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- ABSTRACT : : v '

This study investigated the effects of fitness and selecied physiological variables on .
perccived exertion, A training group (n=12) panicipatcd in a progressive jogging p.rogram for

six months, while a non-training group (n=8) remained basically inactive. Perceived exertion
' L ]

" and ;fhysiplogical measures 'were taken during two 'scpqrale t.readmill tests which were three |
months apart. The tests occurred during the second half of t,he tra'ini'ng prbgram.

The results showcd tha>1 on both tests the trammg group possessed sngmf icantly higher
aerobic power and perceived the treadmxll test as- requmng less effort than the controls. |
Further analysis revealed that VE l.min.”* and VE/VQ, were consistently highly correlated
with R‘PEV in the‘ training subjects. The relationships between RPE and physiological data were

weaker in the control group. The training group also appeared to be more consistent in rating
/

their percexved exertion when compared to controls. s

- The data was dlscussed in the hghl of past reséa{ch findings. It was concluded that the »
>
reliability of the Borg scale might be enhanced by exercise experience or increased association
\r‘ -
with bodily cues. Decreased RPE's after lrammg, might also be a result of increased pain

tolerance 'or fitness, gains. \ﬁariousthysidlggical proeesses might provide input to RPE;

however. minute ventilation or the Vemilatory equivalent for oxygen:k might provide

consciously monitored cues which. may mediate the input from other sourfes\ The selected
R
nature of the groups and the initial differences found between them mxght have fec‘l’ed the

generalisability of the findings. . ‘ o ' \'\- ) - .
Altfxough it was concluded that the Borg scale was a reliable measure of RPB it was' /(*&\

recognised that perceived exertion represents a very complei mtergrauon of psychologxcal and N

physiological factors.
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1. STATEMENT OF THE PROBLEM

1.1 INTRODUCTION

. Perceived exertion has been defined as the subjective rarrng‘of the ph,\jsical work beong
performed, (Mor‘gan’. 41973)‘and has béen invesligared with increasing frequency in the last ten
years (Pandoll, 1983). Perceived exertion may be an important variable in limiting physical
performance, since what an athlete rhinké he or she is doi)né may 'be more irnportanl than

what they acrually are¢ doing (Morgan, 1981). Morgan (1981) also postulated that the

pcrception of 'pace’ (or rate of work) is a cogmuye ‘roc’ gs whrch is dependam on the

accurate monitoring of physical cues. Thus, successfu Qrmance may therefore rely upon

the ability to perceive physrologrcal feedback f rorn the bod (Morgarr 1981) Noble (1982)

has presenled evidence that percerved exemon has: mad‘ y porentral a,pphcauons in the clinical

field, such as pace perception in sports, perceptual recovery f rom 'exercrse or even the analysrs '

of optrmal hfung techmques in industrial semngs ) ‘ k | - o
The screnuf ic study ‘of ratings o}percerved exeruon (RRE) has mamly f ocuss;:i on the“

At e

identification of a primary physiological cue which ma) act as akey input for-the effort .
.scnse, (Mihevic, 1981). However,  other relalecr areas of research\haveﬁ'esrigated theoretical‘
questions of the relationship Sr\ RPE to psychophysicé, the effect of -different exercise ;
variables (such as exerciae modality and duration) on RPE or the clinical or indu;rrialx uses.of &
RP;E ‘.(Pandolf ,§~1983‘). More recently interest in the effects of selecred_ psychological states and
 traits (Morgan: 1981), socialisation (Rejeski, 1981), .perceptual style (Robertson, Giliespie,
Hiau and‘Rose. 1977; Robertson, Gillespi.e, Mcarthy and Rose, 1978) and hypnosis (Morgan,
1973; Morgan, Hirta, Weitz ano Balke, 1976) on RPE has lead to a more interdisciplirary
approach to the area. i '

Measurement of RPE has been auempted by various methods (explained in more
detail in Chapter 2); however on& method that has achieved wide acceptance is Borg's

~ 15-point category scale (Borg. 1970). This scale has been used to assess perceived exertion as

an overall 'gestalt’ which involves the integration of separate cues into a global configuration



2
(Borg, 1982). A further l_eQel of investigation has attempted to ascertain thec n;lurc'c;r fhc
input._ol' discrete écnéqry signals cmanatiing from different regioné of the body _(Dil' I‘crén‘tialcd
RPE) (Pandolf, 1978, 1982-\. .1983). Forl example, the literature seems to support 'lhc concept
of separate ’local_’l (working muSclé) and ‘central' (cardio-pulmonary) cues to the effort
sense (iik.bl‘o'm and Gold_barg. 1971). Robertson (i982) has suggested that the perceptual
' potenéy of lhesé signals is a function of both exercise intensity andi l'ask'd‘uraliqn. ,

/

ﬂltﬁough Borg's gestalt of overall RPE rcpreséms_ the integration of many
'ps_vchological and 'physiolo‘gical v?riables. this complex pcrcep_tual' process is still not well
understood : '
" Little of the work which has attempted to delineate the key input to the effort sense
has addressed whether or not, or in what manner these phys\iological‘ responses are '
monitored and infegraled by the individual to determine the perception of effort.
(Mihevic, 1981), p.150. _ |
One paradigm thal.has' been used to investigate RPE and it's relationships to various
physiological variables has been by traini;lg subjects and assessing any concomitant cha'n.ges in
" RPE and any independant physiological variablesc(Mihevic. 1981;'.Pandolr . 1983). However,

few studies have been conducted using this ‘method and even less using femaie subjects

(Skrinar, Ingram and Pandolf, 1983). Training proi'ides a means of altering the work capacity //

- /
of an individual. Thus for a given absolute submaximal workload, the RPE for the wor)(/
- /
. /
should be lower for trained (fit) subjects when compared to their untrained counterparts,
~ since the exercise should represent a lesser relative physiological strain for the fitter subjects

(Mihevic, 1981). The trdining literature will be reviewed in more detail in the next chapter;

/

/

however, there do see be some controversial findings. Many authors have found -

‘ conﬁcomiiam decreases in RPE and heart rates (an ’indicalor of relative :strain) during
submaximal work after training (e.g., Dockfor and Shark;y: _1971; Knuttgen, 'Nordesjo.
Ollander and Saltin, 19733. However, Patt_oh, Morgan and Vogel (1977) found no dii_'fcrence
in RPE at sirnilaf levels of work between irained and untrained soldiers even though they were

‘working at different levels of their maximal capacity. These authors suggest that RPE may



. l\

not be able to dlSlingdish between groups differing in fithess on a‘ 'cr’oss‘-seetionalv basis, but
- may be affected lgngitudinally by training. “ o |
Ekblom and Goldbarg (1971) found reductions in RPE due to training when work was

. assessed in absolute terms, allhodgh this difference was negated when the work was exeressed
relati;e to the individual's maximal capacity. Therefore these~#wthors sdggested that RPE is

‘ related to the relative cosi of physical work. (i.e., %VO,Max.). \ ' |

Mihevic, Byrnes and Horvath (1982) have suggested that when using a_ d\xrferemialed

RPF model. central RPE is relaled to the absolute cost of work but local RPE is relaled to

the relative demands of work. In an mvesugauon on theef f&tgof training on differentiated

RPE Sknnar et al, (1983) found that central and overal& RPE mean of central and local

factor ‘welghted to the most salient factor) decreased even when assessed in terms of relauve

N

aerobic demands (%VO,Max.); however, local RPE increased wmx\nrammg The results of this

investigation suggested that the separate .componems of dlfferenuated RPE\may be affected

differently by training. _ S R ™~

~.

A further controversy i‘n'vglves ‘the effectiveness of the Borg 15-point scale to-.
differentiaf€ between groups differing in fitness. Mihevic (1979) found differences in RPE
between groups df fit and dnfit women with d magnitude estimation technique; however, these
‘dif ferences disappeared when RPE was measured by the Borg scale. Sidjilarily Patton et al.
(1977) found 1o differerices in. RPE between groups differing in fitness on a cross-sectional
test, However the Borg scale does seem to be able to guage the longitudinal effecte _of
training on RPE (e.g., Docktor and Sharkey, 1971; Patton et al., 1977; Sknnar, Ingram, and

" Pandolf, 1983). - . ) -

\v

1.2 PURPOSES OF THE STUDY

& :
This study anempted 10 investigate the relauonshxp of training and RPE" funher
Specific objectives of the study were: . “ar A

1. To investigate the relationships of dif ferentiated perceived exertion to selected

physiological measures. Perceived exertion was divided into central (CRPE), local
v
\ .
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" (LRPE), and ORPE (overall) components: since these measures may morelaccur‘atcly ’
ref lect discrete physiological symptoms (Pal}dolf—: 1983). The' sclected physiological
measures included ventilatory .volume (VE), absoltue aerobic power ( Vd, l.min."?, 'VO,
ml.kg.min."!), relative acrobic power (%VO, Max.), ventilatory equivalent for oxygen -
(VE/VO0,) and volttme of expired carbon dioxide (VCO,).

Tlte analysis included adn exploratory attempt 1o calculate a regression equation
for overall RPE using selected physnologtcal data as the mdepcndant variables. This
analysis assessed which factors were the best predtctors of RPE in the- present study. It
was hoped that the analysxs“ nltght clarify some of the findings in the. ltterature which
have attempted to assess the primary sensory inputs to RPE.

-2. - To investigate the relationsl;ip of RPE and training. This analysis employed a training
program to -_.ilmprove or maintain aerobic power and cépaeity-in a given~(gjoup. An inactive.
group wds used to compare etny longitudinal ef Iects of training. .The two groups were
compared on two given absolute workloads. | _

3. A third objecttve of the study will be to assess the test-retest rellabthty of the RPE scale, -
using a standard work test. The validity of the scale may also be ascerittihedblnce a less
fit group should find a given absolute workload relatively more stressful than a fit group.
The relative physical diff icultybol' the task should therefore be reflected perceptuall.y.

.

1.3 NATURE OF THE STUDY A 5

»

——

1.3.1 LIMITATIONS
Due to the nature of the training procedure used in this study, one ltmltatton may be

~ the training subject s ability to adhere to the program. The subjects were allowed to train on
«their own for the majo;ity of the study, thus the volume, intensity and frequency of training
~may have varied. Although no expensit'e heart rate monitoring equipment was used the
training subjects were taught‘ how .to monitor carotid or radial pulses (Fox and Matthcws.

1981), therefore the subjects should have been able to use heart rates‘t_o maintain the required
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s ; to . \
.exercise intensity on their own. . - - — §

[

Motivation for training was also of f ered in the form of f m’ancnal incentives; a sport's
store dlscount and a financial contract (850, 00 deposit, returnable upon successful compleuon‘
of lhe‘ study). The trammg subjects were instructed to keep accurate records of the weekly.
- training ‘volume '(rhiles'/week). It waé hoped that all these measures would help the subjects to
adhere to the i'equired training levels, -

The method of ‘training used in this study represemed a certain Ievel of ecologlcal

validity since ndividuals commonly follow exercise programs on their own. The phvsnologncal‘
_measures also gave an objecuve méasure of the changes achleeed by the trammg program.

Since female ubjects aged 18-30 years were used a further confounding vanable may
‘be the effect of menstruation on the ratmgs of percewed effort. Since the treadmill tests.were
: scheduled at precise times in the training program, the day of each subject’'s menstrual cycle
was not taken into account. The evidence on the effect of menstruation on performance and -
perceived exertion is ethvocal at present (Miggs and Rdbertson. 1981; Stephenson, Kotka and
- Wilkerson, 1982; Canoé: and Rhodes. NBS); therefore the extent to which it may confound
results is unknd'Wh.‘i e | -

It has alsolb‘een spggested that the time of the Cday at which the test was conducted
may a'lso affect "RPE; however, the hterature on this topic is both sparse and equwocal
(Carton and Rhodes, 1985 Myles, 1985) Although an attempt was made to Keep the time. of
day of the ‘two tests constant for each subject, sch%dulmg difficulties made this himost
impossible. t |

Finally, the 'differeht levels of fitness betweeh the two grouds at the time of ‘the =
_ perceptual tests may also ‘have lessened the strength of any conclusions made abdut the
longitudinal effeet of tfaihing‘ on RPE, Although the training and non-tra‘ining‘ groups
appeared to have similar levels ofy fitness (VO;Max.) at the pre-te'st stdge .of the siudy.
problems in the treedmill protocol necessitated a change in test prot'ocol' for the mid and o

pbst-tests (see section 3.5.2). Thus valid comparisons could only be made' between the mid

" and post-tests. The level of fitness was therefore substantially different between the two
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groups at the first perceptual test (mid-tcst).v and any inferences on the effect of training
«may be weakenéd. It should also be noted that the two groyps were not randomly assigned

from-the same population, but.were sclected samples. This may have an effect on the

generalisability on the findings.

Although several limitations have been specified, the samples and methods used
/ .

u—

a!lowgd a comparison of RPE between groups differing in litness and excrcise history, whigh
is simildr to the méthodology used by Patton et al. (1977). The experimental design also
allo;vﬂ)an investigation of the-test-retest reliability of the Borg scale in two different grofips.
The levels of associal_ion between RPE and selected physiological variables \&erc also.
investigated and compared between Lraining agd non-tréining grm;ps.

v N
o -

. S
¢

1.3.2 DELIMITATIONS

This study was delimited to fema}e subjects between the ages of 18-30 years. The
subjects were ‘selected from a university pépulatio_n living .in Edmonton, Alberta, Canada,
thus the results generated from this sample may not be g'cneralisable lo'other populations. It
should also be noted that the training and noﬁ-training groups represented self -selected
sam_ples' from a given population, and weré not randomly assigned. If is possible that the
groups might have represented two dif fereni‘éipulations\; The nature of the sampling may
therefore affect the strength of any éonclusions about the effects caused by the training

. program. | |

_ The training modality used was ‘reé_tricted to a weight-bearing aerobic activity
“(jogging/running), with limited calisthenic exercises. for overall body fitness (sit-ups,
push-ups).

I;i‘nally, the physiological variables measured during the perceptual test \scre-c}climiled'
to minute ventilation (VE l.min."!), aerobic power (VO,, l.min."* and mi.kg.min.™!), expired
carbon dioxide (VCO,> Lmin. ), vc’ptilatory equivalent for oxygen (VE/VO,) and relativc

aerobic power (%VO,max) during a treadmill test to exhaustion. No invasive measures were

taken. Perceived- exertion. was measured with the Borg 15-point scale‘ (1970), using the



differentiated method developed by Pandolf (1975, 1978, 1982, 1983). This method allows the
division of RPE into Fcntral (CRPE), local (LRPE) and overall (ORPE) components, a vfull

description of these constructs will be given in the next chapter.



2.1 PSYCHOPHYSICAL METHODS A.\'l?ﬁftlvm EXERT,

B iate 1950's. and has been

x$

DS ,gt\\ophysics is an arca of

psycholog ich investigates the growth of gfféhe e’ 10 a given stimulus

intensity. Me Stevens (Borg and

Noble, 1974). Bas®d on the concepts developed by Stevens, Borg ana his .colleagues began to
inves[fgatc the stimulus (S) - response (R) relationships between exercise intensity (S) and
‘ perceived'exerlion (R), during bicycle ergometer work (Borg 1973, Borg and Noblc‘l974)..
Initially these researchers used short term exercise bouts (less than 1 min.), and found that a
reliable measure of perceived exertion (‘PE)(dcfine‘d hﬁre as perceived pedal resistance) could
be obtained (Borg 1973).

In these experiments Borg and his' colleagues found that the perception of 'forcé“\Y

followed a 'positively 1ccelerating function', described by the general cqualio-ri: * \\

\v.
R=a+¢§8

Where: R = Subjective Force, a = a perceptual noise constant, ¢’ = a measure conslfa‘gl. ‘S
= stimulus intensity and * = the exponent. |

The perceptual exponent here was found to be 1.6 (Borg, 1973), which was
comparable to the exponent found by .JSteven and Mach (1959, cited in Pandolf 1983), for
perceived handgrip force. |
\, Initially Borg and his associates used a technique known as ‘halving’, in which
subjects adjusted their ﬁedalling resistance to a value perceived to be one half of an initial

workload. The perceptual exponent was derived from deviations-from the actual half value

(Borg and Noble, 1974).

Research on longer term work required slightly different techniques, due to th;: effects
__ of memory ‘error, and adaptation to the exercise stress .(’Borg and Noble 1974). Borg used a

longer -period of exercise (4-6 mins. per load) with both ratio and magnitude estimation
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methods for the perception of effort (Pandolf, 1983). Magnitude esumab{on involves the
subjective assisnaQon of a number to a given work level, numbers are n\\gn assigned_ o
subsequent mtcnsines in terms of their rclauvc magnitude to the initial work levpl (| e., if lhc
initial level is 10, work twice as- hard would be perceived as 20). Rauo estimation: requnres the
subject to estimate the ratio of percentage magnitude of. a given level of exercise, relative 1o a
standard.(i.c., a percentage relative effort scale, in which the perception of force is given as a

percentage of maximal effort (Pandolf, 1983)). .

|

sﬁggestcd that a new formula should be developed which would.comain an intensity constant
(b). These two constants (a and b) describe a point where the 'pefceptual' curve starts. to
accelerate (Noble 1973; Pandolf; 1983). The new_ equauon for longer term exercnsc was
rewmlcn as: )

=2+ c(S-b)"
Where R, ¢ and S are as above. 1.6 = the eiponenl. a is a basic 'intensity constant’ (e.g.,
200 Kpm/min. '), b is a basic physiological constant. ‘

Borg and Noble (19745 suggested that when describing the psychophysics of muscular
work "a should be positive, b shoﬁld be 0." It was also suggested that this function describes
the growth of lacdc acid conccn‘ujation with increasing workloads on the bicycle ergometgr, at
intensities greater than 50% vo; Max. - . ’

Borg (1962), Rejeski (198‘1). Carton and Rhodes- (1985) have all warned about the
importknce of distinguishing between perceived effort (short term work) and perceived fatigue
(long term work). Fatigue and exertio_p may therefore be perceived as different cénstructs.'
Teghtséoﬁian. Teghtsoonian and Karlsson ( f§77) when investigating the interaction 'betwcen :
fatigue and exertion fo;xnd that fatigue chinged the perceptual éxponem of 'perceivgd effort.
The néturc of this interaction was not ¢ ‘ (since perceived handgrip f oﬁ_:e in a fatigued state
appeared to be easier with ‘lowi_f&g;:es. Sut hacder with _higf:er forces when compared to a .
non-fatigued condition. A similar trend was found for cycling exercise, These authors

speculated that fatigue may affect the sensitivity of effort perception thresholds, which may



10

help to explain any Increa;es in variability in RPE at high intensity workloads (Carton and
"Rhodes, 1985). There is a need for further clarification of the interaction of. fatigue and
effort perécpuon. A

Borg (1982), however, cxpericn;cd some difficulties during his earlier cxperiments
such as tﬁc differenc,és between the psychophysical lcchhiques used, and the difficulty the |
subjects had in using them. Borg also found inter-individual comparisons were 'dlfric‘ult 1o
make due to the different values assigned to a gi&n level of work by dif &tcﬁl subjects.

