indication
of oxygen ﬁptake during intermittent activity than time-fmption analysis.”-
Christmass et al. (1998) also supp'o'rt the use of heart rate to VO, prediction

as ‘an index of average exercise intensity.’
In conclusion, . Rellly (1996) states that ‘allowmg for any nnperfecnons in such

‘extrapolations from laboratory to field conditions, the heart rate is a useful

indicator of th_e overall physwloglcal strain durmg_play.
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The anaerobic comribﬁtien, as mentioned previously, carx be 'celculated by the
post-exercise oxygen cons'ummion or the lactate _thresheldt When examinixig
the concept of the post-exErcise oxygen | .consumption’:'er,‘“ alternatively, the
oxygen debt’ - (Lamb, 1984), it has to ‘be bome in mmd that there are
~d1ﬁicult1es when using this method to  assess the anaerobic system s

contribution to the_ energy yield required fpl_'.mtermlttent, fong-term ex_e__re;_se.

Firstly the cIas_eieal eiplan-afion of EPOC 1s .toe'sixﬁpll.istie. F_'orl instance, part
of the oxygeri that is cotisumed duritig *r'e'coverj} is utilized to replemish the-
. ox}*gen taken ﬁ'om the stores located in haemoglobin and mjroglobih at the
start of éxercise. Also res'piratior_i‘ rermains elevafed duritig recoveéry té erdbleé
the removal of carbon dioxide that 'h.as accumulated in the tissues as a w.as-ter
'product of aerobic metabolism. Body temperature hals also been elevated
dui‘ing prolonged exercise and this has a tendency to maintain the metabo-lie
and resplratory rates at an artlﬁc1a11y hlgh level. - Alongside tlns is the. fact
that elevated levels of epmephnne and norepmephrme in the body also have
81m11ar effects on post-exermse oxygen consumptlon Thus more is mvolved in
ereatton .of the EPOC than just the processes resulting from anaeroblc‘
metabolism and ‘th.js ' -oxygenﬁ debt can  sometimes be ‘fwice- as great as the -

oxygen deficit.

The other hroblem with irtiﬁzing the post-exercise oxygen consumption method

is that the procedure relies on the exercise being continuous, with no periods
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of rest breaking up the subject’s exercise. However as has been discussed
. previously it can be seen that the exercise pattern of an official within the |
game of rugby is intermittent, with periods of high-intensify exercise - being

interspersed with periods of low-intensity exercise and rest.

‘Durmg the first few mmutee of exercise the body 8 oxygen consumptlon' |
- would be very similar to' that e11c1ted by continuous exerc1se, as  the cardlo-
“vascular and respiratory organs take tnne to adapt to the demands of ex_ercxse. i
B However after th]S period there will be bouts. of high-intensity | exereise,. sech '
as the referee cruising between phases of pley, which .'will take the energy

requirements above the steady state seen in continuous, sub-maximal exercise.

These eporadi_c peri.od‘s ef pda& will be interspe.rsed by phases ef Iow—intensity
exercise, such‘es jogging and walking, and periods .of rest, where the referee.
undertakes no locomotive activity Here there will be recovery from the high-
mten31ty bouts of exercise and the oxygen consumptlon w1ll drop, mirrormg _
the effects seen in the EPOC at the end of contmuous exercise, where lactlc

acid w111 be removed and phosphogen stores replenlshed These periods of

- low-intensity exercise and rest will _a_llow the official to recover and prepare

physically for the next period of intensive exercise.

Therefore the method of using post-exercise oxygen consumption as an .

accurate and reliable method of analysing anaerobic metabolism is to be

4




| disregarded on both | prectical and‘ theoretical grounds Following this the
~method of usmg the lactate threshold for the purposes of this research should

now be exammed as an altematwe and wable means of assessment

There have been 2 multitude of terms and associated definitions for the lactate

' threshold. _Wilmore. and Costill (1994) define lactate tllreshold as ‘the point at

which blood lactate begins to accumulate above resting levels during. exercise

~of increased ac'tivity;’_ The concept is described as ‘the anaerobic threshold’ by |
* Fox et al (1993) and is defined as ‘that intensity of work load-or' oxygen

consumption in which anaerobic metabolism is accelerated’. Astrand and

Rodah{ (l986) stated that ‘the concept’ of ‘anaerobic threshold or onset of
blood lactate accumulation is based on an exponential increase in blood lactate

concentration when exceeding a certain rate of exercise/oxygen. uptake.’

As exercise comrrlences at a light to moderate level, l)lopd lactare remains
~only slightly above resting levells (0.9 - 1.5 mmol/i). H_()Wever as the intensl,ty
| of the exercise is increased there is a | rwoint at ‘wllich 'bloo'clh lactate
_'accumulatmn begms to increase dramatlcally above restmg levels At this time

- pulmonary ventllatlon, which up until then has mcreased regularly in a linear

manner, increases more sharply’ than oxygen uptake. ThlS is the lactate or _' '

anaerobic threshold and is also known as the vent:latxon breaking point.”

(Lamb, 1984). This is usually ob_s'erved. as an ﬁpward break in blood lactic

acid accumulation to a concentration of around 2 _mmol/l and has been
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-determined to oceur aronnd 75% of VOz max in well-tralned athletes and
" around 40-60% in untramed sedentary mdwxduals Powers and Howley (1997)
.state that ‘thxs appears in untramed subjects around 50-60% of V_Oz max,'
~ while ie occure at higher wofk .ra.tes. in trained subjects (i.e. 65-80% Vo,

max)’.

..A second breakmg pomt in both ventllatlon and lactic ac1d can often be' |
: observed at a hlgher level of exerclse and is usually assocnated with a lactlc
~acid concentration of around 4 nnnol/l of blood. ‘This Ievel is often referred .-
to -aé the onset of 'bl_ood lactate accumnl_ation (OB'LA).. and  has been
'demonstrated‘ to exi_st. at .appr_oximately 81-94% of. VO, max in well;n'ai_neo _. ‘

distance runners.

" The physiological cause for this responee was initi.ally believed to be due to
the interaction of the ne_robic and anaerobic energy .systems and the switch
over towafds .anaerobi.c glycolysis as the lmejor energy . s&stem..- This results in-
a lactic "acid accumulation in :t.he. “blood and the ,ex_cees hjfdro.gen. ions

_aesociated with the build up of acid need to be neutralized.

:The_re is presently a great deal of discussion about the validity of the
anaerobic threshold measui-ement, as ‘at least a portion of the increased lactic
acid may be related to factors other than increased production of lactic acid.’

(Lamb, 1984). These other factors may include a diminished removal of lactic
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g
~ acid ﬁ'om the‘ blood or a reductlon in the utthzatxon of lactlc ac1d p0331b1y
by the reduced blood flow to the kidneys as exercise progresses Lamb (1984)
also states that ‘the accmulat1on of lactic - acid could sxmply reflect  the
-'inc;"eas-ed ;ecfuitrhent of fést'twitéh mo‘tor" units ﬂ_ﬁt ha__ve poor capacities for

~ aerobic energy production.’”

: Thxs vieWpoin_t is supported by Powers and Howley (1997) who states that

'NADH pfoduction “caused by rapid glycolysis ‘may exceed the transport .:‘ '

capaéity of the shuttle inechanisms that ) move hydi'ogcn iohs- r.f'rom .the'
_sarc_oplasm infd the mitochondria.” This would mean th_at pyruvic acid acc'epts
‘unshuttled” hydrogen ions and thué lactic acid _productidn woul.d‘ occur
.rega‘rdless_ of ﬁhether the muscle cell has sufﬁcient oxygen for aerobic

production.,

Therefore much of the current research has avoided use of the term ‘anaerobic
threshold’ and looks instead to use either the ‘ventilation breaking point’ or

‘onset of blood lactate accumulation’ in an attempt to clarify thlS issue,

Aithough the concept of OBLA has its theoretical proBlems, with Astrand and
' Roda.hI (1986) in particular stating that ‘the threshold 'concept rests on ‘an
unstable foundation’ and ‘the 1mportance of the threshold concept as a

coachmg guide awaits smentlﬁc evaluatlon s 1t is still cons:dered the best -
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method for assessing the quantity of anaerobic work that an athlete undertakes

du;‘ing exercise and was therefore adopted for the purposes of this reseal_rch..

- The arbitraryl_level. of '4 mmol/l of blood is_ .cu'rrently »acéep'ted as the 6BLA -
by most research and is &e level lsel'éct'ed 'for. the .basils of this work.l' Astrand
-and Rbdahl (.1986) support this by stating . that ‘m iﬁany labo:aforieé' the
 testing has been. standardi_sed. with' théf goal of finding the rate of exercise or
‘oxyge'n' uptake at which ‘the bloqd lactate cdnééntrétioﬁ rg_acheS- a value

o somewhgre be_tween 2.5 and 4mm01[l.’

When considéring the re[atioxiship betWéen éxygen conéumﬁtion and .‘heart rate, '
| 'expréssed as a percéntage- of the maximum ‘valﬁe for each comiaonenf, it
Becomeé clear that Murray’s: (1987) statement is correct, as 83-96% of
maxxmum ‘heart rafe is predicted as the equivalent of 78-90% of VOz max, a

value that would blace a :m.ajor stress upon the aerobic systei_n, as wgll as

~ calling upon the anaerobic sYstem;-

Unfortunately this research ;_ only relates lthe | heart rates m.easﬁred dﬁriﬁg the
game to those achieved at the maximum level .du.:ring the okygen ui:take Itest
| a.nd not to the heart i'atel above wh.ich an c;nsgt of blood lactate (_OBLA)_ is
“seen, so it is difficult to egﬁmate' the actﬁal time spent by each reféréx;: at or

- above their OBLA level during a match,
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However Lamb (1984), states that the f_irsf onset of blood lactate accumulation
occhrs at around ‘150 beats per minute” with an 'inor.ease of blood Ilactate
) accumulatxon above 4 Imlhmoles per litre of blood (mmoI/I) bemg ‘detected at

a feart rate of 170-190 beats/ min.”

As thé officials in the study by .Mu-rray (1987} are working for. the‘l-najorify
of :the__matéh_e‘s at an average of app‘rb;‘;imatély 150-173 beats/min it would be
'reaSOﬁabIe to hypothesize that there ‘is-.a 'qoﬁsidereltble portion ‘of work that 'fsj . :
beiﬁg perforriied abiove the  OBLA level, buf the exict 'pérc'eﬁfﬁg“e's cannioe. be

' calculated from this work,

It is therefore the purpose of this research to bring in heart rate measurements
recorded during ‘the games and link them to the movement patterns of the
officials and their' heart rate and "OBLA responses dunng the maxmmm

oxygen uptake and speed lactate tests, so that the ratios of aeroblc and

anaeroblc metabolism - durmg a match can be exa:mmed. This method has been -

- used as a reliable. index of average exercise intensity during " intermi-tteﬁ.t
exercise (Smith et al, 1993; Bangsbo, 1994). However Christmass ¢t al
(199_8)-'. haS' observed thét- ‘during intermittent exercise ... heart rate n_iajr be
elevated beyond thé':. HRVO;! relation seen in coﬁtim::oﬂs exercise qwih'g to
higher cireuléting 'éateChélamine Ievels and accumulatidﬁ of méfabolie.

byproducts such as carbon dioxide.” Care must fherefqre be taken when
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calculating the physiological demands - placed on officials, based upoﬁ heart

rate measurements, in an intermittent-style game,

When. ﬁfilizing the work undertaken in fhe__code of Rugby League it rmist_ be

' 'bor.ne m mind that this game-_ has ﬁn&érgone a "similat.'.revo_lution to that of
' Rugby Unioﬁ. Siqce 'the work of Murréy (1987), | therg havg -beleﬁ rac.iic.al

 alterations to its ‘overall stru'cture‘ WHich will have, ‘. in alltprobability, affectgd'
' the current validity of the data from. this research, Satellite television has
brou_ghf abéut the 'advént' of “Super ngague’ and-fthis- maséive illﬂ'estlmeﬁt in.
the sport has dealt changes to | the a.lttitudes. ‘;.af i)layers, -coaches and officials
in_volvéd in the sport. - Realizing the need_. for incx_'eased entértainmen_t value
fréni thjs sport, the laws qu | ﬁle game aﬁd- the - overali 4. playing policieé
affecting- the sport have meant an increased in;ensilty- and physical workload

- for the j)lajfers and officials.

1t is therefore interesting to analyse, using recent tesearch within the code of -
Rugby League, whether there . have been ,signiﬁcanf improvéments in the o

" quality of the work done by officials.

Such'a study into referees movement péttems_ in the code of Rugby League,
by HealthPac (1995) showed that ‘the average total distance covered during an
80 minute game was 10,293 metres. with a range of 7,876 metres to 11,970

metres.” This research shows that there has indeed been an increase in the
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average total workload of the referee of 17.4% from .the. previous research
some seven seasons- earlier. The total distances covered by the referees in the

HealthPac (1995) research is shown in table IX. . o
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Table IX  Distances covered by Rugby League referees in a match (From =

HealthPac, 1995).

SUBJECT .DISTAN(.JE' SRTANGE | TOTAL
| | COVERED-IST | COVERED -2ND |  DISTANCE.
| HALF (metres) | ~HALF (metres) | = COVERED

A | ssis 3433 | T4,
5T 5976 — e I
c e | i TR

D R 50_80'_ — 11030

E 7 5023 10350
F e : CZ 786

G | serr | T 5803 11420

H T 4837 | | ._5431 T 10268

MEAN | 5160 5T
S.D. - 818 o ~+. 1406
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The research findmgs of HealthPac (1995) also mcluded the measurement of '

heart rates elicited during the game. It was discovered that the mean heart
- rate durmg the entire game for a referee was 157 beats/mm, w1th an mean
range of between 119 to 175 beats/min. -This is calculated to be, as a mean,

- 86% of the selected referees’ predioted méximum ‘heart rate, with a.n" mean

- range of between 65 to 96% of the predtcted maximum, Thts is lower than
the results from Murray (1987), which showed a mean of 91% of maxmmm_

' heart rate throughout the . match, W1th an mean range of 83 to 96% of -

. maximum heart rate,

This apparent reduction in mean heart rate from the earlier research appears to
 be c.ontradiotory to the fact that the workload; in t_eime of distance covered,
ho.s increased. However one tactor in this dis_orepaocy coultir be an 'toorease in
r_efere'es’- fitness over the intervening years, as the geme has changed in its
professional outlook, resulting m a greater ability .to cope with the physical

stress imposed upon the subjects durihgthe matches.

Also the studies differed in the methods. of determining the maximum heart
rates of the subjects. Mtn‘rajf (1987) calculated the subjects’ peak heart rate by
. obtaining 'recordtngs from a heart ra'te monitor .w'hilst the subject pe_tformed‘ a

maximal oxygen uptake test, whereas the HealthPac (1995) study estimated the

maximum heart rate using the formula: 220 - age.




The HealthPac (1.995) rnethod of estimation has,. when referring to the- earlier
work by Astrand and Rodahl (1986), been cited as having a large degree of
erTor, W1th the chances being that the estimate is 5 to 10 beats/mm outside of :
., the absolute ‘maximum, _Powers and Howley (1997) support this when stating
that ‘the age-ad_;usted I-IR maximum estnnate has a potentiai error equal to -
11 beats/mmute This therefore throws the heart rate findings of HealthPac

'(1995), in terms of the. pubhshed average percentages of the sub_]ects

maxunal mto some doubt

However urhat is certain is ltha‘t lrhe .sport ‘of Rugby i.eague has increased .its
- workload demands, in terms of distance covered, in the last few years. With -
the sp.ort‘ of Rugby Union aIso haVing ‘undergone similar structural changes
.within the past five 'seasons,..the evidence from Murray (1987) and iHealthPac
(1995) supports the hypothesis that -there will have been a related increase in

- the physical demands on the Rugby Union officials.

However whenever the two rugby codes are compared and research from one
l:is used to support h)rpotlreses, in the other it is important to realise r.irat there
are a number of cruc1al movement pattern dlscrepancles to be borne in mind.
For mstance Murray (1987) recorded an average - 10 77% (934 metres)
| contnbutlon by the movement pattem of jogging backwards, whlch has
increas'ed" to 204% (2097 rnetres) in the research by Heaithi’ac. This s

significantly different to the findings of Spiller (1990), where only 1.5% (70
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metres)- of the- physical work in Rugby Union-'refereeing- was- performed by

joggirlg backwards..

. In further dlSCllSSlDﬂ. of the. hlgh mtcn51ty wonkload of an. ofﬁcml when.

conmdermg the- nece331ty and relevance- of measunng blood lactate values

educeti by the ‘demands. of the. game,. it is nnportant to. draw upon the :

'ﬁndmgs of McLean (1992) and Deutsch at al (1998): McLean (1992) found- )

‘that_ when. the blood lactate. concent:ratlons. of ﬁr.st‘ diwsmn. players. were

analys'ed‘-.at ﬁfteen- minute- intervals throughout- a game-- that- ‘the- BLa- (blood-‘ '

lactate) analyms carried out in tlns study confirms. that anaerobic. metaboﬁsm. '

is requlred for- playmg Rugby Union® (McLean, 1992). When monitoring- three

posmons in the game, McLean discovered that measurements of between 5 8.-

9 8 mmol/l of blood- lactate- were recorded, whxch _exceeds- the- proposed OBLA

level of 4. mmol/l (Jacobs, 198-1). _From- these results- McLean (1992)- concluded
that ‘the game places greater- demands on anaerobic glycolysis then previously

reported.”

- Deutsch: et eI-'_(1-998-)-, in- a study which focused on. the blood .laetat'e data.

collécted from 24 colts (under 19) players during six competitive Premiership.

ﬁxtures; d-isoo\tered- that there was a. mean blood-‘ lactate concentration. of 4.8

7.2 mmol/l in blood. sampled. once or. twice. during_ each_, half_; and. at_ half- and

full-time- whick ‘indicated. a considerable- contribution- from anaerobic glycolysis

_to;tnatoh. performance. for all players.” Alongside. of theselresults_ heatt.-tate.
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-data in '__these matches suggested that ‘props, locks and back-row forwards

'may spend up to 20% of match time above 95% of maxxmum cempetitive :

heart rate.” (Deutsch et al, 1998).

Although tlﬁs'contradlicts the research by Docherty et al. (1988), who repdrted '
. levels of only 2.8 mmol/l (s.d. +/- 1.62 mmol/) in players, the meaaﬁrements in
_Docherty et al’s (1988) work were only smgle samples taken 5 mmutes after

the compleuon of the game. and it is hkely that this time delay would have -

| allowed time for any blood lactate pr_oduced in the match to be ‘metabohzed.

'Aisd the level at which the players were faking part wa§ lower than that of '

“"t‘he McLean (1992) and Deutsch et al (1998) studies, tending to imply that

'the relatlve work mtensny and thus the demands placed upon the a.naeroblc

energy pathways of the Docherty et al (1988) study would have been teduced |

- accordingly.

: It would appear that there is some conttoversy still existing over the values

of blood Iactate and the assoc1ated contnbutlon of the anaeroblc pathways in

the code of Rugby Union and this issue, as it ‘pertains to officials, will be

addressed later in the 'study..
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CHAPTER 3

" PILOT STUDY

3. 1. - Inﬁ'oductfoh to_the methodeology of the smdv .

To test the proposed hypotheses this investigation took a i‘epresentative saniple

~ of top RFU _ofﬁc_:ials, both referees and touch-judges, and evaluated a number
of base-line physiological vatiables using laboratory testing procedures,
ihcluding ‘the r'_neasm'emént of maxmum _ojcygen uptake, OBLA levels and .

associated heart rates.

These results were used in conjtinétidn with physiological variables - attained

'during_ a nu;hbér of level 1and 2 matches to assess the individual -work - rates

and physiological demands placed on the officials, Level 1 matches were

defined as those equating to games involving ‘Premier Division teams and -

Level 2 matches were defined as those equating to games iﬁvolizing Division

One teams.

A combination of video camera coverage of the matches and heart rate. data

was collected concurrently in those games. The videotape recordings were then

‘used to -_analysé their _ moVeine_nt patterns and detailed, reliable ‘post-match

analysis of the '_ tapes carried out and related to the relevant officials’




physiologiciél- \}ariables. to: calculat'e-- the deman\ds'placed-.sn them during thesez--.
‘matches Tt was intended that the heart rate would be monitored . pI'lOI‘ to,
.dunng and after the match ’Ihese results ‘were then assessed agamst the
physnologlcal measurements taken in the laboratory and compansons drawn

from thlS data against the proposed hypotheses.

It was aﬁﬁcipatsci that ftom these results & number of resox‘nmend.atic.ms‘fcould
": be made forﬁ future - .use in ‘de‘visiﬁg apprbpriate and . relevant fitness
pt-ogrammes. Finslly these fitness progratmtnes would be assessed for their
' 'effectivs'ness " using a saii:ple of | subjects and their teievance .applied to a
ngig,ned fitness test specific to the mstc_h fitness required for Rugby Union -

 officials.

3_. 1. 1. The aims of the pilot study

A pilot study into the physiological demands of officiating at a lower level
was performed in order to. assess the viability of the proposed study. In the
'pilot study a sb.mple of two local matches were video recorded -for the |

following objectives: |

i) To practise collecting and analysing video footage obtained from the

‘games to calculate the different work loads imposed upon an official.
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i) To examine the viabilityl of taking heart rate and Blood lactate
ﬁeasurements from officials before, dufing and after the se_lected
matches,

i) ' To examine the reliability and validity of this .methodology of data -

| , éolle.ction.and the comparison of results obtainéd in relation to other

literature in this field of reseafch.
B liv) To allbw assessment of the practicalities associated with this research
- and to ensure that problems with data collection are avoided as. muéh

as is possible when the main body of research was. being carried out,

‘V_a‘l"ic.}us methods for _the collation of releirant pﬁysiological data were
cbnsidered. As stated earlier‘ in - chapter one, the mecha_nics of the énérgy
conﬁnuum and the inte;éction 6f the three energy syStems (ATP-PC, | lécticr
.acid/anaefobic ‘and aerobic) in the provision of ATP for bhysical work,
i)rbvided # é,fartiﬁg_ point_for the_. understanding of the phyéiologicél_ process‘e.s |

5 im'r_ohfed in performing various activities in a Rugby Union match.

- The problems sﬁrromiding movement anﬁlysis of an individual during an
.'invasive gme are well doéurﬁeqted. The major diffiéulty arose from thé- lneed‘_ B
to assess the distances covered in a sport where absolute measures of
accuracy are highly problematic. The use of video recorders and plabeack-
fécilities allowed the_ processing of movement analysis without directly

interfering with the referees/touch-judges performance of their in-match duties
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and it enabled repeated viewing of the same match to ensure reliability '. of

measurement,

~ Much of the research has stemmed from the 1n1t1a1 work by Rellly and
5_ Thomas (1976) in Assoclanon Football and recently thlS work was developed}
l'further by Murray (1987) in the code of Rugby League. The methods used by-
‘the fesearchers involved iddeo ‘recording the sul_:ject ﬁond an elevated positioh
in -the_ speclators’ standing | area .for tlle whole ._of the "game a.nd tllen
recodn_ting the namber of strides‘ taken,’ at different‘ speeds, at a later date.

This method was seen as the most viable and accurate currently available. -

Durmg the pilot study two ofﬁclals, both referees,‘ were assessed usmg a |
video camera mounted on a tnpod at two differing vantage pomts to ﬁrstly
~ establish which position would prov1de the most_effectlve method of recording
.the various movement patterns during the matches to follow and secondly to
enable the accurate quantiﬁcation of distance covered to be calculated The
dlstance covered via the different types of travel the frequency of travel types
and the tlme spent in each of the travel types were calculated using the ‘basis ‘-
of the deﬁmtlons developed by Docherty et al (1988), Mayhew and Wengerl
(1985) and adapted for use with ofﬁclals Wlthlrl the code of Rugby Union by

, Murray (1987) and Splller (1990)
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Locomotion activities were coded into the 'following categories : -

- 1) Standing: ' No locomotor activi"ty”
' 2) Walking : 2 Forward strolling locomotor 'activity :
L .3) Jogging: : o Nonapo'i'posefui, slow'romﬁhg in which no effort

was made to stride of accelerate'
| 4) Runnmg o L Locomotor acuvxty with an elongated purposeful _
| stnde but w:thout ﬁlll effort |
5). Spri_ntiog': o ‘Locomotor activity at or. close fo_ meximﬁm speed,
- with full effort | |
6) Backwards v}}al];in'g': N :As for walkmg but with backward locomotor
| “ N actmty .' |
| | 7j Backwards running : As for mnmng but w1th backward locomotor
| actmty |
8) Sideways  movement : As for walkmg but with suleways locomotor -

act1v1ty

Bengsbo (1994) has .also undel_ftakeo-'worle in the area of a__nalyéing Association .
| Football. and the physiologioal processes inVolved: in - this .code. ~ When
' performmg match ana1y51s utlhzmg the methods of Reilly and Thomas (1976),‘
Bangsbo (1994) devised a quantltatwe method of deﬁmng movement
categones The veloctttes of the various movement patterns estabhshed by

Bangsbo (1994) are 111u_strated. below:
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1. Standing: : 0 kmh - ¢ m/s
2. Walking; R Ak - Ll mis
3. iogging: o 8 km/h - 2-2‘m./s '
4. Lov-speed rumning: 12 knvh - 33 mis
a _ 5 Moderéte-speéd running: 16 kv - 44 m/s
_'6. High-speéd Mng: 2 km/h - 5.83 m's -
T Spﬁnting: | 30 km/h - 83 mfs

8. Backwards running: 12 km/h - 33 m/s

The pilot study was used to assess the Bangsbo (1994) def' nitions of the
various velocmes and the apphcabllxty of the values as a tool for assxstmg a

more objectlve definition of the movement categones in the major. study.

3.2, Methodology

3.2.1 P_art 1 - Methodologv for_evaluation of stride lengtLl
" -The stride lengths for the various activities were estimated using ‘a
methodology based upon the wark by Réilly and Thomas (1976) who stated

that ‘mean ‘st‘ridé' lengths were determjned ..... . by instfucting the subjects to

level correspondmg to the expenmental clasmﬁcatlon

cover a dlstance between two marked pomts at each type of act1v1ty and at a



For the purposes of thlS research this methodology was rnodlf“ ed in that the

. two referees were ordered to proceed a total of ten stndes at the various

paces and the average. length for one stride was then calculated by dividing

the total distance covered by ten. ThlS was then repeated a further two tlmes '

to allow a mean stnde length to be obtamed over three attempts, in order to

) .enhance rehabrhty This ratronale for obtammg average stnde lengths was

thought to be more representatlve of a natural action, as the subject dzd not -

artificially alter stride length in order to reach the sccond of- the two marked'

points. . _ -

This method of coxrelattng the distances obtained through a mean stride length

assessment to the match video ‘is still considered to be the most appropriate

way of monitoring one player per game.’ (Reilly, 1996).

3.2, 2. Part 2 - Methodology of the notational analysis

The 'ﬁrst match used in the pi[ot study was not analysed, as this garne was

used solely for the purpose of famrlranzatron with the video recording

'_equlpment and to establish the optlmum vantage pomt for future recordmgs
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" The second match was used to obtain suitable footage for anélysis of the
distance covered by the referee in the different movement categories. A period -

of 18.15 minutes, a total 'of 1095 seconds, was selgcted for match analysis.
A sheet for the notation. of the différent movement categories was devised,
~which allowed a record of stride frequency and number of strides to be. |

tabulated. |

-Analysis of the- referee - involved tracking the movements, using a 20 inch

~ Sharp monitor and a Bush Video Cassette Player and recordmg, on prepared'

- - notation sheets, the frequency of each discrete movement type and the - number

- of strides in every single movement phase.‘

'Inspection of the recorded film was conducted aver two repeat sessions of
approximately three hours in total length, which allowed measurements to be
checked for reliability.

3.2.3.  Statistics

Both the total distance covered and the total time spent in each movement

category were _teste_d for reliability using a Pearson’s product moment

cortelation test,
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Tlus test was selected on the oases ‘that the. data was of o peramemc (rano).
nature and the relatlonshlp between two vanables was being assessed i.e. the
extent to.‘wh1ch the’ size and ‘direction of the deviations from the mean in ooe
' variebie- (the first measurement) are related to the .‘size and direction ﬁ‘omr the
mean )m the second vanable (the second measurement) Te ensure statlstlcal

- r:goura 99% level of conﬁdence was apphed to the test (p<0 01)

~ The definition formula for Pearson’s product_moolent correlation coefficient ()
is:

=X (Zx
N

where: © Zx and Zy are the Z scores for each subject on the X and Y
variables |

‘N is the number of pairs of scores

3.2, 4. Part.3 - Methodologx of the movement ana]y_sis |

- To calculete the total distance covered by each.movement oattem the - average
str.ide- iength was _moltiplied b'y" the totol number of strides -recorded for that _
actxv1ty Alongside thls the total duration of -each movement pattem was
deter-mix.led‘ usingr- a hand held stopwatch and - finally the .a;"\‘rerage time ,end

distance per movement period was calculated.
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3.2 5 - Part 4 - Methodology of the heart rate analysis

| Followmg this prelumnary research two matches at the hegmnmg of the 1996-
97 season were used to assess the v1ab111ty of momtormg the officials’ heart

o ':ates via short range telem_etry_ (using a Polar Vantage heart rate monitor).

. .Whilst the subjects performed their duties, ,the monitor recorded and saved
- heart rate measurements every 5 seconds, begmmng five minutes prior to-the
commencement of the match and carrymg on recordmg unt11 the researcher

_ could remove the dev1ce at a convement time soon after_ the completion of

the game.

These measurements were then downloaded on to a computer (IBM 486} using
a Polar Advantage Interface System and ultmately anaiysed using the_

assoclated Polar PreCISIOIl Perfonnance Soﬁware 'I'he first match exammed the

' -heart rate measurements of a referee while- the . second match 1ooked at the

physmloglcal ‘effects upon a touch Judge.
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- 3.3, Results

‘3.3 1. Part 1. Results of the stride length 'an'alysis _

; _'Table X reflects the mean-stride lengths of the two referees involved iﬁ the.

- pilot study, It was dec:ded that the average stnde Iength would be used when

'analysmg the v1deo footage of the pllot study match, as thls would help to-

- make the ‘stride lengths more representanve in an 1solated smlatlon and cut

down on individual differences of the two referees stnde patterns.
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Table X  Stride length of subjectsl (in metres) analysed during different

movement patterns -

SUBJECT § Walking } Jogging | Running | Sprinting | Walking | Running | Sideways
' ' _ (Back) - | (Back)

A 1.00 1.54 1.88 2,02 0.84. 1.10 2.10

B 0.90 : 1.5.5 1.77 177 . 10.88 1.55. 1.76

Average [ 0.95 1.545 | 1.825 1.895 0.86 1.33. 1.93
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| 3.3. 2. Part 2 - Results of the notational analg.sis

Table XI shows an example of the notatton sheet used for recordmg the
-various movement styles and their frequencxes The complete notation sheets -

' 'obtamed ﬁ-om the pxlot study research are outlmed in Appendxx A
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" Table XT  Sample notation sheet for analysis of 'réfé:ee’s 'movement .

| pATTERN |

S (Ba¢k) s -

- patterns .

“FREQUENCY | NUMBER OF STRIDES |

[MOVEMENT

[ Walking | T 00 | 6/17/18/10/32/5/140) |

T Waniete,

Jogging' i

~Running

IR 4/et_c‘. _'

L Sprinting .. |
| Walking | - HHT

b ™
-y SN
I 1/2/4/etc.

R

~ Sideways

mn | Xxooooox

' | Standing




3.3.3.  Part 3 - Results of the movement analysis

TabIe )GI 1llustrates the total frequencles time spent, dlstance covered,
‘ average tlme and average dxstances per movement pemod recorded from the

initial asse_ssment of the pilot study footage. _.