2.1.1 THE DEVELOPMENT OF THE BORG SCALE ‘

In order 10 overcome the difficulties caused by comparing diiffercm techniques and
individuals and using complicated methods Borg develgped a rating scale in 1962 (Pa'ndolf;.
1983). The first attempt produced a 21 point scale, which correlated highly w‘ith Heart Raté,
(r= 0.80 - 0.90), during incremental work. This early scale was .a simple and dlrcct
estimation of subjective intensity (Borg, 1982) o A

The scale was changed in 1970, to a 15 point scale (Borg ax{d Noble, 1973; Pando(f .
1983). (See figure 2.1). The new scale (Borg 1976). was constructed-to increase the linearity
of RPE, Heart Rate (HR), and‘ worklbad. This is a'I:ickcrt-type scalé with the ierms-lighl.
" somewhat hard, and hard. The scale is assumed to be linear where the interval between R, and
"R, equals that of R, and R,. Borg (1982) also claxmed that for mlddle -aged subjects workng
an the bicycle or treadmill Heart Ratc—RPE X 10.

Contrary to Borg's (1982) assertion that the scale represents an interval level of
measuremem: Pandolf (1983) suggested that the scale, "is probably an ordinate scale”. Other
researchers, however, have treated the scale as an interval scale, since procedurés such as
analysis of variance (which depends on the computation of lmeans (Hopkins and ths.
1978)) are often used (see for example Noble, Maresh, Allison and Drash, 1979; Smuiok.
Skrinrar and Pandolf . 198Q; Young, Cymerman and Pandolf, 1982). =

~ The precise relationship of HR and RPE has also been questioned (this controversy is
discussed inka later section). Borg (1982) recognized this probiem sinbc he mentioned that.
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Figure 2.1 The 15 - point Borg Scale, (Borg, 1977)
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"Ths meaning of a certpin heart rate value as an indicator of strain depends on age. type of

- excrcise, environment, anxicty. and other factors*, (Borg 1982, p.379).
The advantage of such category rating methods seem (o arise from the ‘absolute’

Z - -

nature of the values obtained (c.f., the relative“nature of rauo scaling techniques) and the

A
case of use. Inter-individual and between-task comparisons can also be made. The category
scale can also be used to study the effects of training (Pandolf : 1983). Borg (1982) has
L
suggested that the 15-point scale is best for most simple applied studies. ,‘ -

2.1.2 VALIDITY AND RELIABILITY OF THE BORG SCALE

. Borg (1970) reported that hts 15-point scale was constructed from the linear
rclauonshtp of HR and workload; and found high correlations (r = ,0.80- 0 85) betwecr) HR
and RPE. Since heart rate can reliably. show the actual mcrease/of txercnsc stress in the
individual (Skinner, Hutsler, Bergstcmova and Busktrk, 1973). the correlat}m of actual work.
(HR) and perceived work (RPE) should be valid. .

The reliabtl/it_y and validity of Borg's (1970) scale has been questioned (C’arton and

Rhodes, 1985). Noble (1979) noted that RPE values did not parallel recovery heart rates
following a maximal treadmill run. This author suggested, that the RPE scaleT;\id not validly
fa?brbximate the metabolic processes involved during exercise recovery. A:;othcr study
conducted by Ulmer, Janz and Lollgenr (1977) attempted to assess the differehtia‘l RPE
response to the ‘stress’ (wdrltload) and the 'strain’ (heart rate rcsbonsc) of physiological

~ work. Strain was defined' as being the subjective rcsportse to she stress. The results from

/\varti.al correlation analysis .revealed that RPE was more related to thé workload th:tn to HR. ‘
These findings support some of the other literature that the RPE/HR relationship may not be
as strong as it was first thought. Although RPE ;nd HR are correlates heart rte itself may

" not provide a valid mechanism for providing feetibéck for the txrception of physical wgrk.
! Skinner, Hutsler Bergsteinova and Buskirk (1973) investigated the reliability and
valitiity of the Botg Scale and suggested that one reason for the high correlations found was

the incremental nature of the tests. Subjects may’ base RPE’s on previous. workloads and the
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expectancy of"inc’re,asi'ng éxercise intensity. Subjects -were presented with four tests, two -on

. Resdlls re then compared‘ across the progressive and randomised “tests. ‘Reliability'
. coefficigats” across each completed workload showed correlation coefficients of r=0’.£0.
(progressiye test) and fl=.Q..78'(random test). There were also no signif icant dif f erences across
the randomised and progressive ‘te5ls.‘-Skinner‘el al. (1973) concluded tha’t' RPE from a
| progressive test was of a suff icienily‘-hi'gh reliability and validity.
J ‘Stamford (1976.) aﬁccepled‘ fne above. findings. but questioned the reliability and
validity of intervai RPE ralings (given‘regularly' during a test) and terminal RPE (given at the ,
f mal minute of work) when taken dunng exercnse mvolvmglconstant effort, progressive work
and workloads presémed in a random order. Thns author postulaled that the use of 1merval
ratings may affect termlnal’ ratmgs (by comparison eff'ects) Subjects were presemed with
exerc:se modes (bench SJeppmg. ‘cycling, walk/Jog) in a randomized order. kesults showed '
g high rehablln) For all trials r=0. 90 for the terminal ratmgs (bicycle ergometer) and hlgh
- validity across progressive, osciflating or constant loads. Therefore RPE's did n,mgseem to be
’mﬂuenced by prnor raungs (Stamf ord 19]6) - '
| Overall the RPE scale seemed to be supported as a valid and relia’ble instrument for -
assessing subjective stress during p‘fl‘ysical wpfk; v e - ”
2.1.3 T’HE NATURE OF RATINGS 6F PEkEEIVED EXERTION (RPE)
‘Overall perceived exertion repfesenis an individuai's integration of a variety of

. phys:ologlcal sensations (Pandolf, 1983). The sensory sxgnals ;\hat act as an input for this
‘effort sense’ e*manate from ‘the.working muscles and Jomts cardlovascular and respiratory
funclnons and from the central nervous system Edwards Melcher Hesser anertz and '
0 Ekelund (1972) were unsure whether seﬂ'sory afferent mformauon that was not consmously
perceived could. contnbute fo the sensanon of exertion. Noble I\:Ietz. Pandolf and Cafareul.
(1973) suggcsted that although perceptual ‘responsesto exercise are baled on physxologxg!al

_ changes, attention is probably:‘given to the externalisation of tpese processes (such as

-
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increased venulauon) rarher than to lhe processes per se. Mihevic (1981) concurred with both
of the above arguments, but also pr‘escﬁled the ;&VChologrsr §'viewpoint that any pcrccpuon is
a preccss dissociated frorn conscious awareness., Mrhcvrc (1981) a_rgucd that although the |
active momtormg of physiological cues ak{ows*for the regulation of cxercise mlcnsn) (the
associative srralegres found by Morgan and Pollock (1977) for example), the perccpuon of
effort may be altered by unconscious processes ' f .
Thus, whrle a conscrous a-areness of certain discrete physiological cues is lrkcl\ 10
affect the evaluation of perceived exerlion in some mann- ﬁu - 1al exercisc denand
* determined by the conscious and/or unconscious integrai: .. af"* idtiple physiological
responSes may, uhrell‘ represent, the more critical bagjs for tne p,ercepu‘on of effort.

(Mihevic, 1981, p.150).

Percvtions and experiences are therefore integrated intd a configuration or a "Gestalt" of

“perceived exertion (Borg, 1982); however, the €xact manner in which these are monitored or

o

integrated is'still not f ully understood (Cartén and- Wes. 1985; Mihevic, 1981; Robertson ‘
1982). -

The’ central processing that is thought to be a part of the perception of exertion also
seems 10 be Subjeql. to mediation by various' psychological states. Certain psychometric

variables may inrerfere‘or change the cognitive processing of incoming sensory information

- (Pandolf, 1983). Morgan (1973) has noted that the average correlation of RPE and HR is

r—O 82, thus 33 percent of the varrance in this relauonshrp remains unaccounted for Morgan
(1973). suggests that a portion of rhr%nexplarned -va‘rianc_e may be due to psychomctric
factors (this will be discussed later).

Borg (1970) recognised the cemplex interactions involved in perceived exertion and

-

Lo, § ‘ y . : : + & : *
" attempted to explain the processes involved. in térms of the 'Three Effort Continua’, (see

Figure 2.2). Borg and Noble (1974) explain this continuum in terms of the three levels of -
stress indicators. Lo
1. Physiological mdrcators of stress (obJecuve crrtena)

2. Perceptual Data such as the. ratmgs of percerved exertion which might complcmcnt the

[
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-physiological dela. |

3. The Performance itself’: ‘tt:is indicates - a maximalﬁ cffort or a preferred working

intensity. |

' Borg (1970 1977), suggested that there are difTerent Ievels of intensity assouated wuh

each continuum (i.e., min. or 1rnax ) Wthh may reprcs;m adaptanon or preference lcvels
Thus (/or a given zone of" subjective intensity in one continuum, there are corresponding lcvels
- in the other two. Since there is no linear translation ‘between different levels, cach must be
studied separately and the %g%a ‘imegraied (Borg, 1977).‘Tl‘1e recog'nition‘ of the lhree» _conlinua‘
has encouraged a mulli-diséif:lihary appfoa‘ch to the area (Pandolf, 1983), and was scen as a
way of studying work thresﬁolds "within each continuum and rela»li_onshilps between ihc

continua (Borg, 1970). -
2.2 THE CONCEPT OF PHYSIOLOGICAL INPUTS TO THt EFFORT SENSE

'2.2.1 CENTRAL AND LOCAL FACTORS

Although Borg (1961, cited in Mihevic, 1981) has recogmsed the importance of
physiological sensory input t'rom the muscles and cardiovascular 'systems, Ekblom and f
Goldbarg (1971) have been credited as the first researchers to formally propose 'central’ and.
'localb'- sensory inpﬁts to RPE_ (R@féolf , 1983). Central cues refer 1o sensations from the g
cardiopulmonary system, (e.g., téehs'pnea. heart rate, dysp'mea). Local cues were seen to arise
from feelings of strain in the working muscles and/or joims (Ekblom and Goldba‘rg, 1971).
. The relauonship between the two clusters was seen to be very complex and dependent on the
size and type of muscle groups used. Ekblom and Goldbarg (1971) suggested that local factors
dominate small muscle group use. The input from central cues bécame more important, and
added to the local strain, during work using large muscle groups since this type of work tends
to stiess the cardlopulmonary system.

The concept of local and central factors has been. reviewed in detail by sevcral authors

in recent yeai's (see Mihevic, 1981; Pandolf, 1978, 1983; Cartgn and Rhodes, 1985). The most
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pertinent physiological cues will be briefly reviewed here. | The reader is referred to the reviews
crted above for f urther detail. Mihevic (1981) cautioned readers to be aware of the different
meamngs of the term 'central’ when used within dif ferent contexts. The central factors in the
RPE literature deflined above should not be conf used with the central' {Central Nervous
System) factors referred to in the fatigue literature. At the end of thrs section a’n(Odel will be |
presented which attempts to trttegratc ‘the inputs of local and central factors in RPEAdurmg
exercise. o

t

2.2.2 CENTRAL FACI‘ORS

It has already been mentioned that physrologtcal cues may be momtored at both.an
unconscious and a conscious level. This view was supported by Robertson ( 1982) and may be
rmportant in central factors since some of thé proposed cues such 2s HR or VO, may not be
consciously momtored For example, Mrhevrc (1981) . menznméd Hal egno evrdence was available.
to suggest that oxygen consumptton can be conscrousl/y/)momtored Relative aerobic power
(%VO, Max.) has been suggested as a potent cue ,iér RPE: however, it's salience may be -
mediated by a more directly perceivabie‘ process. Examples of 'coﬁsciously' perceived cues are
respiratory rate (RR), minute ventilation (VE) and respiratory discomfort. As mentioned
previously the literature is unclear as to the possible ' unconscrous momtonng mechamsms

Pandolf -(1983) suggested that more evidence disputed rather than supported the
' im.portance of: central cues as inputs to the effort sense. Evidence for and against these cues

will be briefly discussed.

2.2.2.1 HEART RATE | O
| The linear relationship of HR and RPE was the basis for Borg's 1._5-point scale
. (Borg 1970). Robertson (1982), reported correlation coefficients ¢r) of 0.42 to 0.94
-between HR and RPE. He suggested that this relationship is pure\.ly‘ correlational in_.
nature; and agrxd 'with Mihevic (1981) that HR duriuga exercise"\“ts 'r;ot consciously
perceived. Mihevic (1981) also suggested that since the Borg scale was designed to follow

~ HR during incremental exercise a strong relationship would be expected under- normal
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+  conditions. | ' -
Tlie importance of hearl rate as a' primary cue for pcreeived exertion has becen
tested by‘vgriou’s eXperimemal manipuln_tion's during exercise by _drug"s*or am‘bien‘l _
temperature. Ekblom and Goldbarg" (1971) and Davies and Sarge:;nt 11979) investigaled
the effect of autonomic nervous system _blocking agenls on HR durmg exercise. Thesc
o drugs alter heart rates durmg exercise al standard power oulpuls b) manrpulaung
sympatheuc and. parasympalheuc dnput. The results of these two experrmcnls were
similar, RPE responses to exercise during the drug trealmenls were n egalively corrclalcd

L]
to HR. Thus as HR's were arui’rcrall) increased or decreased by the \drugs RPE's

'decreased and increased respecuvely
‘ Skinner et al. (1973) used environmental temperature to increase HR at a givcn

workload and found thal [he relauonshrp of HR and RPE remained similar in botl\ 24°C
and 32° C condmons In a lean group both HR and RPE mcreased in the heat, whereas

| elevated temperature did not cause any change in RPE or HR in an obese group. Pandolf,
‘Caf nrelli Noble and Metz (1972) nlso used temperature to manipulate HR. The results of
‘Pandolf's study showed no changes in RPE at a gwen workload regardless of ‘ambient |
conditions, even though HR's were significantly elevaled at the higher temperatures. »
Similar results were found by Betgh, Danielson, Wen‘nberg and Sjodin (1986) who found :
th'at" heat stress (45°C) sliifted the HR-RPE relationship so that RPE in the heat was
lower for a given heart rate when compared 10 exercise ar 15°C.

- The literature’ suggests that HR is not a major perceptual Finput to central or
overall perceived exertion. However it must -be remembered that the experimentali h
methodologies used may affect the haemodynamics of the cardiovascular system. Various
compensanons via blood pressure ox. stroke volume may occur to mamtaiwrdlac output
when HR is experrmentally manrpulaled Thus cardrovascular srgnals may be lmponam
inputs to RPE, but they may have been inappropnately attnbuted to HR (Mihevic, 1981;
Robertson, 1982). For example blood pressure has recently been suggested as a possible
input to RPE (Pandolf, Billings, Drolet, Pimental and Sawka..'1984).' Pandolf et al.

-
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(1972) has also suggested that'manipulations of HR by ambient temperature may affect
nutritive and non-nutritive blood. flow " These aliere_d haemodynamic processes might

possibly alter the HR -RPE relationship.

2.2.2.2 OXYGEN CONSUMPTION, (VO,)

]

Robertson (1982) has shown correlation coefficjents beMeen VO, and RPE of

r=0.76 to 0.97 and suggests that RPE is ‘more related to relative VO, (percent. VO,

N

Max.) than absolute values (VO, L.min."). Studies by Ekblom and Goldbarg (1971),
Skinner et al. (1973) and Sargeant and Davies (1979) supperted th# contention.
Manipulations of aerobic capacity by‘-rcd cell reinfusion (in Robertson, 1982), and
altitude (Young et -al., 1982) have also supported the relationship of RPE and relative
VO,. -

Edwards et al. (i972) found evidence to support VOr as a’ potent signal for RPE
in both continuous and intermittent work. However the small sample sizeiny:3) may
have affected these results. d -

In addmon to the problem of the method of momtonng VO, by an mdmdual
durmg exercise, Mihevic (1981) ‘also warned that- relauve exercise intensities may not
equate thh other phy\olognca) responses such as hyperpnea or lactic acid production
which may change with training. Mihevic (1981) therefore suggested that other more
readily xﬁonitored responses givihg input to RPE, mayAmediate the cues given by rélative
VO,. o |

lSome studies have fe;‘)orted results which argue against the use of VO, as a signal
to RPE. Pahdolf. Kamon aﬁd Noble (1978), using _ecceritric or concentric work found
that VO, did not seem to be a dominant input to RPE. — |

Cafarﬂn= (1978) mvesugated the effects of -six mmutes cycling at a constant
resistance, but thh different pedallmg rates. Results showed that VO, reached a steady
state during the first two or three minutes of work, but RPE continued to increase during

the exercise. This suggested that VO, was not related to percexved cxcﬂyn when local

(strain) signals were held constant.
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‘ More recently Pandolf et al. (1984) using differcnl}a(cd RPE (sec I.au.;r sections)
investigated the role of a variety of physiolo‘éfcal Jues ir perceived exerlion.‘ln a multiple
regression .analvsis of the resulls.. VO, contributed least to the total varance (R?) in
RPE.

It might be concluded that relative VO, is a more potenl;inpu} to RPE than
) absolute VO,, even though they both may nou be directly s:}mséd;;Howcvcr, the literature’
is e‘quivocal on this point. The Qiffcrences found may be due to the different protc.)‘cols
used., Carton and Rhodes (1985) also mentioned that although VO, increases linearly \‘Vilh u
v

workload, RPE increases in a positively accelerating manner. thus VO, is probably

indirectly associated with RPE.

.

2.2.2.3  VENTILATORY  INPUTS, .'MINUTE VENTiLAleN (VE) AND
RESPIRATORY RATE (RR) - ~

Robertson (1982) suggested that brealh‘lessness and hyperpnea can be consciously
monitored. This could be an important cue if minute venlilaiion (VE) bec‘a\me
‘uncomfortable at higher réspiratoryi rates. Cluster.analysis of cérdiopulm_onary syinplo_ms
has identified a number of ventilatory sigﬁals such as shortness of breath, panting.
difficulty in breathing and chest pain (Borg et ai.. 1976 (cited in Rbbéftson. 1982); -
Weiser and Stamper, 1977). Wei;er and Stamper (1977) found a high correlation

(r=0.94) between respiratory rate (RR) and an increase in cardiopulvmonary distress.

These authors conclud;ﬁ that physiological changes in any system (i.e. " > ncal)
‘are highly associated with the severity 6f feport_ed symptoms. It therefc, e o f
pulmonary data may be a potent source of input to central RPE. . 4

Edwards et al. (1972), also found a signi!'iicanl correlation.of k¥l ar® 21 with
continuous, i)u_l not intermittent exercise, and suggested lha} vemilawny‘ afferent
impulses, can be coriscidusly monitored. Sru\ch sign'als n%be impomnl with” higher
~ workloads. ' . ~

Noble et al. (1973) found that VE and then RR accounted for the .grealest

amount of variance in RPE and hypothesizad that subjects do got. directly sense

-
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physiological changes per se, Eul monitor the "externalizations” of the processes that tan
be directly perceived. (i.e., VE, RR or even skin temp.).

K Morgan et aI’\'. 1976), found hypnotic suggestions of hard work incrcased RPE
with a standard power (bulpul‘. The increasc in RPE was also associated with an increase
in VE. |
! Despite evidence suppor'ting ventilatory signals as an input to central RPE, several
authors have found contrary findings. Cafarelli and Noble (1976), found little evidence
to support VE as an inp{xl to RPE when hypercapnia was used to manipulate ventilation;
however, it was suggested that the effec.t'of ventilation may become more important at
higher exercise intensities (a position supported by Robertson, 1979). Stamford and
Noble (1976) also found that VE did not reflect significant RPE differences during
bicycle work when different pedalling frequencies were used to elicit a constant power
output, (approximately 65% VO,Max.).

On a methodological not:?Mihevic (1981) warned that the hyperventilatory state
caused by hypercapnia is different from exercise-induced hy‘perventilation. thus‘ regulls
should be interpreted cautiously. Tixe effect of VE on RPE WO‘L'lld probably increase with
higher exercise intensities ;vhen the isocapnic buffering of H- ions causes
hyperventilation. More recently Pardy and Bye (1985), in‘vestigated perceived effort m a
task designed to fatigue the diaphragm. VE was held 'Constah't. but the task was
performed under conditions of hyperoxia and normoxia. The results indicated a
ﬂuc£uation in perccived effort (lungs) when VE was held constant. It- was postulated that
PaO; or the partial pres‘sure of oxygen iq_ the arterial blood ﬁow to the diaphragm may
influence the rating of PE (perceived effort). lth should be noted that PE was measured
on an open ended scale iﬁ this experiment. - '

A mechanism of action of the effect of VE or RR on Ri’E has been suggested.
- Bakers and Tenney (1970) found that ventilatory pressure, volume and v;:n[ilation could

 be aécurately perceived, with' these sensations originating in the chest wall. These authors

+* ’ .
recognised that the conscious recognition of ventilatory states may be an essential part of
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a learned response, since athletes seem to 'know' how to breath under certain exercise
conditions. Wolkove, Altose, Kelsen, Kondapalli and Cherniack (1981) also found that
tidal volume changes can be accurately scﬁscd.‘The;c_forc sensory inputs for the
pcrc’eplions of ventilation may come from lhe respiratory muscles.

Robertson (1982) suggested that during excrcise, the input for control of
respirétion is taken over by the mechanorcceptors located in the chest wall, lungs and
airways {Wolkove et al., 1981). These signals reach their strongest input with peak t‘k’jal
volume which s achieved at approximately 50% VO,Max. (Robertson, 1982) aﬁd can be
directly sensed by the sénsorimotor cortex (Wolkove, 1981). Robertson (1982) points dul -
that VE é;ans to parallel RPE at approximatey 50% VO, Max. VE and !.QR therefore
provide a consciously monitored cue, which may be impor‘tam with. the hiﬁhcr exercise
intensities‘(such as ne#r thé anaerobic threshold): These cues might be driven either by
temporal, chemfcal or mechanical stimuli. Carton and Rhodes (1985) conclude that the
input of a. ventilatory signa\l may be related to the relative exercise intensity being
performed, but any theory atfémpling to explain the perceptual pathway: should be

considered to be tentative at the moment.

~

2.2.2.4 VENTILATORY EQUIVALENT, (VE/VO,)

" More recently, evidence has been found to suggesl that the ventilatory equivalent
for oxygen (VE/VO,) may be an important signal for RPE. Young, Cymerman and
Pandolf. (1982) used chronic and acuie altitude exposure to manipulate the physiological
response to exercise and found a strong association between these two variabies.

Pandolf et al. (1984) found that VE/VO, accounted for the greatest amount of
variance in RPE during absolute and relative cycle exercise. Thisureprescnts a new variable

to investigate in future research.

2.2.2.5 SUMMARY OF CENTRAL CUES
Several cues have been hypothesized as inputs to central RPE, and evidence has

been accumulatsd that supports and disputes all of them. Differences in scaling methods
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or research protocols may have caused some of ‘these differences. Among the more likely
cues are %V0O,Max. (relative aerobic power), VE and RR (which may be directly

A sensed ), ancf’the ventilatory equivalent for oxygen (VE/VO,).

2.2.3 LOCAL FACT?RS IN RPE

Mihevic (19éii. has idcmi‘fied three major inputs to the local effort sense: muscle
and blood lactate, goléi‘t@qon activity (GTO) and general muscle scAnsalion's‘.

In contfast o ;he"*ccnt}ai factors, Pandolf (1983) suggeéled that the literature
provided more suppon for Jo;al factors in RPE. Weiser and Stamper (1977), concliuded that
"leg fatigue” symptom scores, could accoum for 76% of the vanabnhty in ride durauon for
bicycle ergometer exercise. This again supports "local muscular sympoms” as a potenuall)

important input 19 vBS’E. The individual factors will be discussed'bricﬂ)" below.

2.2.3.1 MUSCLE AND BLOOD LACI‘ATE }

Ekbolm‘and Goldbarg (1971) supported blood lactate as a ;ue for RPE since they
found that the in were highly corre‘lalcd. RPE was the same for a given level of blood
lactate before and after 8 weJeks of training. Edwatds et al.=(1972) found correlations
(r's) ‘of between 0.633 and 0.830 for RPE and léctate. under different conditions.

Young et al. (1982) found a similar association of RPE aﬁd blood lactate. Blood
lactate levels Werc significantly decreased after 18 déys high altitude exposure (14,0'00- ft),
and were associated with a reduction of the salience of local RPE. Carton and Rhodes
(1985) have cautioned however that the levels of lactate found after long term high
altitudé .exposurc (2mMol./litre) were unusually low for a low fit group (VO, Max. =

) 42.2 mli/kg.min.”" +/- 1.9 uml.) being cxercised'at 8‘5%V02 Max. and suggest the results
should be interpreted with caution. Carton and Rhodes (1985) also Questioned the effect

- of acclimatisation on absolute and relative workloads at altitudcq(sce Car.ton and Rhodes, )
1985, page 210): |

Using a polynomial analysis of the power _'fu,nctions Noble, Borg, Jacobs, Ceci

and Kaiser (1983) found a high correspondence betv)een muscle and blood lactate,]and

I'd
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“RPE measuted on a new ratio 10, point scale. In another experiment using this new
Catlegory ratio scale (CR-10), Borg et al. (19865 found that a combination of heart rate
and blood lactate was a better predic‘lor of RPE than ari)' one variable taken alone. In this
investigation blood lactaté showed a perceplual\exponem ol about 3 (sec equations in
section 2.1). Another recent investigation (Bergh et al., 1986) showed that blood lactate
and RPE pbssessed a similar growth curve. This relationship was unaliered by heat stress
(45°C). g |

Pandolf (1984} also found lactate to contribute highly to the variance in RPE, in “
both arm cranking and c;'cling exercise. Robe‘rtson. Falkel, Drash, Spungen, Metz, Swank

and Le Boeuf (1982) found that local RPE was significant)y lower in induced alkalosis

conditions ‘(NaHCO,) when compared to placebo conditio;ls (Cz\aCO,)‘. This effect was
only present in the higher exercise intensities (80% VO,Max.) ahd not at lower levels
2

(40% VO,Max.). This suppdrts the argument that lactate may only be a potent input to

RPE at higher workloads. ~ o
Some evidence has been found against lactate as a cue for RPE. Poulus, Doctor -
and Westra (1974), inveﬁigated the et: f;cts of infusion of 8% NaHCO, on RPE, NaHCO,
corrécted exercise induced acidemia, but had no effect on 'feelings of fatigue'; however,
the danger of equating fatigue with effort has already been mentioned. The author
conclﬁded'that blood ph was not associated with RPE. - = | ‘ )
Stanford and Noble (1974), found no relation of RP?{:. a’md lactate, when the
exercise at 65%'7VO, Max. was manipulated bi« changing pedallir)g f réqucncies. A similar
protocol used b; Lollgen, Graham and-Sjogaard (.1980) resuited in similaf findings. RyE
was found to be lower at the higher pedalling frequencies, but lactate accumulatidn could

[}
not account for this.

-

These ideas should be interpre;ed in the light of cértain’ other findihgs. It has
élrcady' been v;'mentioned by several authors that exercising individu,als at similar relative
exercise intensities may not equate other physi_élogical responses to exercise (such as

lactate production); however, it is generally accepted that blood lactate may only affect
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7% RPE at certain critical exercise intensity thresholds; Therefore indivfdnal' &iffercn’c’:es in

-

%VO, Max. .when reaching aerobic or anaerobic threshold may have inﬂuenccd rescarch
on‘RPE and lactate

Evidence sqgm;d to support lactaic &s a possible input to the effort sense,
although it is correflational in r:ature (Pandolf 1983). A meéhanism has also been
suggested by Mihevic (1981), Pandelf (1978) and Stamford and Notle ( 19:74) who have
all mcmioﬁ;& mthﬂ“’s‘ensitive free nerve endings may provide a inéa_ns to conscic‘)usly,
mdnilor muscular discomfort. Mihevic (1981) cautioned that if blood lactate influences
cieru‘onal sensation{its effect is not medijated by metabolic acidosis (supporting the work
of Poulus, Poctor and Westra (1974)). However, since increases in VE are known té)
result from increases in lactate (to correct for blood acidemia), lactate may:>be sensed via
this pathway. It is also suggested that lactate would become a cue at higher exercise
intensities (Mihevic,1981).

‘ Other muscle _metabolités may provide cues via free nerve ending sensations
(Pandolf, 1977). Cafarelli (1977) also supported this view, especially if tension wlithin' the
muscle causes decreased local blodd flow. Lollgen (1980) howevef f'ound no evidence of |
metabolites, blood flow, or substfateé as a factor in RPE. Carton and Rhodes (1?85)
suggested that blood : lactate may inﬂ\!qncc KPE through som_é presently undefined
pathway. The interaciion' of blood or musclé )lactate and RPE ‘isb tﬁerefore not well

understood (Robertson, 1982)# ’ M

2_.2.3.2 GOLGI TENDON AND GENERAL LEG MUSCLE SENSATIONS
Mihevic (1981) and Pandolf (1983), both suggested that the major 'local’
symptoms that may provide cues for the effort sense are as follows: mechanoreceptors

and propnorecepuve feedback, golgi tendon organ (GTO) activity and gcneral muscle

sensations deriving from the muscle, skin, joints and ligaments. One major problem with

research into these particular factors is that these cues are difficult or nearly unpossxblc

to quantify (Mihevic, 1981; Pm%olf 1978, 1982, 1983).
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Mihevic (1981) memioneq that much of the oﬂg'iml data on leg cues came qu't ol -
research on the effect of dif fcrcni pedalling rates and power outpu’ts' on RPE. Fandolr
and Noble (1973), manipulg(gd both power outputs and pedalling rreqﬁcnéies dt;fing
bicycle érgomclcr exercise. The results showed increases in RPE at equivalent powcr‘
outputs, with the lower pedalling f requcncncs Since VO, was similar at the same power
outputs, it was suggested that | ggal strain factots were lmponant mpuls to RPE. S|m;lar
results were found by Slamford and Noble ( 1974) using “different pedalling ralcs (40. 60
and 80 rpm) lo achieve a constant power output (960 kgm/min), These aulhors round .
significant dlffcrcnccs in RPE a; a result of pedalling rate. Pedalling at 60 rpm was.
/petceived to be less stressful than 40 or 80 rpm during both cominuohs and imermiucm'
work. Other variables that were measured which might have inﬂpcnced RPE were VE
L.mis. VO,, heart rate and b;ood lactate. Interestingly enough I&PE’. VE VO, and ‘HR
were higher dufing continuous work when compared to intermijttent work. However, ‘since
all the pbyisio gical parameters were similar across thc‘.:jif ferent péd§lling f l:cqpencies the
authors concluded that the dif ferences seen in RPE may be due to some unmeasured local .
factor. It was suggested that the local fanguc originating in the joitts and suppornng ,
connective tissue from GTO acuvuy was a potential input to RPE. This fatigue was sccsn
to be influenced by resistance at 40 rpm and pedallmg rate at 80 rpm. The findihgs that
RPE's at 60 rpm (commuous) were similar l(;% at 40 rpm and 80 rpm
( mterrmttcm) in sgﬁc of t.he grcater metabohc cost of continuous work. St,rengthened the
suggesuen that factors other than the mctabohc cost ot‘ exercise may mﬂuence RPE.
Cafarelll~(l978) agam hypothes:sed efferent’ sxgnals from muscle spmdles and golgi organ
,actmty, when it was found that VOz was not a major input to the effort sence ( usmg'
magmtudc csumau6n) In thls expcnmem pedallmg force® was kept constam but
pedalling frequency was chianged, muscle fatigue was not implicated here.

The 'salienpe' of local input may also be a function of the time course of
exercise. Cafarelli (1977) used the pedalling rate paradigm and fou4nd. a suong
»relationship between integrated electomyography (fibre activity/congraction) (IEMG).

§
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resistance and sense of eff ort. However thesc factors could not account for dn” f erentes in

effort sense at dlfl'erent pedalling rates Evndencc was found to suggest that m the ftrst 15

seconds of exercise - mput to RPE is entirely local, since pedallmg rale was the most

1mportant factor here. In this experiment, pedalling f requency was altered so that power
‘ » ‘

_output could remain constant, thus at"the lower pedalling frequency (30 rprn) the-

rcs:stance (local stram) Was greater. Cafarelh S (1977) l'mdmgs are an xmportant part ol
the various models descnbed later ) ,b o ‘ CoR \

Noble Maresh Allisonr-and Drash (1979) attes,ted to the ef fect of local srgnals on

RPE. These authors mvesttgated the«perceptual and physiological recovery of parucrpants _

in the 1976 Boston marathon It was found that RPE was htgher at a given HR up to a

week after the race, and was associated ‘with the local muscular soreness and stiffness

'resulting from the run. o

. , _
2, 2.33 SUMMARY OF LOCAL FACTORS

t

Several factors. muscle and/or blood » lactate, muscle metabolites and

-,proprtocepttve 3cttv1ty have been postulated as pcgsxble mputs 1o the local effort sense.

2

. Some dtsputmg evndence has ’be.en found, but most lxteratu-le has supported the,

1mportance of local cues. The dtft' tculty of neasurement assocxated thh some -of these

factors may, have prevented vahdatmg research in thlS area.
@ . s . N
'~ . _ : . -

2.2.4,RESEARCH INTO DIFFERENTIATED RPE .

ln support of Ekblom and Goldbarg's (1971) theory of central and local factors, '

Kinsman, Weiser and Stamp‘(1973) developed the ' Physrcal Aetmty Questtonaxre (PAQ)

from a key cluster analySts of subjecttve responses durtng exercise. This analysxs revealed three .

-

major symptom clusters f attgue motivation and task -aversion. Kmsman and Wetser (1973)

2l

4 subsequently reported that the btcyclmg 'faugue cluster of the PAQ was’ composed of three

sub-groups; general fatigue, leg fatigue and ca.rdto-pulmonary distress. Pandolf (1975 1977) |

" has developed a model for perceived exertton based on the above data in an . attempt ;o

mtegrate the . vanous levels of subjecttve symptomatology during physncal work (See Figure



2.3).

- The -model is pyramidal or hierarchical in nature, and at the base level discrete

s»mploms have their basis in the physiological changes. ln an auempl 1o support this model,

3

Wexser and Slamper (1977) attempted to correlate the increase in subjccuvc S)mplonr

?nepomng by the PAQ with an mcrease in physiological stress. Their fmgs indicated
significant correlations of EMG amplnude to reporled leg fatigue, and respitatory rale l(_)'
perceived cardloresprralon distress, (Welser ard]SLamper (1977)).

It was therefore concluded that ‘construct vahdrly was presenl and undif fcrenualcd

RPE could be divided into the RPE ol" cen and local factors. Differentiated RPF should
thus reflect specrf ic cenrral and local physnologrcal ev rtson, 1979). Pandolf's (1982)

- J-M

review supports th}. concept of drfferemlated RPE but calls for more carefully designed |

studles

The differentiated model is a basis for RPE research regardless of the types of |

measurement  scales used. Instructions are given to the subject to report central

(cardiopulmonary), local (leg fatigue and strain factors), and overall, (a combined score

weighted towards the most salient factor),(See Appendix B for details).

Rejeski (1981), supported Pandolf's (‘1?75) model for pro,vidirig an in‘leg‘ralive
framework - for research into RPE, but disagreed withi the model's implication that
psyeholdgical dimensions (. . task aversion and mdtivation). have their basis irl physiological

symptoms.

In most experiments local RPE appears to be dominant, with overall and central "’

&
factors contnbuung in that order (Pandolf 1982). This seems wespecrally true during bicycle

ergometer work. So far the only study in which this order has been changed was perf ormed ty
Young et al. (1982) where chronic almude exposure lead to a change in the relative

importance of local cues, so that central cues became more important. Local cues appeared o

be related to changes in blood lactate; however, some potential problems with this study have

been mentioned earlier.
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Figure 2.3 A mode} ,&for Differentiated Perceived Exertion, (Pandolf, 1975, 1977) :
o .