- __Tﬁe tepeétédtn-eésurexs‘”of the dat.al .tt) check reliabilityl of this 't‘ﬁétl.zo‘d of _da_td' |
analysis, using | a lP'eérsqn"s product correlation test, fqtmd’ a significant
co’t‘telation between thé tdtal ldistartces ..ldovtered. (r=0.9.'9, p<0.01) and the total
time"spent' in each movement cattegotyi (t=0 99, p€001)'7 from one session o |
another The tabulated data for the two sessxons is dlsplayed in table XII and

. the raw data for the Pearson’s test is detmled in Appendlx 0(1)




Table XII - Total and mean distances and 'tim_e's covéred by different'movement' catégories in the pilot study video

TMOVEMENT | FREQUENCY | TOTAL | TOTAL |  MEAN T MEAN TG ~ MEAN PERCENTAGE | PERCENTAGE
PATTERN 'DISTANCE | TIME | DISTANCE |- 'PER | VELOCITY PER |. 'OF TOTAL OF TOTAL
COVERED | SPENT |  PER MOVEMENT | MOVEMENT | DISTANCE TIMB SPENT
(metres) (seconds) |  MOVEMENT (seconds) S_EGMENT COVERED (%) %)
. . ' - (metres) - o _ (métre'slseoond)‘ o .
Walking 106 7120 422 7 4 2. .-35.1 385
~ Jogging 37 760 182 . 21 5 4 374 16.6
Running - 206 35 . 26 4 6 10.2 32
Sprinting 4 64 10 16 3 6 32 09
Walking (Back) 71 213 130 3 2 2 T 105 11.9
Jogging (Back) 3 i1 4 4 1 3 "0.52 04
Sideways 18 64 16 - 4 1 4 3.1 L5
- Standing 82 0 -295 -0 4 0 - 0 27.0
~ TOTALS 2030 6 3 185 100 100

320

1095
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Table XIII  Total distances * and times covered by different movement

categories in the répeat analysis sessions of the pilot study video

ANALYSIS = SESSION 1| ANALYSIS SESSION 2
“MOVEMENT TOTAL | TOTAL TIME | TOTAL | TOTAL TIME.
. PATTERN | DISTANCE |  SPENT DISTANCE . | - SPENT -
COVERED | (seconds) | COVERED (seconds) -
(metres) (metres) ‘
‘Walking . 712 422 730 434
Jogging 760 182 - 741 191
Running - 206 35 189 39
~ Sprinting 64 10 71 11
Walking (Back) 213 130 224 120
Jogging (Back) 11 4 9 - 4
Sideways 64 16 73 18
. Standing 0 295 0 304
TOTALS - 2030 - 1095 2037 1121
74




3. 3. 4 Part 4 - Results of the heart rate analysis

the h@'o analysed_ matches._' |

|
|
|
- Figure 3 shows the results of thre‘ touch judges’ heart rate from the seéond of
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Curve

Copyright by POLAR ELECTRO

HR/bpm
180 180
160 - A L 160
140 - \ - 140
120 - \h M 120
l ﬂ l\ll ' || A | A § H
V W \l /
100 - - 100
80 - 80
60 , T T T T T T I —L Time / hh:mn
00:00:00 00:10:00 00:20:00 00:30:00 00:40:00
HR: 0
Time: 00:00:00.0 ,
Person KP Date |28/09/1996 Averag% 111 bp rRecove,lrv
Exercisd 996/09/28 15:39:32 |[Time }15:39:32 | Duration of exercise: 00:46:11.4
Note | {Touch judging on a level 2 league game
3 Heart rate measurements recorded from a touch-judge during the

Figure

second half of a rugby match through use of a Polar Vantage
NV heart rate monitor.
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35 - Discussion of pilot study ﬁnd“ings

_ A number of points were hrghhghted by the findings of the pllot study ‘The
format of the - initial notatlonal sheets used in the pilot study were not

suffimently detalled for the purposes of this research and that a more"

advanced notauonal sheet was desrgned for the major part of the study This

is outhned further in chapter four of the ma_]or study

The establishment of the stride lengths for each referee needs to be carefully

momtored to ensure that a hlgh degree of representatlon of the movements' |

made during a match are reﬂected by the stride lengths recorded in 1solat10n '

- This is a key pomt as it was felt that the distances recorded ﬁ'om the video
'were over exaggerated partlcularly in the walkmg category, as the referee in

the match did not appear to stride in the same manner as the two subjects in

the stride length determination study. This problem was addressed in the miain

study by attemptmg to correlate the subjects video- movements with theu.'
stride patierns in the isoldfed detérimination of the stiide lengths as closely as

possible.

~ Also when estabhshmg the range of velocities for each movement category the-- :
pllot study dlffered m some respects to the premse values determmed by ‘

Bangsbo (1994) However the compansons drawn from the. prelnmnary study ,

allowed a range of velocities to be ascerta_med for an improved, objectwe




analys1s of the- movement patterns of the- subjects to- supplement the-
estabhshed subjectlve deﬂmttons of the patterns in the mam study Thls
- allowed for 2 more- rigorous and valid determination of the- officials’ total -

distances. in each movement category.

| The pilot. study. oxico_nipaésed many.. of.-itso stateciiobjécti'\'z‘es,.:_with_'essé:itial‘.
Pl_'aot-ioe-"' i 'video-_r'ecording' carried out and its derivative data- collectiom
" methods. bei‘ng : sct‘uﬁnfzed for purposes. o.t". éocuracy. and familiarity. The
reliability of th_e-. adopted method for- assessment: of the total- distance covered
and the totaI. time. spent in. eacIt.- movement. category was. found to.. be. good

(r=0.99; p<0.01) and- was- used in- the- main-study:

The pilot- study- demonstratetf that- the eqmpment proved to be--reliable-- m
coilectmg repeated heart rate information. over a pro!onged penod and. that the
m'ethodol'ogy_ for collecting heart rate data was re-]atively straightforward; This
‘method was. therefore adopted for tho main. study. and: would. result m some
- valid measurements that would allow for a full investigation into the

physiollogicall- stresses. placed upon- the officials. during. a match.

It was hoped that- the measurement of blood: sé.mple_s at convenient pe_ﬁodé
during the. matches. would alsa be. taken, alongside heart. rate. measurements,. in_
“order to- allow comparisons of blood lactate- levels eiioitedo by the- demands of

the. game. to. be. made. with. previous. roseztrch.. However. due. to. the. practical




- difficulties of taking. these invasive measurements 1t was decided that blood

lactate measurements in the main body of the research would not be taken.

This was due mainly to the fact | that only three measurements would be

feasxble - just prior to the match, at half-tlme and as soon as possxble after

“the completxon of the game It was felt, after the pxlot study was. conducted, _

that this approach would be xmpractlcal

| A.lsd due to the fact that lactate measurements -are reflective of the work
undertaken by the subject just prior to the blood sampling, it was thought that
such measurements would not mirror :accurate_ly the overall lactate production

from anaerobic metabolism during a game.

3. 6. Limitations and assumptions for testing

From the data collected durmg the pnlot study and the ﬁndmgs arising from
this prehmmary research, the followmo limitations were put forward for the

match and laboratory analysis of the ofﬁclals:
) The number of subjects taken within the sample.were considered to be

sufﬁmently large to be representatlve of the RFU National Panel of

referees and touch-judges
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iii)

3.7

- The officials chosen were selected according to their current status on

the RFU National Panel, with the need for the sample group tb- be |

officiating in level 1 and 2 matches. -

The validity of the subjects laboratory measurements is ultimately

. dependent upon the motivation of the subjects to perform to the
f"-'highest' level that is possible (Clinton, 1963, and Saftit, 1973). It was
~assumed tﬁat all subjects atteinpted to j)erform to their physiological

‘maximum,

Due to problems with travelling and availability of the subjects, it was

~assumed that a single test procedure would give valid results and the

reliability of results thus obtained would be based on previous studies

using such laboratory methodology.

Limitations and assumptions for movement analysis

It was assumed that the matches video recorded were not a-typical of

representative level 1 and 2 matches.

The greatest difficulty in analysing movement patterns from . video

format is the differentiation between the categorization of ‘running’ and
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‘joggmg’_ activity. Definitions that have been utilized in previous studies.

maxnnum speed and that Joggmg is a non-puxposeﬁll activity. ThlS_
study allows for the deﬁmtlon of Joggmg as’ non-purposeful slow
- runmng in wh1ch no effort was made to stnde or accelerate and as
having a ‘range of between 2-4 metres per second. ‘Running’ was . |
defined as 'locometof | eetivity with an elongated; pﬁrboseﬁﬂ stride bli.tw |
wiﬂiout' _fuII eﬁ'oft and as having a range ef between 4-7 metres per

|
are that ‘running’ is seen as moving forwards at threequarters of one’s
second. These definitions were adopted from Bangsbo (1994).
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CHAPTER 4

MATCH AND LABORATORY ANALYSIS OF REFEREES

4. 1. METHODOLOGY
4 11 ' Introduction

The study armed to examme the physrologrcal loadmgs placed on the officrals,' | |

both referees and touch-Judges, whilst performmg their dutles during a high

| level game of Rugby Umon

- The testing of the referees involred the reeording' in the game - of all

movement patterns and assocnated physrologrcal vanables, e.g. heart rate, _

elicited by a level 1 and/or level 2 match. The results from the field

‘measurements will be correlated w1th a range of laboratory test results to

- assess the relatrve physmlogrcal stress placed on each ofﬁc1al

4,1, 2. | Subjects

| Ten subjects were selected from the RFU Natronal Panel of referees to be

analysed in both the field ‘and the laboratory tests. The subjects: were chosen




from the group of officials selected by the RFU to perfonﬁ 'in Ieve_l ‘1 and 2

matches during the seasons of 1996/97 and 1997/98.

The basic physiological characteristics of the subject group are displayed in

Appendix B,

- 4. 1.3, Movement analysis

Ten feferees were sellectéd aé subjécts accqrding to tiieir plalcernent on the
RFU Paﬁel and the fact that they 'w'c_)uld officiate as both-a referée_ and a
touch-judge at level 1 ai;dfor 2 at sbme period -during the -study. --A-ll---subjects
lwere video recorded performiﬁg as a referee'--—once -and -a ‘touch-judge - once

during the 1996/97 and 1997/8 seasons.

Permission from the Clubs concemed was agreed prior ‘to the commencement

of the video analysis. The CVIubs‘ involved in the study were :

Harlequins RF.C. *  Northampton RF.C. London Scottish REC.
~Sale RF.C. West Hartlepool RF.C.  Bristol RFE.C.
Oreell RE.C. ' Oxford University RF.C.  Bath RF.C.

‘Bedford RF.C. °©  Rothetham RE.C,




The video éémera used for recording of the ofﬁciéls was a | Paﬁasdnic AG" |
: 455_‘ Pro-Line. Each match was féédfded from an elevated position in the
s'pectrator’rs _standiné area, usuaily with as . high é position as was possibie, to
_ a{roid obstructions ‘such as spectatoré _ébSCming the vie_w. Wherever possible‘
'thé‘ referee was video recordec.iu frbm a pdsiﬁon half-way. | along one of the -
touch-lines, which ené.bl_e_d. either side of the 'p.it‘ch o be gquidistant from ithe |
.video c_anie;'a. lThe toucﬁ-judges were video recorde&. from a placement located
‘be.hind- ﬂ.le: "goal posts at one end of the ground. This allowed the .tr'acking of
‘the touch;judges_‘ on the touch-lines to take place‘ Qithout obstruétion 'fro-rln the |
stands 'ér spectators, as the positioning of the touch-judges for a Iarge
;Sérceﬁtage of the game. would h.ave_l created "problems if recorded ffoﬁ a

- sideways position.

To determine the physiological demands placed on the subjects the workload
in terms of distance covered was calculated using _thé 's'ystem of examination
outlined in the pilot study and developed according to the findings from that

part of the study.

As outlined previously, analysis of the refereé involved tracking - the
movements, u_sing a0 in‘ch.Sharp monitor .and a Bush_ Vi&eo I(5altssettt=: Player '
and recording, én prepared notatidn sheets, the ﬁeqﬁency' lof each discrete
movement type and the numbér_ of strides in every single movement phase.

. The definitions of each movement category used in the main study were an :
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amaigam' of the descriptive 'tern'linology" used by Docherty et ol (1988),

Mayhew and Wenger (1985), Mmray (1987) and " Spiller (1990) and the
quantltatxve descnptlons of Bangsbo (1994) The defimtlons of each movement

.category are outlmed m table XIV
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Table X1V  ‘Definitions of various movement categories utiliéed by officials

in the code of Rugby Union,

MOVEMENT

PATTERN

1) Stnding:

~ 2) Walking :

3) Jogging :

4) Rtmning :

5) Sprinting : ,‘ _

6) Backwards

" walking :

| 7) Backwards
| runnihg_: :
8) Sideways

movement :

OUALITATIVE - QUANTITATIVE

DEFINITION =~ DEFINITION
No loci_)motof activity o 0 m/s
Forwards strolling locomotor o - 0- 2 mfs
. activity
Non-purpdseﬁ‘_il,‘ slow running . 2-4 mfs

_'in which no effort was made

to stride or accelerate
Locomotor activity with an . 4-Tmfs
elongated, purposeful stride but

without full effort

- Locomotor activity at or close = 7- 9.5 ni/é_

to maximum speed,' witﬁ full ef_foi't
As for *2) walking’ but with  0-2 mls

backward" locomotor activity

. As for ‘4) running but with 0 2-45m/s

backward locomotor activity

As for *2) walking’ but with o 0-4 m/s.

 sideways locomotor activity
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To -calculate the total distance corered by each movement pattem_ _the average
stride length of the subject being enalysed was multiplied lty the total number
| .of stndes recorded for that actmty Alongsxde this the total duration of each
.lmovement pattern was detenmned usmg a hand held stopwatch and fmally the *'

average tnne, speed and distance per movement pattern penod was ca]culated

tn Vac.-ldition to this the total percentage of distance- covered and time spent'in .
each movement pattem category was calculated The anaIys:s sessions were no
' longer than an hour at a tlme in order that a h1gh degree of expertmental
accuracy could be maintained throughout the study. Periods of analysis looger
than this dtiration were .found in tlte 'pilot study to result in a reduction in
the concentratlon fevel of the researcher and mvanably reduced -the - reliability

and vahdlty of the final results

4. 1.4, Statistics

Once the distance variables had been_.‘ calculated the results - were - then
~compared with the various relevant research to assess whether any significant
differences existed and whether statistical acceptance of the hypotheses

outlined in' the introduction was possible.
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. Comparisot1 of Whéther siéniﬁeant differences "e_i'cisteti between disteﬁces
covered in the'ﬁrst half to the second half by referces was _caicuiated by use
of a repeated measures t-test (tWo;tailed). This test was selected oﬁ the bases
that the data is parametnc (ratxo), the samples are randomly drawn ﬁom the -
| populatlon and the populatlon from wluch the samples are chosen is normally ‘
- distributed. In order to avoid errors a conservative (p<0.01) Ilevel of

confidence was selected.

Comparison of whether 'signiﬁcant differences existed between the data from
this study and previous relevant research was calculated by use of an
~ independent measures t-test (two-tailed). This test was chosen for the same

reasons as outlined above and had an identical level of confidence -applied,

The basic formula for the t-test is:

t= X, -—Xz
SEp
" Where: X, &X; are the means of the two samples

SEp is standard error of the difference _between the two means
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4, 1. 5. Introduction to the laboratory analysis |

The subjects performed a series of Iaboratory and field tests in order to

ascertazn a number of baselme phys:ologlcal measurements. The values

o obtamed from the Iabcratcry assessment of rnaxunum heart rate and heart rate
at OBLA were then related to the vxdeo and heart rate analy51s results .

'obtamed from the matches, to allow suitable compansons to be drawn up for

discussion on the physmloglcal_ demands on referees and tcuch—judges by the

~ game of Rugby Union.

Prior _ to the physiclogical . assessment -all 'subjects were given detailed

info:mation of the tests to be undertaken and a written consent form pllus

basic medical questlonnaxre were completed and signed by each subject. These

forms are detalled in Appendix R(l) and (n)

‘The subjects undertook two treadmill tests to‘ assess‘ maximal oxygen uptake

' and assocnated vanables, and carned out the stride length measurement

protocol detatled earlier, to determmc the length of an average stride at each

of the paces used durmg the v1deo ana1y51s section. The subjects were

- assessed in pairs, so that sufficient test occurred between all tests.




415, 1. The assessntent of the onset of blood lactate’ accumulatio_n.

(OBLA)

As outlined in the pilot study, the measurement of blood lactate .concentration.
durtng increasing mtensxty of exercise gives an indication of the extent to
~ which the muscle has to rely on anaerobic metabohsm at a certain
_submaxxmal intensity. It was declded due to the mtsleadmg theoretical concept '
. of anaerobic threshold dlscussed earher, that the termmology of onset of

blood lactate accumulatlon or OBLA’ would be used

The protocoi for obtailting the OBLA- level in the subjects is 'de_tailed. by. the
British, Association of Sport Sciences in the ‘fosition Statement on the
Physiological Assessment of the Elite Competltor (1988). .The test is
descnbed as bemg ‘appropriate for players of multiple-sprint games, who need

to remove lactate quickly during support running and. dunng recovery periods.’

 The reascns. for utiliztng thjs ptotocol_'were as follows:

- Only'ﬂve blood samples were required.

- The length of the test protocol was only sixteen ntmutes

. Each stage was long enough for measurements of steady-state oxygen
| uptake and heart rates to be made, $0 that compansons could be made |

between other laboratory and field tests.
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| Sadnples of‘ capillary blood were obfained at . rest prior to the -subjects
.‘ -beginning. any. of ‘the' tests. The test‘ methodology then invol_ved fhe subject
runnmg cooﬁnuouslf on a level treadmill for Sixteen minutes, during which
| runnmg speed is mcreased evcrj four mmutes. Duplicate 20 ul blood samples
R were obtamed from ‘the ﬁngertxp at the end of each four minute stage and
before the treadmﬂl , speed ‘was | mcreased, for the _subsequent detennm_atmn of
the running soeed and heart :ra_\te equi\_(alent to a reference concentration of 4
minol/l; The 20 _p.l ‘samples :were fefriéerated and' analysed at a Iatef point
utilizing  the method based upoh that _of Maughan -(1982)..‘ The complete

methodology is_detailed_ in" Appendix S.

Explred air was collected using a Douglas Bag during - the ﬁnal mmute of
~each stage, with heart rate bemg recorded at ﬁﬂeen second intervals durmg
the collection of expxred air. Heart rate was monitored by short range

telemeu'y (a Polar Vantage NV heart rate monitor) throughout.
- To deterinine the treadmill running speeds for the subjects’ foui' stages, tables
- were osed,' which operate on fhe basis of the subjects’ \.70_2 max values from

the multistage fitness test. These are illustrated in table XV.

. This OBLA test protocol has a recorded test-retest correlation of _' greater than.

0.93 (British Association of Sport Sciences, 1988).




Table XV Suggested exercise intensities for the four-stage mcremental test

" (from Bnt:sh Association of Sport Sc1ences, 1988)

Running  Speed (m/sec)-

Multi-stage | 2.24 | 2.69 | 3.13 | 3.58 | 4.03 | 448 | 493

fitness test |-
result (level

| &stage)

9-0




4. 15 2. The assessment_of maximal_oxygen_uptake (VO max)

Maximum oxygen uptake (VO max) was determined from an incremental
. treadmill exercise test to volitiorial exhaustion and the following criteria were

considered to ensure the validity of the readmgs obtained :

- A final respiratory exchange ratio value above 1.00 and close to 1.15.
- A final heart rate of within 10 beats per minute of the age-related :
maximum.

. A final value of oxygen uptake that is within 10% of the subjects’

previous multi-stage fitness test result,

‘These criteria were established by the British Association of ‘Sport “Sciences
(1988). Failure to meet these criteria in the initial test"would “have resulted in

& re-test after a period of rest, e.g. several days.

The treadmill speeds were established using the previous multi-stage fitness
test results for each subject and in édnjuncﬁori with the guidelines from the
British Association of Sport' Sciences (1988). The aim of the test was to

achieve exhaustion within 9-15 minutes of the start of continuous exercise.

- After a suitable Warm—up of between three and five minutes, at a p’abé below

the test. running speed, the subjects began the test by exercising at a constant
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running speed, related to the ptedicted \'lOz max iraltte. The treadmjll was set
| at a starting .gradient of 3.5% and _aﬁer the end of each three minute period -
| the treadmill elevation- was incrle.ascd by 2‘.5%. Gas. '_collectioh‘ .of eitpired air
- was taken uslng Douglas Bags duﬁng the final minute of each stage 'pri_or to .:
.the -increaSe in gradient. When the subject revealed signs of t.erminating' 'the.
"tes't the ﬁlouthpiece -and tloseclip were retained and on' a sigﬁal frdtn the |

subject a ﬁnal mmute gas sample was collected No gas samples were taken

¥ for less than thu'ty seconds

A rate of perceived exertlon scale (Borg, 1982) was “shown to the subject
dunng each gas collection stage, so that the proxnmty to the end of the test
_could be constantly evaluated Heart rate during the test was momtored by
short range telemctry (usmg a Polar Vantage NV heart rate momtor) and
downloaded onto the computer at_ a later date for analysxs. Test-retest
correlations of more th.an 0.85 have been reported when using this VOz max

assessment methodology (British Association of Sport Sciences, 1988).
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4.2, RESULTS
: 4...'2. 1. ~ Physiolog ical chiaracteristics ;.

o The underlymg phys1cal charactenstlcs moludtng age wetght hetght and VOz
rnax, of the ofﬁcrals selected for the subject group are shown mdrvrdually m' _

g Appendlx B

The : ag'es of the ot_"ﬁcials"' subject group show"ed-_‘ a range. between 25-47 years'
- old ‘with a rnean age' of 33 years (s.d. +-7.1 years) The VOz"max results; '
were in the range of  50.1 to 677 ml/kg/mm, wrth a group mean of 55 8-

'_-ml/kg/mtn (sd +a 52 ml/kg/mm)

422 Cardiovascular_and blood lactate parameters .

. The oxygen uptake and heart rate values obtamed from the Iaboratory_".i _.
assessments of maxtmum oxygen uptake and OBLA were - correlated for each'- '
'subject wzth the field measurements frorn the tndlvxdual matches to ascertatn

- the percentage of maxtmum oxygen uptake and maximum heart rate dunng the

_ performance of refereemg and touch-;udgmg duttes The results are summansed_'_ - |

- later in thls chapter and detatled m fulI m Appendtces E and G
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Relevant - cardzovascula.r vanables for the sub_;ect group collated at rest and

dunng the maximal oxygen uptake test are displayed, along w1th the variables

'_assoclated ‘with OBLA mcludmg values and percentages of estimated heart

rate, maximal oxygen uptake and treadrml! velocrtles obtamed frorn the

 treadmill speed lactate test, in Appendlces C (1) - (111)

~ The range of resting lactate values ranged from 0.36 to 1;04 mmol/l with a

group mean of 0.75 mmolll (s.d. +/~ 0.2 mmol/l). The rnakimal lactate values, .

recorded at the termination of the maximal oxygen uptake test, ranged from

- 6.74 mmol/l to 10.67 mmol/l with a group mean of 8.62 mmol/l (sd +/- 1.3

mmol/l).

" The resting heart rates of the subjects group’ ranged"'ﬁ‘om"49"15eats/min to 75

beats/min, with a group mean of 63 beats/min. The maximal heart rate for the

~ subjects group, recorded at the termination of the maximal oxygen uptake test,

- ranged from 169 beats/min to 199 beats/min with a .group mean of 184

beats/min (s.d. +/- 11.1 beats/mm) These results were compared to the subjects
age predlcted maxxmums, - which had a  range of 173 beats/mln to 195

“ _beats/min, with a group mean of 182 beats/min (s d.+-7.1 beats/mln)

The mean heart rate at OBLA for the subject group occurred at 160 - -

beats/min (s.d +/- 6.82 beats/min) with a range of 150 to 172 beats/min,
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4.2.3.  Movement Analysis

4, 2. 3.1, Total Distance Covered (metres) by referees’ subject group

The total distati’ces covered individually by the :referees are ‘summarised -in
'Ap_pendix D(i) and displayed in graphical format in ﬁgure 4, |

The mean tota! dtstanee covered by a referee dunng a- le\rel 1 andfor 2,
| erghty mmute, match was 8086 metres (sd. +/- 799 metres), with a- range of .
7036 metres to. 9143 metres Three of the ten subjects covered less dtstance
.m the second- half than the ﬁrst half and the remammg seven sub_]ects
covered more distance in the_second half than the ﬁrst.' The mean dlfference
between the two halves was found to be 23 metres vrhich. ﬁsihg a repeated
measures t-test was found ‘not to be statlstlcally slgmﬁcant (p=0. 862) The
. raw data for the t-test 1s detailed in Appendxx O(ii). The mean of the ten
matches observed showed that 50.1% (s.d. +/- 2 35%) of the total dlstance was
‘ covered in the ﬁrst half and 49.9% (s.d. +/-235%) in the second half. The

. figures summarising _the individual percentages of ‘total covered in each half

~are shown in Appendix D(if).
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Distance covered (metres) 5000+ f _ - : ' A ' E1st half
- : | B . B2nd half
o '. . OTotal

30001 : ' . i

2000} , . - :

1000- ' ' |

1 2 3 4 5 6 7 8 9 10 mean
Referee No.

Figure 8 First half, second half and total distances covered by the referees during the matches analysed.
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When comparing the total distance covered by referees in this study to the
total distance covered by the referees’ subject group in Spiller (1990), an
increase from 4879 metres (s.d. +/- 847.1 metres) in the Spiller (1990) study
to 8086 metres (s.d.+/- 799 metres) in this study was observed. The difference
in total mean match distance covered was analysed statistically, using a t-test
for independent samples, and was found to be statistically significant (t=7.33,

p<0.01). The raw data for the t-test is detailed in Appendix O(iii).

4. 2. 3. 2. Total and average times and distances covered bv the referees’

subject group in different movement categories

The data relating to the distances travelled by the referees’ subject group in
the various movement categories, collected and analysed through video usage,
is shown in summary format in tables XVI, XVII and XVIII. The raw data

pertaining to each individual subject is shown in Appendix H.

A graphical interpretation of the percentages of the distance travelled and time
spent in each of the various movement categories is illustrated in figures 5

and 6 following the tables.
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Table XVI ~ Summary of the total and mean distances and times covered in different movement categories by the referees’
subject group for both halves combined
MOVEMENT FREQUENCY | TOTAL [ TOTAL TIME MEAN MEAN TIME | MEAN VELOCITY | PERCENTAGE | PERCENTAGE
PATTERN DISTANCE SPENT DISTANCE PER PER MOVEMENT OF TOTAL OF TOTAL
COVERED (seconds) PER MOVEMENT SEGMENT DISTANCE TIME SPENT
(metres) MOVEMENT SEGMENT (metres/second) COVERED IN IN MATCH
SEGMENT (seconds) MATCH (%) (%)
(metres)
Walking 405 1770 1058 4 3 1 21.9 21.8
Jogging 216 3840 1585 18 7 2 47.5 32.6
Running 57 1124 192 20 3 6 13.9 3.9
Sprinting 8 122 16 15 2 8 1.5 0.3
Walking (Back) 294 804 544 3 2 1 10.0 11.2
Jogging (Back) 36 133 44 4 1 3 1.7 0.9
Sideways 105 293 93 3 1 3 3.6 1.9
Standing 238 0 1331 0 6 0 0.0 27.4
TOTALS 1359 8086 4862 6 e 2 100 100
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Table XVII

subject group for the first half only

Summary of the total and mean distances and times covered in different movement categories by the referees’

MOVEMENT FREQUENCY TOTAL TOTAL TIME MEAN MEAN TIME | MEAN VELOCITY | PERCENTAGE | PERCENTAGE
PATTERN DISTANCE SPENT DISTANCE PER PER MOVEMENT OF TOTAL OF TOTAL
COVERED (seconds) PER MOVEMENT SEGMENT DISTANCE TIME SPENT
(metres) MOVEMENT SEGMENT (metres/second) COVERED IN IN HALF (%)
SEGMENT (seconds) HALF (%)
(metres)

Walking 202 843 503 4 2 2 20.8 20.6
Jogging 110 1982 820 18 7 2 48.9 33.5
Running 28 546 93 20 3 6 13.5 3.8
Sprinting 4 59 8 15 2 7 1.4 0.3
Walking (Back) 145 401 273 3 2 | 9.9 11.2
Jogging (Back) 19 73 24 4 I 3 1.8 1.0
Sideways 52 50 47 3 1 3 3.7 1.9
Standing 118 0 676 0 6 0 0.0 . i
TOTALS 678 4055 2443 6 4 2 100 100
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Table XVIII Summary of the total and mean distances and times covered in different movement categories by the referees’

subject group for the second half only

MOVEMENT FREQUENCY TOTAL TOTAL TIME MEAN MEAN TIME | MEAN VELOCITY PERCENTAGE | PERCENTAGE

PATTERN DISTANCE SPENT DISTANCE PER PER MOVEMENT OF TOTAL OF TOTAL

COVERED (seconds) PER MOVEMENT SEGMENT DISTANCE TIME SPENT

(metres) MOVEMENT SEGMENT (metres/second) COVERED IN IN HALF (%)

SEGMENT (seconds) HALF (%)
(metres)

Walking 203 927 535 5 3 P 23.0 23.0
Jogging 106 1858 765 18 7 2 46.1 31.6
Running 29 577 99 20 3 6 14.3 4.1
Sprinting 4 63 8 16 2 8 1.6 0.3
Walking (Back) 149 403 271 3 2 1 10.0 112
Jogging (Back) 17 60 20 4 1 3 1.5 0.8
Sideways 53 143 46 3 1 3 35 1.9
Standing 120 0 655 0 2 0 0.0 27.1
TOTALS 681 4031 2419 6 4 2 100 100
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Petime rcentage of Total @1st half
Time Spent (%) B2nd half
OTotal

Walking Jogging Running Sprinting Walking (B) Jogging (B) Sideways Standing
Movement Category

Figure 6 The percentage of total time spent in the different movement categories by the referees’ subject group
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501
40
Percentage DI;tance Covered 30 @ist half
(%) W2nd half
OTotal
20
10
042
Walking Jogging Running Sprinting Walking (B) Jogging (B) Sideways
Movement Category
Figure 5 The percentage of total distance covered in the different movement categories by the referees’ subject group
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-Tﬁe res;ults i‘;rom this study indicate thét' the major catégoﬁes of movement
were walking, jogging and mmg with mean distances of 1770 (21.9% of
the tota.l. distancé), 3840 (4'.7..5%) e_a.ncj 1124 (13.9%) me&es respec_tivcly; The
_ .oth.er 'cat.egories of wéﬂcing (backwar_ds); jogging (backwards), sid.ev;rays and
 sprinting showed means of 804 (10.0% of the toral distance), 133 ('_1.7%),.253'
© (3.6%) and 122 (1.5%) metres J respectively. The .ﬁlgu:eé in brackets represent ..
- the p;ergentage of total distance cpﬁéred m the match by tha;...movémex.zt

category.

.In terms of 'ﬁ'eqﬁené)} of ﬁ]e inldiyidu.al movemént- cafegories,- thére‘ were 1359
differént'mqvgmeht Se’gmen’ts within ea_cﬁ gaine; With the nia‘joi‘ity .of .the time
spent witimiri the stdndihg,- wa_Ik'mg' and jogging categories. T.he‘re-. were; as a
mean, 405 walking passages of movement, 238 standing, 216 jogging and 294
B walking (backwards): These categories contributed resi)ectively 21.8%, 2“77".4%»,7

- 32.6% aﬁd 11.2%' to the tota‘i timéj. Sprinting, jogging = (backwards) aﬁd
éideways categori‘es‘ of métion _. éoinbined contributed .onIy 3.1% to the total

riiatch tiie.
42.3. 3 Relationship_of heart rate to_movement apalysis results
The heart rate variables for the referees’ subject .group, recorded during the

matches through use of short range telemetry, are summarised in Appeﬁdix E.
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_Subject group means a.nd standard deviations for a variety of cardiovascular
measurements are shown The raw data ullustratmg the entire’ heart rate trace
and a subsequent breakdown of the data mto various heart rate dlstnbutrons

- for each: referee is shown m Appendlces Jand L.