'2.2.5 INTEGRATION OF LOCAL AND CENTRAL‘CUES TO RPE :
| Borg (19825 mentioned that perceived exert_ioh isﬂprobably an inlegrelion» of multiple
Sensory cues into a 'ges}all' of perception. The rclalive importance of central and‘local cues
may change according o the salience of that inpﬁt (Cafarelli; 1973; Young._1982;‘Horslman
et al., 1979), and since Lollgen (1980) found .no evidence for a single central or perbipheral
cue, it seemed as if RPE must be derived from a number of faclors in a eomple\ manner.
Roberlson (1982) has developed two maodels in an allempl 10 explam the integration
of the local and central cues. The first diagram (f:gure 2.4), presents a model of the relative
contribution end time course of central and local signals of excrﬁon_. ‘
This model assumes that local fac_tor.s”’provide the prinary sensé;y ~signéls: cenlrel

~ signals act as-an amplifier or'gain modifier potentiating local signals in proportion 1o aerobic

metabolic demands. Central factors (shch as VE and %VO, Ma)'c.), begin their potentiating

input approximately 30-180 seconds after the inil ‘of exercise. This corresponds to the

- ,v\ -
~lime period required for cardiévascular and ventilatory adaptation to exercise (Cafarelli 1977,

Robertson 1982).  ° L

ghis model concurs 'with Horstman Weiskopf and Robinson (1979), who indi?xid

that local factors are more salient during exercise that does not stress the ventilation

- circulation. At exercise intensities where central cues become stressful the potency of central

cues will increase.

| Figure 2.5 illustrates the relative contribution of central and local signals at dif ferent
metabolic inlen_sities. This model utilises three levels of exercise intensity: I, less than 50%
- VO, rviax.; II, 50-70% VO, Max.; III, greater tﬁan 70% VO,V Max. Local signals domipate all
three levels, and the bercemage of ‘"VO, Max. is alwvayswpgoportional'lo tissue oxidative
demand. The transition from levels I to II corresponds to changes in xentilato”ry responses
from hyperpnea to 1socapmc buffermg Levels Il m represenl changes from isocapnic

buffermg to resplratory compensauon for metabohc acidosis. Mmute venulanon is at it's

most potent at this level. _
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= Figure 2.4 The relative contibution of Central and Local cues to RPE as a function of time

(Robertson, 1982)
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Figure 2.5 The relative contribution of Central and Local cues to RPE as a function of

exerciéc intensity (Robertson, 1982) o ‘
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The above models summarize some of the f indings reviewed in this seg}ion. Dif feremiatcd
RPE. may thus give some clue as to the integration of RPE over time, and the potency of cues
under certain circumstances. Mihevic.et al. (1982) fdr examﬁlc. found evidence to suggest that |
local or qverall RPE may reflect relative metabolic demands; 'ccnlral RPE is affected by the
'absolme metabolic cost éf the exeréisc. This data supﬁorls Robertson’s (1982) model (figure
2.5) since VO, (a potential central signal) is proporligmal o q\e absolute acrobic fcqufremem
of the tissues. However, it was also suggested by Robeflson (1982) ihal relative VO, (%VO,

N

Max.) was a more potent signal than absolute VO,; this area should be‘investigaled further. .

2.2.6 FURTHER PHYSIOLOGIEAL FACTORS INFLUENCING RPE

{

2.2.6.1 Training | o | | ‘.
- Skrinar et al. (1983) mcmipned that prior to their study, five published works
had attempted to invgstigate the longitudinal effects of training. Most of these have been
Q& males only. Mihevic (1981)has suggested that RPE would ‘be pxpecfed to parallel the
physiological responses to training. Absolute exercise should be perceived as ~more
—effortful for the unfit individual in correspondence to the greater rglalive strain. l'-lo‘weve'rv
Morgan's (1978) findings (discusséd in the psychological section) on elite and 'non-elitg
' ‘athletes showed that the RPE's found on an absolute exercise test, were not as expected
and in‘volved more than physiological input. Mihevic's (19.81) view has béen supported by 2/
Linderholm (1967, cited in Patton et al. 1977), Docktor and Sharkey (.1971)', «Ekblom and
Goldbarg (1971) and Knuttgen et al. (1973) who all found lower submaximal heart rates
and parallel reductions in RPE Aaf[er training for a given level of both trcadmill and
.. bicycle exercise. Ekblbm and C:zoldbarg (1971) also reported that when RPE was cxp:css_ed ‘
in r‘elativc terms of VO, Max. and HR Max., no change was found.'HoWev.er. a lack of
controls in both 1971 studieﬁ. means that results must be interpreted cautious!y (Mihevic,
1981). e
Patton ét' al. (1977) investigated the 'cff.ect of 6 months training on both

untrained (grohps',l)\and Lraining (group.2) soldiers. At pretesting these authors found
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- that although the lrainihg soldiers had significantly higher VO, Max. and lower heart

rates on an absolute treadmill test, RPE was similar for both groups. These findings

i}

suggested that RPE is related to 'al;solute' and not 'relative' lwo.rk (compared (o
suggestions cited%arlier). After training however, both these groups showed lower HR's
and RPE's on the submaximal i'e's[, although again no differences were found between the
groups. Patton et al. ( 1§77) suggested lhal‘ the perception of the intensity of exercise
work{oads wae not reﬂecled by differences in aerobic power due u} training, when
assessed on a cross-sectional basis. These authors posited that RPE changed as a function
‘of trammg ona longitudinal basis. '

Skrinar et al. (1983) attempted to mvesugate the effects of training on RPE and

stress marker hormones using an intensive 6- 8 week exercnse program with women

(n 15). Using the differentiated RPE method, these authors mvesugated the changes in:

RPE and physiological stress markers with training. Trammg resulted in an overall

°

increase in YO, Max. of 19% and a decrease in central or. overall RPE; however, leg RPE
significant correlations with RPE. In contrast to Ekblom and Goldbarg's (1971) findings
the above authors found significant decreases in Central and Overall RPE after training

at similar relative exercise levels. These authors speculated that this could be due to

increases in cardiorespiratci'ry performance _
Skrinar et al. (1983) suggested that the dlffetences belween thexr stud) and that
of Ekblom and Goldbarg (1971) may have been due to gender differences in the subjects
 used. However, there were some differences in the trammg used by Ekblom and Goldbarg
(Ekblom, 1969) ane that used by Skrinar et 4. (1983) even though the training was
supposed to be similar Thercfore some of the differences found may have been due to
_ the type ol’ trammg used rather than due to gender » - "
’ /]

(1980). investigated the effect of differential training (arm and leg. exercise) on RPE.

slightly increased. Stress markers of lactate, epinephrine and norepine'phrine‘ showed

Lewi® Thompson, Areskog, Vodak, Marconyak DeBusk Mellen and Haskell |

~The results showed decreases in heart rate (a central effect) during submaximal'exercise »

- -
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with both trained and untrained limbs; however, decreases in RPE were ,only found
during exercisc wi’éh the trained limbs. These findimgs lead the authors to belicve that

reductions in RPE as a result of endurance training were probably the result of local

metabolic adaptations in the trained musclés. Th aqthors also speculated that training
may. lead to sclectivé hypertrophy of muscle\ fibres and more efficient rhotor unit’A
recruitment -patterns resulﬁng in a smaller numBer of motor units needed for exercise.
'jrhe subsequem reduction in CNS demand may be reflected in a lower RPE. Carton and
Rhodes's (1985) review mentioned that the duration. frequency anq intensity of training
of these.earlier studies a‘rerquit'e varied. The question of how eachlof “these variables _
affects RPE is unkno

Methodologi€al problems may affect results in training s‘tudies. Patton et al.
(1977) ila"/e suggested  that the differences in fitness between groups and the testing
imensities used may not be great enough to elicit any perceptual. differences. The demand
characteristics bf longitudinal l'rain.ing studies may als; present a testing bias; RPE values
rﬁay be expected to decrease as a result .of trainiqg (Morgan, 1977). Increases in
efficiency in performing a task may be reflected in lower HR, RPE .or VO, at
submaximal levels, even though VO, Max. may not have.increased (Patton et al., 1977).
Docktor and Sharke; (1971) also warned that habituation or familiarity with a test may
result in decreased rebdrts of RPE sepérate from any fitness gains with training: Mihevic
(1981) has also warned that the type of scaling method used may also give rise to testing
bias, suggesting that the Borg scale (1970) may not be an apprépriate instrument for
assessing differences in fitness; and RPE. Mihevic (1979) reported a significant difference
in perceptual exponents for an absolute work test be’twecn groups of women varying in
fitness when perceived effort was measured”'"by magnitude estimatior;; however, this
difference was not reﬂected in pe?ceived exertion scores measured by the BSTg scsle. This

experiment also investigated the effect of some psychological parameters on RPE.

Mihevic found that psychological variables could not explain a significaht amount of
LY e .

-

variance in the RPE scores, but the perceptual variance measured by magnitudc'

e
P
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estimation did seem to be influenced by psychological variables. lmcrest'ingly enough,
\ psychic vigor and tensionl were most important in hig}hly fi:l subjects, extravcrsiqn and -
'lens‘ion were most inﬂueﬁlﬂal in low it subjects. Mihevic (1979) concluded that RPE and
magnitude estimation may assess different portions of perceived exertion. Borg (1972,
cited in Mihevic,.l?Sl) however, did, not find any differences in perceptual expo;ncnls
between groups of different levels of fitness. There seems to be some controversy around
this point. | | : .
Summary oj training ~
Several unresolved issues are present in the area of training and perceived
exertion, Is absolute work perceived as being thefame for groups differing in fitness?
Does RPE represem'absolme or relative work stréss? Are the separate factors involved in
dif ferentiatéd RPE ai'fected differemly by training? Does the type of lravining involved
interact with changes in differentiated RPE? |
Carton and Rhodes (1985) have questioned the amount of reduction in' RPE that
,is l'neelded to be considered significant. Thesi‘: authors quoted Morgan's (1977) suggestion
that a one or two point reduction in RPE represents a 10-20% change. Such differences .

¢

may be significant in endurance events.

2.2.6.2 Cateqhélamines ‘

Frankenhauser, Post, Norheden and Sjbeberg (1969) found a positive association
between catecholamine excretion during exercise with an increase in RPE. Docktor and
~ Sharkey (1971) also suggested that a decrease in catecholamine excretion following five
weeks of training (n=5) may be reflected in th? parallel decreases in.RPE also found as
a result of training. Mihevic (1981) has however suggested that methodological problems,
such as the catecholamine marker used (vanilmandelic écid), may have corifounded the
r:gults of Docktor and Sharkey's (1971) study. Skrinar et »al. (1983) also found
significam. correlations between RPE and epinephrine and norepinephrine. Mihevic's
(%981) review suggcétg that cétecholamines may be a cue for RPE at higher intensities of

work (i.e., 50-65% of MAP, Howley 1976). The increase in catecholamine concentration
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during exercise also show a similar »posilivcly increasing function to that of RPl;‘.. , .
o v

It should be noted however that cpinephrine is associated with egotional arousal(._
and may be a cue when a subject is being tested at lower exercise imz::lie& but is also
emotionally aroused. Frankenhauser et al. (1969) also noted the differential responses of
epinephrine and norepmephrmc 1o exercise. These authors concluded that cpmcphnne
secretion reflected the menual stress or unpleasantness of the task. Therefore this marker
- might bc useful n‘ssessmg a subject's perceptions of a stressor such as exercise. The use
~of such a marker might also be a method to investigate the effect of task aversion
‘ ‘(l\msman Welser and Stamper, 1973) on RPE.

Although catecholamine excretion may influence RPE the methods of monitoring -

the integration of the different catecholamine responses remains unclear (Mihevic, 1981).

2.2.6.3 Skin and Core Temperature
Pandolf et al. (1972) related core temperature 10 RPE during 30 minutes of

continudus high imensity work: Noble et al.'s (.1973) report, which seemed to be derivcdr(
from Pandolf et al.'s study (Mihey.ic, 1981). indicated that skin and rectal _temberalures
accoumed for the gréa;est variance in RPE in hot environments. The significance of this
data is susi)ect due to the small sample size used (n=6), and the large variability in the
* variables measured. (Mihevic, 1981).

Carton and Rhodes (1985) have suégested that the experiments with temperature
and RPE rqafy not have been able to discriminate between percei\(ed'éf fort and perceived .
discomfort,\‘,‘this may cast some-doubt on the construct validity of the measures used.
Nev,ertheless.‘Pandolf et al. (1972) reported that their subjects were able to partial out
thervmal scnsé;ions from RPE. These authors found that subjects needed workload
increments of ‘5{"'200 .l;pm in order to perceptually discriminate workloads:; howcvcf. this
wqulo}d level was not enough to alter sensations of discomfort. This data may suprpon
the notion that RPE and sensations of discomfort are separate constructs.

In summarising the effects of temperature on RPE, Mihevic (1981) proposed that

skin temperature may not be an effective cue for RPE, although the regulatory processes
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involved in maintaining core temperature may provide inputs to RPE and account for t;\e
‘parallcl responses found between these two variables. It is interesting to note that,
anecdotally, individuals often cité sweating as a measure of exertion. The perception of

sweal may thercfore be a mechanism by which body temperature influences the

perception of cxertion. ? ¢

272.6.4 Endorphins

The endorphins (endogenous morphines) are opiate-like substances, produced by
the human body, which have been associated with analgesiaA and waltered states of
consciousness or perception such as the 'runners high', or dissociation (Callen, 1983:
Morgan, 1985). The .endorphins have been found to increase as a result- of exercise and _
~-are thought to reduce the pain or discomfort associated with it. Shamas, Andrew, Bell'
and Cervenko (1984) have shown an association between endorphins and RPE; when the
analgesic effect of endorphins was blocked by naloxone, ratings of RPE were higher than
in a placebo condition. . | .-

It has been suggested that training results in an earlier onset énd greater level of
secretion of endorphins (Melchionda, Clarkson, Denko, Freedson, Graves and Katch
1984). This training effect could conceivably provide a theoretical ba;is for Iongitu&ial
decreases in RPE as a result of training. Wilmore (1968) has suggested that. enhanced
performance}bhy be mediated by mcrcased pain .tolerance. Morgan (1978) has also ,‘ ‘
suggested that highly trained elite runners can afford to associate with bodily cues due t{ \
their enhanced physxologxeal capacity. Both of these phenomena may be explained by the\‘)
attenuation of physicai discomfort by an earlier and increased endorphin release due to

training. However, this should be considered as speculative at present.

2.2.6.5 Blood Glucose

During prolonged exercise, glucosc production may fall below the requirements of
P
the working muscles and the ccnua) nervous system (CNS). Excruse may thus become

subjecuvcly more difficult due tO(CNS starvauon and dxfflculty in oxidising f;ts in the

\

\‘.
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muscle (Brooks and Fahey, 1984). Although blood glucosc'may have a considerable effect
in the perception of cffort during prolonged work, the role of blood glucose does not
scem to have been investigaled in many of the past studies investigating RPE. Bell,
‘.Noblc.' Drash and Metz (1975) did find a lower RPE for long term 'cxcrcisc (3 hrs.) in
: .which glucose was ingcétcd prior to and during the run. This‘cf fect remained truc even

when compared to a placebo test. These authors suggested that feedback from the

glucoreceptors may be consciously monitored.
Q

2.2.6.6 Anaerobic Threshold (AnT) and Menstruation

Recently two studies have .investigated the relationship between RPE and the
anaerobic Threshold. Purvis and Cureton (1981) found thay male and female subjects
reported RPE's of 1"3.6 1.2 at their anaero?iclihre%holds. Since this corresponded .wilh
an RPE of 14 ('some;avhat hard'), the authors suggested that this number could be used
to prescribe, exercise at the anaerobic thrcshold, It is interesting to note that these authors
estimated AnT as the average time of the departure f rom linearity of VE arqd vVCO, and
the first abrupt or sustained rise in FeCO, (the fraction of CO, in expired ai;). Carton

and Rhodes (1985) have cited this study as investigating the aerobic threshold, there

therefore seems to be some controversy on terminology which should be resolved. Skjnner
and Mclellan (1980) have described two ventilatory 'break off' points termed ‘aerobic’
and 'anaerobic’ threshold. Aerobic threshold refers to the first point where there is a
nonlinear increase vin VE and VCO,, and a;n increase in FeO, (the fraction of oxygen in
e);pired air) without a decrease in FECO,, blood lactate also rises from a baseline value
of 2 mMol.l'. Anerobic threshold refers to a decrease in FeCO, and marked
hyperventilation, pl'us a sharp rise in blood lactate from 4 mMol.l."*. Using Skinner and
Mclellan's (1980) terminology it seems as if Purvis and Cureton (1981) were describing
the aerobic threshold. It would sécm to be desirable ‘to>havc a recogniséd definition for
these constructs if RPE is being used as a mcthod_of monitoring training intensity,
particularily as aerobic threshold is estima.ted to occur at 40-60% VB? Max and amerobic

threshold between 65-90%VO; Max. (Skinner and Mclellan, 1980).
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Stephenson et al. (1982) l'nvesﬁgated :hc effects of AnT and menstxua(ion usmg a.
9-point scale. Again this study appears to be refcr‘r‘ing‘to ‘aerobic’ thrésholq.,This study
shpyycd no change in RPE at an)'; day duting the menslrugl cycle. Ihe aa‘nhors concluded
that this evidence supported the use of femqle subjects with normal menstrual. cycles in
psy‘«c"’hophysical studies without regard 10 cycle phase, The same study foun(i that AnT ‘
was not affected by cycle day. This data is im;;orlar;t in view of the fact that female
subjects were uéed in the present study. B

Higgs and Robertson (1981) have sho’v‘: data- contrary to Stcphensoﬁ e‘ll al. - n
(1982). T.hesx; authors demonstrated that during intensive work;(lOO%VO,Ma"x’) RPE was -
higher and work capacity lower during lhe pre-menstrual and menstrual phases as
compared to mid-cycle. It is interesting 10 note that these ef fects were not seen at a lowep .
exercise mtc%sny (%0%VO, Max.). - _ .

The ‘}nerature is equivocal with respect to the effect of ménstruation oh.alhletic'

4

pcrfonnancel (Hnggs and Robertson, 1§81) Increases in RPE as a result of menses may :

. o

be a result, of both psychologlcal and/or phys:ologncal proccsses Posslble mechamsms

" accounting for increases in RPE are the symptoms associated with pre-menstrual tension

(P.M.T.) such as anxiety, ifritability. fatigue, lethargy or gastro-intestinal disturbances;
however no etiology is known. Higgs and Robertson | (1981) . 'speéulaled. that - tf)e
unpleasant effects of menstruation may be overcome by high levels of inmrinsik motivation
(often present in high-performance athletes). This may possxbly explain. wbhsiSIEnt |
findings on the effect of menstruation on elite performance. o o

2.2.6.7 Time of day, Circadian rhythms and Sleep Deprivation

The research findings on RPE and time of day seem to be sparse and equivocal.

‘Faria and Drummond (1979) found that RPE's were affected by the time of day.

Exercise at 2.00 a.m. and 4.00 a.m. was perceived to be harder than during the day.
Contrary evidence has been shown by Reilly, Robinson and Minors (1984) who found no
differencis in RPE as a result of time of day when 10 male athletes exercised to _

exhaustion at different times of the day on separate days. The testing times of 0300,
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0900 1500 and 2100 hrs were randomly assigned. Reilly ¢t al. (1984) suggested rh;r RPE™
chéanécs with time of d&y miy‘"bc relalcd to lhc~ t\'pc and intens&ly i')f wdrk b'cing-'uscd‘

. Thus hrgh mlen.su) stcady Jatc ¢xercise ma) show an- el‘fecr of time of day whcrcas

4

Carton and Rhodcs (1985) and Pandolf (1983) both cite equivocal fmdings m
. regards to the relauonshrp of sleep mvatron and RPE, Thc two srudrcs found cvrdencc ;
10 both support and re)ecr any effect of slecp dcpn\auon on RPP M)lcs (1985)

however, found cv,tdznce to suggcsl that steep deprrvauon caused mcrcascs in RPE durrng ‘

= exercise bouts whi . nore than a few. minutes in lcngth Slcep depnvauon did not’

seem to affect exercise of short durauons (\305ccs ).