:_The niean heart rate ‘of a referee during a level 1 and 2 match is. 157
- beats/mm (sd +/-755 beats/mm) with a range of 144 to 167 beats/nun. Thls

ﬁgure is hkely to be shghtly hrgher durmg actual playmg time, as the average

| recorded value mcludes half-time and injury time.
The mean heart' rate as a percentage of the heart rate maximum of a referee
averaged over the subject group at 86% (s.d. +/-3.2%), with a range- of 81 to

90%,

The range of heart rates recorded during the matches analysed - averaged

between 125 and 180 beats/min (s.d. +- 19.2 beat/min and sd. +- 109

_beats/mm respectlvely), which equates to a range of 68 to 98% (s.d. +/- 10.2%

and s.d. +/- 1.9% respectlvely) of the referee s maximum heart rate.
| _Fmally the time spent above the heart rate, whlch correlates to the OBLA

level averaged for the whoIe subject group at 52.0% (s. d +1- 24, 7%) of the

total match. ‘The range of results recorded lies between 10.9 to 84.3%.
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4. 3. DISCUSSION

4. 3. 1. Introduction _to_the discussion topies

- The initial focus of the discussion examines the implications of the findings -
on the hjpdtheses prescribed i chapter 'one," Based ont the acceptance or
rejection. of these hypotheses, an analysis of current fitness testing protocols-

and recommendations for future testing procedures is outlined in chapter six.
' " 4, 3. 2, " Discussion_of the subjects’ basic-phxsiologicol parameters

The subjects have asimnar' mean age “to-those in the Spiller ~(1990)" study,
thlrty-elght as opposed to thlrty-amne years of""age, yet there “was “a small
dxfference in the maximum oxygen uptake mean from 50.3 ml/kg/mm to 55.8

ml/kg/mm from the sub_]ects in the prller (1990) study to those in this

' 'research

Apart. f;om the fact”tiiét' the two samples involved diffefent individu'als; the

dxfference in methodology for establlshmg VOz max values could also .
contmbute to thls dxf’ferentlal, as Splller (1990) utlhzed the multlstage fitness
test, which has typlcally underestimated the V_02 max value when compared |

with results obtained by e_ standardised treodmili pfotocol ina labofatory.‘
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L Grant et al. (1995) showed that ‘on average, the MST (multistage shuttle test)

was 4.4 ml/kg/min lower than the treadmill VO, max’,

When drawmg eomparrsous to the basrc physrologlcal charaetenstrcs- of
s | oﬁ" cials wathm other codes of rugby, the recent HealthPac (1995) study

‘_A' showed an identical mean age anda lower mean Vo, max of 51.6 ml/kg/rmn._'
The methods for ‘establishing rnaximal_ oxygen uiatak_e were snmlar in th;s and |

the HealthPac (1995) study.

4, 3. 3. Discussion of the subjects’ cardiovascular aud blood lactate

Ararmeters

The- niean recorded resting blood lactate value of 0.75 mmol/l, with .a range
“of 0.36.t0 1.04 mmol/l, is below that gwen by - many researchers Davrs et al.
| (1997) state that ‘the nonnal amount of lactic aeld cuculatmg in the blood is

122 mmol of lactic acid per litre of blood. Reasons for this are unelear,

although the subjects had been seated for a considerable amount of time prior

to the testmg, due to the quanttty of travellmg undertaken by many of the
sub_;ects‘ and this may have been a factor responsxble for the low lactate

values.

- The average maximal lactate value of 8.62 mmol/l, with a range of 6.74 to




1067 mmol, is of interest when establishing the criteria for maximal oxygen o

uptake in adults. B.A.S.S. (1988) indicate that ‘a post'-exercise“(4-5' minutey

blood lactate concentratton of 8 mmol/l’ is desirable, mdlcatmg that the
-majonty of subjects were approachmg VOz max ot the ﬁﬂal stage of the

"~ speed Iactate test

The mean resting heart rate of 'the"subjects was - recorded as 63 beats/min,.

' w1th | range of 49 6 75 beats/mln Bowers and F0x (1992) report that

| usually, the heart beats between 60 and 80 tunes per minute in untrained

men and women, but the rate is generally much lower (40 to 55 beats per
minute) in tréined athletes.” Wilmore and ‘Costill (1994) support this and add
that w1th extended penods of endurance trammg (months to years) the restmg
heart rate can decrease to 35 beats per minute or less.” The ﬁndmgs‘ here
_show that six of the subjects have ﬁeert rates regatded as. within the
‘untrained’ category, whilst the' re'ntﬁining four subjec_ts heve heart rateé falling

within the ‘trained’ category.

The maximal heart rates of the subjects .ranged from 169 beats/min fo 199

beats/min, with a mean of 184 beatts/mﬁt. When comparing these results to
the age predicted means (22'0"-age),-:' there can be seen to be discrepaneies

between the two sets of data with the magnitude of difference as great as 16

 beats/min. This highlights th_e problems of using age-predicted maximums.




British Associstion of Sport Science (1988) state that ‘a final heart rate of
~ within 10 beats/min of the age-related maximum’ is required' for establishing
maximal oxygen '_ﬁpi_:ake and the 'resuIts recorded here conform to these

. guidelines.

The medn heart raté at OBLA- fé’f'_ the subject rg'foﬁji océuﬁéd at 160
 beats/min (s.d H- 682 beats/min) with a range of 150 ‘to. 1_72 beats/nﬁn.
Réfe}ring to Laiﬁﬁ | f1984),' who sfétéd that the 4 m‘ﬁiol/l lactate liével '_ié
" ‘detected at a hearf rate of 170-190 beats/min’, this can be seeﬁ to be‘ a
_!ower. mean heart rate | at the OBLA level than would be expected. However
the reference population for La:ﬁb’s_ (1984)'._ statemént is unclear and it may

possibly be that the. subject group'uséd in this study lv_vas. atypical.

' f[‘he estimated oxygén uptake Vat OBLA levels for the subject. group - océun‘_e_d

at a mean of 792% (s.d.' +- 5.7%) of VO3 mak, with a range of 68.8% to

© 89.5%. This compéreé closely to the indicator of OBLA as quoted by Powers
and Howley (1997), where the % VO, max was between 60-95%, depe.n'dent.

| - on the subject grbﬁp,— with trz;ineci athletes h_aving\an OBLA fevel of .80_-95%

VO, max.
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4. 3. 4. Discussion _of the movement analysis results

- A number of pc.)ints' can be de'duced. from the results obtained for the referees

- and related to the refefee—speéi’ﬁ'c findings of 'Spiller (1990), Muttay (1987)

and HealthPac . (1995). However it must be rememl_:‘efcd. that when drawing' |
coriclusions from thi§ research thit théré has beer only a smiall samiple of

- data collected - and errors may occur when generalising to the referees’ -

population as a whole.

Firstly the physiological workload placed upon a referee at the top levels of

the game, measured in distance travelled, should be examined in light of

pi'evious ﬂnd’ings.' A table illustrating the comparisons between the relevant

research on rugby referees is shown in table XIX.
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" Table XIX ~ Comparative arialysis of total match distances covéred by mgby

referces

“Source N ] Number [ Mean . liaﬁge_of " Standard |
~of | distance |  distance deviation
subjects | covered covered (+- metres)
| (n) (metres) (metres) -

- Spiller (1990) | 6 4879 | 3752-5509 - 847
Murray (1987) 6 8768 | 8080-9618 546

HealthPac (1995) | 8 | 10203 | 7876-11970 1406
Cufrent research 10 8086 7036 - 9143 799
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o The findings reported here illustrate that there has been a substantial increase .

from the average total distaﬁce recotded by - Spillef (1990), 4879 metres (s.d.
+/- 847 metres), to 4808'6 metres (s.d. +/- 79§ méi:res) and that this difference,
ils'iﬂg_ é t-fest for _iri:depe‘ndént' sanﬁp’ie:s, is .st.atistiéa.lly.' ‘ S'igﬁiﬁcaﬁt ‘_ '(t——‘7.33,.'.
p<0.01}.’ The raw statistical data is shown in Appendfx O(iii). It would appear
therefore thétr the resu_lté.' from this samiple g'r‘duﬁ _iﬁdicat'é' that theré has been
a _éigniﬁéant increase. in total match dist'ﬁlilfqe | covered Sy referees over l-tlnl_e ﬁast

. few seasons. .

HO\;véVex; a factor fér"".diséussion v}hen | cons.idering that the ﬁrorkload' has
increased is the nature and stjfle of the individual referee. Anécdotal
- observation of refelrees allows for the énélySis ‘of different techniques aﬁd it is; :
possi_ble. fo seei' individual differences _océuﬁing, which may affect the overall
match distance covered. Some referees, through a combination of experience
'  and style, will probably cover less ciistance than other referees would in '_ ihe
same game. This woufd be due to the more expeﬁéhéed refe_ré_e ha\fing
icndwledge of better rhnning angles, thus arriving at breakdowns it plﬁy-with |

less physical effort and may also reflect a more relaxed and confident manner,

This point can be reinforced through the “analysis of the matches in this
research. If all referees’ workload was independent of the individual referes’s
movement _te'chnique, then it would be anticipated that all referees would

cover 4 larger distance in more open, high scoring matches thari those where
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the play is more restncted A companson between the scores of the matches

and the diStance covered by the referess in this study was undertaken and a

Pearson s product correlation- test was apphed to the data. It was found that

there was no srgmﬁcant correlatron between the scores of the matches in

~ terms of total number of pomts scored, and the total. match distance covered

by a referee (r"O 213, p>0 10) The raw statistical data is shown in Appendlx

Ofiv).

~ Although this is a simplistic analysis it does give some support to the notion . |

that the workload undertaken_ by' a referee is affected By the individual 'style |

~of the referee. However even by taking this into consideration, it still remains
that there has been a significant increase in the referee’s workload over the

past few seasons.

It is also of interest to note that statistical comparisons with the d_ata from

| this study and‘ the research by Murray (1987) and HealthPac (1995), on rugby

league referces, allows a contrast in the ﬂtness dernands on ofﬁeials in both

codes of rugby The results of this study in terms of total distance covered

were not - dlfferent to the ﬁndings of Murray (1987), whete the referees

covered an average of 8768 metres (s.d. +- 597 metres). (The raw statistical

data is shown in Appendix O(v).) In contrast the findings of HealthiPac (1995)

_showed that referees covered a significantly greater distance of 10293 metres .

(s.d. +/- 1503 metres). (The raw statistical data is shown in Appendix O(vi).)
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- The resﬁlté éf this study lindicate that there is ﬁo_ éigniﬁcant difference in
distance covered betw_éen the first and second halves of the -mtatehes ré¢ofded
and thig concurs with the data reported bﬁ( Spiiler (1990). One possiBle reason
for this absence of differenéé between the halves is thét the &_istance povered
'depended upon factdrs,_ such as players’ strategies and attitudes, affecting the_' ‘
| way in" which t.her twd separate hal;\res are .pl.éy.ed. It appears from this .'
efvidencc fhat _fgtigue is not inﬂuencing the results, as a siglﬁficanf _réductioﬁ ‘.

"in distance covered would have been anticipated.

In terms of the fotal distances covered within the separate movement
* categories a_i dégxee of comparison can be undertaken between the results of
this study and those of Spiller (1990). Table XX highlights the similarities

and differences between the two Istudies.
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| Table XX Comparison of total distances covered and the relative

- percentages of éa¢h movemeénit catégory

“SPILLER

~(1990)

RESEARCH

= CURRENT
MOVEMENT | TOTAL PERCENTAGE | TOTAL | PERCENTAGE
'PATTERN |DISTANCE| OF TOTAL | DISTANCE | OF TOTAL
o COVERED | DISTANCE | COVERED | - DISTANCE
(metreé) COVERED (%) | (metres) COVERED (%)
Walkitig 1147 232 1770 0 | 219
Jogging 2380 492 3840 475
“Running 345 107 1124 139
Sprinting 25 0.6 T2 L5
Walking (Back) | 544 112 804 100
Jogging (Back) 70 1.5 133 1.7
- Sideways 3.7 3.6

190

293
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The total .(‘.i.istalr.xces ‘c.ove_r;d' _: in a r_riatéh_ m all_:. of the.'cate.goﬁeé of movemént_
have sﬁoivn marked increasés from the wc')rk-of Spiller (1990), but many of |
the- pércen;age contributions to total . distance éoveréd_ by each movement
'c_-at‘egory have fenﬁiﬁed similaf; 'I'Ins ﬁoﬁl@ fénd to indicat_e: that althdugh f_he
actual game_ has increas.ed: in ité physical demands, the nature of the game has '

remained constant,

When cqmparisons are drawn wr.th t‘_iridiﬁgs_ .in other cdde§ of Football,- it can
be seen tilat the rcfe..ree.s_ m this study were cwe;ing similar di_stainces to thb‘se_
) reported by piayers, 1n Aséo.ciat'iénf Féot?éli, _'W_here. R;ei_lly (1986) indiﬁéﬁéd a
range Vof 8-12 kilometrés for outﬁeld_ players? recorded from various rese-arch..
Also the calculations from this study show. similar total dista_nées recorded for -
players in Rugby Unio’n,. where thé fesﬁits. i‘angé f;'oﬁl .3.8 to 9.67 kiloiﬁet;ES
(Reid and Wiliiarﬁs, -1974; Wil'lliams; 1976; Morton 1978 and Deutsleh. et af.-, |
1998) | | |

lA éateg;ry Aof m&femen’t riot examitied bj Spiller (1990)'. was that of stamding,
.wh_i'ch ﬁppears to o.ccupy,‘ on average, about 27% of referees’” match time,
‘With; -.a' - fréquericy - of _ 238_ :sepﬁraté igcidérgges';- Therg" éu‘é:;.nd' fecorded stiidies
cbv;ﬁng ofﬁci_ating .in éifh_ef'code of rﬁgby which atlow .empirical' evaluation

and coniparison of this data.
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: Another area of contrast between thrs and Sprller s (1990) study is that of the
‘ 'number of repetrtlons and average dlStance for eaoh movement category wrthm. 3

- a match The total frequency of movement repetmons has become greater

o with the reported mean of 495 havmg mcreased to 1121 (removmg standmg-

‘repetltrons from the data ﬁ‘om tlns study to allow equ1ty) a 126 5% increase.

In contrast, the mean distance covered by a single repetition has deereased,

with Spiller (1990) recording a mean distance of 9.88 mefres per repefition . .-

whilst this stidy showed a mean of 7 metres per repetition. (with standing -

removed).: This would indicete that although tlhe' frequency of morremerrf has
increesed; with a corresporrdirrg increa-se‘ in distance covered, the referees are
.making more .rapicll ehaogee in speed and direerion than rvas; previously the
Case. This is -high.lighted pa'x‘ticﬁlarly in the categories of waIking forward and
Baekwards,. where .the mean distance per moveoment segment has shown a
reduction from 7.5 metree to 4 metres (forwards) and 43 metres to 3 nietr_e's.

(baekwards).

These resolts show that, whilst the demands on referees in the eocie of ﬁugb_y
y 'Unidﬁ apﬁe"ar’ to have .ihcreésed substatitially over the past eig’ht: yeats, the |

-~ offictals are ﬁdt.’cun'ent'_ly I‘lav-ing. to maich the physical workload ot‘ the
-referees in .the codé_' of Rugby League, althiouigh the present ‘demaﬁds; are

- highly similar to those placed on Rughby 'League officials ten seasons ago. |
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Whe’n. eaearoining f the data o'o- the"quontitj} of hlgh inteosity vs;ork underteken.
by a refeéree at the top Ievels of the garie, measured ini - dlstarice c0vered at
: speeds above jogging levels, it can agam be compared to the levels recorded
| by Spiller (1990). Analyms of the high intensity workload (runmng and
sprmtmg) reveals that in this study a. referee covered 1124 metres (13.9% of '
total dlstance, 9% of tota[ time) in the nmnmg category and 122 metres ‘
(1 5% of total dlstance, 03% of total tune) in the sprmtmg catégory as a
mear. Spll_ler (1990) r.ecords figures of 544.50 metres of running (10.67% of

total distance) and 24.86 metres of sprinting (0.6% of total distance).

Statistical analysis of the two. studies in the high-intensity classification of

movement, showed a significant difference (t=5.13, p<0.05), with an. increase

|  of 127.6% in total distance travelled. (The raw data for the t-test is detailed

in Appendix O(vii).) Therefore there .appears to have been a sfg:ﬁﬁeant
increase in the quantity of hlgh intensity WOrl:c‘ Iierformed; in terms VOf tbtal
onat'ch dietanCe, by referees sinc‘e the‘. study By Spifler (1990) Thxs | is
remforced by a statistieally s1gmﬁcant increase in the quantity of high
mtensn:y work in terms of pereentage of totaI matoh dlstance covered
undertaken by a referee since the- study by Spillef (1990) (The AW statistical

data is shown in Appendix 0(v111))

In the event of an increase in high intensity work undertaken by a referee,

fitness testing procedures should look to assess anaerobic, as well as aerobic,
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perfoi-mance. Clearly the evidence presented above provides a substantial

argutent for the fitriéss testmg procedures 0 be rev1ewed the hght of 4

significant increase in the guantity of total distance covered in- the ~ high«

intensity categories of movement.

What is rio clear from this data alone is whether the cafegory ‘of high-_:

. intens&ty acti*&ity is utilizing the anaerobic energy' pathways for  all subjects*

aﬁd, ‘therefore, all referees involve'd in the game of "rugby union. Certainly

- .there . will be referees with high OBLA lex?els, ‘where the speed of the running -

| activity will need to be at its hlghest to generate a requlrement for anaeroblc _

metabohsm Conversely there may be situations where - referees with a low
OBLA level will have an need for anaerobie' metabolism at the higher end of

. the jogging catego'ry.:

I adﬁition, altﬁcugh there has been significant incfease in the total distarice
~ covered within the high-intensity - eategoﬁes of movement, the totai_ mateh
distan_ce in tlllese'. iwo categories is still relafively small. As highlighted
~ previously, the referee covers, en. average, 1124 metres in the runnmg
categery (13.9% of the total n_iatch ci_istaﬁce). and 122 metrés in the sprifiting
' cafegory (1 5% of the total match distance). This 'emount, totaII’i’ng‘ an average
of 15.4% of the total iatch dleaﬁCé implies that it woiild be difﬁcult 1o

Justlfy the inclusion of tests to examine anaerobic energy prov131on based on

_ dlstance covered alone.
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. . Discussion of the match-based heart rate results . -

Signiﬁeant ﬂevidence is :raised inl support of the use of rests m uvhich energy
.1s supphed mamly from anaerobic pathways by the ﬂndmgs of the heart rate
data durmg the matches analysed. The mean heart rate as a percentage of the'
he_an rate ma)glm.um ef a referee averages over the subject group at: 86%, :
w1th a..range of 81 to -.90-%.' Using a Hk_c\?Oj correlation graph tlﬁs | weuid |
result in an estinration of around 75% "\‘102' max on ave'rege, with a rarrge' of
approxnmately 70 to 80% of VO: max, mdrcatmg a substantral load bemg '

placed . on the referee

' The ﬁgures are cornparable to those elicited by Murray (1987), where ‘on 1

- average a referee 1s workmg at 91% of the maximum heart rate durmg the"- '.
entire garue. The range varies ﬁom 83 ‘to 96%, which agam is a margma!
iricr‘eaée on the results recorded herein. The HealthPac (1995) study repibrts a
mean heart rate from Rugby League referees of 86%, a hlghly similar f gure.

to that found in thrs study

. The range of heart rates recorded duting the . matches analysed werd betweer

125 arrd 180 beats, which equates to a range of 68 to 98% of the referee’s -
maximutm heart rate. HealthiPac (1995) reported a . ranige of 119 t6. 175
beats/min  which corresponded to a mean of ' 65 to 96% during ‘the entire

- game,




Finaily _the‘ tirtle spent above the ‘heart rate, which 'correlates- to the OBLA
threshold, was recorded as a mean of 52.0% of the total matcti. The range of |
‘results recerded lli‘es' betweeﬁ 109 to 34.3%. T“ni-s'. hcoupied wiﬂr the fact that_ l_
the mean heart rate in a match is 86% of the referees’ maxnnum, with - ar
mean. range of 68-98%, lends credence to. the 1dea that the fitness testmg-
: procedures should be re-evaIuated with a view to testing the eﬁ'lc1ency of the
anaerobic - metabolic pathways alongsrde aeroblc performance Thrs area of |

discussion is examined further in chapter six.

The data from this research has lllustrafed the substantlal increase in physxcal
. work that a referee undertakes in the elite spheres of the spOrt of rugby
union. _Wrth an increase of average total match distance from 4878 metres to
8086 metres and the average heart rate in a match being 157 beats/min er'
86% of a referee’s ‘maximumy the data points to the rejectien of the belief
.tt_iat the quantity, q‘ual.ity, and type of ﬁtﬁess tré‘iningr that a referee. has to
- undertake at the top level has not. changed fiom the recommendations of

Spiller (1990).

Dii¢ te the '-increas_ed loadiﬁg froim _a_erobtc rriéta‘ﬁrﬂ'igm‘ placed‘ oft an dfﬁclai,.
the referee’s | maximum oxygen uptake Ietfei's need to ‘be improved. R‘eIIIy‘ '
(1996) highliglited thie need for iricredsed lé‘\"ie'ls" of endrrance ‘ capacitjf by
stating.that, ‘the high level ef exercise intensity associeted ‘with refereeing has

 consequences both for_mental judgements and for fitness. Decremehts in |
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- cognitive function are noted once the exercise intensity exceeds about 50% .

]\702 tiax’, |

AIongs1de of this 1ssue 1s the fact that not only must an ofﬁclal be capabIe -

"of completmg the - mcreased dxstance at the pace requmed but there must be

- no decrease in the overall efﬁc;ency of . the officlal’ dec1snon-makmg -

-proeesses in the later stages of a match Agam Rexl}y (1996) reports that a\ _
-'fatxgue effect is ev1dent in- referees as mdrcated by a. faﬁ-off in work-rate
| towards the end of play and that ‘the fatlgue is lmked w1th drmm.tshmg

energy stores’ w1th1n the active muscles.

This has implications for both the dietary requiremeﬂts of the official and . the. a
qual'it'y_ and quantity of endurance conditioning that an official undertakes_ as

part of an overall fitness pfcgz'Me‘

VIt appears that the quantlty of work utlhsmg the aerobie pathways of energy- 3
. creatlon has mefeased and thefe is alsc 1 sxgﬁxﬁcam anaefoblc enefgy
, .prov151on demand by the referee w1thm a match. Thxs is supported by the' .'
tu'ne spent above a heart tate mdlcative of OBLA levels, whefe on average‘.
52% ef total match time' is" above thlS IeveI ThlS evxdence pomts to the need
- for referees to irnprove 1ot ofily VO;, 114X levels as far as is phys1cally

possﬂ:le, but also to focus upon the nnprovement cf the mdlvxdual OBLA

level. This would enable referees to perform the demands of a match with a




" reduction in the physical stress, there would be a decrease in time spent

above OBLA levels and also an associated reduction it ldctate concentrations.

| This would appear to contradict the statement by Willia_.ﬁns (1996} who sfatés
. - that ‘one can question the value of increasing a player’s ;anaerobic threshold”’
| and that ‘recent research suggests that it is the'_ {101 max, not the anélerobic
threshold, that is the most important éspéét of acrobic fitnéss for rugby

players.’

- However the recent fmdmgs ._by Deutsch et al (1998) where’ the results
. indicated that ‘props and back row forwards may spénd up to 20% of match
time above 95% of maximum- completiti've' heart rate” and mean blood I.act_ate.'-
; 'céncentfations ré.ngiﬁg from 47 to 72 mﬁml/l for orutside‘. backs and back row
lfbrwar&s - were recor&ed, would indicate a ‘considerable. contribution from

| - antderobic gIYC'dIysis,_’

C'erté:iini)"f thie results from mean heart rate in this study and the results from
"~ Deutsch et al (1998) and MeLean (1992), would appear to indicate ‘a need
. for “lactate tolerarice’ trgining to irﬁproire iniths-musculdr buffering capacity arid

: faétate-_ metabolism.’ '(Deutsch et al, 1998).

" In summary it is possible to draw conclusions for future fitness training. The

- mean match distance of 8086 metres, a mean heart rate of 157 beats/min and
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- the mean thﬁe spenf above the OBLA Ievel'being 52. 0% of total match time,

" a balance of endurance trammg, to increase the referee § V()z max and

:mprove recovery between repeated bouts of hlgh mtens1ty actmty, and speed'

condmomng, to elevate ‘the ofﬁcnal’s lactate threshold would be the

_recommendatlon from this research. The quality and type of tra_mmg that a

referee undertakes for match preparation must therefore be reviewed in the

light of the recent evidence. .
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CHAPTER 3

MATCH AND LABORATORY ANALYSIS OF TOUCH-JUDGES

5.1, 'METHODOLOGY
- T B '--Introductioh. |

- The study aimed fo examine the. -phjfsiological ﬁemands pIaceci on touch-
judges, whilst performing their duties du’_ﬁng a 7- hlgh level match of rughy -

"union.

' _. l'fhe _tésting_ of :thé touch-judges, as fpr_.the referees’ subject group, invélved_
the ré'cdr'ding in the game of al 'm'wanent ‘patterns aﬁd the -a_ssociafted
physidlbgical.vaﬁableé, ies h.eart. rate; elicited by one level I and/or 2 match,
The results fmﬁt ‘the field measurements were cofrelated with a ranée of

o Iaboratory test results to assess the reIatwe physmlogwa[ stress pIaeecI on each

ofﬁclal

- Thig subjects for this séctionn of the study were those identified if chaptef

four All the Iaboratory, match and statlstlcal anaIy31s conducted was 1denttca1 o

to that performed by the referees, défailed in the prevmus chapfer
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5.2, RESULTS
5.2. 1. Basic physiological parameters

B The physncal charactenstlcs mcludmg age, welght helght and VOz max, of
the. officials have been summansed in chapter four and outlmed fully in’ table‘ |
format m Appendlx B w1th the cardiovascular and blood lactate parameters.'

outlmed in Appendxx C. The results of the movement analysxs are detalled |

: belcrw

5.2,2.  Movement Analysis

5.2.2. 1. Total Distance Covered (metres) by touch-judges’ subiect

group
" The total dlstances covered by the touchgudges in the matches that were

ﬁlmed are swnmansed in Appendtx. F(l) and LIIustrated in graph;ca]; format m‘_

| figure 7.
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Figure 7 First half, second half and total match distances covered by the touch-judges’, during the matches analysed.
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" The mean total distance covered by a touch-judge during a level 1 or 2,

eighty minute, match was 4906 metres (sd +/- 666 metres), with - Tange |

\
|
\
|
\
\
of 3985 metres to 6409 metres, Flve of the ten subjects covered Iess o
g dlstance in the second haif than the ﬁrst half and the remammg five “

sub_]ects covered more dlstance in the second half than the ﬁrst The

- mean dlfference in dlstance covered between the two halves, was found

to be 157 metres Whlch was found not to be statistically mgmﬁcant. |
| (p=0.248). The .raw data for the t-test is .detalled in Appendix O(ix).

, |

The mean of the ten matches _ obset'ved -showed i that 51.5% (s.d. +/- |
4.02%) of the total distance tvas covered in the ﬁr_st half anct 48.5% (s.d.
+1-4.02%) in the sccond half. The figures for each individual subject

illustrating this are shown in Appendix F(ii).

|
The mean total distance covered by touch-judges in this research was ‘

4906 metres (s.d +/- 666), which, when compared with 5683.50 (s.d +-

when analysed using an independent samples t-test (t=-1.58, p=1.46). The

£ 255.27) metres found by Murray (1987), revealed no significant difference
raw data for the t-test is detailed in Appendix O(x).
|
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Another co:_nparisbn of relevance lis that between this study and the mean
ltot_al_ dis.tancé. ﬁndingé _ .from Spiller (1990). The two .sets of data were
analysed ilslin-g. a ttest for i_ﬁdepéndent ” samples “and tﬁere was fouﬁd fo
Be no siéniﬁcant difference (t=.07, p=0.946). The raw data for fhe t-test

is detailed in Appendix O(xi).

5.2.2. 2. Total and mean times and distances covered by the touch-

judges’ subiect eroup in different movement categories
lucg Iierent movement categories

The data relating to the ‘distances travelled by the toﬁch-judges’ subject
~group - in the various movement cafegoﬁes, collected and analysed through
 video -us‘age,' is shown in summary forrﬁat in tables XXI, XXII and’ |
.XXIII: The raw data .pertaining to each individual 'subject is shown in

| Appendix L.
A graphical interpret_atidn of the percentages of the distance travelled and -

time spent in each of the various movement categories is illustrated in

figures 8 and 9 following the tables.
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TaEfe XXT

Summary of the total and mean dlstances and tlmes covered in dnfferent movement categones by the touch \

' Judges subject group for both halves combmed
MOVEMENT FREQUENCY | TOTAL [ TOTAL TIME MEAN MEAN TIME | MEAN VELOCITY .PERCENTAGE PERCENTAGE
PATTERN b | DISTANCE | - SPENT DISTANCE PER PER MOVEMENT | OF TOTAL | OF TOTAL
S COVERED (seconds) PER MOVEBAENT SEGMENT DISTANCE { TIME SPENT
(metres) MOVEMENT | SEGMENT (metres/second) | COVERED IN | IN MATCH (%) |
* SEGMENT (seconds) - MATCH (%)
. _ ) ' {metres) . o . .
Walking 344 1663 - 1122 5 3 -1 © 339 - 233
Jogging : 120 2217 935 18 8 o2 452 - 19.4
‘Running - 20 394 69 20 3. 6 8.0 1.4
. Sprinting 3 38 8 19 . 3 7 1.2 0.2
Walking (Back) 161 302 249 2 2 1 6.2 52
Jogging (Back) 14 68 27 5 2 3 1.4 0.6
Sideways 64 204 69 3 1. 3 41 . 1.4
Standing’ 240 0 2330 - 0 RUNE 0 . 0.0 48.5
- TOTALS - 966 4906 |- 4809 5 S5 1 100 100 -
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Table XXII Summary of the total and mean distances and times covered in. different movement _categories by the touch

- judges’ sﬁbjéct group for the first half oﬂly

- MOVEMENT FREQUENCY | TOTAL | TOTAL TIME MEAN MEAN TIME | MEAN VELOCITY | PERCENTAGE | PERCENTAGE
- PATTERN - o DISTANCE SPENT = | DISTANCE " PER PER MOVEMENT OF TOTAL '7 OF TOTAL
COVERED | - (seconds) PER | MOVEMENT [~ SEGMENT | DISTANCE TIME SPENT
(melres) - MOVEMENT SEGMENT | (metresisecond) COVERED IN | IN HALF (%)
. SEGMENT (scconds) ' _ HALF (%)
Walking § 172 815 - 534 5 3 2 . 322 22.1
Jogging 63 _1173 485 : 19 8 2 463 | - 201
Running 10 _212 38 21 4 6 84 1.6
Sprinting | 1 24 _3.4 24 3 7 1.0 0
Walking (Back) | -~ 85 - -164 135 . 2 2 1 6.5 .56
Jogging (Back) 6 .33 o 13 6 2 3 1.3 - 05
Sideways ;35 ] 1o | - 43 3 1 -3 43 | 18-
Standing {§ . 120 0 116_3 0 10 -0 0.0 4827
TOTALS 492 2531 - 2414 5 5 1 100 100 -
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 Table XXIII Summary of the total and mean distances and times covered in different movement categories by the touch

judges® subject group for the second half only

MOVEMENT | FREQUENCY | TOTAL | TOTAL TIME | MEAN MEAN TIME | MEAN VELOCITY | PERCENTAGE | PERCENTAGE
PATTERN - DISTANCE | SPENT DISTANCE | - PER PER MOVEMENT | OF TOTAL | OF TOTAL
' COVERED |  (seconds)  PER MOVEMENT SEGMENT DISTANCE | TIME SPENT
(metres) - MOVEMENT | SEGMENT | (metresisccond) | COVERED IN | IN HALF (%)
- SEGMENT (seconds) HALF (%) '
" {metres)
Walking 172 849 588 5 3 1 357 24.6
Jogging 57 1044 | 450 18 8 2 440 13.8
Running 10 182 . 31 18 3 6 1.7 1.3
Sprinting 2 34 4.6 17 2 7 14 0.2
Walking (Back) 76 138 114 2 2 1 - 538 4.8
| Yogging (Back) 8 35 14 4 2 3 15 0.6
Sideways - 29 94 26 3 1 4 39 - S
Standing 120 0 1167 0 10 0 00 | 487
TOTALS. 474 2375 - 2395 5 5 1 100 160
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Percentage of Total Distance m1st half
Covered (%) HE2nd half
OTotal

Walking Jogging Running Sprinting Walking (B) Jogging (B) Sideways
Movement Category

Figure 8 The percentage of total distance covered in the different movement categories by the touch-judges’ subject group



25

Pe;'e:etage :: ':;:tial 20- . d1st half
pe E2nd half
OTotal

Walking Jogging Running Sprinting Walking (B)  Jogging (B) Sideways Standing
Movement Category

Figure 9 The percentage of total time spent in the different movement categories by the touch-judges’ subject group
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"The results from this study‘. indicated that the majdr categories of movement '

7_were walking, jogging and runnihg with mean distances. ef' 1663 -(33 9%),

2217 (45.2%) and 394 (8%) metres respectwely covered by the touch-_]udges )

_' _The other categones of walkmg (backwards), Joggmg (backwards) 51deways |

| and spnntmg showed means of 302 (6.2%), 68. (1.4%), 204 (4.1%) and 58

(1.2%) metres Vres';'.aec'tively._ ‘The figures in brackets represent the percentage of

total distance covered in the match by that movement category.

In terms of frequency 'Of the individual movement categories there were on

average 966 different movement segments- W1thm each game w1th the majority .
-of the time spent w1tlnn the standmg, walkmg and Joggmg eategones There g

' were, as a mean, 344 wa]kmg passages of movement 240 standing, 120 _

jogging and 161 walking (backwards) These categories contnbuted respectively

23.3%, 48.5%, 19.4% and 5.2% to the total time spent in the match by the :

_ touch-juctge. Sprinting, jegging (backwards) and sideways categories of motion

combined contributed, - on average, on'ly'2.2% of the total match time,

'5-2, 2. 3. Relationship of heart rate to movement analysis results

" The heart rate:_ va:iablee | for the totleh-judges" subject group, recorded during -

the matches through use of short ra;xge telemetry, are detailed indiViduel_ly in
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Appendix G. Subject group means and standard deuiations for | a variety of

. cardlovascular measurements are shown. _The raw data 1]1ustratmg the entire

| heart rate trace and a subsequent breakdown of the data mto various - heart'_

rate drstrlbutlons for each touch-_judge is shown in Appendlces K and M

The mean heart rate of a touch-judge during a level 1/2 match is 108--

. beats/nun (sd +/- 12.5 beats/mm) with a range of 88 to 126 beats/mm. As

discussed in the prewous chapter th1s figure " is hkely to be shghtly hlgher'
durmg actual playmg time, as the mean recorded value 1nc1udes half-ttme and -

mjury _tlrne.

- The mean heart rate as a percentage of the heart rate maximum of a touch-

judge averages over the subje_ct group at 59% (s.d. +/- 6.41%), with a range

of 48 to 68%. .

The range of heart rates recorded during_ the’ matches analysed averages
__between 74 and 150 beats, which equates to a.range of 40 to 82% .of the

referee’s maximum heart rate.

Finally the time speat above. the heart rate, which correlates 1o the OBLA

threshold of 4 mmol/l determmed through the laboratory testmg, averaged for

- the whole subject group at 0.1% (sd +- 021%) of the total. match. This

. means that the touch-_]udge on average, is spendmg only 5 seconds above the




hean rate mdlcatlve of the 4 mmoll OBLA level The range of results

‘recorded lies between 0 to 0.5% (0 to 25 seconds per match)
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5.3, DISCUSSION
5. 3. 1. Discussion of the movement ahalxsis results

. The two ‘importan‘t f'actors.. to be consiq‘:!e'red.' wheﬁ discﬁssing the movement
| analysis results- are ﬁrstly §vhether a sighiﬁcant_ Wd_rk demapd‘ is piacg;l on the
toﬁch—judges aﬁd, second!y,‘ ‘whether  the fitnesé testing kand' 'u'aihing
programmes of the RFU .ps;niel .(.)f'.touc_h jﬁdges have a need to be re-cvaluatéd"

and increased in their intensity.

Tﬁe data from this stuciy .showed that the mean_ total distaﬁce covered ‘by a
touch-judge duﬁng a level 1 and/or 2, eighty minute, matéh was 4906 metres,
with 2 range of 3§85 Vmeltres to 6409 metres.‘ Due to the relative lack of
~ studies éarried out on the physiol_dgical demands jalaped on tduch-judges in the‘
codes of rugby, there are limitations on the number o.f empirical compaﬁsons

that  can be made with_ other research.

However the study by Murray (1987) cart be used as a benchmark for future
_recommendatlons, although the small sample size used in the research by
Murray (1987) niust be bofneé in mind, as this reduces the vahdn‘y and _.
'fcliability of the findings. The mean total distahée covefed by touch-judges in

this research, amounting to 4006 metres, when compared with that found by
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‘Murray (1987), totalling 5683 metres, revealed 1o significant difference and

this would allow similar recommendations to Be used for both sets of data.

Another comparison of relevance is that between this study and the ﬁndiﬁgs

from Spiller -(1990). The 'touch-judges in .the modern game, as highlighted

carlier in the study, have had their roles and responsibilities redefined over -

the_ last few seasons: and therefore there' is an interest to be taken in

examining the results of distances covered by a touch-judge in this study and.

that of the referees eight year's' préviously. There was found to be no N

significant difference between the two sets of data and would also allow

- similar recommendations for both groups.

When analysing the similarities between the data reported here and the results
of Murray (1987) and Spiller (1990) the distanices covered by subjects within
the different ‘movement. cétego_ries is of relevance, The distance covered by

touch-judges in a match in the categories of walkihg,.-jogging or running, in

both forwards and backwards directions, is, as a mean,. 95% of 'the& total -

- distarice  covered. This is closely- reiatcd to the findings for referees of Spiller

(1990) and this study and also Murray (1987) highlighted that rugby league

touch-judges covered 94% of the total match distarice in this matiner.

The largest discrepancy when drawing comparisons to the research by Murray |

(1987) is that of the distance covered by jogging and running; Murray (1987)
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“reports that touch-judgeé, as a 1ﬁean,.'pover '_1237 metres (21_.8% of total
distance) in contrast to 2217 metres (45.2% of total distance) ﬂli'ough jogging

and _that“'2326 ‘metres (40.9%) in confrast to 394 metres (8.0%) is covered

through running, "This ‘l_a@rgé dlscrepancy could - be ‘explained by the fa_'ct that

thé, definitions of jogging and running' may differ between the two studies, but

| Murray (1987) does not 'defme' the movement categories snlfﬁcientiy_. to allow -

closer examination of this potential variation.

The comparison with the data from the referees in the study by Spiller (1990)

reveals close agreement. in a rumber of movement categories, Walking,

jogging and running by the referees in Spiller’s (1990) study results in total

match distances of 1147, 2379 and 544 metres, respectively, which are closely

 matched by the foﬁch-judges- in this study, where mean distances of 1663,

2216 and 394 meétres, resﬁecf.ivdy were covered in the thres movement

classifications. - 'I"hg only category showing a’ large discrepancy is that of

. walking (b-ackwards),‘ _Which showe& a meah _of 543 metresi (for réferees) and

301 metreé' (for touch-judges),

Pl

 The movement cétegories of walking (backwards) and jogging ‘.r(backwards) "
illusteate differences, as Murray reports only 140 metres (2.5% of total
distaﬁce) travelled by touch-judges walking (backwards) and ¢ metres travelled

| runni:ig backwards. This is "substantiany less than the 302 metres (6.2%)
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“covered by walking (backwards) and 68 metres (1;4%) covered by jogging

(backwards) in this study.

These results woulrd‘ appear to indicate that- touch-judge fitness" programmes
have';i -ﬁeed to focus: ﬁpon the development qf. maximal ,.oXYge.r) Uptake,'to
~ enable the sub.stan.tial .‘w'orkload of | a touoh-judge to be undertaEen withouf :
affecting the decxswn-makmg processes of the ofﬁc1al pamcularly in the later
stages of a match leew1se ﬁlture testmg protocols should focus upon the :
endurance capacity of touch-Judges, to ensure maich distances can be

. ade'quately covered without undue stress.

5. 3. 3 " Discussion of the match-based hedrt rate results

" The mean heart rate du.r_i'ng_ the metehes ahal'y.sed was 108 bee_tslmin__and
'_\&hen celculeted as :a' perCehtaée of the heart rate ma).(im‘um'o‘f 2 toochajud'ge
the subject group mean was 59%, w1th a range of 48 to 68% The figures
show a dlfferentlal to those e11c1ted by the Murray (1987) subject group,.‘
' where ‘on average they (touch-;udges) are workmg at 78% of the maximum
heart rate durmg the entire ganie The range varties from 69 16 87%, which

agam is ‘an increase on the results reeorded herein.
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The 'staterﬁent. by Reilly (1996) fihat ‘the high 'level_:of eﬁércise intenisity -
associsted with refereeing has consequences Bbth for.‘ menta]" judgémehts and "
‘for fitness’ is pertinent for touch-judgeé | as there will be 'é ‘fatigue effect
evident due to the distances_ c'oﬁered and ‘thé.“ relative intensity '.of the
_'matchﬁ‘lay.”Also.'as thé averége éxercis¢ intensity | is -ai'ound 50% \'/OZ max
_there will be . associated ‘décreménts in cdgnitive' functioh’ (Reilly, 1996),-.-

which an improved cardiovascular ﬁtne_sé will help to ﬁllay.? '

In .comp'afis‘qn‘the' high'intensify wotkload appears to be reiatively small, 'with o
only 0.1% of the match time spent above a heart rate indicative of OBLA |
levels aﬁd the high—intensily categories of movement cﬁntributing (‘mly' 394
metfes .of | ming distance and 58 metres of ‘Sprinting distaﬁce, equating to
8.0% and 12% of total match distance reSpectively. This would seem to. |
iﬁdicate that the fitness lt'raining and“ testixlg programﬁes for téuchajﬁdges have

little need to focus upon developing anaerobic metabolism or pc_ﬁwer output,

_Ih summary .it .wo-uld appeér,' theréfore, ﬁ'qm thesé ﬁndings that there _is:l no
significant workload placed on the- touch-judges that reduir_e anéeroﬁic energy
érovision and that fitness testing énd training programmés. shouifi focus on
" mﬁkimal :oxyger_i'uﬁtake measures. Fﬁﬂher‘discussioﬁ of re‘levéﬁt ﬁfﬁess tesﬁﬁg

of touch—judgeé is covered in chapter six.

143




- CHAPTER 6

" FITNESS TESTING

6. 1.. - Fitness testing for officials - introduction “

_ The relevance and merits of the current fitness testing methods have been

q'uestioned repeatédly during recent times. The necéssity of the fitness testing

'proccss has been debated along with the vahchty of the acroblc parametcrs

"‘-that were established, based upon the ongmal work of Spiller (1990). There’

has also been concern expressed by individuals involved in the testing
procedure that there may be undue risks being placed on the ofﬁcials,-r

partlcularly in the incidence of lower limb mjunes caused by the multlstage

ﬁtness test and the cardxovascular loading that a test of this nature places on

mature subjects.

When examining the findings and the related hypotheses, as discussed in

chapter four, it is obvious that the argument in favour of fitness testing for

ragby union referees is a strong one. With the total distaice covered by

" . referees apparently having significantly increased in the past eight seasons,

.from' ‘& mean of approXimately 5000 metreé to approximately 8000 mietres, _ﬂie

justification for fitness standards to improve is unequivocal.
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Alongside this fact is the workload of touchjudges is now substantial, with

the mean distance of approximately 5000 metres being covered, a distance that

'correlates. closely "to that found by Spiiler (!990) for the referees sample. .As

discussed previously the fitness testing procedures _'and standards for touchs

judges should also be re-evaluated in light of this evidence and increased in

their rigour.

‘ ‘-Traditionally' the fitness testing protocols for referees have included a variety

of measures for a number of fitness - charactenstlcs. ’I‘he benchmark test

adopted by the Rugby Football Union in the early stages of ﬁtness testmg

was the : multlfstage fitness test, & maximal field test measuring aerobic

capacity.

This test uses a prdgressive method"for 'asses'sing \.102 max, where individuals

_are asked to run contmually between two sets of cones; 20 metres apart, to

'the sou;nd of a tape recorded pacer As the test pregresses, the intensity of

the exercise is increased _ every mmute, with' the time allowable between the

two sets of cones decreasing gradually. When an individual can no longer -

'niaintain the set pace, they are removed from the test and the level reached is

used as an predtcted mdtcatlon of the individual’s VOz ‘max. The. Rugby\

Football Umon adopted a level 10, shutt!e 4 standard (equatmg to a VO, max

value of 48.4 ml/kg/in) ovet the recetit seasons as an indication of the =

referee’s
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 match fitness and raised this standard to level 11, shuttle 5 in the 1998/99

season.

‘Alonéside this test' | there have been: ﬂex'.ibility,‘ particularly foeusing on -‘lower
_.body range of movement, speed (15 and 30 metres) and body composmon
(skmfold) measures of fitness, but none of these have been used fo establish
a referee’s readmess to offictate Guidelines have been offered to officrals |
about the various results Recenﬂy thése supplementary tests  have been. '
: abandoned with the sohtary measure of maximal oxygen uptake bemg retamedj

| as a benchmiark of the ofﬂe;als fitriess leVels.

Touch-jndges.'h.ave only had: a field test focusing on anaerobic metabolism to
undertake until - the 1997/98 season, where the 1nd1v1duals were . asked to
perform repeated shutt]e sprints with a short' rest period tn between each
repetition. There were no standards_ ‘adopted, but the resrllts were fedbaek to

the " individual for purposes of monitoring current states of fitness. 'Since the

| 1997/98 season, however the RFU have adopted the Cooper 12 rmnute‘ =

endurance perfonnance test as the standard for toueh-_ludges, with a benchmark

of 2400 metres bemg set for the 1998/99 season.
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Ther_e is, ho_wever, .now. a ju'sﬁﬁeation for questioning and adapting ﬂie cﬁrfeut

testing procedute to-_reﬁeet more closely the. rigours that: -are p.]aced ou the

- physiological S}-r"st'ems' of the referee and touch-judges. The specificity and -
vahdxty of . the ﬂtness procedures used in the past are open to questlon in
lllght of the ev:dence brought forward Bangsbo (]992) questlons whether
. maximum oxygen uptake or blood lactate can be: used to evaluate mtermlttent’
ex.ercxsek endurance capaclty and physxcal performance thhm  Association

‘Football, a game thh snnxiar charactenstzcs to that of Rugby Umon

I addition_ .Bangsbo (1992)' poiuts out that | VO3 max does- not _Seem to be an
a_ecmete meesure .of_ the. soccer-specific - endurance cepaeity. This is i
| agreement with’eaﬂier ﬁndings in soccer ‘a‘nd othet' sport's. Thus, m studies of
endurance-trained cyeclists - with similar maximum oxygen uptakes, a  great

 variation in endurance capac1ty for contmuous exercise was observed ’

In assessing ‘whether maximal oxygen uptake is a solid gauge of performance
within an intermittent-type game, it is of relevance to consider the data
collated by this study. If VO, max were an accutate indicator of enduratice

capacity “and related to the ability of a referee to sustain _the workload

 demanded by a match, then it would be reasonable to- anticipate a significatt

~ correlation existing between VO, max and total distance' reeot'ded' within the
‘matches by a referee. This would also be. a relevant statémiént when .

performing the fole_of a toueh-judge. In addition to this hypothesis it is of
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- interest to examine the relationshxp between thé VOzoBLA values atid the fotal
dlstance covered by the subject group, in both the refereemg and touch—

' Judgmg capacmes ‘The relatxonshlp between these vanables is. shown in table

XXV,




© Table XXIV Total distances covered by the subject group as referees and

' fouch-judges in the matches recorded and the relationship to

| physioiogidal variables

SUBJECT TOTAL - TOTAL VO, max | VOzona
| DI_STANCE— DISTANCE- | (mlkg/min) (mVkg/min)
| meremeg | ToUCHWUDGE | . |
, (metreé) (metre'.s) _‘
1 7353 7756 54.7 49.0
2 8345 3085 509 35.0
3 IR 5140 55.6 450
4 7291 4447 57 430
5 7478 2287 51a 39.0
6 7767 504 565 46.0
7 9058 " 6409 574 250
8 9143 5281 67.7 55.0
9 5073 5084 | 50.1 41.0
10 ' 7036 5 W 44.0
“MEAN 8086 " 4906 558 44.2
' S.D. 799 666 5.2 5.45
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. 1. 1'.j - Statisties

" The correlat1ons between' d1stance covered as a referee and as a touch-judge' -
 and the physwloglcal vanables of VOz max and VOzogLA -were performed |
usmg a Pearson s product conelatron test and the raw data can be. found in

Appendlx O(xu)

- This test was selected on the bases that the data was of a parametric- (ra‘t'io)

nature and the relationship between two variables was béing- assessed, i.e. the

~ extent to which the size and direction of the deviations from the mean in one =

variable (the first measurement) are related to the size and direction from the
mean in the second variable (the second measurement). To ensure statistical

rigoura 99% level of confi.denoe'was appiied to the test (p<0‘01). |

The definition formula for Pearson’s product moment correlation coefficient r

is:

r=£"| (Zx) (Zy)]
N
" where: . Zx and Zy are the Z scores for each subject on the X and Y

variables

N is the number of pairs of scores



It was discovered that in all cases a poor comelation existed berweeri. the

 match distances and the physiological variables. ‘The correlation between the

total_ distance covered by the referees’ subjéct group and VOz max/\'fozoam was

026 and 0.16 (p>0.05 in both cases) respectively, indicating that maximal . |

oxygen uptake and OBLA levels were not good indiéatdrs o..f‘ workload during

o ma_tch. This finding _.was‘ replicated_- by thé correlation between the totél
~distance covered by the toUch'-ju.d'ges’ subject gr_oup and VO; max/VOzopLas

where. correlation values of 0.37 and 0.48 (p>0.05 in both cases) respectively

were recorded,

From this évidéncé, and that presented . by other researchers, e.g, Bangsbo -

(1992) it would appear that maximal oxygen' uptake alone is not a good
indicator of ability -to perform rugby-specific work and it is highly desirable;

therefore to lock to develop a rugby-speciﬁé endurance capacity test for

- officials,

In assessing the current endurance capacity tests, traditionally officials, in
general, and referees, int particular, have had fitness levels assessed through
widespread use of the 'm‘uItista'ge‘ fitness test. Whilst the multistage fitness test

has been accepted for sometime as an accurate and reliable testifig 66l ©©

predict VO, max values (Leger and Lambert, 1982), there are question marks

over whethet this test truly teflécts the physiological stréss' that is placed upon

the officials within the game of Rugby Union. As discussed previously, in
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“addition fo the substantial aetobic load, the tesilts of this study illustrat that

the referee undertakes a significant high-intensity workload, with 15.4% of the

 tofal distance covered in a match falling within the running and sprinting

categories.

Alongside this' is the fact that there _aré a cohsiderable number of d.ifféreht‘ .
movement pattern changes during the :gar'n'e,' a_recorded average of 1359; with

associated Vaccqléi'ation' and deceleration and ‘multiple changés of . direction

. occurring, placing substantial strain on the musculo-skeletal system. Also the

results of this stﬁdy show that the heart fatc of referees rises beyond that

o relating to OBLA level_s for, on average;- 52;0%_ of match time; all of which |

questions - whether  the referee, 'in particuiar, should be tested and .selected

utilizing only an en&urance capécity test as the méjqr performance indicator.

In addition Bangsbo- (1992) states that ‘for weII-t;a'med athletes muscle

- characteristics, VO, max and blood lactate corcentration during submaximal

running are not sensitive measures of endurance . capacity during intermittent

exercise.’ .

Also in support of this view, McLedn (1993) states that ‘rughy is ot a

steady state sport. and demands cdnditioning which will facilitate anaerobic -

‘metabolism ... the fact that a téam can be Succéssful with a moderate aerobie

capacity .sﬁggests that this component of fitness, although relevaht, is not a
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priority for developmient of testing.’

| The spec1ﬁc1ty of generahsed endurance testmg and the use of the multlstage.
 fitness test, therefore, must be open to conjecture at thxs time. McLean (1993)
.a]so states _that 1t (the multistage fitness test) ﬁ.ﬂﬁls many of the. cntena_ that
B coaches requu‘e of a fitness test but ‘it, is deba_table“ if the 20m shuttle run test S

fulfils criteria 5. and '7.’ (- where criterion 5 = focused on- specific ﬁtness

components of the game and criterion 7= sens:txve to change) However

McLean (1993) supports the underpmmng concept of the multxstage fi ’mess test
by stating that; ‘the 20m shuttle run test does provide a model for tests to be

.developed to measure other eorﬁponents of fitness specific to the game.’

Another issue .eonﬁ-onting 'Vme ‘use of the -_Vmultistage fitness test ils tﬁat’ of .l
Rugby Football Union’s stance on operat_ing altemative ‘ﬁeld tests. for the

- prediction of an md1v1dual’s endurance capaclty, ie. the Cooper 12 mmute.
_test Gibson et al. (1998) state that ‘the multlstage shuttle " run oﬂen.
| underpredwts an individual’'s VO, max, particularly when the VO, max is
' 'beyond the ratige of values of the healthy but uﬂtrained subjects in the |

original study of Leger and Lambert (1982).*
This idea is further enhanced by the findings of Gibson et al. (1998) which

show that the shuttle run values of VO, max, when compared with thosé

obtained via. direct measurements of VO, max, underpredlcted the VO; max of
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runners and athletes as a’ whole, by between 5 and 10%. The GleOll et al.
_(1998) results were obtamed using a sample populatlon of males wﬂh VOz
max values rangmg ﬁ'om 52 74 mlfkg/mm, which shows that ‘the multlstage

K shuttle mn test is more predlctlve of aeroblc capaolty in a diverse group

Lthan in a homogenous group of athletes w1th relatlvely hlgher VOz max

values.”

A ‘These findings endoree those by Grant et al_.' .(”1995), .whe're it Wae_ found that
~ the 'multistage' fitness fest on average, unoerpreéioted \'1‘02 max values by 4.5 '
mbkg/min, a value of around 9%, ‘when compared to direct measurement on
the treadmill. Again the populatlon sample in this study was relatwely athletlc,
with an average VO, max value of 60.1 ml/kg/mm suggestmg that for ﬂus

group the multlstage ﬁtness test’s valxdlty was open to some debate

~In conclusion there are_therefore a. numoer of question marks over the use of
the cﬁfrent .tes'ting m.ethlodology adopted by_ | th_e' Rugby F ootball Union in
‘ ‘t.'erms of its validity and - specificity to assessiog officials’ matchl_ ﬁtoess.
.Altemative testing protocols should '_ be investigated in orde::"to .be utilised in

the future.
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6. 2.

“ "I‘he. development of a new ﬁéld test for '_rugbgV officials

As the multistage fitness test’s validity and specificity, when applied to the

measurement of the fitness of rugby union officials, is open to some questioh,

an attempt to design a sport specific test for rugby union officials was made.

. This endeavoured to fulfil the criteria for a field test set out by McLean

(1993),'these being: ‘1, inexpensive; 2, easy to set uﬁ;' 3, short in duration; 4,
"able to test many  players simliltaneously; 5, focused on s'pecific' fitness.

- components of the game; 6 reliable and valid; and 7, sensitive to change.’

Thus a test was designed based o_ﬁ the work Bangsbo (1992 and 1994),

which measured the relevant components of fitness, had sufficient construct

‘ vaiidity and was more indicative of the movement patterns that officials

within rugby union undertook during a match.

Bangsbo (1994) desigﬁed an intermittent field test _whjci'l ..examined - the

‘endurance capabilities of Association Footballers and this is illustrated in -

diagrammatic format in Appendix P. The test was designed to incorporate a

number of exercises that reflect the intermittent a.c.tiviiy nature of a game of

Association Football.

The subjects in the Bangsbo (1994) test were instructed to follow the course

155




Afor' ‘a fotal of sikteen and one half minutes, aItemeting hi'gh: iﬁteﬁsity activity
7 pemods of exercise lastmg fifteen ‘seconds with low mtens:ty recovery exere]se |

: .lasting teri seeonds, Thus the Subjeefs wﬂl - conipleté forty penodﬁ of high -
_ 1nten51ty runnmgljoggmg (ten minutes in total) and thn'ty-nme penods of Iow

intensity Joggmgfwalkmg (suc and one half‘ minutes - in total).

The course involves the subject running backwards and Sidewaye et‘ certain
points in the course end .also’ moving around posts to demonstrate agility, -all
. of which reflects the changes of direction and the dlfferent movement pattems-

that a player would undertake in the game,

The test result is calculated as the total distance that the subject covers durmg
the hlgh mtensxty runmng phases, thh the sub_peet moving no further along
the course durmg the mtervemng recovery periods. Subjects were encouraged

to jog or walk towards the centre of the gnd durmg recovery periods,

In adapting the test for rugby union ofﬁeials,‘ the basic intetmitter_zt field test
 developed by Bangsba (1994) was used with several modifications, Firstly the
dimensions of the‘ course Were changed to ensﬁref that the test could be laid

:out easily ot a rugby mtch thhout tao much deﬁculty ThlS resulted . in a:_

| 7 reduct:on in lap distance from one hundred and sixty metres to one hundred

anid forty mietres. Secotidly, to reﬂect the percemage of distances that wete

covered by different movement categenes recorded in this research, the -
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iovettent patterns included in the test wete altered. Thetefore the distarice
coveréd by Backwards and sideWays ’worl;:':‘in the test was set et five metres
 per ot Hunidred and fqr.tym'metres apiece, which closely reﬂé.c.t@d the thtee
_peréent sid«_sways and backwards coﬁtributions t§ _thcie' mateh distance .regord:ed

- by this research.

The resultant field test for Rugby Union ofﬁci'als.'is_illustrated in Figures 10

' and 11
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‘Figures 10 & 11 Intermittent endurance test designed. for assessing Rugby |

A

Union officials’ match fitness
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In vahdatmg the 0r1g1na1 test, Bangsbo (1994) testeci thq I‘QlaIIOILShlp between':
the result of the intermittent endurance “test and the . correlauon thh the
distances. covered by certam sub._;ects durmg several elite matches. Bangs.b.a R
.(1992)l stated that ‘for ﬁrac-tical purpésés- é simple. test wés desiréblé’ and the-. :
mterval f‘eld tesi des1gn was supported by a Imear relationshxp between the:
‘:_mtewa} field test result and the match dtstance Bangsbo (1994) also states
that ‘it appears that the better the test result, the greater is the distance that - .
can be coveréd | _duﬁng a ﬁmtch.’ | lThe ebnelgtfo;is discov_ere;l by Bangsbo

 (1994) are illustrated in figire 12,

‘In further support of the test’s vahdlty, Bangsbo (1992) states that ‘the
‘.‘usefulness of the mterva} field test 1s also supported by the finding that the
mean blood lactate concentration was 7 mmol/l after the test. This
concentration- is of a siﬁ_;ilar rrrxagnituder to that found during the more intghse

part of soccer matches.’
This method of test ana1y51s would be thhly convenient - for estabhshmg the

_m this research, “could be covgred by the' subjects. The use of the test result
and its corfelat.ion to the maximal match distance utilising the regression lip.é
in ﬁ.gure. 12, as -'esta_bli-shed' by.- Bangsbo (1994), would allow a quiék
_ ca_i.lculation of a 'rrﬁnimum test standard ta B.e _applie_d_.' _td_ both referees and

touch-judges.
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. Figure 12 = The relationship between the perfonn:ince in the intermittent
~ endurance test and the greatest distance that a player can cover

during a match (From Bangsbo, _1994) |




~ When u'stng the average ﬂgures for distances covered b)t ret'erees and touch- :
| judges from this research and tmrrelatiné this to figure 12, it would be
| .lp‘os'sible..to set -minimum test standards'of 1500 metres’ for level 1. arlrd' 2
referees, based on the mean total match . distance of approxxmately 8000
- metres, and 1100 metres for- level 1 -and- 2 touch-Judges, based on 1 the mean

 total match dtstance of apprommately 5000 metres

Tt would ‘also‘ lbe: possible to grade the officials according | to. the level of
'matches bemg taken and set test levels aecordtngly It is - likely that the 3
g standards for 1nternat10nal referees would need to be htgher due to the’
- greater speed and ﬁtness of the game at that level and the testing leveI
i therefore, would need to be another 100 200 metres hlgher Ltkewrse those
 officials involved in matches at levels 3 and 4 would have less test distance

~to cover due to the reduction in the pace and fitness of the players involved.

6021 MethOddldgv for_assessing the specificity of the new_interval

field test

To assess the spemﬁcn‘y of the test a group of sub_]ects were measured on

both the multt-stage fitness’ test and the '1dapted Bangsbo intermittent ﬁeld

 test.
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It was hypothesised that statistical aﬁalysis of the results should show no
: 'signiﬁcant correlation between the two field tests, if the Bangsbo test were to :

be assessing other fitness factors than maximal oxygen uptake.

Twen.fy subjects of various ages and _ﬁ’mess _ backgrounds were: "taken and
~measured over two separate testing seesione. The indiyidual_s selected ‘had ell
underteken previe'us' ﬁt.nes's-l testing usmg .-'bc‘)lth the multi-stage fitness test eﬁd :
the adapted Bengebe test to ensure fmﬁliaﬁmﬁon and. to reduce'. ﬂ1e learning -
effec_t'. At the ﬁrst testing session haif of the individuals were tested using the
multi-etage ﬂtness test and - the ether half were tested .using the new.
' 'intermittent field. test for rugby union as :descﬁbed earlier in the chapter. After
‘an interval of a week the mdmduals were re-tested using the aIternatlve test,
thus enabling the subjects to be fully rested between testmg sessxons Tlns

testing methodology also enabled a mlmm_alxzatlon of any order effect.

The ’eest conditions . were standardised as closely as lposslible, w:th the multi-
stage fitness test being conducted indoors on 2 flat, firm surface- with  the
ambien_f temperaﬁﬁe and'tim.e' ef the dayl beiﬁg as mmllar as feesiﬁie from ‘t;he"_
first to lthe seconci session. The groups were taken '.through a standard ten
mmute warm-up, mcludmg a combmatlon of musc:ular and - cardlo-vascular
aetlﬁtles and a similar cool-down process on completmn of the test.- The test
protocol descnbed earher in this chapter, was closely adhered to for both

' groups to maximise rellablhty between the two testmg sessmns
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The new intermittent field test was equally standardised, with the test being

c_oriducted _ 'outdoors_ on a firm, grassy rugby pitch with similar ambient

tcmperature, weather conditions and time of day bcing observed on both

‘occasions. Again the groups were taken through a standard ten minute warm-.

up, including a combination of muscular and cardio-vascular activities and a

similar cool-down process on completion of the test.

The test protocol, described earlier in this chapter, was closely adhered to f¢r

both groups to maximise reliability. Five subjects were tested at one time,

whilst the other five .r_ested, to ensure aécuracy of result recording. This also

decreased congestion  within the testing area and allowed subjects the

maximum opportunity to cover the largest distance possible.

| _ 6.7 2 2, -Statistics

In order to statlstcally analyse whether a 51gn1ﬁcant cotrelation between the_. g

two ﬁeld tests ex1sted a Pearson s product moment correlatlon test was .

admnustered.