2.3 PSYCHOLOGICAL FACT ORS INFUENCING PERCFJ\ ED EKERTION

Pandolf et al.'s (1975) model of lhe levels oF subjecuve repomng (Sec hgure 2.3)
implied that psychological factors such as task aversron"(wanung to do somelhmg else) ahd
motivation (drive fmd,vrgor) rna5 have a‘n mpm to perceived cxeruon.’l;andolf (1983) also
" éuggests -+ that ‘Jsorrrc ﬁsychomemc variables sucrr as neuratlcism stability
extroversion- xntrévcrsron may also affect subjettive repomng Othcr authors have suggesrcd .
that karvmbrmons. self -perception and anticipated task durauou may also be involved (Rejeski,
1981). Dﬁso}iation strateéies "rmq hypnosis (Morgan, 1981; Morgan et al., 1983; ‘Morgrm and
Pollock, 1977) have beerr used in alt&npt§ to manipulate perceived errénion. Roberlson et al.
(1977), suggestedﬂ that a person's perceptual style ,(Stimulus Intensity Modulatign).’or level of”
f iei'd-dependance (Robpnson et al., 1978), may also be implicated in RPE. - . *

It seems that rhe- perception of a stressor (e.g., exercise) is‘highly indi'vidual in
nature. Thus the perception of exercise stress seems to be mediated by the individual's existing

cognitive structures and coping capabilities (Smith, 1984).
‘ ‘ J

P



-~ 0.75-0. 83) (Morgan 1973) | . o

' suggests that RPE and psychologrcal measures are correlated 'in a- complex manner (Morgan%, ‘

£

_working capacrt) of anxrous/neurotrcs is low.:

pain lS encountered Morgan (1981) alﬁ reported negative correlatrons of state and trar

4]

2.3.1 PSYCHOMETRIC DATA K

¢ Morgan (1973) reported the findings of several studies examining the relationship of
psychomctnc varrables on percelved exertion. The measures involved were .the Eysenck
Personality Inventory, prelbcrger S State Trait anxiety scale, a somatic pereeption scale, and
Lubin's Depression ad)ecuve checklrst Fifteen subjects were. presented with four workloads m
random ‘order, and asked 10 rate therr exertion by magmtude estimation. The results @rcated
that 89% of the ratings were accurate, although eight errors in perceWed load were made
With one exception all of the subjects who made. errors were erther\neurouc Or anxious. The
one subject who commrtted most of the errors was anxious, depressed ‘and neurotic (Morgan

1973). "'he author suggested that anxrous depressed and neurotic subjects may lack the abrlrt\

to interpret subjective sensations consistently; this may be assocrated with the autonomic

arousal associated with -Jthese undesirable states. Morgan (19739, also reported that the
n'J = . -‘ b

lnteresungly enough Morgan (1973) found a srgmfrcant inverse correlatron of RPE?:

and extroversron Extr‘overts reported lower RPE ratings at given workloads and hrgher

pa———

..

,pam tolerance greater physrcal persrstence (Alderman 1974) and being perceptuzﬂr reducers

(Morgan 1981) Somatrc percepuon was alsp seen to be hrghly correlated v(tth RPE (r =

Morgan (1981) found that personallty varrables only correlﬁyat hrgher workloads

thug the efﬂts of personality would be seen at higher power outputs where drscomfort or

4

eyrdence to Morgazn $ 1973 studv may be due.to the*differept exercrse protocols used and |

1973) Ftlﬂ'her rephcatron studres are needed to elarrfy this area

Morgan (1973) and Morgan et al (1976) also found hypnotic suggestron of hard

work mcreased RPE at constant worl; loads The changes in. RPE were asspcrated ‘with heart'._

4

3

A

‘ preferred ‘work ‘intensities. This agreed with Eysenck s qpredrctron of extroverts havmg more "

anxrety and neurotrcrsm and RPE during constant woiF 0@30 mmutes This confhctmg‘ ‘
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rate (Morgan, 1973) and VE (l.min."") (Morgan et al.. 1976).

2.3.2 DlSSOClA"flON/}\SSOClAT]O!\' STRA’I'EGIES ‘
Morgan and Pollock (1977) have identified two major lypes: of cognitive strategies
used by long distance runn‘ers;. association and dissociation. . ' ’\
Association: occurs when athletes focus on bodily sénsations to maintain awareness of
physical factors critical to performance‘(Weinberg Smitl(r Jackson and Gould, 1984;.

. Dissociation: rs that state in which the pain, drscomfort and- boredom that olten
accompanies long drstance running are blocked out by using vanous Strategtes 1o distract ;
attentrbn from sensoryn input (e.g., those cues that are used m RPE). Such stritegies may

take many forms mcludmg solving complex prob]ems singing to oneself, or repeating a
mantra in time with footsteps (Wemberg et al, 1984). Sachs and Sachs (1981) also found
srmrlar strategres in ultra distance runners (100 mile road race)

Morgan and Pollock (1977) 1nvestrgated the effects of cogmtlve strategies' on RPE

4 sirfg elite and non-elrte runners. They fourid that both groups—perceived an absolute

/ -;vorkload of 10 mph. the same, even though the physiological cost was relatively greater for

the non-éll'fe athletes. These similantn@r sub;ectrve reportmg were negated at a workload of
12‘mph as the less accorﬂplrshed athletés reportecjhlgher RPE s. Not surprtsmgly it may. be
H":that perce\pflral differences between mdrvrduals or groups are only elicited at higher workloads
(Carton and Rhodes. 1985); _however, it was »found that the non-elrte athletes used
dissociation strategies to distract attentlon from the stress, whiclh may -have accounted for the
differences found (Morgan, 1981)" ' o B
Morgan Horstman Cymerman and Stokes (1983) used a mantra as a drssoclation
strategy to study it s effect upon performance The results showed an rncrease in endura;cc
time with the strategy compared to a placebo group. Similar results were}found in expenm?ms"
using Benson's relaxation response These authors hypothesrzed that the increase lr]endurance .

was related to enhanced tolerance of drscomfort based upon the distraction from mtfmal cues.

RPE drd not seem to vary between groups.
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+ It maV be that dissocia'lion/as'sociation strategies vthus may influence’the perception of
exertion, by cither distraction or diversion of aucnrlon from bedily cues (Rejeski, 1985). .
2.3.3 TASK DURATION.
Rejeski (l<l81) noted that subjects suppressed their RPE's when theyexp‘ected‘lhél an‘
" exercise test would be longer than it actually was. The task duration effect was found 10 be
effestive at moderate work lntehsilies."bul noz7 at higher intensities. The lalter finding led
Rejeskl '(1981) ;to believe that when'internal cues for RPE were strong, the effect of external
factors (such as task duration) seemed lo'decrease. Rejeski (1'98Cl/; afe“rerore sugg’estecl that
“there might be a potential boundary. wherc the effect of cognitive variables might be
.attenuated when the strength of internal cues becomes sﬁch that they"override any cognitive
oinl‘luen(:c. |

Davies and Sargeant (1979) also felt that the knowledge of the type of exercise (short

" or long term)<may affect subjective readiness and perception of the exercise.

|
i
!

%
1.3.4 PAST EXPERIENCE

R’ej.esld;'(.l981) ‘ha: noted that women tended to give higher RPE responses tha'n men
at lh; same percemage of their VO, max lt was suggested that this ef fect may have been due
oa s%o cullural phenomeno,n where women less often encounter fatrgue expenences Noble
.(1'982“) however reportedg,%hat gender differences occurred at absolute VO, values (females,
@@ﬁ(’g greate; than males) but that these drfferences dlsappeared when physxcal work was’
‘Evaluared as 3 funcnon of relative intensity (%VO,max.). This data should be mterpreted
| "+ cautiously for two reasons Frrstly, females tend to have a lower VO,Max. than males Fox
and Mahhcws 1981), thus an absolute workload would represem a greater relative strain on a-
female most l"kely resulting in the dlfferen@een (see Noble, 1982).  Secondly, the nature
of the population was not specrl‘red in Ngble's (1982) report thus, dlfferences in the
populauons sampled (e g., athletic, normal actlve) may affeCt the generalrsabrlrty of - t-hese

results.
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Rejeski (1981) suggested that socialisation effects may exert their influcnce through -
ego involvement, males_m'a_\" allenipfflo deliberately suppress their actual feclings ‘to appear
bettér. The effect of cgo involvement may have been present in Morgan's (1981) t‘indings that *

o successf ul»)and non~su&:cessful trnalhsls far the U.S.A. Olympic wrestling team demonstrated -
e ¢

. 1 J
samnlar RPE.' ' ﬁé’% absolute levels of work. In this study the absolute level of work

9. i

- was consxdered to. be relau\'cl\ harder for the less accomplished alhlclcs however, the conlext
of a trial camp may have lead the less-successful athletes to \suppress their subjccuve
reporting 0 appear more comfortable with the level of work. Carton and Rhodes (1985)

suggested thql.«the ‘intensity of exer_cise used in lhis experiment (750 kpm. for 5'mins) may not

have been sufficient to create perceptual discrimination between such high fitness g

‘. . . ' : i

2.3.5 PERSONAL AﬁRIBUTIOVS . ’
ReJeskl (1981) has suggested that persaonal aurxbuuons may ef fect: pel’CClVCd exertion.
For example e{‘f ort ratings seem to be hngher af‘ter success than failure. It has been suggested
that by glvmg a lower estimate of effort af ter failure athleles may be using rauonallsanon o
protect their self -concepts. : - T b
"lf I’try just a.little harder the next time, then I should do .better", (RCJCSkl 1981)
Rejeski (1981) also emphasised thal lhe perceptual process .is a very mdwndual._ -
phenomenon thus effort may /Qe perceived as different concepts such as ability Or power,
toughmmdedness or the capacnly to endure duress ‘withstand pam or overcome great odds"

- (Rejeski, 1981) Individuals mxght also differ .in Lhetr perceptlons of-what ‘x‘s"ﬁard or “easy'\ j

Such differences in the perception of a construct would surely affect subjective reporung.

2.3.6 PERCEPTUAL STYLE
¢ Robertson et al. (1977) investigated the notion that an individual's perceptual style
may afféct the subjective reporting of perceived effort. These authors investigated the effect

} of Stimulus Intensity Modulation (SIM) on perceived exertion. It has been suggested that the

;inormal udult population can be divided into three groups according to their SIM styles,' these

Lo



~are: | | | :

Augmcntersiz Those who avoid excessive stimulation
. Reduccfé: Those who attenuate tf\é intensities of sensation and compensdté by seeking .
‘stimulation. This portion of the bopulation are similar to Eysenck's extraverts (Morgan,
9. R )
Moderates: Who are between Lhese two grouﬁh R
This theory was prompted by carlier repearch b\ Ryan and Foster (1967)'wh0 suggested thal
“athletic groups may have a ‘gre%ter pain tolerance -than their non-athle.u':,coumerparls.
Alhletes were hypothesised ld use Sports as a.imurce of ex,mﬁ stimulation. These authors f ound
that athletes in contact &pons were perceptual reducers.
‘ Robenson el al. 1977) hypothesxsed that the perceived intensity of work is mediated
centrally (in the,};,gNS), and SIM style should be useful in predicting- the direction \of
perceptual reaélioExs 0 muscular exertion. Redu}:ers should therefore have lové RPE ratings
.than gugmemgr_s it work of the same physiq}éﬁical cost; this hypothesis was suppoyled by tll\e
results. | ' . : ' '@ | : \\.\
Roberlson et-al.-(1978) also investigated the effects of the field-independance and‘
°.d'ependance dimensions on‘ RPE. A field-indepencianl perceiver extracts anfl analytically
processes salient cues_independant of bthe surrounding perceptual f jeld. Field-deper;dant
: ‘perc'e‘ivers are less tolerant of sensory depn’vétio’n. more tolerant of noxious stimulation and
pain, seek stimulatibn and are hore extroverted than field-dependant thinkers. These aut_hors
suggested that field-dependant thinker; should'atlenuate their perceived exertion similar to
redu*rs* However, no dxf ferences were found between the two phys:ologxcally similar groups
when. they were askcd to percexve thexr exertion durmg exercise at the same phy51olog1cal cost |
.(Robenson et al.; 1978). The results also showed that field-dependance and independance
were not related to augmentation and reduction. The préviously\ﬁ\emioned'f act tﬁat exercise -
at similar percentages 6(} VO, Ma‘x'. may not equate other physiologic.al Tesponses (0 exercise

may have affected Robertson et al.'s (1978) results.
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Further evidence that may refute Ithc effect of the field dependance-independance
dimension on RPE has been shown by Mangum, Hall, Paréman _and Sylva (1986).“The$e
authors found a non-8ignificant relationship (r=-0.12) between percéptual style and the
perception of ph‘,\"sical effort (PPE). It is inlercStin‘g to note that PPE was def ined as the
difference in heart réte responses between a standard work task 'anc;i' Tthc subject’s attempt to .

reproduce that ta

. and was considered distinct from. RPE as measured on the Borg scale.
The difference bejween these two constructs was emphasised by a small cdrrelation coefficicnt

suégesting tha,l PRE.and RPE were measuring different ‘construcls. Noble (1982) corroborated

this finding when he suggested that the psychophysical processes involved in different -

'techniques for e;limariog exertion may not b¢ identical. In the light of this data it may not be
correct to compare 'Mangum, Hall, Pargmah and Syii(a (1986) findings with the other
literature imr this field which may have used other RPE measurement techniques. With this .
argument in. mind it should also be noted that Robertson et al.'s (1977, 1978) data was
generéteo using a 9-ooin_t scale. Mihevic (1’981)’warned that ‘the comparison of data from the
| 9-point and the‘RPE scales should “be undertaken wvith caution due to the formatrir’)gl
differences of the two scales. | | B

The above evrdence suggests that perceptual style may mﬂuence lhe reporting of
percelved effort in some cn‘cumstances |
2.3.7 MOTIW\\TION’ , TASK AVERS!ON AND EMOTION .

" Motivation and task aversion have'been proposed as potential factors that may
influence_"_the perception of effort (Ktirrsman, Weiser and Stamper_1973, Pandolf -1983).
;Gerber House and Winsnrann. (1972) used a motivational contingency riuring self -paced.
- ergometry performed by six soldiers. This contmgency used extra pedallmg as a negauve
’reward for slower performances These authors then studied the effect of the commgencymn
RPE and performance and found that it had no ef fect on erther parametcr

The above f mdmgs are however in. drrect contrasr wrth the results founQ by Kircher

(1984). She used purposeful (rope- Jumprng) anc‘l_v p_urposeless (jumping in place) tasks as the
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“two experimental treatments. On the basis that the 'purposeful’' activity was intrinsically

s

motivating .for‘the subjects, Kircher found that- RPE was lower for the motiva‘ted condition
corﬁpafed o' the purposeless task at work of the same intensity. Motiv;tion may thus dirgct
attention away’ from fatigue or effort cues (Kircher, 1984). However, it may be that the
incr_'eased.perceptual demands of rope jumping may have diverted atterftion away from 't‘he
discomlort of exercise.. o
Additional support for motivational and ta.sk aversion input to RPE'»&as found by

Kinsrhan, Weiser and Stamper (.1973.). Theseiauthors' derived an -eighteen ilem Phy‘sical ,
Aclivitj' ;)ueslionnaire (PAQ)‘lo assess”subjective syrﬁp atology during prgMnged exercise
(36 mms +22 mins. (time 1), 36 mms 124 mms (um% Three major symptom clusters
appeared during the derivation of thxs quesuonnaxre faugue task aversion and motivation.
" Motivation was defined as activation’ or level of arousal task -aversion was defined as
discomfort or di-sinclination to continue. These authors maintained that subjeétive chaﬁges
during exercise car be grouped into unique clusters that can be reliably measured. Kmsman
‘Weiser and Stamper’ s° (1973) findings were adapted and utilised in the dlfferemlated RPE
mode! (Pandolf, Burse and Goldman, 1975) which was dlSCUSSCd earlier. .

Rejeski (1981) suggested that motivational input-may not affect KPE 1( physiological
cues are intense (similar to the effect of task durauon) The effect of motivation may not beb
generalisable acrpss tasks smc& an individual's percepuon of e;emon (i.e., as ability ;o
withstand pain) may affect RPE. ‘

Finally, Rejeski (1981) felt that RPE rhay havé emotional antecedents. Affective cues
a‘re seen "to be 1mportant precursors to cogmuon and may be internal (personal emotional
‘ _states) or extemal (e. g the affecrive response from sngmfnqant others) in origin. Thus
internal cues such -as anger, or é%mal cues may have some effect on RPE. Rejeski (1981)

suggested ih‘at the effect of emotions on perceived exertion may be-an interesting.area for

1
future research.
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2.4 SUMMARY OF THE RE\I’lEW OF RATINGS OF PERCEIVED EXERTION

The previous review was not meant to be an exhaustive search of the literature, even
though it is quite comprehensive in séopc. The Borg scale (1970) is the best instrument
- .available to assess RPE, as it can integrate salient factors at either a differentiated or a
‘superordinate’ undifferentig"‘ledblevel (Kinsman and Weiser ‘1976).‘ However, a problem v;/ith
this scale is that it may violate the true growth c‘)r‘effort perceptions (which increase in a
positively accelerating manner) by virtue o; it's supposed linearity (.Borg. Ljuggren and Ceci,
1986; Borg, 1982; Ca‘rt.on and Rhodes. 1985). Aﬁother problem may arise out of the level of
measuremém that the'scale represents which may confound some of data analysis in past
studies. However, no bet;er alternative presenis.ilself for th?s study, ’

A few points seem to be well established in the literature such as the concept of
‘central' and loca‘l factors in the input 10 RPE. However, the specific physiological~variables
involved and their Bote,ncy as -gues seems to be an area that is still dispuledv. Research
mélhod'ology inp)_; .fﬁ*a‘ Eonfounding factor in the current literature; such variables as the
scaling teéhniqucs, exercise modes, eXercise proiocols and small sample siZes used (e.g.. most
sfudies in Mihevic's (1981)>review used less.than ten subjects) may ipr.cl)vide conﬂicting data.

Even if objective physiological data could be .reliab'ly associated with central and local
factors other pafameters such as cognitive stralégies, psychometric variables or perceptual
style may alter the reporting of RPE. |

Rejeski ( 1981") seems to have been the first author to illustrate the extent of the
- factors that may haj/e an effect §n RPE. Rejeski described Ri’E as a
social - psychophysiological construct which integrated the effects of personality, physio’logical
cues, past experience, motivation, vexlen-lal cue‘s etc. &g}eski. 1981). |

Perceived exertioi; is a complex construct which imiolvcs a broad spectrum of

mediating variables. The above review is thérét_’ ore intended to give a rationale for some of the

factors investigated in.the present study-—



3. METHODS
X :
3.1 SURIECTS:
/’%wemy female subjects aged 18-30 years were recruited for the study. These subjects
also took part in a diet and exercise study during the period when these data were collected.