This test ‘was selected on the bases that the data was of a parametric (ratio)
nature and the relationship between two variables was being assessed, i.e. the

extent to which the size and direction of the deviations from the mean in one
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- variable (the first measurement) are related to the size and direction fronil the

.mean in the. second vanable (the second measurement) To ensure statistical

) ngoura 99% Ievel of conﬁdence was applied to the test (p<0. 01)

The definition formula for Pearson s product moment correlatlon coefficient (r)

is shown earlier in this chaptcr

6, 3. - Results of the_testing sessions

. The group’s test results for both the multhstage and the new intermittent ﬁeld
tests are shown in table XXV The results are rccorded in estimated

-ml/kg/mm for the multl-stage ﬁtness test and in metres covered for the

intermittent field test, ‘with group means and standard deviations shown.




- Table XXV Multi-stage fitness test and intermittent field tést_ results -

SUBJECT | MULTI-STAGE TEST | INTERMITIENT TEST
I RESULT (mlkg/min) | RESULT (mefres covered)
T 553 T 1540
3 T 523 1760
3 TTTEE ST ss0
e 516 1 1m0
5 N R 1750
6 Si6 1530
7 546 T 1450
3 1 | 1700
9 7 N T
10 TN 160
5y 29 1300
2 B35 | 139
13 523 | 1640
14 B | 1580
15 335 T 1430
i6 46 | 1570
7 224 | 1710
18 399 640
9 s | 16%
20 S T 1610
MEANS | 40 | 1595
STD. DEV. 3.4 - 174
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The subjects had a:-' range of predic'ted V02 matc t.'ral'ue's.” of “between 329 and |
57.1 ml/kg/mm, with a mean group score of 470 ml/kg/mm (s.d. +/- 8.4
ml/kg/mm) The distances covered in the mtenmttent test ranged from 1300 to'r
:.1760 metres, with a mean group score of 1501 metres (sd +/— 124 metres)
_ The two sets of data were ana]ysed usmg a Pearson s product correlatlon test -
and there was found to be no significant correlation (r" 42 p>0.05). The raw .
jdata for the Pearson’s test is detmied in Appendtx 0(xiv). With only 17 6%
of the common variance accounted for, the . adapted mtenmttent field test can
~ be regarded as mgmﬁcantly different from the multl-»stage fitness test and it is

" likely that the mtenmttent ﬁeld test. measures alternative fitness cntena. to the _'

endurance capacity test.




6. 4. - Discussion of the new fleld test for rugby union officials

. -"The,results of this study indicate that the adapted' intermittent field test relies

on mote fitness variables than just aerobic capacity. It is _probéble that a

certain degree of anaerobic fitness is evaluated by the test and it is feasible

that this new test would be more representative' of the work that an official -

'performs ‘in a typical gamé_‘ of Ru’gby Union. Certainly anecdotal evidence

from the subject group revealed that psyc:hologicalljP the test prové(_i_ easier to

undertake, with thé increased va_riety_' and likelihood of reduced .risk_ of iﬁjury- )

from a kinder surface.

However before a wholesale recommendation of this test can be made, there .

are 'problems‘ with the scientific validity of the test that need to be

considered. The primary concem is that the regression line ,drawn between the -

two variables in ﬁguré '16 is founded upon only three results. Bangsbo (1992)

‘ used a sample of eight male'professional soccer playérs. from ‘top-élass teams

in D_enmarl;’ and drew up the f‘ina_l regression line using only three of "_the

subjects. Bangsho (1992) selected these subjects on the basis of the subjective

observation that ‘appafgntly only these players were close to their potential

~ maximal distance during the observed matches’ and the other subjects were

ignored due to the perceptioﬁ' that the distances covered in the matches

~ chosen were not close to the subjects
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maximal. What is not clear from the fesearch by .'.Bangsbo (1992) is 'how this

| potenttal max1mal d:stance was ob_]ectlvely ascertained and it seems that the :

accuracy of this method of estimating the maximal match distance must be

open to questlon. If the test were to be adopted for Rugby Umon ofﬁmals

and benchmarks set for minimum fitness standards, then a recommendatlon of
- this study would be that the test is re-exammed for 1ts vahdlty and rehablhty, :

‘using a much larger sample 51ze than that which was used by Bangsbo

(1992).

However the results of thlS study would appear to support the move away -

from the use of the multl-stage ﬁtness test as a tool for ascertaining “match

ﬁtness of officials and to switch to a more pertinent, intermittent-style fitness

test.
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CHAPTER 7

GENERAL CONCLUSIONS AND FUTURE RECOMMENDATIONS |

- As Rugby Union continues te adjust to the dema_ﬁds of professionalism, -the

changes to the game have been, m many senses, radical and far-reaching. The

‘ code continues to develop and alter at a considerable pace The data presented-"

‘in- this study 111ustrates that the phys1ologlcal requlrements of ofﬁclals have
. changed since the introduction of leagues and it is evident that the continual
growth of professwnahsm w111 continue to ‘place mcreased demands on the

_ preparatlon and part1c1pat10n of the ehte RFU ofﬁc1als

‘The data reported in this study has shown a large increase in the distances
covered by the referees since the 'prelimina.ry findings of Spiller (1990) and

the touch-judges now are experiencing ‘a substantial physical workload. The

supposition that a referee within a top level league match is covering over"

8000 metres and a touch-judge is- covering over 4900 metres means that

aerobic energy provision of an official in the top flight will need to be

developed beyond that which was felt to be adequate in the Splller (1990)' |
- study. ThlS is supported by the fact that the mean heart -rates of the officials |

within this research are a high percentage . of their maximum, particularly those

in the referees group, where the mean heart rate recorded 'during the matches

~ analysed was approximately 86% of maximum.
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It seems reasonable to suggest that on :thc basis o.f this data that teSting_ the
ability of refetees. -and' touch-judges to provide energy t‘rom aerobic metabolism
must contmue with an increase beyond the original level of the proposals of
Splller (1990).: The adoption of Ievel 11 shuttle 5 on the multl-stage fitness
test for referees in the 1998/99 season appears to be an appropriate one in |
the light of the evxdence presented here Also the fact that the touch-Judges
are bemg asked to complete 2400 metres on the Cooper. 12 minute test,
which - would eqnate to llevel 8 shuttle 2 on the mtxl_ti-stage fitness test, would

4

seem to correspond with the aerobic demarids of a level 1/2 match,

However concerns -abotlt -tbe relevance of .the current ﬁtness testing protocols
have been highlighted within this study. The suitability and validity of the
muln-stage fitness test and 1ts lack of speclficlty to an mtenmttent-styie of
exerclse have both been dlscussed Fears regardmg the maximal strains plaeed
‘upon relatively mature individuals, with the possibility of musculo-skeletal ‘

injuries and cardiovascular problems occurring, are a factor,

In the _long terrn_ the ergutnent for .nsing. laboratory testing on officials, where
the te.sting can be -carried - out 1n .a controlled and rigorous manner, " is
unequivocal. The RFU have recently made the first move towatds a
professional panel of referees, with. thtee officials being ptaced on ﬁJll-tirne_
contracts, and it seems only fitting that, with the demands on officials’ fitness

continuing to increase, the adoption of scientifically validated laboratory testing
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is seen to be a priority by the RFU.

‘In the short term, however, it is likely that field .testing,‘ where large numbers -
can t:e tested at little cost and in a short space of tirne, will ccntinne;"'TaIdng. _ '
: into consideration the p'rcblerns cutlined with the multi-stage ﬁtness' test, the . :
~ RFU should look to adopt either a sub-maximal test or, more appropnately,

: referee—specrﬂc tests whrch represent the movement patterns “of a typrcal--‘

- match.

Alongsrde of thrs argument it appears from this data that the match demands
; placed upon referees, in partlcular, are not represented by the multi-stage
fitness test. The demands placed on the anaerobrc pathways by the game
- would seem, on the basis that a referee‘ spends 52% of the total match above
the heart rate responding to the individual’s OBLA level, to be substantial,
There appears to be a neetl 'for.'. a test which tncorporates both aerobic .and.

anaerobic metabolism.

' Thrs study has _presented 2 replacement...t:est, Which . has :-..been adapted t'rom' |
work | of Bangsbo (19_94). and has put forward ._standartls, representing._ the
distances covered by an o_fﬁcial within a level 1 and 2 rnatch, earlier in the
report, It is likely that further evaluation of this test, both in terms of its
~validity and reliability, would be required in order for the appropriate levels

: ‘requirec_l by the RFU to be scientifically established,
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One of the initial intentions of this research was to- monitor “blood lactate
‘.measu'rements duﬁng a tnatt:h to gain an indlcation, alongside the .recol-'ding of |
" referees’ and touch Judges heatt rates, of any s1gmﬁcant demand placed on

the ofﬁctals anaeroble metabohsm Due to practlcal limitations hlghhghted in
the ptlot study th1s aspect of worlc was not pos51ble Ideally regular
'measurements would have been made throughout the ‘matches, but due’to the
: ltker restnctmns placed on access to the officials durmg play, 1t was really
only fea31ble to _collect samples -at half—ttme' _and lfull-ttme. 'l‘hese results, as _'
McLean (1992) states would ‘tend to underestintate BlLa concentrations during

a ... match.’

Questions  therefore remain over the exact contribution from 'anaerobic
metabolism within the game. As has been stated elsewhere (Christmas et al
(1998), Bangsbo (1994)) ‘there are problems assoc1ated w1th using HR-VO;

correlatxons and values of OBLA determmed by use of heart rate predlctlon o

within a laboratory situation. It would be of b_eneﬁt for future studies to - N

examine the blood lactate levels of -officials within a_level 1 and‘ 2 game, as
recent teseax_'ch on players (Deutsch et al:., 1998) hasshown that .the .lacta.te'
produet'ion: ean be considetable. This would be the 'ﬁrstf.reported indieations of
the blood . Iactate levels of officials: and would be of assistance - when drawmg

up conclusmns for future fitness testmg and trammg protocols
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: ‘Fltness trammg programmes wrll need to be upgraded in thetr ngour ﬁ'om-"‘

| those put forward by Splller (1990) and 1t 1s Irkely that, from the ev1dence of -

. this research, ofﬁcrals wrll need to be more consclentrous in match' -

-;preparatron The requlrement for an mcrease in maxnnal oxygen uptake and an R

nnprovement in. the OBLA level appears to be a pnonty for ofﬁc1als,~ o

' '”partlcularly referees, in the professmnal game

It is probable that the ﬁtness levels of the players wﬂl 1ncrease further and o
'the Internatlonal Rugby Board are hkely to make the game faster and w1th

more spectator appeal in the next few seasons by contmually altermg the laws_f_ o

- of. the game Therefore the ﬁtness testmg standards suggested w1thm thls o

rresearch are hkely to requu'e ﬁn'ther evaluatlon as the game contmues to '

' ad]ust to rnarked ehanges m 1ts structure. -
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APPENDIX A

-Complete_ notation sheet for analysis of referee’s

“movement patterns duting pilot study research.

" MOVEMENT -

FREQUENCY

~ NUMBER OF STRIDES
'PATTERN | ) | - | |
Walking I [0 000 W00 G| 4/7/10574/1976/997 27T 3]
TN T IO T THD | 2/2/4/2/28/20/3/4019/2/8/3/16/5/5/4141 - |
U OO0 OO0 DO DI | 37/209/207/\/ A4/ VL/A/3/402/15/7/3/1
OOE ION DOD OO0 TN | 1/1/3/3/21/38/11/5/1/6/17/18/10/13/2/5
mn o \I4/8/9/5/ 1 8/413/4/8/4/47/1211T/6/15 |
WoNosIBBRA
Jogging | I T IO IO I | 5/8/5/9/1077/2728/14/6/31/10/4719]
| o omm o 17/17/9/10/21/4/4/5/47/26/14/22/18/16
| 16/6/7/26/5/15/11/21
Rumning | TIH 10 10/20/7/12/18/47728/14
Sprinting m 14/9/378 —
“Walking (Back) | I IO TN UM 100 | 2/2/1/372/2/5/1/272A 3T VIST /3]
‘ | I I NN TN I | 3/3/1/1/8/1/606/1/616/1/7/3124611121215]
DD DEDE OO IO T | /72204040310 1/8040712/1/473/5/8/9/8/3
. | 13/5/7/3/11711/5/5/6/3
“Jogging (Back) I 6/1/1
Sideways | I 1O T 0 RIS 22
| — | 0 In i G
Standing O T 0 IO IO | O
o 100G 111150 Q11 11
mmo
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APPENDIX B - Summary of baseline physiological parameters of subjects |

SUBJECT

WEIGHT

VO, MAX.

AGE . HE.IGHT
(vears) |  (metres) (kg) * (mUkg/min)
1 a7 72 75.5 54.7
2 25 & 8035 509
3 | 47_. 175 840 ,-'55.6
3 —57 ) 693 557
5 ;40 167 70.0 T
g 33 75 £3.0 565
7 T 175 790 574
g 32 % 754 67.7
9 37 183 775 50.1
M) 25 5 883 544
MEANS | 3% 176 783 55.8
SD. 71 01 60 52
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- APPENDIX C(i)  Summary of blood lactate variables for officials’ subject

. group

- SUBJECT

' RESTING'LACTATE NAXIMAL LACTATE
 (omoll) C O omoll)

1 081 10.55

2 05 811

— —T0d T

3 o061 ~8.80

5 036 10.67

; 0.81 674

7 0.60 801

g 069 707

9 — 075 524

10 1,00 925
MEANS 0.75 8.62
—SD. 02 13
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APPENDIX C(ii) :'Summary of cardiovascular variables for officials’ subject

- group

SUBJECT | RESTING |  MAXIMAL | AGE PREDICTED|
HEART RATE | HEART RATE | MAXIMUM

| S oGem) | Gpm) | (pm)
1 51 o182 173

2 5 196 195

3 : 56 169 ' 173

4 | 6T 199 183

5 64 171 180

6 66 16 187

K 60 192 179

8 7 183 188

9 75 194 ~ 183

10 49 173 175

“MEANS 63 o184 182

S.D. 9.3 11.1 7.1
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APPENDIX_C(ii) Reference heart rates, oxygen uptake and velocities ~

at OBLA__ (4mmoV/l) 'qu‘ofﬁcia!s’ subject group

[SUBJECT | HEART RAIE AT | OXYGEN UPTAKE | TREADMILL
| | OBLAGPWY% | - AT VELOCITY AT
. MAX) | OBLA (ulkg/min/ | OBLA (m/sec)

% MAX)

1 160 879 - 49.0 85.5. 3.95

3 160 816 | 350 | 688 200

3 150 - 88.8 450 80.9 3.50

2 160 | 804 430 | 7120 3.40

5 160 93.6 390 76.6 3.55

6 150 85.2 - 460 814 3.25

7 : 165 8.9 | 450 78.4 - 340

8- 165 - 9%0.2 $55.0 81.2 430

9 172 88.7 - 41.0 - 818 S 3.20

MRS | w0 | wa | W | w2 )3

TR Y T Y R A O BT e x
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- APPENDIX D(i} Summary of total distances covered by referees’ subject

group
SUBJ_ECT‘ blsTANCE ~ DISTANCE TOTAL DISTANCE
R COVERED (Ist | COVERED (2nd COVERED IN.
o HALF) (metres) HALF) (metres) . | MATCH (metres)
] 3577 3674 75T
P ;152_'_ | 4193 5345
3 '. 4352 3860 813
r} 3619 - 3872 7191
Y 3684 3794 7478
6 3819 3505 7767
7 4814 | 4244 9058
8 1857 4293 _9_143 |
) 4164 4909 9073
10 3512 3524 7036
MEANS 4055 4031 ' 3056
STD. DEV, %7 396 799
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- APPENDIX D(ii) ‘ Summary of percentages of total distance covered

. for eﬁch half for each referee in the subj'ect group

SUBIECT | % OF TOTAL DISTANCE | % OF TOTAL DISTANCE
| | COVERED IN FIRST HALF | COVERED IN SECOND
T & | 507

2 49.8 | 50.2

3 53.0 - 470

4 | 483 . - 517

T 493 507

6 | . 492 | 508

7 — sa1 _ 469

g R T 469

9 59 | 54l

10 499 S0

MEANS | - .50 ' ‘ 49.9

STD. DEV. | . -~ 235 _ : 2.35
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- APPENDIX E

Summary of heart rate means and ra;lges, .valueé rel'ative_
to lﬁercentage of heart r'at'e. maximum and time spent |
-above heart rate at OBLA ‘(41_m‘r101/1.) for re_féfe;e subject
grﬁup.duﬁﬁg matcl‘x__es_an_aleed.s | “
SURIECT | MEAN | MEAN HEART - HEART - HEART T 'rnwa SPENT
| | HEART‘ 'RATE AS % OF RATE RANGE AS % oF ' ABOVE HEART
RATE | HEART RATE - RANG# | HEARTRATE |  RATE AT
o) | MAXMUM 09 | Gom) | MAXMUMOGO | VOBLA 06
1 . 161 .89 . 132-182 . 73100 - 61.8
2 N 167_ 85 ~ 148-188 ‘. é6-96 - 781
3 % R T TR N -
4  166| &3 . : 141-199 71-100 76.1
5 152 89 - 125-1'.1'0 - 73-99 33.7
6 - 158 90 _ 134-176 76-100 . 843
7 163 8 ]3_8;188 %2-98 : 52.7
. 8 : 151 _ 83. ‘ 90-178 - ' .49-97 '. 22.6
91 157 - 81 . ‘ 113-154 V - 5895 | 109
T 142 8| 96168 557 | 553 __
MEANS 157 86 . 125-}80 . 68;98 - _ - 520
STD. .7.6 : 32 . 19..2.- 109 'lO.é -. 19 - — 24.7
. DEV. | | "
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subject group

APPENDIX F(i)  Summary of total distances covered by td_uch-judgesf :

SUBECT | DISTANGE DISTANCE TOTAL DISTA_NCE.
| coverep | cOVERED (md | COVERED IN |
(ist HALF)' ..I'-IAI;F) (metres) | MATCH (metres) |
1 2756 2000 756 |
PR - '4 007 2078 ~ __39.85 |
3 2528 I 570
7 2298 2153 AT
5 2581 1506 e
3 CE 2684 5042
7 3530 2859 6409
g 2663 7615 5281
5 2465 2619 5084
10 7210 2218 4429
TMEARS TETE 2375 2906
STD.DEV. | 34 33 666
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:  APPENDIX FG) Summary of percéntage's of total distance covered

- for each half for each touch-judge in the subject

~ group.
SUBJECT | % OF TOTAL DISTANCE | % OF TOTAL DISTANCE
| COVERED IN FIRST HALF |  COVERED IN SECOND
O S T T
2 I 21
R EETY N 508
4 \ Sis | 454
s s 23 R
| 463 %z
N 554 R VY
g 504 | 96
5 ST E— 515
o] 95 ) 501
MEANS | 515 — 483
STD. DEV. — [ i
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_"APPENDIX_G Summary of heart rate means and ranges, values relative
| ‘to percentage of heart rate maximum and time spent
above heart rate at OBLA (4mmniol/I) for touch-judge -
 subject group during matches analysed.
STRIECT ] NEAN VEAN TEART .lHEART HEAR_“I‘. RATE TIME SPENT
HEART | RATE AS % OF RATE | RANGE AS % OF | ABOVE HEART
RATE HEART RATE | RANGE | HEART RATE RATE AT -
| Gpm) | MAXIMUM (%) | (pm) | MAXIMUM(%) | VOBLA (%)
| 4] 48 60-132 33-73 0.0
2 115 59 84-158 43-81 0.0 .
3 114 68 70-148 41-88 0.0
4 112 56 74-165 37-83 3 05
5 102 60 80-136 47-80 0.0
6 117 67 80-153 45-87 0.5
7 126 66  105-156 - 55-81 0.0
8 98 54 - 54-151 30-83 0.0
9 T 114 59 78-150 40-77 00
10 50 52 T51-146 29-84 0.0
MEANS | 108 59 74-150 - 40-82 0.1
STD. 12.5 641 . 16.0-9.85 8.08-4.45 0.21
- DEV.
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Total and average distances and times. covered by different ino'w':ment categories by the referee’s

' 'APPENDIX H
o o ) subject. group .
| SUBJECT - 1. 'm-s.w% . TIME- 14:58-15:39_ : HALE - IST - DURATION - 2405 seconds
MOVEMENT - . FREQ&ENCY 3 TOTAL TOTAL “AVERAGE AVERAGE AVERAGE _ fERCENTAéE PERCENTAGE
PATTERN ' DISTANCE |. - TIME DISTANCE PER | TIME PER | VELOCITY PER | OF TOTAL | OF TOTAL
COVERED SPENT MOVEMENT | MOVEMENT MGVEMENT DISTANCE | TIME SPENT
(metres) (seconds) ' SEGMENT SEGMENT SEGMENT _COVERED IN | IN HALF (%)
, SR " (metres) (seconds) |  (metres/second) HALF (%) :
Walking 167 525 398 3.14 | 2.38 1.32 14..7 _ - 165
Jogging 104 1847 923 17.76 8.88 2.00 | 51.6 384
Running | 36 - 7714 157 21.50 4.36 '4.93 -21.6 6.5
Sprinting 5 63 9 - 12.63 1.80 7.02 1.8 04
‘| Walking (Back) 7109 274 - 206 251 1.89 1.33 1.7 8.6
1 Jogging (Back) 9 20 T 9 2.17 1.00. 2.17 05 - 04
© Sideways T 36 75 B 32 2.09 . 0.89 235 2.1 1.3
Stnding | 107 | 0 &1 | 000 627 000 00 | 279
TOTALS 573 - 3577 2405 6.24 4.20 1.49 100' ' 100_

187




HAL

-2ND - DUR.ATION-241.0‘scconds o

SUBJECT - 1 . DATE-51096  TIME-15:43-1623
~ MOVEMENT FREQUENCY TOTAL | TOTAL AVERAGE | AVERAGE | AVERAGE PERCENTAGE PERCENTAGE |
PATTERN " | DISTANCE | TIME SPENT | DISTANCE | TIME PER | VELOCITY PER OF TOTAL | OF TOTAL
: ' COVERED | ' (seconds) PER - | MOVEMENT | MOVEMENT | DISTANCE = | TIME SPENT
(metres) B MOVEMENT SEGMENT . SEGMENT - | .COVERED IN | IN HALF (%)
' SEGMENT (seconds) (metres/second) HALF (%) '
o ‘ . (mefres) ‘ | ‘
~ Walking 194 | 645 468 | 333 241 138 17.6 19.4
- Jogging - 112 1717 858 1533 | 766 2.00 46.7 35.6
Running - 40 875 172 21.87 430 5.09 23.8 7.2
Sprinting 6 ] | 7‘ 8.47 1.17 7.26- 1.4 0.3
Walking (Back) 125 277 208 222 1.66 ~ 133 7.5 8.6
Jogging (Back) 11 29 13 259 1.18 219 0.8 0.5
Sideways . 39 81 34 2.06. 0.87 2.37 22 1.4
~ Standing - 106 - 0 650 0.00 6.13 0.00 - 0.0 27.0 -
TOTALS 633 3674 24}0_ 5.80 3.80 _ 1.53° 100 100

- 188




TIME - 16:01 - 16:43

 HALF - IST

DURATION - 2390 seconds

3684

'SUBJECT -2 DATE-5.11.9
MOVEMENT | FREQUENCY TOTAL | TOTAL TIME | AVERAGE AVERAGE : AVERAGE PERCENTAGE | PERCENTAGE |
PATTERN DISTANCE SPENT | DISTANCE ‘| TIME PER VELOCITY PER | OF TOTAL | OF TOTAL
' ] COVERED |  (seconds) PER MOVEMENT | MOVEMENT ~ DISTANCE TIME SPENT
(metres) ' MOVEMENT SEGMENT ' 'SEGMENT . COVERED IN | IN HALF (%)
' SEGMENT - (seconds) (metres/second) HALF (%5)
(metres) ' | ) .
Walking - 195 879 502 451 2.57 - L.75 239 - 21.0
Jogging 90 1915 861 21.28 9.57 222 52.0 36.0
- Running 18 370 62 20.53 344 - 5.96 10.0 2.6
Sprinting 1 34 4 342 4.00 - 8.55 - 09 0.2
Walking (Back) 148 388. 233 2.62 1.57 1.67 10.6 9.7
Jogging (Back) 7 23 9 3.25 1.29 2.53 0.6 04
Sideways 24 75 23 3.12 0.96 3.26 2.0 - 1.0
Standing | . 97 0 696 0.00 7.18 0.00 0.0 29.1
TOTALS - 698 2405 5.28 3.45 - 1.53 100 - 100
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DATE - 5.11.96

DURATION - 2300 seconds

SUBJECT -2 TIME - 16:49 - 1-7:29 _ HALF - 2ND
MOVEMENT FREQUENCY | TOTAL TOTAL TIME‘ AV’ERAGE AVERAGE AVERAGE PERCENTAGE ‘II’ERCENTAGE
PATTERN DISTANCE SPENT DISTANCE | TIME PER : VELQCITY PER OF TOTAL . OF TOTAL
COVERED (seconds) . PER MOVEMENT MOVEMENT . DISTANCE TIME SPENT
(metres) . MOVEMENT SBGMEN'!‘. SEGMENT : COVERED IN IN HALF (%)
o SEGMENT (seconds) '(metresfseoond) HALF (%) )
- o (metres) - D ;
Walking 182 986 600 -5.42 3.30 1.64 26.0 26.1
Jogging 86 1742 7_797 ‘ - 20.25 9.06 2.24 45.9 33.9
Running 23 521 92 . 22,67 400 5.67 13.8 - 49
- Sprinting 2 41 5 2052 - 2,50 8.21 11 0.2
Walking (Back) 140 339 238 1242 1.70 1.42 - 89 10.4
Jogging (Back) 15 43 21 2.85 1.40 2.04 1.1 0.9,
Sideways 43 122 39 2.84 - 091 3.13 3.2 1.7
Standing 85 0 524 0.00 6.16 0.00 0.0 22.8
TOTALS 576 3794 2300 6.59 3.99 1.65 100 100




. SUBJECT - 3

" DURATION - 2630 seconds

DATE -26.10.96 TIME - 14:57-15:52 ~ HALE-IST
. MOVEMENT FREQUENCY TdTAL TOTAL TIME AVERAGE . AVERAGE A_VERAGE L PERCENTAGE PERCENTAGE .
" PATTERN DISTANCE {  SPENT DISTANCE | TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
COVERED . (secon_ds) PER MOVEMENT MOVEMENT DISTANCE | TIME SPENT
{metres} - MOVEMENT SEGMENT . SEGMENT - COVERED IN IN HALF (%)
SEGMENT (seconds) (metres/second) HALF (%) :
- ‘ S (metres) '
Walking 241 961 604 3.99 251 | 159 . 221 230
Togging i25 2080 898 16.63 7.18 232 478 342
Running 34 613 114 | 1803 335 538 T 141 43
Sprinting 6 g0 | 1 1336 1.83 7.30 19 04
Walking (Back) | 160 453 310 283 | 194 151 104 113
Jogging (Back) | 18 59 21 3.25 117 278 | 13 038
Sideways 44 106 28 2.42 0.64 378 2.4 L1
Standing | 109 0 644 000 | 591 0.00 0.0 24.4
" TOTALS 737 | 4352 | 2630 | 590 357 165 100 100
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DATE - 26.10.96

SUBJECT - 3 TIME- 15:46-1626 ~  HALE-2ND  DURATION - 2397 scconds
" MOVEMENT | FREQUENCY | TOTAL | TOTAL TIME | AVERAGE AVERAGE AVERAGE | PERCENTAGE | PERCENTAGE ]
PATTERN DISTANCE | SPENT DISTANCE TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
COVERED | (seconds) PER | MOVEMENT | MOVEMENT DISTANCE | TIME SPENT
(metres) ’ MOVEMENT | . SEGMENT _SEGMENT | COVERED IN | IN HALF (%)
- SEGMENT (seconds) (metres/second) " HALF (%)
| (metres) o
Walking 209 819 518 3.92_ ‘ 248 1.58 21.2 21.6
Jogging - 107 1973 818 18.44 7.64 241 51.1 34.1
‘Rumning 23 465 - 91 20.20 ; 3796 5.10 12.0 . 3.8
|~ Sprinting | . 6 89 12 1475 200 | 738 2.3 0.5
‘ LWa]_king (Back) | 141 370 725Q' - 2.63 _ 177 1.49 9.6 10.4
Jogging (Back) 16 53 21 ‘332 | 131 253 1.4 0.9
Sideways 4 | ol 29 222 | 071 313 24 12
“Standing 121 0 658 - | 000 | 544 0.00 0.0 27.5
. '_ - T_OTALS 664 3860 - 2397 5.81 3.61 1.61 100 - 100




 SUBSECT -4 = DATE-4.1196 * TIME - 20:29 - 21:10 LE-1ST  DURATION- 2405 seconds
MOVEME_NT. FRE@E&CY_ TOTAL _foTAL__ﬂME ' AVERAGE —AVERAGE AVERAGE ] PERCENTAGE PERCENTAGE.
PATTERN - - DISTANCE SPENT | DISTANCE TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
' COVERED (seconds) PER MOVEMENT MOVEMENT DISTANCE TIME SPENT
© (metres) " | MOVEMENT SEGMENT SEGMENT COVERED IN | IN HALF (%)
SEGMENT |  (seconds) (metres/second) | HALF (%) :
‘ . _ S (metres) '
Walking 184 - 764 - 425 _‘ 4.15 2.31 1.8_0 21.1 17.7 4
. Jogging 94 1639 - 772 1743 - 8.21 212 45.3 32.1
- Running 26 344 60 13.23 2.31 573 . 9.5 2.5
Sprinting 6 105 _715 17.5 2.50 7.00 29 0.6
Walking (Back) 137 361 282 2.64 2,06 1.28 10.0 11.7
Jogging (Back) 25 86 29 3.43 116 2.96 2.4 12
Sideways .103 320 118 - 3.1 5 L15 5 2.70 _ 8.8 . 4.9_‘
Standing 123 0 _704 0.00 _ 5.72 o 0.00 . 0.0 o 29.3
. TOTALS 698 - 3619 2405 5.18 : 3.45_ | 1.50 ' '100 © 1000
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SUBJECT - 4  DATE-41196 - TIME-21:14-21:57 HALF-2ND = DURATION - 2526 seconds

MOVEMENT IFREQUBNC.Y TOTAL TOTAL"FIIM_E AVERAGE | AVERAGE |  AVERAGE —] FERCENTAGE PERCENTAGE |
PATTERN o DISTANCE [  SPENT | DISTANCE TIME PER | VELOCITY PER | OF TOTAL | OF TOTAL '
- " | cOVERED | (seconds) ~ PER | MOVEMENT | MOVEMENT | DISTANCE | TIME SPENT IN (-
(metres) o MOVEMENT | SEGMENT SEGMENT COVERED IN HALF (%)
' SEGMENT (seconds) - | (metresfsecond) |  HALF (%)
| L Cmewesy | | | - | |
. Walking 189 - %969 500 - | 513 : 2.65 194 250 _ 19.8
Jogging 94 1472 734 1566 | 781 ] 201 380 290
Running’ 32 - ¢ 523 -9 | 1636 281 582 - 135 3.6
Sprinting 6 102 14 17.00 233 729 2.7 ' 0.6
Walking (Back) § = 175 484 365 . 2.77 -2.09 1.33 12.5 14.4
Jogging (Back) | 17 49 19 | 28 112 | 257 13 0.8
Sideways .98 272 .99 278 - 101 - 275 70 39
Standing f = 152 -0 705 - 000 . 4.47 0.00 6o 279
- TOTALS - 763 3872 2526 - 5.08 - 305 | - 167 - 100 - | 100
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DURATION - 2462 seconds.

SUBJECT -5 . DATE- 16109 TIME- 1927-20:08 ~  HALF- 1ST
“MOVEMENT | FREQUENCY | TOTAL | TOTAL TiME | AVERAGE " | AVERAGE |  AVERAGE PERCENTAGE | PERCENTAGE
PATTERN DISTANCE [  sPENT DISTANCE TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
COVERED |  (seconds) PER MOVEMENT MOVEMENT | . DISTANCE | TIME SPENT
(metres) | MOVEMENT | SEGMENT SEGMENT COVERED IN | IN HALF (%)
. ' ' SEGMENT | * (seconds) |  (mewessecond) .| - HALF (%) o
" Walking 183 | 830 | 472 453 [ 258 1.76 200 19.2
Jogging 125 2103 971 16.82 7.7 2.16 - _50.6 394
Running 31 - 6351 110 20.99 3.55 591 15.7- 45
Sprinting 7 123 | 17 17.60 2.71 725 3.0 0.7
Walking (Back) 116 2867 | 2127 247 183 1.35 6.9 8.6
Jogging (Back) { 19 58 22 3.06 1.16 2.64 1.4 0.9
Sideways = 30 102 29 3.3_8 097 3.48 2.4 1.2
~ Standing 97 0 - 629 - 0.00 6.48 - 0.00 _ 0.0 23,5
TOTALS 608 4152 2462 - 683 4.05 - L69 . - 100 100 -
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SUBJECT - 5 = DATE-161096 .- TIME-20:13-20:53 HALF - 2ND | DURATION - 2402 seconds

MOVEMENT FREQUENCY TOTAL | TOTAL TIME “AVERAGE AVERAGE "AVERAGE PERCENTAGE _ PERCENTAGE
PATTERN DISTANCE | - SPENT - DISTANCE TIME PER VELOCITY PER OF TOTAL | OF TOTAL
' ' COVERED | (seconds) PER | MOVEMENT MOVEMENT DISTANCE | TIME SPENT
{metres) : MOVEMENT SEGMENT ~ SEGMENT COVERED IN | IN HALF (%)
‘ ' 'SEGMENT - | * (seconds) (metres/second) HALF (%)
: . (metres) ‘ N ' _
Walking 168 o 1_054 633 6.28 3.7 1.67 _ 252 - 263
Jogging | 109 | 1806 | 782 16.57 717 231 43.1 32.6
Running .36 733 129 - 20.36 3.58 - 569 175 - 5.4
Sprinting 10 168 |- 23 16.8 2.30 7.30 : 40 0.9
Walking (Back) 114 264 [ 189 | 232 | 166 140 63 | 79
Jogging (Back) 22 73 25 331 1.14 2.90 L7 1.0
. Sideways .33 - 94 26 2386 0.79. 3.62 - 2'2. : L
~ Standing 99 0 395 000 . 6.01 - 0.00 0.0 24.8
TOTALS 591 . - 4193 - 2402 R 709 4.06 . 1.75 100 100
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~ BUBJELT - 6

- DATE-8.297 “TIME - 15:01-15:42 HALF-IST  DURATION - 2355 seconds
MOVEMENT | FREQUENCY | TOTAL _TOTAL_T!M]VSV AVERAGE | AVERAGE AVERAGE PERCENTAGE ' | PERCENTAGE
PATTERN ' " | DISTANCE| SPENT | DISTANCE | TIMEPER | VELOCITY PER | OF TOTAL | OF TOTAL -
| | COVERED | (seconds) | PER MOVEMENT { - MOVEMENT DISTANCE :| TIME SPENT
(metres)’ MOVEMENT | *SEGMENT ' SEGMENT COVERED IN /| IN HALF (%)
" ‘| SEGMENT . (seconds) . (metres/second) . HALF (%) ‘
, _ 1 (metres) ' o _' _
Walking 199 ] 714 457 3.59 230 1.56 14.8 194
TJogging 124 | 2795 | 755 22.54 609 7370 58.1 32.0
Running - 30 630 - 110 21.01 3.67 5.72 13.1 4.7
Sprinting _ 3 60 | 7 15.03 1.75 8.59 12 0.3
Walking (Back) - 162 ] 442_ _304 273 1.88 145 - 9.2 129
Jogging (Back) 4| a3 13 T 3.09 129 2.40 0.9 0.8
Sideways 52 128 49 _ 2.47 0.94 - 2,63 2.7 2.0
- Standing +132 0 | 655 B I 4,94 0 0 278
" TOTALS N7 | 4814 | 2355 671 328 2.05 100 100




. SUBJECT - 6

- TIME- 15461628

'DURATION - 2504 seconds

 DATE- 8297 HALE - 2ND

" MOVEMENT FREQUENCY | TOTAL | TOTAL TIME | . AVERAGE | AVERAGE AVERAGE PERCENTAGE | PERCENTAGE
PATTERN ' ] DISTANCE |  SPENT- | DISTANCE TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
- o | COVERED |  (seconds) PER MOVEMENT MOVEMENT DISTANCE - | TIME SPENT

| (metres) ~ MOVEMENT | SEGMENT SEGMENT COVERED IN | IN HALF (%)
: " SEGMENT | - (seconds) (metres/second) HALF (%)
o (metres) ' :

- Walking 240 | 899 591 3.75 246 - 1.52 21.2 236 -
Jogging - 112 1858 1 653 16,59 5.83 2.85 43.8 26.1
‘Running - - 28 - 763 - 125 - 27.26 446 6.11 | - 13.0 5.0

" Sprinting 2 30 | 4 15.03 2.00 751 07 0.2

Walking (Back) 188 490 - 329 261 1.75. 1.49 11.5 13.1
Jogging (Back) 19 31 11 164 - | 058 283 0.7 04 -
Sideways = | 75 ‘173 68 - 231 40791 254 4.1 2.7
Standing _ 175 0 723 0 T 413 0 0 289
TOTALS 839 4244 - 2504 5.06 - 2.98 1.70 100 . - 100
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 SUBJECT - 7

.- DURATION - _2491 seconds -

" DATE - 23.2.97 TIME - 15:01 - 15:43 HALF- 1ST'
MOVEMENT - FREQUENCY - TOTAL ‘ TOTAL TIME AVERAGE AVERAGE AVERAGE PERCENTAGE PERCENTAGE
- PATTERN . . DISTANCE SPENT DISTANCE ‘ TIME PER | | VELOCITY PER ~OF TOTAL OF TOTAL
COVERED |  (seconds) PER MOVEMENT |  MOVEMENT DISTANCE | TIME SPENT
(metres)  MOVEMENT | =~ SEGMENT | SEGMENT COVERED IN | IN HALF (%)
SEGMENT (seconds) - (metres/second) HALF (%) -
. L (metres) _ ' :
Walking 234 ‘ ‘920 532 3.93 2.27 . A_l.73 22.1 - 214
- Jogging 109 1860 711 17.06 K 6.52 2,62 44.7 28.5
Running 22 471 _ 69 214 - 3.14. 6.82 . 113 2.8
Sprinting _ A _ 10 1 - 99 1.00 - 99 0.2 0.04 .
Walking (Back) 202 638 - 365 3.16 . 1.81 LTS -15.3 . 14.7 .
Jogging (Back) 18 -9 31 5.36 1.72 -3.12 23 12
Sideways - _ _54 169 44‘ 3.14 0.81 . 4.21 4.1 1.8
Standing 127 0 _738 : 0: . 5.81 0 0 29.6
TOTALS 4164 . 2491 543 - 3.25 - 1.67 100




SUBJECT - 7 DATE- 23.2.97 TIME - 15:48 - 16:31 . HALF-2ND * DURATION - 2540 seconds
" MOVEMENT | FREQUENCY | TOTAL | TOTAL TIME | . AVERAGE | AVERAGE |  AVERAGE PERCENTAGE | PERCENTAGE
PATTERN : DISTANCE |~ SPENT DISTANCE TIME PER | VELOCITY PER | OF TOTAL. | OF TOTAL
COVERED | (seconds) -  PER MOVEMENT |  MOVEMENT _DISTANCE. | TIME SPENT
{metres) ' MOVEMENT | SEGMENT |  SEGMENT _COVERED IN | IN HALF (%)
SEGMENT | (seconds) (metres/second) HALF %) | ‘
: : {metres) o " ' h .
~ Walking - 221 1067 610 4.83 276 1.75 21.7 240
Jogging 123 | 2460 781 20 | . 635 315 TS0 | 307
Running 24 432 62 18.02 2.58 6.98 88 24
Sprinting - 2 76 9 37.95 45 8.43 16 0.4
Walking (Back) | 165 674 377 4.08 2.28 1.79 3.7 14.8
Jogging (Back) 15 T2 22 481 147 3.27 1.5 0.9
Sideways 49 128 37 2.61 0.76 3.43 2.6 1.5
Standing 119 0 ..642 0 5.39 0 0 25.3
TOTALS - 718 4909 2540 6.84 3.54 1.93 .. 100 100
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SUBJECT - 8

'DURATION - 2493 seconds

DATE - 22297  TIME - 15:01 - 15:43 HALF - 15T
VOVEMENT | FREQUENCY | TOTAL | TOTAL TiME | AVERAGE | AVERAGE AVERAGE | PERCENTAGE | PERCENTAGE
PATTERN DISTANCE |~ SPENT DISTANCE TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
COVERED |  (seconds) PER MOVEMENT MOVEMENT DISTANCE | TIME SPENT
(memesy | - MOVEMENT | SEGMENT " SEGMENT 'COVERED IN | IN HALF (%)
' SEGMENT (seconds) (metres/second) HALF (%)
‘ . {metres) ' o o _
Walking 200 - 1149 617 575 - 3.09 1.86 23.7 24.7
Jogging ‘128 2121 - 817 16.57 6.38 - 2,60 43.7 0 32.8
Running 33 649 93 19.67 2.82 6.98 134 3.7
Sprinting 2 30 g -15.21 2700 _ 7.61 0.6 0.2
Walking (Back) | 158 412 260 2.61 1.65 1.58 85 10.4
Jogging (Back) 44 214 60 4.87 1.36 3.58 44 2.4
Sideways . 99 . 276 74 2.79 0.75 3.72 5.7 3.0
Standing 150 0 568 0 379 0 0 22.8
TOTALS 814 | 4852 2493 '5.96 3.06 1.95 100 100
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SUBJECT - 8 DATE- 22297 - TIME- 15:47-16:30 ~ HALE-2ND ~  DURATION- 2342 scconds -
“MOVEMENT | FREQUENCY | TOTAL | TOTAL TIME AVERAGE | AVERAGE AVERAGE | PERCENTAGE | PERCENTAGE
PATTERN - ' DISTANCE |  SPENT DISTANCE TIME PER | VELOCITY PER "OF TOTAL OF TOTAL
. COVERED | (seconds) PER | MOVEMENT f MOVEMENT | DISTANCE | TIME SPENT
(metres) |  MOVEMENT | SEGMENT SEGMENT COVERED IN | IN HALF (%)
B © SEGMENT {seconds) (metreslsecond) HALF (%) '
(metres)
-Walking 218 993 542 4.55 - 249 1.83 23.1 23.1
Jogging 106 1955 757 18.44 7.14 2.58 435.6 323
Running 33 517 79 15.67 2.39 5.56 121 3.3
Sprinting L 20 -2 . 20.28 2.00 10.14 0.5 0.1
Walking (Back) 161 378 231 2.35 1.43 1.64 8% 9.9
Jogging (Back) 31 151 41 - 4.88 1.32 3770 35 1.8
Sideways 87 2717 63 309 [ o078 4.09 6.4 29
“Standing - 121 0 546 0 451 0 0 233
TOTALS - 758 4292 - - 2342 - 5.66 3.09 1.83 100 - 100




"HALE-1ST © DURATION-2340 seconds

SUBJECT - 9 DATE-7.1296 TIME-14:02- 14:45
MOVEMENT | FREQUENCY | TOTAL TOTAL TIME AVERAGE | AVERAGE | AVERAGE | PERCENTAGE | PERCENTAGE
TPATTERN' . | DISTANCE|  SPENT - | DISTANCE | TIMEPER | VELOCITY PER | 'OF TOTAL | OF TOTAL
COVERED | (seconds). |  PER MOVEMENT | MOVEMENY | DISTANCE | TIME SPENT
{metres) ' MOVEMENT | SEGMENT | SEGMENT COVERED IN | IN HALF (%)
‘ SEGMENT (seconds) (m;-.tres!saoopd) HALF (%) :
‘ . © (metres) - ’ .
- Walking 182 758 . 467 416 2.57 1.79 19.8 200
Jogging 103 | 1867 782 18.12 - 7.59 239 48.9 334
'Running 25 641 101 - 25565 . 4.04 6.35 16.83 4.3
~ Sprinting 5 67 8 -~ 1338 . L60 336 13 0.3
Walking (Back) | 107 326 | 240 305 | 224 1.36 85 103
Jogging (Back) 12 53 16 4,45 133 335 1.4 0.7
Sideways 37 ‘107 34 2.88" 0.92 C 303 23 1.4
Standing 125 1 0 696 0 (3.57 0 0 - 29,6
TOTALS - 596 3819 |- 2340 6.41 393 - - 1.63 100 ‘100

203




SUBJECT - 9 -

DATE - 7.12.96

TIME - 14:48 - 15:31

" HALF-2ND-

2 TIO

245 0 seconds

FREQUENCY

TOTAL
DISTANCE
COVERED

(metres) - -

TOTAL. TIME
SPENT

(seconds) - -

AVERAGE
DISTANCE
 PER
MOVEMENT
SEGMENT
(metres)

AVERAGE
. TIME PER
MOVEMENT

SEGMENT
: (seconds)

AVERAGE

. VELOCITY ‘PEK
" MOVEMENT

SEGMENT
{metres/sccond)

P_ERCENTAGE

DISTANCE
COVERED IN
HALF (%)

OF TOTAL -

PERCENTAGE
OF TOTAL
TIME SPENT
IN HALF (%)

Walking

4.97

2.93

.70

223

Jogging

21,90

8.62

- 2.54

53.8

Running.

19.55

3.00

6.52

12.4

Sprinting

12.32

1.50

8.21

0.6

Walkmg (Back)

2.69

1.67

1.61

- 79

Jogging (Back)

391

- 1.08

3.62

1.2

‘Sideways

268

093

2.88

1.8

- Standing

0 .

- 7.20

-0

0

"TOTALS

6.99

434




" DURATION - 2455 seconds

" SUBJECT - 10 DATE-223.97 TIME-15:58-1640  HALF-1ST
— MOVEMEN': FREQUENCY 'roml,f TOTAL TIME AVERAGE AVERAGE AVERAGE PE&C};NTAGE PERCENTAGE
PATTERN " | DISTANCE |  SPENT DISTANCE TIME PER | VELOUITY PER | OF TOTAL OF TOTAL
L COVERED |  (seconds) PER MOVEMENT | . MOVEMENT DISTANCE ' | TIME SPENT
(metresy MOVEMENT | SEGMENT SEGMENT . | COVERED IN | IN HALF (%)
' SEGMENT | (seconds) (metres’second) HALF (%) '
. ‘ . (wetres) '
Walking 230 930 - 5355 4.05 241 1.68- 26.5 22.5
Jogging 100 1598 711 15,98 7.1 2.25 45.5 290
Running - 23 323 | 49 '14.04 2.13 - 6.59 9.2 20
- Sprinting b 18 2 17.8° 2.00 8.90 0.5 0.1
Walking (Back) 1540 428 314 2.78 204 . 136 12.2 128 -
Jogging (Back) 22 78 27 3.55 0.81 438 22 1.1
Sideways | 44 137 39 3.12 0.89 3.51 39 | 16
Standing 110 0 758 0 6.89 0 o . | 309
~ TOTALS 684 | 3512 | 2455 | sa3 3.59 1.43 100 100
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DATE - 22397

" DURATION - 2414 seconds

 SUBJECT - 10 TIME - 16:45-17:29 HALF - 2ND
- MOVEMENT FREQUENCY 'POTAIAL | roraL TIME AVERAGE AVER.AGE AV'ERA’GEl PERCENTAGE PERCNAGE .
PATTERN | DISTANCE | . SPENT . | DISTANCE | TIMEPER | VELOCITY PER | "OF TOTAL | OF TOTAL |
. COVERED |  (scconds) PER MOVEMENT |  MOVEMENT DISTANCE | TIME SPENT
 {metres} MOVEMENT | SEGMENT SEGMENT COVERED IN | IN HALF (%)
' . SEGMENT {seconds) @métres/second) 'HALF (%)
D 7 (metres) o ‘
- Walking 235 960 566 4.09 - 241 .70 272 234
Jogging 1t 1469 649 1323 5.85 226 41.7 269
Running - 26 454 75 1746 2.04 6.05 129 3.1
Sprinting 2. 28 3 '14.24 L50 9.49 0.8 0.1
Walking (Back) 162 443 329 274 2.03 135 12.6 13.6
Jogging (Back) 15 50 15 3.33 1.00 333 1.4 06
Sideways | 41 119~ 37 289 0.90 3.21 34 15
Standing 116 0 77719 : -0 6.20 0 0 29.8
TOTALS | . 708 - | 3524, 2414 498 341 1.46 100 100




APQEE DIX1 Total and average distances and times- covered by different movement categories by the  touch-judges’® sabject

group
SUBJECT - 1 DATE- 11297  TIME-1920-20:11  HALF-UST  DURATION- 2478 seconds |
" MOVEMENT | FREQUENCY | TOTAL | TOTAL TIME | AVERAGE | AVERAGE AVERAGE PERCENTAGE | PERCENTAGE | .
. PATTERN | DISTANCE|  SPENT' ' | DISTANCE | TIMEPER | VELOCITY PER | 'OF TOTAL | OF TOTAL | ~
| COVERED |  (seconds) PER MOVEMENT { MOVEMENT | DISTANCE | TIME SPENT
{mtres) | MOVEMENT | SEGMENT [ SEGMENT | COVERED N | YN HALF (%)
' ' SEGMENT | (seconds) (metreslsecond) | HALF {%)
(metres) : o E
Walking: 161 863 627 536 3.89 1.38 31.3 253
~ Jogging 65 1509 552 - 2321 . 849 2.73 - 547 . 223
- Running 19 233 44 2329 4.40 529 83 1.8
~ Spamting | 0 | 0 | 0 000 | 000 | 000 00 0.0
Walking (Back) | 59 | 115 | -97 | 192 1.64 L 42 39
Jogging (Back)- L | 2 T o | 225, 1.00 225 | ol 0.1 -
Sideways - 15 - 34 16 229 o L07 215 12 0.6
Standing | 101 | O | 1141 | 000 | 1130 | 000 | 00 | 460
TOTALS a2 2756- | 2478 | 669 | 601 1.11 100 100




DATE - 11297

TIME- 20:16-20:57 ~ HALE-2ND DURATION- 2462 seconds -

SUBJECT - 1
MOVEMENT FREQUENCY TOTA.L TOTAL TIME | - AVERAGE ) ‘AVERV.AGE ‘ - AVERAGE PERCENTAGE‘ PERCENTAGE
PATTERN . | DISTANCE | SPENT | DISTANCE |. TIME PER. { VELOCITY PER’ | “OF TOTAL | OF TOTAL.
' COVERED |  (seconds) - PER MOVEMENT: {. = MOVEMENT | DISTANCE [ TIME SPENT
(metres) | MOVEMENT | SEGMENT | ~ SEGMENT | COVERED IN | N HALF (%)
' SEGMENT {scconds) | (metresisecond) HALF (%)
Walking 181 794 605 | 439 3.34 131 39.7 26
- Jogging 50 - 898 446 8.92 8.92 2.01 44.9 18.1
" Running_ 148 29 16.41 322 | 509 74 12
Sprinting -0 0 0.00 . 0.00 ] 0.00° 0.0. 0.0
Walking (Back) 75 122° | 107 1.65 143 | LIS 61 43
Jogging (Back) 1 -2 b 1.50 1.00 1.50 - 01 - 0.k
~ Sideways 18 | 3 | 18 [ 19 o 198 18 0.7
Standing 112 0 | 1256 | 0.0 112t [ 000, 00 51.0
TOTALS _ 446 2000 2462 - 4,48 5,52 : 081 100 100
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" DATE - 26.10.97

 SUBJECT . 2 | TIME- 16:32-17:18 HALF-IST  DURATION- 2410 scconds
MOVEMENT " FREQUENCY | TOTAL TOTAL TIVME AVERAGE | AVERAGE ~ AVERAGE PERCENTAGE PERC_E‘NTAGE
PATTERN DISTANCE |  SPENT DISTANCB TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
' ' COVERED |  (séconds)  PER MOVEMENT | = MOVEMENT DISTANCE. | TIME SPENT
(metres) | MOVEMENT | SEGMENT SEGMENT COVERED IN | IN HALF (%)
’  SEGMENT |  (seconds) (metres/second) |  HALF %) |
- | = - - (metres) ‘ _ ; .
~ Walking 142 802 | 517 - 5.65 3.64 1.55 42.1 214
~ Jogging 36 716 - { 310 19.88 - 8.61 2.31 37.5 12.9
Running - 6 . 81 15 . 13.48 243 5.55 4.3 0.6
Sprinting 1 14 2 13.68 1.72 7.97 0.7 0.1
Walking (Back) 94 168 129 | 178 1.37 1.30 .88 54
Jogging (Back) 15 107 44 7.16 293 244 56 1.8
Sideways 8 20 [ 8 2.45 1.05 2.33 1.0 03
Standing 97 0 1385 0.00 1428 0.00 0.0 575
TOTALS 399 1907 2410 4.78 6.04 0.79 - 100 100 -
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~ SUBJECT - 2

" HALF

DATE - 20.10.97 . TIME - 19:23-20:16 .2ND  DURATION- 2478 seconds

“MOVEMENT FREQUENCY | TOTAL | TOTAL TIME | AVERAGE AVERAGE AVERAGE PERCENTAGE | PERCENTAGE |

© PATTERN ' DISTANCE | SPENT DISTANCE | TIME PER | VELOCITY PER | OF TOTAL OF TOTAL |

a - COVERED |  (seconds) - 'PER . | MOVEMENT MOVEMENT DISTANCE | TIME SPENT |

(metres) | 'MOVEMENT - | - SEGMENT [ SEGMENT . | COVERED IN { IN HALF (%) ;

R SEGMENT (seconds) - (metres/second) | - HALF (%) | |

| - j ] (metes) | | R

Walking _ 150 910 591 6.07 3.94 - 1.54 43.8 239 !

Jogging 42 770 348 18.34 .8.30 2.21 37.1 130

Running 5 .70 12 14.03 244 5.76 3.4 0.5 |
Sprinting 1 12 2 12.05 1.50 8.03 0.6 0.1
Walking (Back) 90 165 137 1.84 1.52 1.21 8.0 55
Jogging (Back) 17 - 125 52 - 7.38 3.05 242 6.0 2.1
Sideways - 10 24 10 2.45 1.03 237 1 0.4
Standing 99 \] 1326 -0.00 13.39 - 0.00 0.0 53.5
TOTALS A14 5.02 5.99 0.84 100 100

2078

2478
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SUBJECT -3 DATE-4119 . TIME-2029-21:10 HALF.UST = DURATION-2405 soconds
MOVEMENT | FREQUENCY ~TOTAL TOTAL AVERAGE .AVBRAGE_ - _AVERAGE éERCEﬁTAqE PERC%ENTA(I}E
-~ PATTERN | DISTANCE | TIME SPENT | -DISTANCE | TIMEPER | VELOCITY PER | OF TOTAL OF TOTAL
' COVERED | (scconds) | = PER | MOVEMENT MOVEMENT 'DISTANCE TIME SPENT
{metres) MOVEMENT | SEGMENT - SEGMENT COVERED IN | IN HALF (%)

SEGMENT (seconds) (metreslsecond) | HALF (%)
: (metres) - R :

Walking 156 676 - 423 - 433 27 1.60 26.7 17.6

Jogging 81 1065 528 T 13.15 6.52 201 42.1 22,0

Running 18 5!5 97 B 2862 5.39: - 531 20.4 40

Sprinting 4 63 10 1587 2.50 705 . 2.5 0.4

Walking (Back) 33 68 64 2,06 194 1.06 2.7 2.7

Jogging (Back) S 5 2 4.50 2.00 225 0.2 0.1

- Sideways -_58 136 65 2.34 -LI2 209 54 2.7

B Standing 128 0 . 1216 0.00 9.50 - 0.00 0.0 50.5

TOTALS - 479 - 2528 2405 5.28 5.02 105 . 100 . 100
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SUBJECT -3 DATE-4I1196 TIME - 2114 - 21:57 ALF-2ND . ” DURATiON-zszs seconds
MOVEMENT FREQUENCY TOTAL : 'I@I"AL AVERAGE AVERAGE | AVERAG\E. PERCENTAGE | PERCENTAGE
PATTERN . DISTANCE || TIME SPENT.|  DISTANCE "} TIME PER | VELOCITY PER | OF TOTAL | OF TOTAL
(COVERED || (seconds) |  PER MOVEMENT j| ~ MOVEMENY DISTANCE - |- TIME SPENT
;  (mctres) ' MOVEMENT | SEGMENT SEGMENT ‘COVERED IN' | IN HALF (%)
IZ o . SEGMENT | (seconds) | (metresisecond) HALF (%) T
i _ - | | (metres) |- o -
| Walking 168 845 541 5.03 3.22 1.56 323 21.4
- Jogging 63 1134 520 1801 8.25 2.18 43.4 20.6
- Running 16 428 82 26.76 5.13 522 16.4 3.2
Sprinting - 3 50 8 16.70 2.67 7.16 19 0.3
| Walking (Back) 33 58 52 175 1.58 111 22 21
{ Jogging (Back) 1 4 1 3.60 1.00 360 0.2 0.04
| Sideways 44 94 41 2.13 0.93 - 229 3.6 1.6
|  Standing 140 0 1281 0.0 9,15 0.00 0.0 50.7
TOTALS 479 - | 2613 2405 545 502 109 100 100
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 SUBJECT - 4

DATE - 16.11.96 . TIME- 14359~ 15:41 HALE-UST =~ DURATION-24¥0 seconds
MOVEMENT || FREQUENCY TOTAL TOTAL AVERAGE | AVERAGE “AVERAGE PERCBNTAGE;: PERCENTAGE
PATTERN ' | DiSTANCE | TIME SPENT | DISTANCE | TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
S COVERED | (seconds) | = PER MOVEMENT | MOVEMENT " DISTANCE |- TIME SPENT
(metres) © MOVEMENT SEGMENT  SEGMENT COVERED IN | IN HALF (%)
SEGMENT (seconds) - (metres/second) HALF (%) : .
| - - (metres) - | |
Walking 144 745 462 5.18 321 1.61 325 18.9
Jogging 56 1051 499 18.77 8.91 2.11 45.3 205
Running 7 109 18 1554 - 2.57 6.04 4.8 0.7
Sprinting 1 18 2 . 18.00 2.00 9.00 0.8 0.1
Walking (Back) 67 111 103 1.65 1.54 1.08 4.8 42
Jogging (Back) 5 12 7 2.45 1.40 2.04 0.5 0.3
Sideways 72 248 112 345 1.56 222 10.8 46
- Standing . 143 0 1237 . 000 8.65 0.00 0.0 50.7.
- TOTALS 495 2294 | 2440 4.64 493 -~ 0.94 100 100




SUBJECT - 4

| TIME-15:36-16:28 .~ HALE-2ND

 DURATION - 2287 seconds

DATE - 161196
STRIDE PATTERN | FREQUENCY | TOVAL - TOTAL AVERAGE AVERAGE AVERAGE PERCBNTA;GE PERCEﬁTAGEl
DISTANCE | TIME SPENT | DISTANCE TIME PER VELOCITY PER | OF TOTAL OF TOTAL
COVERED [ . (secs)  PER MOVEMENT MOVEMENT .. DISTANCE | TIME SPENT -
~ (métres) ‘ - MOVEMENT SEGMENT SEGMENT COVERED IN | IN HALF (%)
SEGMENT  (seconds) (metresfsecond) "HALF (%)
. " (inetres) N ‘ .
Walking 149 935 604 6.27 - 4.05 155 - 434 264
Jogging 58 774 376 13.34 5.48 2.06 36.0 164
Running 7 72 12 10.30 = Wi 6.01 33 0.5
Sprinting - 3 102 14 34 4.67 7.29 4.7 0.6
Walking (Back) 6l 873 80 143 (131 1.09 4.1 3.5
Jogging (Back) K 17 8 2.16 100 2.16 0.8 0.3
Sideways 57 165 R-1) 290 1.53 - 1.90 1.7 3.8
Standing 144 0 1106 0.60 7.68 0.00 0.0 48.4
2152 - 449 5.02 100 100

TOTALS

a79.

2405

0.89




SUBJECT - 5 DATE-4.197 TIME - 15:00 - 15:42 HALF- 15T * DURATION - 2400 seconds
~MOVEMENT | FREQUENCY | TOTAL TOTAL | AVERAGE AVERAGE | A_VERAGE T PERCENTAGE | 'PERCENfAGE
 PATTERN | DISTANCE | TIME SPENT | DISTANCE | TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
- COVERED | (seconds) | - PER MOVEMENT |  MOVEMENT DISTANCE * | TIME SPENT
(metresy | MOVEMENT | SEGMENT SEGMENT . COVERED IN | IN HALF (%)
SEGMENT - (seconds)  (metres/second) THALF (%)
(metres) - '
Walking 215 883 668 4,11 31 1.32 342 27.8
Jogging 59 1149 488 71948 8.27 236 446 203
Running 12 205 38 JEATH 317 5.40 KX 16
Sprinting 1 28 4 2800 | 400 T 7.00 11 0.2
“Walking (Back) 113 169 162 149 143 . 104 6.5 6.8
Jogging (Back) K 55 20 6.10 2.22 275 21 0.8
Sideways 23 91 29 3.97 1.26 3.15 3.5 12
Stand'mg 112 0 991 -0.00 8.85 0.00 0.0 41.3
TOTALS 544 2581 - | - 2400 4,74 441 1.07 100 100




TIME - 15:46 - 16:30

HALF-2ND

R

SUBJECT - 5 DATE - 41,97 * DURATION- 2260 seconds
STI;UDE'PA'[“ITERN fRBQUENCY : Tomp.'_ “TOTAL ’I‘IME _ AVERACGE AVERAGE | AVERAGE. .IA’ERCENT_‘AGE PERCENTAGE |
a DISTANCE | SPENT (ses) | DISTANCE | TIMEPER | VELOCITY PER | OF TOTAL | OF TOTAL. ;
| COVERED 1 eer 'MOVEMENT | MOVEMENT DISTANCE | TIME SPENT
(metres) - 'MOVEMENT | SEGMENT SEGMENT | COVERED IN | TN HALF (%) |
" “SEGMENT" (seconds) (metres/second) HALF %) | - -
_ - o o (metres) - . ; ,
Walking | . 177 834 | el | - 47 3.62 130 438 | 284
Jogging 50 721 | 362 1442 724 1.99 378 160
Running 6 78 13 | 1305 2.17 6.02 41 06
Sprinting 0 o | o0 0.00 | 000 0.00 00 0.0
" Walking (Back) 88 162 | 150 T 1.84 1.70 1.08 85 6.6
Jogging (Back) | 8 36 12 451 1.25 3.01 19 05
Sideways 25 74 25 2.96 1.00 296 39 | LU
“Standing 169 0 | 1057 | 0.0 9.70 T 0.00 0.0 "46.8
TOTALS | 561 . 1906 ‘| 2260 3.40 4.03 0.84 100 100




SUBJECT - 6 DATE- 30.12.97 . TIME-15:02-15:46  HALE-IST DURATION- 2410scconds .
“WOVEMENT | FREQUENCY | TOTAL | TOTAL TiME | ~AVERAGE | AVERAGE | AVERAGE | PERCENTAGE | PERCENTAGE
PATTERN - * | DISTANCE |  SPENT | DISTANCE | TIME'PER | VELOCITY PER | OF TOTAL | OF TOTAL _
S COVERED | (seconds) | . PER* = | MOVEMENT | MOVEMENT | "DISTANCE | TIME SPENT
(metres) | MOVEMENT | SEGMENT |  SEGMENT | COVERED IN | IN HALF (%)

' SEGMENT (secbnds) - (metres/second) “HALF (%) o

, . . BN - ‘ (metrée) e o ' A

Walking 175 723 . 502 4,13 2.87 1.44 30,7 208 ]

" Jogging 61 | 914 | 287 1498 4.70 3.18 387 1ny
Ruming | 10 | 179. | 28 1785 | 280 638 76 12
" Sprinting 2 37 | 5 18.37 2.50. 735 16 02 |
alking (Back) | 134 321 | 235 2.40 175 137 13.6 98
Jogaing (Back) 3 6 3 2.13 1.00 T 213 03 01
~ Sideways 49 178 65 3.64 1.33 274 7.5 2.7 4
" Standing | 120 0 | 1285 0.00 10.71 0.00 00 533 |
- TOTALS . 554 - 2359 ;| 2410 4,26 4.35 0.98 100 100




" HALF-2ND

DURATION - 2302 seconds

SUBJECT -6  DATE- 301297 - TIME.1556-1640 =
: MOVEMENTI b FRE(#J’ENCY. TOTAL TOTAL TIME . "AVE‘RJ;\GE AVERAG‘E : AVERAGE _ PERCENTAGE PERCENTAGE
* PATTERN - F - DISTANCE |  SPENT DISTANCE - | TIME PER | VELOCITY PER | OF TOTAL | OF TOTAL
COVERED | (setonds) [ PER MOVEMENT | . MOVEMENT DISTANCE | TIME SPENT .
(metres) MOVEMENT SEGMENT SEGMENT - COVERED IN | ™ HALF (%)
' SEGMENT (seconds) (metres/second) |- HALF (%) '
Walking ﬂ 167" 134 479 440 | 2387 1.53 274 20.8
Jogging 61 1213 | 362 19.89 593 3.35 452 15.7
Running 13 213 | 33 16.41 2.54 6.46 8.0 14
Sprinting | 4 AT 6 . 11.69 1.50 7.79 L7 0.3
Walking(Back) { 123 290 | 194 2.36 1.58 150 1038 8.4
Jogging (Back) K 25 1 3.54 157 2.25 0.9 05
 Sideways 30 161 .| 8 | 537 193 278 6.0 25
Standing us [ o o 118y - 0.00 10.08 0.00 0.0 504
TOTALS 520 ] 2684 i - 2302 5.16 443 1.17 100 100

a8 .