The subjects were arranged into two groups,

Group 1.Training group, N=12. In which the subjects were active participants in a 6 month

running/jogging training program. W
Group 2. Non-training group, N=8. The members of this group underwent little of no

regular physxcal activity in the 6 month period (other than everyday, acu'?mes such as walking
10 university or lhelr place of work). Since this group was not seleclcd at random from the
same pool of subjects as the training group, it cannot be considered a proper 'control’ group.

This group will simply be referred to as a non-training group.

3.2 SUBJECT SELECTION AND SCREENING
The subjects were selected from respondents to several advertisements publiéhed in

university publications: a studc/m union newspaper and the staff periodical "Folio" magazine.

3‘.2.1 TRAINING GﬁOUP.

The training group was selected from respondents to an advertisemem for healthy
ferﬁalbs who wish to improve" their fitness level through a six month program of running or
fogging. . _. o

All respo'ndents were interviewed by t'elephone by the two investigators (the aulhor’.'
and a fellow graduate student and runner). The tclephonew interview, consisted of informing
the respondent of the high degree of cqmmiiment required for the program, and ascertaining
the respondent,s vcurrcm activity levgl. Those respondents who trained for more than once a5

aveek, or who were regularily involved in physical activity (e.g., squash or racquetball) were

excluded. It was also necessary to eliminate those people who gxpresséd doubt at their ability

o
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" ’

'to vl‘ully_‘ commit themselves to the program (c.g.. duc to reasons such as confljcting hours, or
time); - | |
Potcntia! participants in the training study were then invited to a common testing day
at the ‘University of All;enta Fitness Unit for a brief fitnéss screening test, The purpose of this
test w‘ps 10 fﬁrther eliminate doubtful applicants arfd select those applicants who seemed to be
. capable of comblcting the 6 month training program. A
At ‘,the pre-screening fitness test pqteln.lial squects completed the Physical Acfivil_\'
R;:‘;';diness QueStionnaire (PAR-Q), an informed copsent form for the tests aﬁd a physical
géiiyily questionnaire (to assess current activity habits). Following the signing of the
a;bpropr_iaté forms, a short tést involving several fitness measures was perf;)rmed. A more
complefe description of the méasures is included later in this chapter.
The subjects were selectéd ori the basis of the fitness measures, responses to the
PAR-Q and the investigator's .perccptions of their ability to complete theoprogram. Selected
subjects wefé then asked to discontinue any activity or training other than running to prevent
the possibility of other types of activity confounding resulls\and were requested to attend two
orientation sessions. The first session was used to describe the training pr'ocedures.‘assess
_ personality and obtain blood samples.' The second session introduced the _subjects 10 the use of
the diet diaries utilised in the other componenz of the study. ' .’ - |
The above measures were taken to ensure as homogeneous a grou;; as possible, based

on fitness and previous activity.

3.2.2 NON-TRAINING GROUP.

The non-training group was pick;:d from respondents to advertisements placed in the
same publications as the training group. It was hoped that a similar population would be
re.prescmed in both- training and non-training groups. It can be argued »howcvcr, that active
and inactive people represent two‘differeni sub-popuiations. Physiological similarities were
assessed at the pre-testing stage; ho@evgr the\psychological differences between the two

groups were beyond the scoiae of this study.
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The decrliscmcnts requested healthy males and _fcrﬁaics not currcmly. inv‘plvcd in
regular physical activity, other than.”normal' daily habits. The non-lraining parxiéi:i;;nnts were
réqucslcd to complete some diet diariés for a "Training and Diet Study”, and to participatc in
some fitness tests at various specified times (0, 3, 6 months of the study).

Financial remuneration (3 10 per diary) was offered lé),the non-training subjeccts upon

0

AS with the training subjects, respondents to the advertisements were pre-screened by

completion of the diet diaries.

telephone to determine their Suitability. Respondents involved in regular physical activity
{defintd as exercising more kthan once a week ), were not considered admissible to the study.

Suitable applicants wely then asked to attend an interview in which they completed the
PAR-Q:If there was any inconsistency between the telephone answers, interview information
and PAR-Q. the applicantsv were questioned and withdrawn from the study if deemed
inappropriate. Suitable applicants were then asked to attend two orientation sessions described
below. = ‘ | ‘

_ .

3.3 PROGRAM INCENTIVES h

o Non-traininé subjects were paid for completing diet diaries, and were provided with
free fitness test.ing at 0, 3, 6 month intervals. Training subjects were asied to provide their
own financial motivation, to maintain incentive axjd to maintain participation in the study
once ;larted (see Dishman, 19‘84)'. This incentive was a dei)osit of $100.007 Fifty percent of
which would be returned uporz1 successful ‘completion of the study. Training participants were
informed of the possible 'consequences of dropping out of the study, and they.signed a
"contract” agreeing to the conditions of the deposit. The tra'inees also agreéd to donate fifty
percent of their deposit towargs research expenses. It was emphasised that th; potential costs

“of exercise testing far outweighed  this donation. A full refund \’avas provided in cases of
injufy. or rﬁitigating personal circumstances. (See Appendix A for consent forms).

In addition to the above incentive, trainees were entitled to a 20% -discount at a local

sports goods store which had been negotiated by one of the investié&tors. It was hoped that
‘ ' o B ~
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this discount would encourage the use of appropriate running equipment. The discount lasted

for as long as the participants remained in the study.

' ‘
3.4 GROUP ORIENTATION MEETINGS

The schedule for group meetings was as follows.

.

1 Both non-training and training subjects attended a 'diet diary’ oricntation session.

[ ]

Controls attended a session to complete personality questionnaires, and-consent forms. A

.

post-test meeting was also attended to complete a second personality test.
3 Trainees Meetings: |
Trainee®fiended a meetiné to be introduced to the trdining program and the
purposes and requirements of the study. At this meeting v'arious consent forms: were

~ signed, one of which informed the subjects of poteﬁtial risks and benefits. ing

(e.g., injury, fitness, enhanced psychological well being). (see Appendix A).

The . trainees then completed varjous questionnaires for the diet study, and a
personaﬁty questionnaire. Subjects were assured of the confidentiality of the. results, and
o«

the need for integrity in completing the questionnaires.
Trainees also attended a final post-test meeting (at six months) to complete a~
second.personality questionnaire.

t ‘
3.5 TESTING PROCEDURES

Training subjects were required to complete a pre-sreeening test session. Once both
training and non-training subjects were chosen all subjects were required to undergo a fcries
of tests which followed the schedge described below .- ’

All subjects werele%ed at three points (pre- (0 month), mid- ‘(3 month) and post-
(6 month)) during the tfaining study for some Variables, pre and post for others. The
descriptior;s of the testing procedures are organised under the headings:

1. Pre-screening Measutes .

2. Test Associated with the Treadmill Test
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3. Other Tests.

3.5.1 PRE-SCREENING TESTS FOR TRAINNG APPLICAMS

A twelve minute sub- mé?umal bxcycle test was used to csumate cardiovascular
endurance. The equipment used involved a Quinton electrically-braked cycle ergometer to
deliver the physical work and a Sport Tester to assess Heart Rate during the test. The exercise
protocol involved an increase in resistance cvery four minutes in order 10 raise lhe subjects
"heart rate to the following’lcvels 110-120 beats per minute (bpm) for minutes 1 to 4,
120-140 bpm for mmulcs 5 to 8, 140-160 bpm for minutes 9 to 12. Maxlmum aerobic capacity
was estimated by the Astrand Nomogram, (Astrand and Rodahl, 1977) A submaximal test of
aerobic p‘ower was used for safcty reasons since“lhe applicants were unknown ‘to the
mvcsugator and also 10 save time and expense, (Thodcn Wnlson and MacDougall 1982).

.

Skinfolds were taken at four sites .tg esumate pcrccnt bogy fa! A sum of skinf olds~-

was caiculated for cach subject. The procedure is as outlmed mugx"é Canadxan Standardnsed Of
Test of Funcss operations manual, (Govcrnmenl of Canada 1984);"’chg g};% R .

also measured. S

. This test was carried out as a pre-screening st only. . <.

: dxmu protocol was altcrcd fbr
VO, Ma; before faugue Due
L3,

ﬁmy have becn affcgmd by the

capacity due to the training program. For this rea?x
the mid anu post treadrmll tests so that subjects wi

to. }mimodxﬁcaupn. it was felt that perceived :
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dissimilarity 6!‘ the two tests (Robertson, 1982). Dif feremiilcd perceived exertion ratings were
therefore obtained on the mid and post sessions only.

. Therefore the initial treadmill lest was considered as a further orientation session to a

maximal treadmill test and the use of the RPE scale.

It should be notéd that the effect of different treadmill protocols (Robertson, 1982)

may confound any attempts to elicit ratings of perceived exertion at individualised percentages

of VO, Max.

.
35.21 TREADM!‘I:L JORIENTATION PROCEDURES ’

\ Bcfore the sub)cctsk were allowed to perform the pre-test on the treadmill, they
were" required to undcrgo a'treadmill orientation session. The subjects were asked to walk
or run on the treadmill at different speeds and slopes to familiarise themsflvm Wi;h ,lhe
ﬂreadnﬁll. and the testing procedurcs.. It was hoped that the familiarisation ’;ession\would

; .
reduce the level of ‘pre-test anxiety which is commonly asso‘cialcd with’ treadmill tests

)
(Cardus. 1978, p 84). Mom&n (&273) suggestcd tha( anxxous SubJCClS my not be abke (0

l-‘

2

-

‘accuratcly perceive their exertional levels. It was hoped that the increased familiarity wuh" '

the procedures would reduce this potential error. -
T

The familigrizalion procedure consisted Qf the following steps:
i) The subjects were allowed to walk and jog on L}_xe" treadmill 9{ V’;.rious speeds. -The
participants were instructcd on the safety procedures (i.e., how to get on and off the
treadmill and the appropriate use of hand signals).

ii) The subjects were then allowed to walk/run on the treadmill with hcadgear and then
with the Rudolph Valve in tﬁe mouth.

iii) The-subjects were then introduced to the testing schedule (described below), and tbld

t0 run until they wished to stop. ' _ 7

3.5.2.2 INITIAL FREADMILL PROCEDURE: PRE-TEST
The rcs‘pirato? measures and heart rates were assessed directly using a motor

driven trealimill, Beckman MMC, and Cardiotachometer. All participants (nqn-training

\

LY



.and trainees) were asked 0 completc a rtudtfted but standard graded exercrse protocol
‘on the treadmill (Thoden et al., 1982). The treadmtll was chosen since’ |t)~as a srmtlar

task to the trammg mode used. The treadmill speeds for the protocol were taken from the
(4

§
,ortcntauon sessions, as speeds that all SUb]CC[S could comf ortably accommodate
‘ ‘ ) '

)

3.5.2. 3 MID AND POST TEST PROIOCOL

r

ré;hc mtd and poMest was similar to the pre- tcst The mtual »:lrm-up stage.

@

‘cons{éted of 1 minute walk/jog gradually tncreasmg‘to the First. testing stage)- 2 minutes :
_al O “slope, and. a speed of 5.5 mph The speed was increased for the second stage 2
' mmutes at 6. 5 mph O slopee From the 2nd stage onwards tﬁ speed was held constant ‘
-~ ar 6.5 mph but the grade of the treadmtll was elevated 2 every 2 mtnutes until the test
was termmated .
The SUbJCClS were ftrst wetghed in Ktlograms (kg) and then prepar’ed for
electrodes HR monu.or leads and the head and mouth ptece ‘were then fitted. The
. subJects were then reminded of treadrntll'mst‘ructtons (1mludtng RPE).
Criteria used for_stopping the test were as follows. .~ = o s
1. A plateau'i'ng or slight drop in V_‘O2 Max. a's'tt,/()rk increases‘. or‘ |
2. Exh»austion of the sflbject -(voluntary cessation) (Thoden et al‘ 1982).
- 3.'Signs or symptoms of exertror}al mtolerance (A.CS. M 1980) -
The subJects were informed:of ‘their responsrbthty to inform the tester of their condtuod by
a. hagd srgnals S ‘ R
p ’
art from standard quesnons during the progressron of the test, (such as "How do
you feel”" "Are you OK» ") fo other commumcauon occurred between sub;ect and tester.
‘ThlS pro‘cefdure was. adhered to in order to prevent—tht effects of dtf ferentral motrvanon grven_»
to the subJects (Morgan et al., 1983). This seemed approprtate as mottvauon has been
suggested as an tnﬂuenttal factor in perceived exemon/ (Ktrcher 1984; Pandolf 1975 1978,
.1982)‘>“Wv w / o . ' R
s . The following phvsrologtcal measures were recorded every 30 seconds: Heart Rate

;

'(bpm) VE@l min-! (BTPS), VO, L.min*!, VO, ml/kg min~!, }/CO, l.min" l'(STPI}) The rattos
r \



%VO,Max. and VE/VO; were calculaied¥8this data. No invasive measures were used. The «

equipment and calibration procedures ugsed‘are presented in Appendix B.

g
Ve

3.5.2.4 RATINGS OF PERCEIVED E\ERTlON

Ratings of percexved exertion were 'ncasured usmg the Borg 13- poml scale (Borg
1970) and were taken in the last 30 seconds of each workload to comcndc with the
physiological variables of that 30 scconds. The. subjccts were given mstrucuons to report

/ central (CRPE), local (LRPE), and overall (ORPl'-i) ratings when asked (sce Appendn C

for mstrucuons) ' o / ¢

/

The subjects pointed to a card showmg the scale which wds held wuhm arm's

"length by a researcher The subjects yvere adwsed to hoid the treadmill bar if they feli

. unsteady when reporting RPE / “
v . ‘ o /’J . g ,//
_3.5.2,5 BODY COMPOSITION / , A

Percentage body fat was esu/rnated by the densuomem body density method.
ThlS method utilized the wo comp%rrment model (fat/non -fal), and_ used an equation Lo
, estimate body densuy (Brozek, Grande Anderson and Keys, 1962) The equlpmenl and

o methodology used are presented 1f Appendix B.

» |
!

'<‘f},,3t6 TR;INING PROGRAMME . \ |
3.56.0.1 ORIENTATION |
The trammg prog‘tam was outlmed to the participants. The purpose of trammg
) progressron was ex amcd in srmple physrologlcal terms to provide subjects with a
rauonale Tor. the program et -.’7:_"? : < :
Sub_]eClS were also gwen mformauon on suuable it ootwear and apparel Details of

the sports store dlscount wefe also explamed Advxce on any f ootsmke problems was also

off ered to parucrpants to axd m the choxce of appropnate equrpment

&

. . . -
3 G -
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.,a.nd a recOrd of /progress. {See Adppendix D for actual schedule given to subjeets).

.57

3.6.0.2 TRAINING MODALITY |
The ' primary rnoda(jty ffised for training ‘was running or jogging. Additional

.mformauon on the program included correct warm-up procedures such as $tretching

, exercrses for running (Anderson 11982). Suoups and push ups were also included in the

program for _their value in mamtammg muscular endurance to contribute to general',_

fitness (Fox and Ma[thews. 1981).

3.6.‘0.3 INTENSITY. FREQUENCY AND. QURATION OF TRAINING , \

- ~The nro"gram was designed to allow lh’e'subjeets' to monitor their own tra‘ihing'
intensity without relying on expensive telemetry‘eduipment. The'pr‘ocedur'e provided for
testing the e’f ficacy of a simple monitoring program that has been readily implemented in-

many fitness programs o ' . ' -

4

¥

;o The trammg mtensrty was individualized for each subject, and was based on the

Karvonen heart rate .reserve methdd (HRR) {on and Mathews, 1981). The: training

Jn-;en_sity attempled to elicit 60-90% HRR. . ]
. . , ]

Freé;uency, of traim'ng initially started at 3 times per week, increasing by one °
seésron a week every 2 momhs
Duration of the exercise bouts started at lS mrles a” week, the mileage was

increased by appr_oxrmately 5 miles a week each mggth. up to a total of 30-35 miles per -

week af ter 6 months

<

SUb_]CC[S )\vere given a 'standardized' program format to follow- however

% ‘individual drfferenoes in the abrhty to adhere to the program were found Subjects were

thus encouraged ,to progress at theu own pace.

A

It was rqtended that much of the program wo‘hld be self regulated Subjects were :

.
3

asked 10 log anji graph their mlleage each week, this was seen as a mouvatronal,degvrcei,_. '

¢ . ¢
]
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3.6.0.4 TRAlNlNG TlMFS AND ENVIRONMENT

Subjects were assrgned 10 lunchtrme (12: 00 noon) or ecvening (S5: 00 gm)
training sessions: Eventually, it became clear that subjects had difficulty in maintaining
‘the regular times, and so a flexible schiedule had to be arranged. Thus subjects wollld
-train under’ the supervision of their trainer at least once a week and then make up their
mileage on therr own. It was hoped that the VO, Max tests and Tinancial commltmcnts
would provrde enough mcenuve to train. The fitness tests also provided an obtecuvc |

measure of the effectiveness of the actual training programs' \

‘w

Training was tmtralny conducted on a, 200 metre mdoor track, to avoid the
mclement winter weather and the possrbrltty of injury from running outdoors Track
running also atded the accurate assessment of trammg mileage. However outdoor runmng
was encouraged later in the program since the SUb]CCIS reported it 10 be more en?oyable

It was decided p pursue this latter strategy to- minimise the number of -drop-outs from
[

‘the study. In ‘order to factlrtate the outdoor runmng the mvestlgators had . accurately :
plotted several outdoor routes by using a rneasurmg wheel. The routes varied from-3-4.5

‘miles in length and followed cross-country trails and paved road,_‘utili‘*sihg{l_)hoih,‘,hile and

-

flat terrain. Subjects were shown.the cours_es'and maps were provided.

3.6.0.5 TRAINING PERSONNEL -~ o i
Training was momtored by the two prmcrpal mvestrgator’s The tramers alternated

between eas:h group on a weekly b%rs‘ts to control for any mstructor bxas‘ The trainers also
: > B

-met darly to drscuss each ;&mm%&ssron trammg progressrons and any problems that

. » R

had arisen. e

. .

A

3.7 SUMMAR\ OF TRAINING AND TE?S%NG SCHEDULE
A summary of the trammg and t’fstmg schedule is shown in thure 3 l .

* -/
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3.8 STATISTICAL ANALYSES
The data were anal)scd ucmg the SPSSx package)Norusls 1983). The level of
association between the RPE measures and the physrologu.al variables, was assessed by Pcarson
product-moment correlation coefficients. Test-retest reliability was also, measured using
| Pearson correlations, since this is the preferred method when assessing the same subjects on .

thc same test on two different occasions (Ferguson, 1981).