-HALF - (ST

" DURATION - 2427 seconds .

SUBJECT -7~ DATE-21129 - TIME - 14:07 - 14:48
NOVEMENT | FREQUENCY | TOTAL | TOTAL TIVE ,‘AVERAGE “| AVERAGE | AVERAGE | PERCENTAGE | PORCENTAGE
" PATTERN DISTANCE .SPENT - DISTANCE TIME PER | VELOCITY PER OF TOTAL | OF TOTAL
COVERED | {seconds) PER MOVEMENT | MOVEMENT | DISTANCE | TIME SPENT
(metres) MOVEMENT SEGMENT SEGMENT COVERED IN | IN HALF (%)
SEGMENT . (seconds) (metres/socond) HALF {%)

S _ ‘ , o {metres) ' 7 . .
Walking 3 214 - 1:048 610 490 2.85 1.72 -29.5 25.1
“Jogging 63 1740 616 T2559. | 906 2.82 49.0 254
Running 11 242 40 - 2197 . 3.64 6.04 - 6.8 1.6
Sprinting 2 43 6 2145 3.00 715 12 02

Walking(Back) | 114 | 278 188 344 1.65 1.48 78 L
Jogging (Back) | 17 93 | 36 548 212, | 258 26 1.5
Sideways - 39 106 _ .34 2.72 - 087 2\3.13 30 . 1.4
Standing | 133 0 | &7 0 6.7% 0 0 | 370
TOTALS | - 568 | 3550 2427 . 6.25 4.27 _ L.46 100 100

219




DURATION - 2420 seconds

SUBJECT - 7 DATE - 21.12.96 TIME - 14:53-15:34 ~ HALF-2ND =
' érmns PATTERN .FREQUENCY TOTAL | TOTAL TIME AVERAGE | AVERAGE AVERAGE PERCEN’fAGE ‘PERCENT-AGE
’ DISTANCE | SPENT (secs) | 'DISTANCE - TIME PER | * VELOCITY PER OF TOTAL ' OF TOTAL
COVERED ‘ PER . MOVEMENT | MOVEMENT DISTANCE | TIME SPENT
(metres) MOVEMENT | SEGMENT SEGMENT COVERED IN | IN HALF (%)
' SEGMENT (seconds) (metres/second) HALF (%) '
S {metres) o ' . '
Walking 210 1022 661 4.87 3.15 1.54 35.7 273
Jogging 51 1179 454 23012 | 890 2.60 412 18.8
Running 12 197 31 16.43 - 2.58 6.37 6.9 1.3
Sprinting 2 56 | 8 28.05 4.00 7.01 2.0 0.3
Walking (Back) 81 179 134 2.21 1.65 134 6.3 5.5
Jogging (Back) | 18 83 34 4.59 1.89 243 2.9 1.4
Sideways 36 143 0 47 _3.98 1.31 - 3.04 " 5.0 2.0
Standing 151 0 - 1051 0 - 6.96 0 0 434
TOTALS 561. | 2859 2420 - 510 - 4.31 _ 1.18 1_'00 100
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TIME - 15:00 - 15:46 -

 HALF-1ST

SUBJECT - 8 DATE- 221097 - DURATION - 2360 seconds
~ MOVEMENT FREQUENCY | T.OTALV TOTAL TIME | AVERA_GE AVERAGE AVERAGE PERCENTAGE | PERCENTAGE
PATTERN : DISTANCE SPENT ' DISTANCE TIME PER | VELOCITY PER | OF TOTAL OF TOTAL
o COVERED | (seconds) |~ PER - MOVEMENT | MOVEMENT DISTANCE | TIME SPENT
(metres) MOVEMENT | SEGMENT |  SEGMENT COVERED IN | IN HALF (%)

. SEGMENT (seconds) (metres/second) HALF (%)
(metres) : S _

Walking 173 965 451 5.58. o 2.61 1.54 - 36.2 . 19.1

Jogging 72 1214 | 544 1686 | 7.56 2.23 456 23.1

Running 10 212 39 21.22 3.92 542 8.0 1.7
Sprinting 1 25 3 25.12 3.1_5' 7.97 0.9 0.1. ,

Walking (Back) | 77 134 119 1.74 1.54 1.13 01 5.0
Jogging (Back) 6 11 5 18 - | 087 213 0.4 02
Sideways 21 |10 44 483 2.09 231 38 19
Standing us . | o 1154 0.00 10.04 0.00 0.0 489

TOTALS- [ 475 2663 2360 | 5.6l 497 .13 100 100




p———

SUBJECT - 8 DATE - 22.1097.  TIME- 15:57- 16:40 HALF - 2ND . "DURATION - 2420 seconds . .

VOVEMENT ] FREQUENCY | TOTAL | TOTAL TIVE | 4VERAGE | AVERAGE T AVERAGE “PERCENTAGE PERCENTAGE
PATTERN = | | DISTANCE SPENT DISTANCE | . TIME PER | VELOCITY PER OF TOTAL OF TOTAL , |
' ' COVERED |  (seconds) - PER [ MOVEMENT | MOVEMENT DISTANCE | TIME SPENT [ =
(inetres) : ' | MOVEMENT | SEGMENT | . SEGMENT | COVERED IN | IN HALF (%) |
' . SEGMENT (seconds)  (metres/second)  }- HALF (%) -
. | 1 2 e R P | '
"~ Walking 177 977 | 665 552 3.76 147 373 27.5
Jogging - |. 70 | 1165 | 511 1665 | 730 | 228 | 445 211
Running 9 199 | 37 22.06 408 541 16 | 15
Sprinting | 1 | 20 | 3 2017 | 231 8.02 08 | 01
Walking (Back) 73 117 | 102 160 13 | 115 | 45 | 4z
Jogging (Back) | 7 18 8 2.60 1.18 221 0.7 03
Sideways | 22 122 54 | 583 244 | .. 227 46 | 22
Standing ] 121 | O [. 1041 |  0.00 8.61 - 000 0.0 .| 430
TOTALS | - 480 2618 2420 - 545 504 S 108 | 100 | 100
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_ DATE- 15497

. TIME-19:13-19:53

" HALF - IST

DURATION - 2407 seconds

SUBJECT - 9
MOVEMENT_ _FRJ;:QU'EILJ_CY. '_"i'(')TAL [ TOTAL TIME | AVERAGE | Avsr_kAGE‘ T AVERAGE PERCENfAGE PERCENTAGE
PATTERN - DISTANCE | ~ SPENT | IDISTANCE ' | TIME PER | VELOCITY PER OF TOTAL | OF TOTAL
-’ COVERED | (seconds) " PER MOVEMENT | MOVEMENT | . DISTANCE | TIME SPENT
(etres) R MOVEMENT | SEGMENT | . SEGMENT COVERED IN | IN HALF (%)
SEGMENT | (seconds) (metres/second) | HALF (%) |
. b - "(metres) ' _ ‘ _

‘Walking 157 662 468 '4.22 2.98 - 141 - 269 19.4

“Jogging 80 | 1478 | 59 18.48 7.45 243 60.0 248

" Rumning 6 | 105 17 | 1749 283 T 617 43 0.7
“Sprinting _ o | o | o ~0.00 T000 | 000 0.0 00

Walking (Back) 58 | . 106 95 1.83 1.64 ENT) T 43 2.0

Jogging (Back) | 6 38 10 636 167 3.82 15 0.4
Sideways 34 75 | .26 2.21 0.76 2.89 30 ENE

“Standing | 119 | 0 1195 | 000 | 1004 0.00 00 196

TOTALS 460 | 2465 2407 536 523 1.02 100 - 100
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"HALF - 2ND

SUBJECT -9 - DATE-15497 TIME - 19:57 - 20:43 - ~ DURATION - 2526 seconds
-.MOVEMEN_'[‘ %REQUENCY . TOTAL | TOTAL TIME |  AVERAGE AVERAGE - AVERAGE P_'_ERCEN']‘IAGE PERCENTAGE
PATTERN - DISTANCE | SPENT DISTANCE TIME PER | VELOCITY PER | OF TOTAL OF TOTAL -
- 'COVERED |  (seconds)  PER 'MOVEMENT MOVEMENT DISTANCE . | TIME SPENT
(metres) MOVEMENT | SEGMENT SCGMENT - | COVERED IN | IN HALF (%)
' SEGMENT . {seconds) (metres/second) HALF (%)
. . - (metres) ' :
Walking 173 e _716 498 414 2.88 1.44 4 273 19.7
Jogging 76 1513 599 1991 7.88 2.53 57.8 - 23.7
Running 10 167 26 16.73 2.60 6.43 6.4 1.0
Sprintihg 2 35 4 ) 17.6 - 2.00 8.80 1.3 0.1
Walking (Back) 43 70 63 1.63 1.47 1.11 2.7 25
Jogging (Back) | 4 BENEEE 9.81 2.25 436 1.5 0.4
Sideways 31 78 | 27 | 252 0.7 2.89 3.0 11
V_Standing 105 -0 1300 0.00 - 1238 0.00 0.0 3515
"TOTALS | 444 2619 | 2526 | 590 5.67 1.04 100 100
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DATE -29.397 DURATION - 2410 seconds

' SUBJECT - 10 TIME - 15:02- 1543 LF - IST
MOVEMENT FREQUENCY TGTAL 'TOTAL TIME | AVERAGE . AVERAGE AVERAGE: PERCENTAGE PERCENTAGE
PATTERN ' DISTANCE g SPBNT DISTANCE TIME PER VELOCITY PER OF TOTAL OF mTAi. _
) COVERED {seconds) PER MOVEMENT MOVEMENT DISTANCE m SPENT
(metres) ' MOVE.MENT SEGMENT SEGMENT - . COVERED IN IN HALF (%)
SEGMENT (seponds) (mei.:resf'second) 7 HAL‘F (%) '
(metres) _ .
Walking 185 777 " 616 420 333 1.26 35.1 25.6
Jogging 47 893 430 15.00 9.15 2.08 404 178
Running 11 241 39 21.95 3.5 6.18 10.9 16
Sprinting 1 14 2 14.24 2,00 712 0.6 01
Walking (Back) | = 103 173 162 168 1.57 1.07 7.9 6.7.
Jogging (Back) 0 0 0 0.00 0.00 0.00 0.0 0.0
Sideways | . 35 112 28 3.21 " 0.80 4.0l 5.1 1.2
Standing 128 0 1133 0.00 8.86 - 0.00 0.0 47.0
TOTALS | 510 2211 2410 4.34 4T3 0.92 100 100




- TIME - 15:47 - 16:28 HALE-2ND = DURATION - 2365 seconds

SUBJECT - 10~ DATE-293.97
MOVEMENT | .FR.EQUENCY TOTAL | TOTAL T[MF. AVERAGE AYBRAGB ~ AVERAGE PERCE_NTAGE PERCENTAGE
" PATTERN | DISTANCE [ SPENT (. DISTANCE ' | TIMEPER | VELOCITY PER | OF TOTAL OF TOTAL
' ' COVERED |  (seconds) PER MOVEMENT MOVEMENT DISTANCE | TIME SPENT
(metres) MOVEMENT | SEGMENT SEGMENT COVERED IN | IN HALF (%)
J SEGMENT (seconds) (meu'eslsecond) ‘ HALF (%)
N . o (metres) - _
‘Walking ]r 174 720 - 586 414 3.37 1.23 325 223
Jogging ] 55 1071 520 19.48 9.58 2.06 483 223
Running  § 11 245 44 22.25 3.36 5.56 1.0 1.5
Sprinting | 1 14 2 14.24 2.00 7.12 0.7 0.1
Walking (Back) § 87 122 112 141 129 1.09 55 47
Jogging (Back) 2 2 1 -1.04 0.50 2.08 00 0.1. -
~ Sideways . | 17 43 12. 2.54 0.71 . - 3.59 1.9 0.5
Standing 111 0 1088 -0 - 9.80 0.00 - 0.0 46.0
- TOTALS 458 2218 2365 4.84 5.16 0.94 100 100
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APPENDIX J Raw heart rate data obtained from referee’s subject group
during match analysis through use of the Polar Vantage

NV monitor.

SUBJECT - 1
Curve Copyright by POLAR ELECTRO
¥R/ bpm saidd
Limits 1
_ ‘h . A .,'nr“ . IT g o
170 + f AN w1 ) N LA M A Ia"."ﬂ‘ ";'\' I\, ~ 170 Anaerobic Th
R 7?{_%"4”;?_"[" .:'4';7 .‘j-——‘-r'n ls—{;lig?i ={ wl ',{Jﬁi—lrrfgrqtﬁ - :‘iﬂmb -
150 - 1A 1’ F I\ [ 1Y ¥ A" b Lamm T
1 ' \4 ! L l‘ \
1L W) 4
130 | |/ I W, 1130
l ‘
110 - ! - 110
l.i
“?\vaww e
70 4 T . e e . TIme ] hhimm:sS
00:00:00 00:30:00 01:00:00 01:30:00 02:00:00
HR: 142
Time: 01:54:40.0
Person [ ] | Date | 05/10/1996 | Average | 161bpm | Recovery |-17
Exercise | 1996/10/05 14:29:26 | Time | 14:29:26 | Duration of exercise: 02:00:47.4
Note | Northampton v Sale | Selected period is: 00:30:00 - 01:54:40 (01:24:40)
SUBJECT -2
c L
o - Copyright by POLAR ELECTRO
200 200
—_— - ~ - — — Limits 1
196
180 HM e (0 A / | L e
L \4\ LMM M \ .;\M N o .q ¥ Anaerobic Th.
— e £ - W h i TS T j % r‘v %1 A .“_. i L 160
160 -} - V ] i \ ' I W 180 AerobicTh.
J ! t | \ 0
140 | "A 140
] 1A -
h W I
120 -mhw ( L 120
100 - - 100
80 T : ' y Y ' ' ¥ ? : - Time / hvmm:ss
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 157
Time: 01:48:05.0
Person lr__..__‘ | Date 05/11/1996 Average | 167 bpm | Recovery |-7
Exercise | 1996/11/05 15:41:39 Time 15:41:30 Duration of exercise: 01:52:41.0
Note | Oxford Uni v South Africa A Selected period is: 00:19:45 - 01:48:05 (01:28:20)
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SUBJECT -3

Curve

Copyright by POLAR ELECTRO

HR / bpm
170 +— . 170
Limits 1
160 - T TR | g A 160 169
ll!‘ -'J'n g | L :Ii ] 1 r| i M N Mk - C 56
b A 1A RN TR STV L1 { AL ol UM AN L Lfindl N4
i i l-f':? . |"'”f'”| qwﬁ T"T\""f"‘.'*( 1 ‘,:"I{'ib"- WY 1 T 150 Anaerobic T1
v || ' (1 °WIy ¥yt Y | 150
140 - f | b v | | [ b \ - 140 Aerobic Th.
1 | | : 10
130 - ‘ﬂ | 1130
a ﬂ |
120 - Vﬂ M’r a\ - 120
o T
| ".” '
100 - W ‘.ln‘ - 100
90 - 90
80 TG e | Time { hh:mm:ss
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 142
Time: 01:50:00.0
Person ] Date | 26/10/1996  |Average | 150 bpm | Recovery | -20
Exercise |1996/10/26 14:36:33 Time | 14:36:33 | Duration of exercise: 01:57:17.7
Note Rotherham v Coventry ] Selected period is: 00:19:40 - 01:50:00 (01:30:%
SUBJECT - 4
Cury Copyrigh
H&Ihpm opyright by POLAR ELECTRO
200 —_ - - — - — - 200
Limits 1
180 { 1 L 180 67
1 TP N oAl e sl - 67
f - [r‘\}‘\rf'.f“ Mi ma M{LH \( Ml W1
- i “N‘ SVALIBFRIE ‘I’“ Wl | ALL}‘—J‘JJ ‘ ‘U"L U T — Anaerobic ~
160 - i 11 B (L'l H .1! Iy HH]*' li%i‘ - 160 160
| » \ () Riaall Aerobic Th
140J l | | J ' - 140
| " -,
120 - ‘ W '\ - 120
100 Mﬁ{w ' - 100
80 - ‘ | 80
60 _m_ Time / hh:mm:st
00:00:00 00:30:00 01:00:00 01:30:00 ‘ 02:00:00
HR: 146 |
Time: 01:42:35.0
Person L _In Date | 04/11/1996 | Average | 166 bpm | Recovery -27
Exercise| 1996/11/04 20:15:01 Time | 20:15:01 Duration of exercise: 02:01:21.5
Note | Bedford v South Africa Selected period is: 00:13:35 - 01:42:35 (0|
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SUBJECT - 5
Copyright by POLAR ELECTRO
Cur;f‘l Toni opyright by
180 0
Limits 1
=T e r ™ = 1
160 - HU, At SR PV AR A A A 160 64
Ao H".‘w‘.‘h‘ /) . AVITRIRIA '._J,A“'I ll‘ | —
1] W‘w\ﬂ | | — ‘. AR T‘]'U ‘I_./‘.IT %Aerhaeroblc
140 - AU lIH \ | || \ | I=,r ‘I | IH{I‘ i - 140  aerobic Th.
| J ' ! I k“ 0
i \ t .
120 - ‘ ’,J §, 120
| f
1004 | I 100
fiady |
0. lwk iy 80
A
680 L —————————————ssem— | Time / hh:mm:st
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 140
Time: 01:47:20.0
[ Person | in |Date | 16/10/1996 | Average |162 bpm Recovery-38 |
Exercise[1996/10/16 19:05:49 Time | 19:06:49 Duration of exercise: 01:53:02.3
Note Northampton V Orrell Selected period is: 00:20:50 - 01:47:20 (0
SUBJECT - 6
Copyright by POLAR ELECTRO
Curve, g pyright by
180 180
* I 1 e
AN oA bl
160 i'L ' }'f M!‘“E"!M ‘ft \“U ""'k'lw .\ J l ‘;‘* i, ) \ ‘q_\.‘ﬂ v M 66
1 { N 1{ I/ Ui it s ROVl gt YU Il (Y U 4 =
‘ TV a1 i G T Anserobic
i A YA 150
| In .| f ' Aerobic Th.
140 | [ [ - 140 0
120 - N - 120
100 - MM - 100
80 v . e e = s Time hhimmis:
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 172
Time: 01:55:45.0
Person I le |Date | 08/02/1997 | Average | 158 bpm| Recovery -52
Exercise[1997/02/08 14:31:53 [Time  [14:31:53 Duration of exercise: 01:57:05.8 B
Note Harlequins v Sale Selected period is: 00:28:20 - 01:565:45 (0
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SUBJECT -7
ight by POLA TR
Curﬁﬁ Fisgnn Copyright by POLAR ELECTRO
190 4 - , — 450 (o |
170 IM m\ N M wl | 'Jﬂ‘ ! ;'“ i ’\l 1170 3
1 il KU M AR R - Anaerobic”
ALY LUTLAYA ALl
e Tk L TTRR UL el
180 A \ {. [ [ | "r‘ l‘ ‘“‘III’ f V| [ ' | ll'150 Paerobuc'l‘h.
[V S I ‘\
130 - ! LV‘ ’ "\‘* - 130
4
LV
1104 ' !w W - 110
" _W” f -
70 . ' T W- Time!hh:mm:‘g
00:00:00 00:30:00 01:00:00 01:30:00 02:00:00
HR: 172
Time: 02:07:55.0
Person br Date  |23/02/1997 | Average |163 bpm | Recovery -41
Exercise[ T9U7/02Z/Z3" 15:20:51 Time | 15:20:51 Duration of exercise: 02:09:17.5
Note Harlequins v Saracens Selected period is: 00:38:00 - 02:07:55 (01
SUBJECT - 8
Curl\f& /g Copyright by POLAR ELECTRO
i Limits 1
180 . - 180 183
fo i ¥ I oo g
160 - Nl | [ ol 160 Anaerobic”
N 1 AL
| | i
140 - ( w Ik \h‘ ) i m [ 140 Ty
! ‘ | ‘
120 4 1- 120
\.
100 - ( ){"L R - 100
|
so iyl | ¥ " 80
60 T ———— | Time | hh:mm:s:
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 136
Time: 01:49:00.0
Person bs Date  |22/0211997 |Average | 151 bpm| Recovery -25
Exercise 38 Time  |15:38:54 | Duration of exercise: 01:49:46.6
Note London Scottish v Ystradgynlais J Selected period is: 00:21:20 - 01:49:00 (07
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SUBJECT -9
o Copyright by POLAR ELECTRO
"R bpm BT
190
' Limits 1
i r 194
170 - T ‘Illﬂl\ |'\ ‘H’ [ M A ’f 170 75
bl (1 ’.A i BRI ‘ Anaerobic T
" — o eyt 172
150 4 Il | k g - 150 Aerobic Th.
0
g '
130 - ‘ | [ | | | lw - 130
110 - '.ur l L 110
| | |
ARNY
AR
90 - '*[ |\ 1".‘ . 90
70 ¢ : . W_ Time / hhimm:ss
00:00:00 00:30:00 01:00:00 01:30:00 02:00:00
HR: 129

Time: 01:19:25.0

Person | Y | Date |07/12/1996 | Average | 157 bpm | Recovery | -19
Exercise [1996/12/07 14:26:48 Time  |14:26:48 | Duration of exercise: 02:08:562
Note | Orrell v West Hartlepool Selected period is: 00:34:30 - 02:04:20 (01:29
SUBJECT - 10
Curve Copyright by POLAR ELECTRO
HR / bpm
180 180
Limits 1
A . : \ 173
. " A ) A al in b AR SO U L
i ik A P A DA A T
(M Py LTV AN L Anaerobic T
140 - ‘JT 1] ] f, M'HIM V'H T[] 140 188
ﬁ I ( \f [ N | ! } | " Aerabic Th.
120 - f‘ H | '( [ ' | [ [V \J VY YWl ©
k 1 f Jlf i ' f
{ | | \
100 - )L.l l! \ W - 100
I IR
80 - fwf,\,‘h,, " | - 80
hﬂ .
60 - - 60
40 -WI_—'_ Time / hh:mm:ss

00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 145
Time: 01:49:35.0
Person [Date | 22/03/1997 {Average | 144 bpm | Recovery | -69
Exercise [1997/03/22 15:38:19 [ Time 1 16:38:19 | Duration of exercise: 01:53:58.5
MNote | Bristol v Sale Selected period is: 00:20:10 - 01:49:35 (01:2
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APPENDIX K Raw heart rate data obtained from touch-judges’s subject
group during match analysis through use of the Polar
Vantage NV monitor.
SUBJECT - 1
Curvam - Copyright by POLAR ELECTRO
190 o
- S = = Limits 1
182
170 - - 170 51
Anaerobic Th.
150 - - 150 160
Aerobic Th.
130 130 9
110 1 1| ')\l \ l L 110
LA Ll 8
90 + IR 1A {90
| LM | ‘
f L ! i |
70 - ﬁ ) - 70
50 - . L Time / hh:mm:ss
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 90
Time: 01:55:10.0
Person Date 11/02/1997 Average |88bpm | Recovery |-21
Exercise | 1997/02/11 19:02:26 Time 19:02:26 Duration of exercise: 01:57:17.5
Note Leicester/Northampton v Otago Selected period is: 00:26:00 - 01:55:10 (01:28:10)
SUBJECT -2
Curv?'”m Copyright by POLAR ELECTRO
160 160
Limits 1
\ 196
75
140 L + 140
Anaerobic Th,
’ 160
Aerobic Th.
120 - 0
100 A
1\ |
BO -
60 L Time ! hh:mm:ss
00:00:00 00:30:00 01:00:00 01:30:00 02:00:00
HR: 86
Time: 00:11:15.0
Person | Date | 29/1011997 Average 1 115 bpm j Recovery | -11
Exerclse  [1997/10/29 08:12:12 PM Time | 20:12:12 Duration of exercise: 02:02:40.6
Note Bristol v Tonga - touch Selected period is: 00:20:45 - 02:00:25 (01:39:40)
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SUBIJECT -3
150 - ‘ Fl | Pl §m1
S ' W‘L! ,n\ ! } - 130 fmeroblcw
104 ’h i “‘ | lM i J]—LNLH”I WM ]m' wf ‘JlT!.L _— Ac?mbi”h'
| VAT
W-Aww M i L | A M o

50 - | L Time / hh:mm:ss
00:00:00 00:30:00 01:00:00 01:30:00 | 02:00:00
HR: 95
Time: 01:43:55.0
Person | Date 04/11/1996 Average | 114 bpm | Recovery |-1
Exercise [1996/1104 20.16:15 Time 20:16:15 Duration of exercise: 02:04:24.9
Note Bedford v South Africa A - touch Selected period is: 00:13:15 - 01:43:55 (01:30:4¢
SUBJECT - 4
Ci ight by POLAR ELECTRO
”’i’ﬁu bpm Copyright by
180 180
. Limits 1
199
160 - \ - 160 67
1 Anaerobic ~
\ \ 160
140 - L | \ - 140 Agrobic Th.
\ ‘ 0
120 - )I \ - 120
| I . _ WA O S
100 - / }J - 100
80 - - 80
60 7 | Time / hh:mm:se
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 102
Time: 01:55:30.0
Person [ n Date 16/11/1996 | Average | 112 bpm | Recovery -22
Exercise 1996/11/16 15:34:08 Time 15:34:08 Duration of exercise: 01:57:15.2
Note Oxford Uni v South Africa A - touch | Selected period is: 00:24:30 - 01:55:30 (01
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SUBJECT - 5

Curve Copyright by POLAR ELECTRO
HR/bpm
Limits 1
160 - - 160 171
64
140 - L 40 Jnerobia
] Aerobic Th.
10
120 - 120
100 - - 100
80 - "1 80
60 - . Time / hh:mm:ss
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 95
Time: 01:53:10.0
Person | n Date 04/01/1997 | Average | 102 bpm | Recovery -15
Exercise| 1997/01/04 14:37:07 Time 14:37:07 Duration of exercise: 01:57:36.9
Note West Hartlepool v Bristol - touch | Selected period is: 00:20:10 - 01:53:10 (01
SUBJECT -6
Curve Copyright by POLAR ELECTRO
Wik / bpm pyngnt by
160 160
Limits 1
176
66
140 - 140
Anaerobic T
150
Aerobic Th.
120 + ~-120 0
100 - . - 100
80 - - 80
60 r . - L Time / hh:mm:ss
00:00:00 00:30:00 01:00:00 01:30:00 02:00:00
HR: 105
Time: 00:53:35.0
| Person 3 Date 17/06/1995 Average | 117 bpm | Recovery| 11
Exercise "TovoroerTT 08:44:11 Time | B:44:11 Duration of exercise: 02:22:51.7
Note Bath v Northampton - touch judge Selected period is: 00:43:30 - 02:16:55 (01:3
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SUBJECT - 7

i T
Curﬁ% 2 bt Copyright by POLAR ELECTRO
Limits 1
160 - - 160 192
60
140 - | 140 %Asr?embic
-ﬂ(t)eroblc Th.
120 LR - 120
100 | L 100
Y|
i M
80 \1 ' f - 80

00—t L Time / hh:mm:ss
00:00:00 00:30:00 01:00:00 01:30:00 02:00:00
HR: 112
Time: 02:20:00.0
Person | r Date 21/12/1996 | Average | 126 bpm| Recovery| -32
Exercise|1996/12/21 13:14:13 Time 13:14:13 Duration of exercise: 02:27:24.7
Note Sale v Richmond - touch Selected period is: 00:50:30 - 02:20:00 (01
SUBIJECT - 8
Curve ht by POLAR ELECTRO
Wik / bpm Copyright by
Limits 1
150 - - 150 183
f' 54
130 - l L 130 glsaeroblc T
Aerobic Th.
0
110 ~H q - 110
Hml'. | HH L |
90 - “ j V k - 90
70 - IJ J J - 70
50 : ' — ' ' ; . " . Time / hh:mm:ss
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 110
Time: 00:01:45.0
Person | 3 Date 22/03/11995 | Average |98bpm | Recovery|0
Exercise | 1995/03/22 3:00:00 Time 8:18:09 Duration of exercise: 01:44:04.8

Note Wakefield v Moseley - touch judge
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SUBJECT - 9

Curve Copyright by POLAR ELECTRO
HR / bpm
160 160
Limits 1
150 - - 150 184
75
140 - - 140 Anaerobic TI
172
130 - - 130 Aerobic Th.
0
120 - - 120
110 - Tk 110
100 - - 100
90 #h - 90
80 - [ - 80
70— —— | Time | hh:mm:ss
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 106
Time: 01:46:50.0
Pemon | — — —  # Date 15/04/1997 | Average | 114 bpm | Recovery | -7
Exercise |1997/04/15 18:55:02 Time 18:55:02 Duration of exercise: 01:47:37.1
Note Sale v Saracens - touch Selected period is; 00:17:35 - 01:46:50 (01:29:]1
SUBJECT - 10
Curve Copyright by POLAR ELECTRO
HR / bpm
Limits 1
140 - L 140 173
49
120 ; ‘ u | AR Fa A
“ Aerobic Th.
0
100 - N ﬂ - 100
S ST I A AR
o MH W \ WH M A o
soJ“w M il \
40 : ' - Time / hh:mm:ss
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
HR: 92
Time: 01:57:10.0
Person | [ [Date  [29/031997  [Average |90bpm | Recovery -26
Exercise |1997/03/29 15:30:24 | Time 15:30:24 . Duration of exercise: 01:58:28.9

Note Orrell v Northampton - touch

| Selected period is: 00:27:00 - 01:57:10 (01:30:




APPENDIX L Percentage distribution of heart rate data obtained from
referees” subject group during match analysis through use

of the Polar Vantage NV monitor.

%
50 &y Upe Limit
182
—_ 51
B S —— — 39.8 ——— = Anaerobic Th.
180
Aerobic Th
0
30 — — —
24.3_| 1
20.9 |
20
10
03 1.1
0 T T T | HR / bpm
100 110 120 130 140 150 180 170 180 180 200
Person [ | Date 05/10/19986 ‘ Duration of exercise: 02:00:47.4 I
Exercise 1996/10/05 14:20:26 Time 14:29:28 | Selected period is: 00:30:00 - 01:54:40 :
Note Northampton v Sale | |
”‘Low1 AT Upp Limit
196
— 82
40 Anaerobic Th.
36.0 160
— Aerobic Th,
0
!
a8 27.5 b=
20
14.6
10 -+ _ = — 1
|
] T 1 T 1 - 1 HR [ bpm
80 100 120 180 200
[Parson | | | Date [ 05/11/1998 Duration of exercise: 01:52:41.0
|Exercise | 1996/11/05 [Time [ 15:41:39 Selected period is: 00:19:45 - 01:48:05
[Note | Oxford Unlv South Africa A — 5
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SUBJECT - 3

0" e AT Upp _ Limit
55.0 169
56
50- Anaerobic Th.
150
Aerobic Th.
40 0
i
20-
10
|
1
0- ‘ . : HR / bpm
100 110 120 130 140 150 160 170 180
Person  |[ ] Date 2611011996 | Duration of exercise: 01:57:17.7 ]
Exercise | 1996/10/26 14.36:33 Time 14:36:33 Selected period is: 00:19:50 - 01:49:55
| Note Rotherham VCO\BHU‘Y . -
SUBJECT - 4
o AT UpP Limit
‘ 199
— e 87
| Anaerobic Th,
‘ 160
L Aerobic Th
‘ 0
| ' : -, HR/bpm
100 110 120 130 140 150 160 170 180 190 200
|Person || ] | Date | 04/11/1996 /3 Duration of exercise: 02:01:21.5 |
|Exercise | 1996/11/04 | Time | 20011501 | Selected period is: 00:13:25- 014220 |
|Exarciee | [ hee |
J

| Note Bedford v South Africa ‘
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SUBJECT - 5

50% AT Upp Limit
171
L I 64
40 Anaerobic Th.
160
Aerabic Th.
0
30
20
10
0.2
0 T T | ; HR/bpm
80 90 100 110 120 130 140 160 160 170 180
Person |[ ] | Date 16/10/1996 | Duration of exercise: 01:53:02.3
(Exercise | 1996/10/16 19:05:49 | Time 19:05:49 | Selected period is: 00:20:50 - 01:47:20 |
|Note Northampton V Orrell o | j
SUBJECT - 6
50% Limit
176
— 66
40 Anaerobic Th.
150
Aerobic Th.
0
30
20
10
086
0- T T HR / bpm
120 130 140 150 160 170 180
Person [ — Date | 08/02/1997 Duration of exercise: 01:57:05.8 . ]
Exercise | 1997/02/08 14:31:53 Time 1 14:31:53 Selected period is: 00:28:20 - 01:55:45 1
Note Harlequins v Sale | |
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SUBJECT -7

%o

30 a1 . Hpp Limit
192
60
25 Anaerobic Th.
165
Aerobic Th.
0
: HR / bpm
110 120 130 140 150 160 170 180 1980 200
Person [ } | Date 23/02/1997 Duration of exercise: 02:09:17.5 |
Exercise | 1997/02/23 15:20:51 | Time 15:20:51 Selected period is: 00:38:00 - 02:07:55 |
Note Harlequins v Saracens |
SUBJECT - 8
i At e Limit
I 183
63
| Anaerobic Th.
15- = 165
Aerobic Th.
——— 0
10 —
1 1
11 .
11
| | =
5 —
[ | ¥
11
| | =
_ I ==
e —— . | HR/bpm
90 100 110 120 130 140 150 160 170 180 190
Person ] | Date 22/02/1997 Duration of exercise: 01:49:46.6 |
Exercise | 1997/02/22 15:38:54 | Time 15:38:54 Selected period is: 00:21:20 - 01:49:00 ]
| Note London Scottish v Ystradaynlais |
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SUBJECT -9

10% AT Limit
194
9 75
8 Anaerobic Th.
172
7 Aerobic Th.
0
6
5
4
3
2
it
0 | HR/bpm
110 120 130 140 150 160 170 180 190
Person [ -l Date 07/12/1996 | Duratlon of exercise: 02:08:55.2 ]
Exercise 1998/12/07 14:26:48 Time 14:26:48 Selected period is: 00:34:30 - 02:04:20
Note Orrell v West Hartlepool !
SUBJECT - 10
30% AT Upp Limit
173
49
25 Anaerobic Th.
155
Aerobic Th.
20 0
15
10 i F—
1 ===
1 ==
i =
5 i ————
] I
1 =
:
0 T — —— HR/bpm
70 90 110 130 150 170
Person [ ] Date 22/03/1897 Duration of exercise: 01:53:58.5
Exercise | 1997/03/22 15:38:19 Time 15:38:19 Selected period is: 00:20:10 - 01:49:35
Note Bristol v Sale
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APPENDIX M Percentage distribution of heart rate data obtained from

touch judges’ subject group during match analysis through

use of the Polar Vantage NV monitor.

SUBJECT - 1

“Lum AT Limit

182

SIS 51

50

Anaerobic Th
160
Aerobic Th
4]

 HR /bpm
170

T
150

50 70 90 110

130

Person || ] | Date | 11/02/1997 Duration of exercise: 01:57:17.5
Exercise | 1997/02/11 19:02:26 [ Time [ 19:02:28 Selected period is: 00:25:55 - 01:54:55
Note Lelcester/Northampton v Otago
%
50 w:"’ AT Limit
196
75
40 —+— = — Anaerobic Th
160
Aerobic Th
0
1 T T T — HR/ bpm
70 80 80 100 110 120 130 140 150 160 170
person | [ ] Dale | 201011007 | Duration of exercise: 02:02:40.6 oy
Exercise | 1997/10/29 08:12:12 PM Time | 20:12:12  Selectad period is: 00:20:45 - 02:00:25 :
| Nole Bristol v Tonga - touch ol
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SUBJECT - 3

% Low1 AT Upp
80 - . S - Limit
T 169
56
50 h Bl o o Anaerobic Th.
150
40 - . Aergbic Th
30
2222197
20
104—1— —ee
04— — . ‘ ; ﬁ—l, HR/bpm
50 70 20 110 130 150 170
Person ! Date 04/11/1996 Duration of exercise: 02:04:24.9
Exercise 9:15 Time 20:16:15 Selected period Is: 00:13:15 - 01:43:55
Note Bedford v South Africa A - touch N
SUBJECT - 4
%  Low1 AT :
50 B . S Limit
f 1 199
1 67
i \
L = Anaerobic Th
= ; A | 160
F - Aerobic Th
‘ 0
% 273 \
20
10+
05
0 ‘ : [ HR / bpm
60 80 100 120 140 160 180
[Person || ] [Date | 16/111188 Duration of exercise; 01:57:15.2
Exercise | 1996/11/18 |Time | 15:34:08 Selecled period is: 00:24:30 - 01:55:30 |
Note Oxford Uni v South Africa A - touch il
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SUBJECT - 5

50% Low1 AT Limit
171
64
40 e SO Anaerobic Th.
358 160
Aeraobic Th.
0
30 e e S
20
10
0 , : — HR/bpm
60 80 100 120 160
Person [ | Date 04/01/1997 Duration of exercise: 01:57:36.9
Exercise | 1997/01/04 14:37:07 Time 14:37.07 Selected period is: 00:20:10 - 01:53:10
Note West Hartlepool v Bristol - touch
SUBJECT - 6
su* AT = Limit
176
—_— 66
40 . " Ar ic Th.
150
Aerobic Th
0
30 28.4

20
10
05
0- [o————— W b
70 80 20 100 110 120 130 140 150 60 170
Person I I Date 17/06/1985 Duration of exercise: 02:22:51.7 =
Exerclse | ~TOUSEITT 08:44:11 Time 8:44:11 Selected period is: 00:43:30 - 02,18:55
Note Bath v Northampton - touch judge
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SUBJECT -7

50% e el el e Limit
192
60
40 = = e = Anaerobic Th.
165
Aegrobic Th.
0
30- 28.1 g
HR / bpm
80 20 100 110 120 130 140 150 160
Person || | Date 21/12/1996 Duration of exercise: 02:27:24.7
Exercise | 1996/12/21 Time 13:14:1 Selected period is: 00:50:30 - 02:20:00
Note Sale v Richmond - touch
SUBJECT - 8
50% oW AT Limit
183
54
p” Anaerobic Th.
185
Aerobic Th.
0
30
20
10
0.2
0
50
Person I Date 22/03/1995 Duration of exercise. 0?;44;04.87 o
Exgrcise 1995/03/22 3:00:00 Time 8:18:09 Selected peniod Is: the wholé test
Note Wakefleld v Moseley - touch judge -
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%

30 Lowt Limit
E T 194
75
25 et T e Anaerobic Th
172
Aerobic Th.
20 e
15
10
5 =
0 T 1 HR /bpm
70 a0 90 100 110 120 130 140 150 160
Person || | Date 15/04/1997 | Duration of exercise: 01:47:37.1 |
Exercise | 1997/04/15 18:55.02 Time 18:55:02 ‘ Selected period is: 00:17:35 - 01:46:50 ‘
Note | Salev Saracens - touch ! |
SUBJECT - 10
%
30 Low Limit
173
49
28 Anaerobic Th.
155
20 Asgoblc Th.
18
10
5
0 HR / bpm
40 680 80 100 120 140
Person || ] Date 20/03/1997 | Duration of exercise: 01:58:28.9
Exercise | 1997/03/29 15:30:24 Time 15:30:24 Selected period is: 00:27:00 - 01:57:10
Orrell v Northampton - touch
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APPENDIX N Graphical representation of relationship between subjects’
heart rate data and blood lactate results from laboratory

calculations of speed lactate threshold

SUBJECT - 1

180
160

140
Heart 120

Rate 100

(BPM) 80
60
40
20
0 + + + + §
0.81 2.21 2.38 3.89 10.55

Blood Lactate (mmol/litre)

SUBJECT ~ 2

200 ¢ o
150 1

Heart
Rate
(BPM)

100 ;

0 % s 4 ‘
0.85 Py 7.64 7.69 8.11

Blood Lactate (mmol/litre)
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SUBJECT - 3

Heart
Rate
(BPM)

0+

1.0

SUBJECT - 4

200 -

150 ¢

Heart
Rate

8pm) 100

50 -

0

0.61

3.42 4.38 5.75 7.71

Blood Lactate (mmol/litre)

L

L

2.39 2.93 4.96 8.8

Blood Lactate (mmol/litre)
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SUBJECT - 5

180 ¢
160
140
Heart 120
Rate 100
(BPM) 80
60
40
20

0 4 . o+ = i
0.36 1.85 2.99 3.98 10.67

Blood Lactate (mmol/litre)

SUBJECT - 6

180
160
140
Heart 120 +
Rate 100
(BPM) 80
60
40
20 ¢
0 4 4 ¥ = 4
0.8 25 2.68 4.58 6.74
Blood Lactate (mmol/litre)
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SUBJECT - 7

200

Heart 150

Rate

(BPM) 100

——
1

0.6 3.23 3.98 4.64
Blood Lactate (mmol/litre)

edna

SUBJECT - 8

180
160
140
Heart 120
Rate 100
(BPM) 80
60
40 +
20 +

o e — 2

0.69 2.01 2.33 4.02 7.07
Biood Lactate (mmol/litre)
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SUBJECT - 9
200 ¢

150 +
Heart

Rate

@pm) 1002

50 ¢

0

0.75 2.79 3.8 6.11 9.24
Blood Lactate (mmol/litre)

SUBJECT - 10

180 ¢

160 ¢

140 ¢

Heart 120 -

Rate 100 +

(BPM) 80 ¢

60

40

20 ¢

0 + § » ¥ 4

1 2.74 2.97 4.3 9.25

Blood Lactate (mmol/litre)
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- APPENDIX O

i) Statistical ' analysis of results -examining correlation

between [first and second assessments of iotal distance and

time spent in the various movement categories.

Pearson Product correlation test -

- - Correlation Coefficients --

* TOT DiST!

TIMR2

TOT DISTt  1.0000

| (8
=

TOT DISTZ 9990
| 8
P<.010

TOT TIME! -oeoeee

TOT TIME2 ~eveees

TOT DIST2  TOT TIMEL

9990
8
- P<.010

£.0000

(Coefﬁcieht [ (Cases) / 2-tailed Significance)
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9990 1.000
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- APPENDIX O if) Statistical analysis of results examining first half and

second halfl differences in distance  travelled in  the

referees’ subject group,

t-tests for Paired Samples

' Nﬁm;bet of . Z-ail

:

}' ‘Variable' . pais Cow Sig Mean  SD  SEofMean

; FSTHALE 40545240 497480 - 157317
_, 10 . .594 .070 | | |
SECHALF 40310980 396077 125282

Paircd Differcnices | R o
Mean SD SEofMean | t-value - df " 2-tail Sig

f

. [ i
23.4260 412.894 130568 .08 . 9 862
05% C1(-271.940,318.792) | | o
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| 'APPEND'IX'O' iif) Statistical anafysis of results examining ditferences in
fotal distance travelled between the teferees’ subject -

groups in this and Spiller’s (1990} study.

t-tests for Independent Samplgs -

© Number - .
Varidble - ofCases  Mean- - SD- SEof Mean
TOTAL
murgatr 10 8085.6220 799.001  252.666

spifer .~ 6 4878.6500 927.963 . 378.839

Mean Difference = 3206.9720 |

Levene's Test for Equality of Variances: F=.530 P=.478

{-iest for Equality of Means | 9%
Variances t-value df  2-Tail Sig' SE of Diff CI for Diff

Equal  7.33 14 0000 437.553 (2268.517,4145.427)
Unequal 7.04 940 000 ~ 455367 (2183.563,4230381)




'APPENDIX 8] iv) - Statistical analysis of results examining ‘correlation

‘between lolal distance covered by referee’s ‘subject group .

and the total points scored in each match.
Pearson Product correlation test

- - Correlation Coefficients ==

TOTALDIS =~ TOTALPTS
TOTAL DIS - 1.0000 . 2130

(10 ( 10)

P=. P> 100
TOTALPTS 2130 = . 10000

1y ¢ 10)

P> 100 - P=,

(Coefficient / (Cases) / 2-tailed Significanice)



" APPENDIX O

© v) Statistical ‘analysisi of results examining differences in

fotal distance travelled between the'_referees' subjec‘tf

-l groupfs in this and Murray’s (1987) study.

~ t-tests for Independent Samf}les-

Number _ _
Variable ofCases Mean  SD  SEofMean
TOTAL
murgatroyd [0 8O85.6220  799.001  252.666
mﬁfray

6 87688333 597.827  244.062

Mcan Pifference = -683.2113

Levene's Test for Equality of Variances: F= 1,356 P= 264

7 t-test for Equality o-chans o o o504
Variances (-value df 2-TeitSig SEofDiff  CI for Diff

Bqual  -1.80

14 093 378785  (-1495.63,129.203)

© Unequal . -1.94 1310~ 074 351293  (-1441.54,75.118)

y = Ty
-
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lotal distance travelled between the referees’ subject

“groups in this and HealthPac's (1995) study.

- t-tests for Indcpendent Samples

|
' APPENDIX O '\jri)_ Statistical ﬁnalysis of results examining differences in .
|
|

. - Number _ . _ _
| Vaﬁ_aﬁ}e of Cases Mean  SD  SEofMean
TOTAL
murgatroyd . 10 | 8085.6220 799.001 - 252.666

STUDY4 8 102937500 1503.065  531.414

Mcan Differcnce = -2208.1280

~ Levene's Test for Equality of Variances: F= 2.252 P=.153

t-tost for Equality of Means S 95%

. Variances tvalue  df 2-TailSig SEofDIf  ClforDif

 Bqual _ -401 16 001  550.625 (-3375.40,-1040.85)
Unequal . -3.75 1002 . 004 588422 (-3517.10,-899.151)




APPENDIX O vii} Statistical analysis of results, examining differences in
' the high intensity (rﬁnning and :_sprin{ing)' movement |
categories, in terms of distance travelied, between the

referees’ subject- groups in this and Spiller’s (1990) study.

t-tests for Independent Sampies

_ Number _ _
Variable - ofCases  Mean SD SEofMean .
RUNSPR
- murgatr - 10 1245.8800 309.356  97.827
spiller 6 5474333 148.965 - 60.815

- Mean Difference = 698.4467

_ | Levene's Test for Equalﬁy of Variances:'F-'_ 2.444 P 140

| t-test for Equality of Means L 95%
Variances t-value  df 2-TailSig SEofDiff - Cl for Diff

~ Equal 503 14 000 136.086 (406,572, 990.321) -

Uncqual 6.06 13.63  .000  115.189  (450.769,946.125)
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APPENDIX O viii) Statistical analysis of results, examining differences in
the high inlensily ( i‘imning and‘.sprinl.ing) movement -
:,éategories, in terms of .percentage of total distance
covered, between the referees’ subject groups in this and
Spiller’s (lggﬂ)isludy._ A . a |

t-tests for '.lnrdep.endent_Samples |

Number , _
Variable - of Cases  Mean  S1)  SEofMean
RUNSPR2
murgatr . . 10 155000  4.055  1.282

spiller ‘ 6 13667  2.663  1.087

" "Mcan Difference = 4.1333
Levene's Test for Equality of Varian_ces: F= 571 P=.463

t-test for Equality of Means A 95%
Variances “t-valus - df 2-Tail Sig « SE of Diff CI for Diff

 LEqual 221 - 14 044 1.869  (:124,8.143)
Unequal 246 - 1378 028 1.681°  (3522,7.745)
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APPENDIX O ix) Statistical analysis of results examining first halt and
 second half differences in distance travelled in- the touch-

judges’ subject group, ©

t-tests for Paired Samples.

Number of  2-tail -

- Variable 'pairs_ Corr Sig~ Mean  SD SEofMean

IFSTHLE . 25313770 433.503  137.086
10 4m2 158 o |
TSECHLF 23747440 33018 106.891
.. Paircd Differences ]
Mean SD SEofMean | t-value - df 2-tail Sig
R . —
1566330 401058  126.826] 124 9 - 248

95% CI (-130.266, 443.532) |
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APPENDIX O "x) Statistical analysis of results examining differences in

the total distance covered between the (ouch-judges’

subject groups in this and Murray’s (1987) study.

~ t-tests for Independent Samples

o - Number
Variable ol Cases Mean SD  SEofMean
TOUCH
murgatr 10 4906.1210 665968 210508

Cmurray .- 2 5683.5000 255266  180.500

‘Mean Difference = -777.3790

Levene's Test for Equality of Variances: [=.947 P=.353

vlest for Equality of Means = . 95%
Variances tvalue df 2-TailSig SEofDiff  CI for Diff

Equal  -1.58 . 10 146 493363  (-1876.66,321.902)
Unequal -2.80 4.62 . .04l 277.366  (-1508.18, -46.576)




APPENDIX O - xi) Statistical analysis of results examining ditferences in

the total distance covered between he touch-judges’

S(:bject gr011j5 and the Vréferees in Spiller’s (1990) study.

t-tests for lndépéndcnt_ Samplcs

, _ : Nli!ﬂl;ef o _
Variable - ofCases  Mean SD SE of Mean
VCHIOLVAL -
murgatr 10 4906.1210 665968 210598

“spiller .6 4878.6500 927.963  378.839

~Mcan Diffcrence =27.4710

Levend's Test for Equality of Variances: F= 2,614 P=.128

7 t-tcstforEquality.ochmls o 95% - |
Vatiances * t-value df 2-TeilSig SEo[Diff. ~ CIforDifl

Equal ~ .07 14 946 397.545 (-;825.178, 880.120)

Unequal .06 814 951 433440 (-969.141, 1024.083)
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" TOTALDIS
{702 max_"

vozné:.p. '

APPENDIX O

© (Coefficient / (Cases) / 2-tailed Significance)

xii) Statistical analysis' of results examining correlation

between lolal match distance covered by the referees’

) subje_ét group. and the physiological Variable_s of VO, max

~and ‘}OZOBLA

~Pearson Product‘co'r:jclation' test .

- - Correlation Coefficients - -

TOTALf)IS

_\.’03 max
1.0000 2630
¢ 10) (1)
P=. -~ r>00
L2630 0000
~( 10) (10
P10 - P=..
.1600 8200 -
(10) - 10) .

P>.10 P=.000

Vaopra

1600

10
.10

8200

¢ 10)
- P=.000

1.0000
(- 10).




-~ APPENDIX O © xiil) Statistical analysis of results exumm'l crﬁ! ation

" : subject grcmp and the physmiooml vanables of VQz max’ -

” bemeen total 'mdwn distance covered by Lhe tom.h—]udgea Ny
. and VO:OBLA '
Pcarsa‘: Prcduct currc!atzcn .cst |
' _‘. - C‘_’ﬂ"elat.inn;'(.finefﬁcient's' -- o
O TOTALDIS VO max - VOoma
TOTALDIS 10060 - - .3660  .4800
Ly Yy )y
CP=. o PmI00 . PRI00
VO max 3660 10000 - 8200
) P>.1oo" CCP=. o P=000
VOuoma 4800 .. 8200 - 10000

20 2y - (20
B P>.100 S P=000 . P:

(Coefficient / (Cases) / 2+tailed Significance) *
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APPENDIX O xiv) Statistical analysis. of" résults examining  correlation
| ‘ ~belween mulli-slage  filness  lesl and adapled Bangsbo
(1994) intermittent field test,
Pearson Prodtict_cdrrelation test

'« - Cormrelation Coeflicients - - .

BANGSBO - - MFT

BANGSBO - 10000 4208
| S (20)
p=. . P=.065
MFT -~ 4208 1.0000
(200 ( 20)

P=.065 - P=,

(Coefficient / (Cases) / 2-tailed Significance)
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APPENDIX_ P

Intermittent  field " test  for assessing player’s -
endurance capacity in - Association - football,
(Bangsbo, 1994) o

40 metres

- Start ——

j) o ouu U U o U U (G NS U ('J 4
36 35 34 33 31 29 27 25 23 21 20 19 iR
)37 | | o oW
_' 32 30 28 26 24 22 |
TIR OO O ) _ O 16
39 Dils
| 16.5m
D 40 5 0 O 14 |
,\
.\
D 41 | o1
| . .
— 66— 6—0——0— 00— 6—O—0——6—6——3a
0o 1 2 3 4 5 6 7 8 9 10 11 12
o — Q Srr—t-€r =t >
- A A A i
Sideways Forwards | a
D running R ~ running
o Y |OY kg v ¥
\WAWAIAVIRGS,
D 0
D O | ¢ o
[ !
1} Forwards ¥ Backwards ()
running running,
D G
Y 0o o 0. 0 0o 0o 0o o0 o0 0

Forwards running >
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APPENDIX O - Sample of letter to subjects 'reg-arding'tést_iﬁg: dates

. " Paul Murgatroyd

19 Westkirke Avénué

C GRIMSBY

Lincolnshire

 IIN332HS

_ Tel 0147’7’ 878246
4297

FOHOWng, out 1ecent conversation, I have pieaame in confirming yom testing date as’

........................ S Apnl 1997 at .ovveverrenne. Pieaee “find enclmed a map of

Lounhborough University and the car park you are advuscd to usc on-your arrival.

The laboratow where the tests wnll be car rled out is also malked on thc map

It is cxpuctcd that the tustmg, wnll take no more than thlu. hours, allowmg fcu rest

~ periods and other testing of sub]ects who will be there with you, Tt will be advisable

to bring two t-shirts and picnty of other warm gear for the tests, as there will be 2
degree of waiting and it is hkely that you will go cold during that time. Also please

bnng plenty oi l1qmcl to rehydrate yourself with.

Fmally could I thank you in advance for your eﬁ'orls and pomt oul l.hal the RFU are -

willing to pay expenses incurred for the tnp (agreed with Steve Grliﬁths), 50 }ou :

. should not find yourself out of pocket

If there are any problems between now and the testmg date, pIease don’t hesitate to

call me,

Yours sincerely

Paul .




APPENDIX R

Sample of medical guest:onnalre and mformed consent read and szgned

by subjects prior to testing

CONFIDENTIAL

~ HEALTH HISTORY QUESTIONNAIRE

NAME
DATE OF BIRTH
ADDRESS

TELEPHONE

. PAST HlSTORY (Have you ever had?)_

Rheumatic fever / heart murmur

_‘ High biood pressure
Any heart trouble
Disease of arteries
Vancose veins
Lung d:sease
Asthma
Kidney disease
Liver disease

.Diabetes _

N EpilepSy

Thyroid disease

Peptic ulcer

Any blood clotting dlsorder

- Any easy” bleedmg, for examp|e

- after tooth extraction
Any abnormal bruising

" Any hypersensitivity to heparin

" Any form of depressive illness -

YES

DATE:

NO . NOTES
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- FAMILY HISTORY (H_ave_ any of your immediaté family had?) _

Heart disease

High blood pressure

High cholesterol ~

- Stroke

~ Diabetes

~ Heart operations o

| Any blood clotting disorders |
' Anty abnormal bruising ‘

Other family illnesses?

YES

NO

NOTES

PRESENT SYMPTOMS (Have you recently had?)

'Chest pain or discomfort
- Shortness of breath
" Heart palpitations
Skipped heart beats
- Coughing on exertion
Coughing of bloed
- Dizzy spel!é
Frequent headaches
Frequent colds
- Recurrent sore throat
| . Back pain
.Ac_:hirfg joints
Recurrent ihjurj

Are you presently taking any
- medications? .

~ Have you had any surgery in the
last 12 months? .
Any other medical problems not
already indicated?
'For female subijects only -

Are you pregnant; hoping to
become pregnant; or have you had
a baby in the last 2 months?

- YES

"NO

NOTES
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STATEMENT OF INFORMED CONSENT

- Before you can undertake any of the fitness testing proc'edures it is

- necessary for you to read and sign the following statement whlch details the
test proccdurces and any rmks 11wolvcd

TEST ON‘F MAXTMAL OXY(“ EN UPTARF (VO2MA§\)TEST

The purpme of thlS test is to detemnne your ievel of endurance ﬁtness by
establishing your maximum-ability to use oxygen you breathe in, to provide
energy for working muscles (known as your V02max). You will be required
to cycle 1 run 1 row for as long as possible (usually between 9 and 12 min.)

.~ at a constant speed on the equipment, The warkload witl graduatly i increase _'
over nme bamples of air will be taken thrﬂughout thls procedure.

When you leel that yuu will only he able to maintain the, exercise speed for
minute longer, you must raise your forefinger to indicate to the sport
scientist that you have 1 minute left, At this point, the sport scientist will

immediately proceed to take a final 60 second sample of air after which- the
test will stop. |

TEST TWO: SPEED - LACTATE

The purpose of this test is to establish you training status (how well trained

. you are) by measuring the amount-of-iactate that your body produces in |
- response to different exercise intensifies, You will be asked to exercise for 4 -
minutes at four different submaximal spﬂec!s (total = 16 minutes). the speeds
at which you exercise duting each 4 min stage will be selected aceording to-

your exercise ability. In the last 45 seconds of each 4 minute stage, two finger

- prick blood samples will be taken from the thumb of your right hand. These

blood samples will subsequently be analysed to determme blood lactate
- concentratlon :

(Y]
as



During the V02 max test you will reach your maxima1 ability to extract oxygen from the air
that you breathe in. This will require maximal effort for a duration of around 1 to 2 minutes.
Following this however, subjects usually fully recover within 3 minutes. If at any point in

- time during the test you experience intolerable discomfort then stop exerctsfng immediately,
" The sport, scientist will be vigitant at sl Genes during his observations of the individual being
" tested and witl be ready o end the test should you report Of even appear, unduly stressed,

The procedures for blood sampling will be carried out in accordance with the Code Of

- Practice For- Werkers Having Contact With Body Fluids thereby minimising any risks
of infection, - '

- INFORMED CONSENT

i have read and understood the above outline of procedures and requirements which
are involved with this testing. T have had the opportunity to ask the sport scientist for
 further information and for leﬁﬁ'{.aﬁ(m of the demands of each of the procedures. T
am aware that T have the. right (o withdraw from the fesling al any llme wuh no :
obligation to pmwdc reasons for my decision,

| 1 agree to take part in the above two tests

Sign_ - - o - Print

Witnessed by (sign) Print

Date




- APPENDIX S
Lactic Acid Assay

S Reagents

For the Iactlc acnd assay, hydrazine buffer (pH 9.4), a reaction mrxture and
- lactate diluent {0.07M HCL) will be needed. The hydrazine buffer and the

lactate diluent will be already prepared and stored respectively in a labelled

“volumetric flask and in a brown glass Oxford dispenser. The reaction mixture
(RM) must be prepared immediately prior to use. The chemicals used to .

prepare the RM are kept in the refngerator in the brochemistry lab.

T_he RM contalns 2. Omg NAD (we[ghed on QOertling balance in brochem lab)

10.0 p! LDH (yellow top pipette)
per1mi hydrazine buffer (2 of Wh:te tlp, PSOOO)

: Th1s will make 1 ml of RM. 200ul of hydraznne buffer is required per
fluorimeter (‘lactate’) tube for the assay. To make the required amount for a
batch of samples, double the number of samples {each will be analysed in
duplicate), add 17 tubes for the blanks and standards, add f ve tubs to allow

for some loss in pipetting and mu!t!ply by 200u|
The number._of 17 tubes for the blanks and standards comprises:-

Blank ~ 4 tubes. B

Top standard (e.g. 20mmo1.17") - 4 tubes. o

Three in between standards - in triplicate (i.e. three tubes each gives 9). .
The extra blank and top standard tube are used to set the range on the

photometer. Once the tube has been read in the photometer the fluorescence

changes, and so it should not be used again.

e.g. For 15 bilood samples
30+17 +5=52tubes
52 x 200ul = 10400 ul or 10.4 ml of RM

_ For this batch of samples 10.4 mi of RM is required ) the amounts listed
~ above are multlphed by-10.4 (20 8mg NAD 104 pl LDH, 10.4 ml hydrazme

buffer).
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: Standards

. These are made from 1.0 M Sodium L;Lactate stock solution, and represent

concentrations of 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 20.0 mmo1.17.. These stock =

standards will be made up into working standards. - Select the blank (just
perchloric acid) and four standards in the appropriate range, for example high
intensity work should include 20 mmo1.1™!, The standards should be run on

- their won, as a practice, several times (usrng the same procedure as outlined

below). When the ' of the regression equatlon produced on the laboratory
“ASSANAL" programme for the standards is >0.99, then analys:s of samples
" can be undertaken.

r Procedure -

1) - Remove samples and standards from the freezer and allow to thaw at- o
' ~ room temperature for at Ieast one hour. " : '

2) Mix samples thoroughly using the Whrrlmlx and centrifuge for 3
minutes. , o _

| 3) ' Pipette 20p.l of either standard or supernatant {(yellow top, yellow tip)
into a glass fluorimeter (* Iactate") tube and add 200ul of RM (yellow -

top, tip). Arrange the tubes in order in white test tube racks for ease of
|dent1ﬁcat|on .

4) Mix tubes thoroughly (Whrrlmlx) and allow to incubate for 30 minutes.
- Covering the tube tops with a shest of paper will prevent contamination
(do not use tissue as this will affect flucrescence of the tubes). o

5)" Add 1.0ml of lactate drluent to each tube to stop the reaction and mix -

thoroughly (Whirimix).

6)  Read ﬂuorescence of the samples blanks and standards on the Perkin
Elmer fluorimeter, :

~7)  Lactic acid concentrations can then be calculated on a BBC computer
: usmg the *ASSANAL" programme
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