-

’ Prcdiction'equalions for RPE were calculated hsing a slepwise regression method
which lrscd both forward and backward elimination processgs (Norusis, 1983).,

Finally, differences between, gryups, limgw.or stageS' on all of the measured variables
were aéseséed by a multivariate analysis of variance prbcedure' (UANOVA, 'T. Taerum,
Computing Services, University of Alberta, Canada.).

The minimum criteria needed to reject a nuil hypothesis of no diff erenccs between the
meéns of the grbups, stages or testing times was set at p<0.05. (Norrrsis,, 1983). Any
occurrerrces of more stringent levels of significance were also noted. The same criterion level

was used for the Pearson correlations and-the Regression analysis.



@  4RESULTS S

4.1 SUBJECTS SR | | : o
The physiolog‘icai end amhropometric characteristics of the subjects at. the pre-testing
stage are s‘ho'Qn in Table 4.1. It can be seen that the trairring group are slightly older, heavier
and taller than the :non,-'traim'ng group. The pre-test data for VO, Max., bpdy wciéhl and
~ body fat was analysed py an arralySis of variance. The analysis revealed significant diffcrences
“ at the p<005 level for bod) weight between groups; the trainin'g éroug weighing more than
lthe non-traiming’ group ( 60>1 kg. and 55.1 kg. respeclively) No significant dif’ ferences werev‘
I' found between the groups for VO, Max. Or ‘percentage body fat at the pre tesung stage.
Detanls of the analysrs are shown in Appendrx E. |

4.2 TRAINING EFFECTS . N
‘The volume of training achieved by the subjects is shown in Figure 4.1. It should be
noted that subjccts‘ 'initially',tralned in exeess of the required mileage; however, the training

levels evemuelly failed to match the trainiqg schedule and never achieved the required goal of /
30 miles per week. The inability to maintain the required training level during the latter st£g$
of the mvesugauon may partly explam the lack of significant increases in aerobic power whrch
were found between the mid- (3 month) and post (6 momh) tests. The descnptrve data for
' the physrologrcal changes that occurred between ‘the mid-and post-tests are shown in Table

,42 .

"'!'fie percentage acreases in VO, Max. are presented in Table '4.3. It can.be seen that the

-

. mcreases in VQ'

'v

as a result of trammg were more pronounced betw

‘ mrd -testing sessnori§ (22 0%). The mcreases in VO, between mid a.nd po

.
.
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Tablg 4.1 PHYSIOLOGICAL CHARACTERISTICS OF SUBJECTS AT THE
PRELIMINARY TEST (PRE-TEST) .

. AGE HEIGHT WEIGHT * VO,Max. % BODY
- (Yrs.) (Cms.) (Kg.) (mi.kg.min'.) FAT
TRAINING; '+
M Y 1636 60.1 35.9 2.8
s.C. S 1.49 2.65 "1.43 12T 2.14
NON- .
TRAINING: \ .
M . 22.1 158.2 55.1 ' 35.5 264
s.e. 0.93 1.69 106 - . 112 RS

-

PR .
The notationfor Table 4.1 and all other tables is as follows: M:mean: s.e.: standard
- efror of the mean; n.s.: not significant; p: probability; +: standard deviation.

e

Table. 4.2 PHYSIOLOGICAL. DATA FOR TRAINING AND NON-TRAINING
SUBJECTS:MID AND POST TESTS

- WEIGHT VO, Max. % BODY

(Kg.) (mikg.min') FAT
TRAINING MID-TEST .
(n=12) M 60.2 43.8 24.8
s.e. 1.38 1.29 1.03
POST-TEST
M 60.2 45.3 , 24.9
s.e. 1.62 . 1.34 1.22
NON- : .
-TRAINING MID-TEST
(n=8) M ‘ 56.5 37.5 26.2
o s.e. - 1.38 .1.66 1.69
POST-TEST . o
M 56.5 36.7 26.5

s.e. 1.44 . 1.23 © 119




Table 4.3 PERCENTAGE CHANGE

63

IN VO, MAX. FOUND AT THE MID AND

POST-TESTS
TRAINING: ; g
(n=12) MID , POST
PRE 220 26.2
MID .- 3.4
NON-
TRAINING: - D
(n=8) MID POST
PRE 5.6 3.30
MID .

213
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Figure 4.1 Graph showing training volume achieved by the subjects’
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The group differences between pre, mid and post-tests for the three variables (V& Max.,
body weight and body fat) were analysed by a fwo-wa,v analysis of variance. The resulmsf
the pre-test analysis have alrcady been described in section 4.1. The initial results of this
analysis showed significant group differences (p<0.05) for VO, only, boﬁy’ weight showed a
. near significance (p<0.07) and no differences were found for body fat. A significanl effect
of time was found for VO,Max., but not for the blhcr variables. A group by,tinﬂe interaction
was only found for, VO,max. A post-f_)oc test by Scheffe method of mlitiple comparisons
revealed that VO, Max. had significantly increased (p<0.05) for iﬁ;Ttrai}ling group between
pre (M=35.9 ml/kg.min"') .and mid-tests (M=43.8 ml/kg.min."'), but not between mid
(M=43.8 ml/kg.min"'and post-tests (M=45.3 ml/kg.min..'). The training subjects therefore
bossessed significantly higher VO, Max. values at the mid and posl-test§ wt}en compared to -
the non-training subjects. ©

The results for body weight showed that the initialv (pre-test) differences bem?een
non-tra)ining and 'training groups were maintained throughouttlhe six month period; however,
no differences were found within each group as a £ unciion of time. No significant differences
were seen for body fat between the groups at any stage of the six month period. The detailed
analyses are shown in Appendix E.

Therefore the only significant effect of training was to increase the aerobic powé£ of
.‘ the training subjects between pre and mid-tests. Thus, significant diffefences in body weight
a.nd VO, Max. were already present between the’groups before the investigation on *RPE was
. conducted. These differences may have had some effect on the RPE measures ta_kz_m, and will
g be discussed in a later section. The aerobic power of the training subje'cts was not significantly
altered between mid and post-tests (the two perceptual testing points), this may aiso negate

any longitudinal effects of training and RPE..
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4.3 PERCEPTUAL AND - PHYSIOLOGICAL DATA FROM THE MID AND POST
TREADMILL TESTS

Since most of the non- training subjects onl) completed two of the iest stagcs ((}
slope, 5. 5 ‘mph and 6.5 mph) the training and non- trammg groups were compared on lhcsc' ,
two stages only. This analysis was conducted to compare the groups on similar test stages SO
as 1o _@foid confounding factors such as different test durations and intensities which might
have occurred when analysing other testing points (c.g. terminal RPE values). A summary of 4
the means and standard errors for. the different groups at mid and post-tests is"shown in
Tables 4.4 and 4.5. Due to difficulties in measurmg heart rale thesc values were not included
in the analysis, &

In order to ascertain any significant differences in the data with respect to groups,
stages or test times the data was submitted to an analysis of variance (UANOVA, Univer;ity
of ‘A‘lberta. 1986). The data was also subjected to the Bartlett-Box test for: homogeneity of
variance and analysis for normality (Norusis, 1983). T‘l;e results suggested that the data did
not violate the assumptions needed for analysis of variance; however, it should be noted that'
normality is a difficult concept to validate with such a small samble size (n=20). UANOVA
appeared to be an appropriate test for the data. The initial analysis indicated some signif icant
F ratios and probabilities which are shown in Table 4.6. The lowest criteria for significance
was taken at p<0.05. |

Significam' main effects were found for group and stage for some variables.
Significant interactions were also found for group by stage and group by time. No significant
differences were found as a result of time (Table 4.6). Thus the training effect which would

be expected to have mamfested itself in the umc analysns did not appear to mﬂuence any of
the variables measured. Line graphs of the sxgﬂiﬁcam effects are shown in Figures 4.2 and

43. °‘
A post-hoc analysis using Scheffés method of multiple comparisons (SPSS)’(_) was

performed on each significant dif ference shown for éach variable. The results of the post-hoc
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' Tablc 4.4 PHYSIOLOGICAL AND PERCEPTUAL DATA FROM MID AN'D POST 7 2

'\

TRMNING SUBJECTS

" GROUP VARIABLE TEST 1 “TEST 2

' ‘ STAGE 1 STAGE2 STAGE 1 STAGE 2

. TRAINING __ CRPE M: 7.9 103 8.6 10.9

N=12 s.e. 0.51 0.7} 0.51 0.51

' LRPE M:8.2 10.3 9.1 10.8

s.e 0.55 0.72 0.68 ©0.58

ORPE M: 8.3 10.6 9.0 10.8

. s.e, 0.51 0.74 0.63 0.53

VE, L.nin. ! .M: 56.7 68.4 56.1 66.8

, s.e. 3.19 3.54 2.29 2.38

VO,l.min. " M: 1.84 2.11 1.88 2.11

. s.e. 0.05 - 0.04 0.04 0.05

' VO,ml/kg.min'  M: 30.6 35.15 31.4 35.5

s.e. 0.83 0.67 0.88 0.64

VE/NO, M: 310 32.6 300 31.88

s.e. 1.90 1.86 1.36 1.4]

%VO,Max. M:702 8083  69.7 78.88

s.e. 1.84 2.10 i 1.67 2.20

VCO, 1.min"! M: 1.85 2.26 1.73 2.12

s.e 0.07 0.07 . 0.05 0.07

The variables are abbreviated as follows: Central, Local and Overall Perceived Exertion,
CRPE, LRPE, ORPE respectively; Minute Ventilation, VE; Oxygen Consumption, VO,;
Resp:ratory equivalent for Oxygen, VE/VO,; Percentage of Maxima] Oxygen Uptake
%VO0, Max.; Volume of expired Carbon Dioxide., VCO,.

q
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Table 4. S*HYSIOLOGICAL AND PE- RCEPTUAL DATA FROM MID AND ‘POST TE.STS

NON-TRAINING GROUP | e
GROUP — VARIABLE TEST 1 TEST 2 —
.‘ : o STAGE 1 STAGE 2 STAGE 1 STAGE 2
'NON{!’ " ‘ : _ : : . o ‘
TRAINING  CRPE M: 11.0 IS VN SR 13.5
N=§ ' s.e. 0.63 0.55¢  0.69 0.71
LRPE T M: 111 140 - 1.4 13,5
‘ $.0.72 0.68 -  0.68 0.79
o ORPE M: 11.3 1438 1L$ 13.9
$iin _ : 56075 0.59- 0.73 - 0.7
L TS VE, Lminao M: $5.5 *69.2 «54.5 110.9
Pl C L se. 308 3.1 243 . 250
AR A " o . : .
G VO,l.min."! M: 1.74 1.94 1.66 1.88
HP L A ‘ s.e. 0,06 0.07 0.06 0.07
Y |
AR VO,ml.kg.min"' * M: 309 . 34.4 29.5 33.4
i s.e. 1.00 1.20 1.02 1.04
W' VENVG, 5 S 39 32.9 378
| I 1.91 1.44 1.09
e a\ “ R ‘ .
.;,i% ? | b © L %V0,Max, 91.5 80.6 R 9‘}.1
ST SN 2:.17 1.89 " LIT
«  YCO,l.min" ;1. 2.18 1.76 2.24
: s.e 0.08 0.09 0.09 0.11
I . .
4 \
\ - ° .
b
3

-
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23
Table 4.6 SIGNIFICANT %,R.&"T"ipf‘"‘f;;ok ANALYSIS OF VARIANGE - .
| S T ‘ 4.
VARTABLE - GROUP TIME__'STAGE _ GRP/STAGE GRP/TIME
- CRPE O s 074 s T70%
.LRPE 11.77% n.s. 112,19 ¢ nso 7o n.s.
ORPE 11,77 ns. - 143.67° s ns.
VE L.min. ns. ' ns. 303.558 - 6.81% n.s.
—YO,l.min."! 8751 n.s. 142.58¢ NS, - , DS,
vO,ml. kg.mip.'  ° ‘ms. "n.s. 190.86* NS, n.s.
%VO,Max: 22.57* ns>  "160.06% % ns. ms.
- VE/VO, . ns. ©ons. 57.27* 12.28% - IS,
VC('),‘{ o fi.s. n.s. 209.83¢ - n.s. n.s.
- " p<0.001 2 '*’
t p<00l - ;
1 p0.05 o

v

A

. : . * . : ) - .
- Further details of. the analysis are shown in Appendix F.

L
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analysis are shown below.

LI

4.3.1 MAIN EFFECTS

4

PN

4.3.1.1 GROUP EFFECTS

.

- Drfferences berween the training and non- lr?rmng groups were seen in Lenlral

"t

RPE. locdl RPE overall RPE.. VO, l.min. ! and %VO,Max.

A. Percelved Exeruon :

'

b) Com o}: CRPE (M=12. 44 +l 67); LRPE (M =12.59 £1.74), ORPE (M=12. 72 +1.81). ¢
B. Percemage of VO Max. ' e . - '\ k? : T
c 4

The analysrs showed titat the non- tramrng group were exercrsmg at a higher percentage of
therr YO, Max“’ when compared to the lrarmng group (s(ee figure 4 2c) On average lHL

-trammg group were gxercrsmg at 7<t .99% \/Oz Max (£6.13), whereas the no " »

were workmg at 86 33% VO Max (3. 52) . ‘ ‘ j;
C. VO,lmm“ o o A |
"Results showeJ thal the raifing group used more oxygen than the non- Lrammg group
l(trammg. M=1.99 lrnm S0, 114; comrols b@l 81 Lmin." £0. 160) Thisr drfference was
not seen when. bod’werght was taken mto consrderanon (i.e., VO2 ml/kg mm ") (see fi rgure
4.1c and Table 4.6). The group differences are most likely accounted for by the srgmf rcamly

' ‘heavier weight of the training,subjects,

S . . '

- : - \ B . :
43128TAGEEFFEC’I‘S ‘ C o SR

‘a
“ PO A \

All vanables showed sxgmfxcam dxfferences between stage 1 and stage 2 ot‘ the

treadmrll test when values were collapsed” across both tests ( UANOVA) Valucs for all
S , . .
. ' S A



13

the variables were signific’antly higher during the second stage of the tesl (6.5 m.ph.).‘

Thrs data lmplred that the dlf'ferences between the two stages of the test were af

-

sufficient magmtudc for physrologlcal and perceptual discrimination (see tables 4.4 and

4.5). S :

L

. 4.3.1.3 EFFECT OF TIME | o

It was mentioned previou’tha( -no main effect was found fof the perceptual test
o a Y.
"measures as a function of time. Any training effects would be expected to be mrrrored by
b’\.'~
‘. this %gme(er It therefore seemed as if the subject § training program or the program

adherence ﬁ,ing the latter part of the six month perrod (mid Epost//f&)\}was not of a-

O
suf fi rcrent to cg‘uﬁ' a srgmf icant ph)gvologi‘cal or perceptual effect

S B N |
43'2 rNTERAcnoNs ' '” = . My N P
(STINTERACTIONS = B g T e g

A further pbst-'hoc analysis was conducted on t.he‘si‘gnif icant interactions (T'ab?é 4.6).

Due to the number of comparxsons Bonferrom s correcuon factor was used to aecrease the

&

pnssrbrhty of a type-1 error (Burns, 1984) Bonferrom s correctron mvo]ves drvrdmg the
‘
mmrmum level of significance (p<0 05) by the. number of compansons thus smce foﬁ

\

ns were berng made a.probabrlrty of p‘<'o 0125 (0. 05/4) was requrred to°show dny

'drfferences between group by time or group by stage The mteracuon means are

shown graphrcally in Figure 4. 3 T - | | @.l
. . X o : e ' ‘ ‘

4 3. 2 1 GROUP BY TIME INTERACT. ION

An mteraction between group and txme was seen for central RPE (CRPE) only

3 T

. Tra%g and non -training groups were foufc'l to be sxgn jcap! dlfferent at the rmd test >
) AR

(p<0 008): however,' these drfferenoes ‘were not found at the pdst testmg ti’me

R

(p<0,0394) No srgmfrcant drf}erences were seen as a result ‘of trme wrthrn erther group

5‘5

i : "I'he mteracuon means are shown in Frgure 4 3a. This fi rgure shows that the "
A

drfferences between the groups at‘ the rmd test were negated at the post test smee the

o
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sa“ a
: Ira‘mmg group slightly mcreased thenr perceived exertion, (M* 9.13 mid 19, 75 @ﬁt) while -

B
the non-training group's .CRPE slightly decreased, (M: 12.56 mId 17 31 post) Possible

reasons for the &served chankes will be discussed in the next: chaplcr y ,/* |
*® '
) #

during stage 1, but h,Igher \’E ‘'values at stag? 2. - . 2

»
iv*r:/voz L

LY

The post*- hoc analysis for VE/VO, wed ‘similar Tesults Io the VE measures. nghly
srgnrfrcam drfferences were seen betwe‘e{; stages 1 dnd 2 for both groups (p<0 000) (FIgure
4.3¢). However srgnmcam dIfferences w&‘n‘ot 'seen ‘between the groups at eIIher stage,

although - lhe means{@peared o be drfferent (see Figure 4. 3c) The reason for this lack of

.between -group sxgmf icance may be atmbuled to Ihe large error vanarIce .
a-.ﬁ?“ o . «‘ J:x . Y )
. > N 7 ‘ - X . . B ‘ & ‘ N )
4.4 CORRELATIONAL ANALYSIS OF THEDATA .~ = O | T
« 4.1 TEST RE-TEST RELIABILITY L ¥

& *

o ¥ > - ) :
l § A sunple method of assessIng Ihe lest retest rehabxllty of a ngen test, usmg the same

]

subJecls is by calculatmg the corr;lauorx coeff jcients of the two Iest.s (Ferguson 1981) The

Y

correlatxon coef fi Icents for each stage between mId and post tests are shown in T able } -
| & The results In Table 4.7 show that the trammg group gcncrally showed a-higher, level »

of consrstency in, thenr perceptions across lhe tests (p<0 001) when corﬁpgreé to non Iraminga

oy
Dl-. ’

subjects The test re-test cocffxcrem for local RPE (LRPE) in Ihe non- Irmnmg group drd not«\ o
' Vs oty '
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Table 4.7  TEST- RETEST CORRELATION COEFFICIENTS FQR RPE MEASURES
.BFTWEEN MID AND POST TESTS - e SRS "';qr o
i ) ' e 8 N :
TRAINING ~ STAGE1 . STAGE za 1
" CRPE — 0.847° —%e 3 B
" LRPE ’Q - 0.709* \ : " 0:870° 4},” :
 ORPE . ~ 0.809° ‘ 09000
NON- T .
* TRAINING STAGE2 . =
CRPE . ~0713%
LRPE , " ons.
_ ORPE . 0.721%
- #p<0. 0T g
1 p<0.01 ‘ '
$p<0.05 4 7 . -
- - v 59
geash significance (r=0.531). * :
N

44.2 CORRELATIONS BETWEEN RHE AND PHYSIOLO%-gAL DATA
Pearson*correlanon coefl‘rcnen‘ts were also calculated between each of the RPE and
physnologrcal measures. Stgmfx&ant correlanons (p<0 05) between these vanables are shown A

m'l”ables48to411 ST “‘

o« ™

Results of the correlattonal éﬁalyés between RPE and the physrologrcal vanables

_mdtcated that separate clusters of physrologrcal vanables were assoctated \vtth the RPE
) » “ . )

measures The assocratxons between these variables seemed o0 be very complex since dtfferent
' L4

physrologrcal vartables were assocrated with each of the central local »@”d overall RPE

)

measures Different levels of assoctatwn bethn these vartables we{e aiso seen as a result of .

' group. test ‘stage (Stage 1, stage 2) and test ume (mtd test post test)

“‘ The correlauons between the three RPE &/anables were nearly all stgmfrcant beyond

: the p<0 05 level the oply non- stgmfrcant assoctatton was seen« between LRPE and CRPE in

) I 4 '
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(nc nonutramlng group (test 1, stagc 2), (Tablc .4 IO),,The tratmng group appeared to show

ﬁ

more assocrauons wnth the physiologica| data. VF lmtn ' and VE/VO, consistently %howed ‘

smmﬁcam posmve c&rrclaqons with the percepipal rheasures (Tables 4.8 and 49). An
t‘-)

mterestmg f mdmg was that VO, 1. mm ! was always negatlvelv corrclated with RP‘E for botR

<

trammg and non training subjects, (Tables 4.8 and 4. 11)
s

«;";a-‘ The non- trammg group demonstrated less consxstency in the correlauons between

ph)stologrcal and perceptual data. VO, m'l/kg min. .

‘ the onl) measure that was assocratcd

~with RPE (LRPE) in the l‘rrst test; _However WoVO, Ma\ a%eared vy corﬁlate hnghl) with .
" CRPE Znd ORPE m the &ond test. VO, L.min"' was again negauvely correlate,db_w:th LRPE

_ and ORPE in the second test, (Tablés 4.10 and 4.11). S

*terestmgly ehough the ORPE ‘measures were not as h}ghly assocnated with the

:'srolngrcal ddta as CRPE or LRPE in the irst test for. erther the non-training or training

groups (Tables 4.8 and 4.10). This trend was altered or’l\n’bsqon‘d, test where ORPE

manifested higher correlations wlth the perceptual data, (Tables 4.9 and 4.11).
} . . ; A ] . - .
- Complete correlation matrices fog training, non-training and combined group data are -
shown in Appendix G. . ‘ . R

L ]

o

4. S PREDICT lOl\ OF RPE BY STEPWISE MULTIPLE REQRESSIOI\ -
U It was mdlcated previously that a stepwrse\%iron procedure (SPSSx - STEPWISE)
was conducted to calculate a possible prediction equation for RPE as an exploratory analysns
Smce overa"ll RPE is -4 combmatmn of central and- local l‘actors ‘and correlates sngmftcantly
wrth both ‘measures (r 0. 666 0 988 see Tables 4.8 and 4.9), it was chosen as-the dependant
| var—rable in- this- analysrs The mdependan& varrables used were all the physnologrcal measures

taken in the rmd and post treadmrll tests “(i.e., VE lmm -1 VE/VO,. VCO, l.min."! VO2 :

l.min.

gmm 1, %VO, Max)

_ In order to satxsfy ‘the assumpuons of normality and equahty of variance an analysis
of resrdnals» was conducted - (Norusrs, 1983).  The data did not .seem 10 violate -these
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Table 4.8 SIGNIFICANT PEARSON CORRELATION COEFFICIENTS - .RPE ANp’j
SELECTED PHYSIOLOGICAL VARIABLES, TRAINING SUBJECTS '

MID-TES ' STAGE 1 N
. " * CRPE . LRPE ORPE /
CRPE - _
LRPE , B4se . '
1 ORPE .929* .899* C
... VE/NVO, 528% '5% n.s. g
‘o VO,l.min."' n.s. -.524 ns.
- STAGE2 o .
: CRPE  LRPE  ORPE .
CRPE . - .
< LRPE 934 . ’
ORPE 985 .968°* ‘ :
e VE/VO, . .593% . 6561 .587% -
+ VO,l.min."! - -.508% 5021 3 ns. ¢ q,,
VE l.min." 4971 Y569+ 4974 T

rq‘ e
!‘ ! v
’Pa%le"49 SIGNIFICANT PEARSON CORRELATION COEFFICIEINTS . RPE AND
*SELECI'ED PHYSIOLOG!CAL VARIABLES ‘l'RAINING SUBJECI‘S T T
. )
P N . by A -y -
. POST-TEST “STAGE 1 B '
h ’/'J oL o CRPE LRPE " ORPE
. " CRPE . -
. . ' LRPE ¢ 920° -
’ ORPE .96 . 967 ~
VE/VO, . 672+ .T110% © 793¢
A VE Lmina."! © .81t 156 PR ) L
STAGE2 =~ - " - o
- CRPE LRPE - ORPE,
CRPE T s AR
LRPE -~ . -943% " ‘ S
N ORPE . ’ 3, .988. .978. . * ’
VE/VO, 021 5 .6%1" .:leﬁr’\
VE l.min."! .6641 6131 . .,675
¢ p<0.001 ,
+.p<0.01 o . S T :
f p<0.05 ‘ v T _ .

. ] .
. ‘ - .
. : »



Table 4.10 SIGNIFICANT PEARSON CORRELATION COEFFIClI‘NTS .
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RPE‘AND
ﬁELECTﬁD ﬁHYSlOLOGICAL VABIABLES NON TRAlNlNG SURJECTS | ‘
MJQ-_TE§I, STAGE 1t
, CRPE °  LRPE ORPE
CREE L. .
LRPE v,754% . \
ORPE .912° .920°* -
ﬁg STAGE 2 . I
CRPE ‘1.RPE ORPE
CRPE - - v
LRPE n.s. - o
ORPE 813t 6661 .
VO,;ml.kg.min qs - 1891 n.s.
s p<0g01 | ,
t p<0£)1 . o
1 p<0.05 -’
o .
ﬂﬁ »
o ”

2
g

Table 4.11 SIGNIFICANT PEARSON CORRELATION "COEFFICIENTS RPE AND

SELECT ED PHYSIOLOGICAL VARIABLES NON- TRAINING SUBJECI'S

POST-TEST STAGE 1
n CRPE L_RPE ORPE .
‘ CRPE ) - :
‘ LRPE 7061 . .
€ ORPE » 933° 844t R
9%4VO,Max. 6803 ns. . \ ns.
| ' , VO,l.min. " . ‘ns. - .834% 7513
2 STAGE 2 4 . Y
w v CRPE LRPE ORPE
. CRPE . ' .
, LRPE ns.: - -
ORPE . 84l% 912¢ '
‘ %VO,Max _ 810t ns. . .752%
p<0.001 N\ .
t p<0.01 ) -
1 p<0.05 ’

SN . ‘ ' .
" assumptions and so the procedure was considered to be Wppropriate. Due to the small sampie

“

” .

-
>

T

&/“%
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size used both gfougs were combihcd in this analysis, but were segregaieq within the sample
by the use bf a dummy variable (TRAkNG) which was set to 1 for the training group and 0
for the nén-trainiﬁg group. The increased group size aided in testing 6r normality by plotting
studentised residuals , against - the expected normal curve (SPSSxRESIDUALS,
SCATTERPLCT). Due to a further ’assumbtion that the scores use’in Lhev regression
"cquation must be independant, the mid and po‘s't -1ests ﬁnd the two stages of the tests weré
) analysed sepat@el) )
The results of the regressnon .analysxs for 1he mid- “test data revealed that the only

variable entered in the equauon for stage 1 was the effect of trammg (TRAINGX

R’=0.3816. s.e.=1.917, slope (b) -2.917. The ¢ similar for the second stage of the

" test: Riz0.411, s.€.=2.266, (b)= 3667 ant F ratios.. (0. 0037 gnd 0.0023 «
respectively) ifidicated that the .g'ib%up effects were hxg ly sxgﬂxfgcam These value?suppgrt the
sxgplfxcanx.group‘rmém effects found by the UANOVA analysis. se. Tesults. ipdicated that ‘

there. was a main effect of training on ORPE, where level of fitness and. ORPE were inversely
related. - ' v -
. /

The results obtained with the posl~lest analysis sug‘ge’sted that two phvsio]oéicai
varxables may be used to predxct ORPE In the stage 1 analysxs the first step revealed
WE/VO, as a predlctor variable: R?=0. 3828 s.e. -l 951, b=0.325. A second step showed
that %VO, Max. was also a predictor variable. Results from the second step for both vanable;

b/' s
were: R?=0, 5237’“\5 e.=1. 763 0.2478 (VE/VO,) + 0.2569 (% VO ; Max.). '

T Analysis of thc sccond stage showed that VE/VO, alone was the best prcdlclor )
‘R'—O 4591, s.e.=1 8586 b=0.3254. The results therefore suggested m together
\| A0 and %VOJMax could account. for 52. 4% of the variance in ORPE in stage 1 of’ the
"‘ ppst test, 1VE/VO; alone could account for 45. 9} of the variance in ORPE for the second

‘ ge of the posl~tesg. .Thc results of the regression analysis’ aj{e shown in more detail in

ppendix H.  , : : t .

! R / . e s,
! : . '
’ ]
9 o
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The possible reasons for the dif ferent predictor variables between and ‘within tests will

Iy g

be discussed in the next chapter.



. 5. DISCUSSION

5.1 TRAINING PRQGB,\NI\EFP‘ECTIVENESS

- ' N . ' ”
The training program effects were most apparent between the ' mid-tests. The
» .

subjects showed large increases in VO;Max. (22.0%) over that thr

‘. A ‘ _ —

" gesults compare favourably with other_training studies which used jogging or running as the

nth peri hese -

main exercise, modality. JFor examp‘ic Ekblom and Goldbarg (1971), reporied ingreases of

15.5% in VO, Max. (l.min."') after 8 weeks of training. Sktinar et al. (1983) measfxred

3
£

increases of 19% in aerobic capacity with jemale shbjects after co}npleling ab io 8 week
:: training program. Th:s program was .more ‘intensive than the present study since the weekly
mileage ranged from 20 miles in week 1, to 50 miiles through weeks S5 to 8. Patton et al.
('1977) showed increases of 9% in VO, Max. after. 6 mo;xths of training with army re‘?ruits;‘
ho\veyer thc smal} thanges seen may-have been due to the mmal m@s level of these
“subjects (M 47. 9 ml/kg min."'). The presgnt investigation found that’ the majonty of the
mcrefses in fitness occurfed «in: the 3 months' of trammg that occurred before the
physxologlcal perceptual testing, thus ﬁncrease in aerobic power of 3.4% was seen between
*mid and post-test. These results are smular to tbqge of Skrinar e‘til;~ (1983) who shpwed a 6%
increase in aerobic capqcﬁy between the mid and post-tests of their st\;dy.. )
Unfotwnatcly the necessary’éhangc ihk treadmill prbt:o.col bet’ween the prej and’ .
| mid-tests prevcnt@’thc investigﬂtion of tﬁe eff;aéts of gains in ’aerobic péwer on RPE. Since ‘.
| ‘o

the ‘gains in. acry power were not s:gmfncam between mid and post- tests, the trammg

\

subje(:ts re;i' "‘& W {it group agamStﬁ ‘which the. ntg: trainiog: group“could. be’

. ¥
.;i._ ,compareu a th rmd ah@ post lests The expenmemal smlauon is therefore similar to that

0
of Patton et al. (1877) who compared groups of differing fxtness both cross- secuonally and
longnudmally However. only one of the- groups&“was involved in training in the present« study :

The msngmfmnt gains in fitness seeh as a result of the second half of the trzumng :

study (months 3-6, between mid and poét tests), may have been a result of a number of |

-~ . . - -



~ip the weekly mileages that Were reported Farlure to uphold lhe T quired volume -of training .-

»
4
{

5, ~“_.v E /

factors Frrstly. the subjects may not ha‘\;e adhered to the training program as required

'Analysrs of the subjeet S lrarnmg dranes mdrcates ‘that this was indeed lhe casé Complere

records of weekly mrlcagc were * kcpr Ry all subrccts until the mid-test, after this point the
quality of the record- keeping deterrdrared with only S completed diaries being re(urncd by
week 24 of, the study. (see Frgurc 4.1). Analysis of the weekly mileage mdrcatcd that the

4

training actually achiéved did not match the required levels after the mid-test (figure 4.1).

The standard error of the mean_ of the training mileages also increased during the second half

of the training prograrrr. This may have been due to !he decrease'in the number of lrainins

logs that were completed durmg this time perrod and the rncreased rnler mdrvrdual variabrhty

may indicate the potential difficulties of marmamlng the motrvatro? to train over such a long

’

timé perrod This may be a pamculanly rmportahr factor in novrce,roggers Itis rnteresung to

note rhat Skrmar et al.’s (1983) novice subJecls managed to complete weekly mileageﬁ of 50

mrles after only a month of training; however, these subjects were only expecred to exercrse -

f or 6-8 weeks, so perhaps the duration of the study was not percerved 10 be as demanding as
that of the presem investigation. Skrinar et al. (1983) did nor repott the actual tra mng levels

achieved. Personal commumcatron with several ol’ the subrects af ter the stud) %s suggeﬁred

- that those rndrvrduals who. most cloﬁly adhered to. the exercrse prescnpuon /ére rhosé' who

have raken up runmng as.a lrfestyle acuvrty Thrs may support the nouon th% the amrcrpatcd

long term duration of an aeuvrty may mnuence an rndrvrdual s abrlrry ry/ adhere to-a grven

program ' oo ‘ : b T 9\/

AN A secend lrmrr,atron of the training may have ansen from the training subjecr ‘s

¥

. -relrabrlrty in monitoring heart rate accuratply, or keedrng to ’the prescrrbed rnterrsr(ty of

exercrse "The rrrsrrucrors revrewed this procedure on several occasrons and Lhc participants

~
+

were encouraged to seek assistancg rf‘any problems in heart rate momtormg were encountered

The subjects seemed to be comperem in Lakrbg hearr rates It was therefore hoped tﬁu any
4

S

dproblems in momrormg exercise intensity would "be avorded However. srnoe lhe sub)ects,

. s r
. » .
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| trarned mdrvrdually for much ol‘ the program it was not possrble for e\ercrse mtensn) to be

checked on a regular basrs Heart rate monitors were not rssued to. the subjects erther these

may have been useful in grvrng feedback about exercise mtensrty to the subjects .Skrinar et al

(1983) used telemetrv equrpment in therrlstudy thts may be a uselul adjunctive method ' for

regulatrng exercrse intensity in.future tramrng studies.. ' : "

-

A thrrd and . more plausrble explanauon for the small mcrcases in aerobic pqwer

|
between mrd and post- tests seen in both the present srudy and that of Skrmar et al. (1983)

' ’may be provrded l" rom the exercrse phvsrology literature. Fox and Matthews (1981) have crted’- )

! e

- evidence suggestmg that, initially, increases in fitness are very raprd in response to tramrng

.

however, the rate of increase tends to slow after a few weeks of trarmng and eventUally

reaches a plateau de Vrres (l9§0) explarned that the rate of change in frtness is mversely

ip4
'proportronal to fitness level, thus fttness ‘gains are more difficult to achreve once a partrcrpam

has- made - initial 1mprovements de Vnes (1980) crted evrdence o suggest that the rate of
rmprovement slows down substantrally after 6 weeks Thus the mid - tests m both the present

* study and that of Skrmar et al. (1983) measured the dramauc rmprovements that resulted
!

from the early stages of training. The later tests show the typical plateaumg effect. The rmtral~

fi itness garns would be expected to be large smce both groups were relatrvely unf it. The early

K

improvements seen in the present study were probably large when compared to Other studles

o

it due to- the Jow initial aerobic powers demonstrated by the subjects (M- 35 9 ml. kg min."!). |

The small fitness gains seen as a result of the second half of the training program‘

prevent a complete mvestrgatton of concomitant changes in RPE as a result ol‘ aerobtc power;

'_however a cross-sectional and longrtudmal compartson -of training and non lraining subjects

was possrble Since the two groups drffered signifi xcantly in fitness at both testing times, they

provrde an opportumty to investigate the stabrlrty of RPE in drf ferent groups over trme This

2

analysts mrght also examme any effects of trammg on RPE mdependant of any changes m;_

aerobic power (such as increased pam tolerance ermore 1968)

s
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FmalI) the body fat da;a may have two rmphcauons Frrsuy. the srmrlam) in percenr

body fat of the two group/d' may rmplv that lhc o' grolrps id represent 2’ srmrlar

population. It should be noted that the initial VO, Max\d{a also in cated iwmléml) (Table

/

. 4.1). A second implication of the cata in Table 4.2 was that th Lrammg had litdle or no

cl“fecl on body fak Th‘i:s second "observalion may have been due to-the ineft'icacy of the

k\

. lrarnmg program vey the- ﬂtness data showed a signifi icant mcrease m agérobic power . with
B training. A more pl,&usrble explanauon may be that the training group increased their calorifi ic

© intake as a res;yénse to the increases in physreal—<>clrvrty. thus.mamrammg body fat at .

->

pre-training legéls. . SRR
‘ y , . A N
5.2 COMPARISON OF TRAINING AND CONTROL GROUPS -
' 5.2.1 S?ROSS-SECT TIONAL ANALYS!S OF RPE AND PHYSIOLOGICAL DATA .

The perceptual and physrologrcal data mdrcated that for both of the tests ‘the control .

/‘A

group consnslently rared therr percerved exertion hrgher than the trained subjects (see Tables

4 4 and 4 5, and Figure 4. 2). This effect was consistent between-all the RPE measures. One
/ surprrsmg f mdmg was that the oxygen cost of the work being rform d was higher in ~th_e,f
/ trammg group when compared to the non-trammg group; how&l //his finding- might be :
'explamed by the srgmfrcantly drfferent werghts of the two groups Slnce the trammg group
werghed more than non- trammg group at both tests (Table 4 2) thxs group would have to use

more oxygen due o the werght beanng nature. ‘of the Lask The RPE's therefore seemed to be

L "
“inversely related with VO,, since the RPE scores were higher m a group that used less oxygen

o
7

at each stage of the test.

The results showed that the non: training’ group were workrng at a higher percentage ;
of their maxrmal aerobic powers dunng both stages of the tests (approxrmately 81% stage 1,
and 91% stage 2) when compared to the more fi rt tramed group (approxrmately 70% stage 1,

\ and 80 % stage 2) Therefore RPE seems to be posmvely related to the relative cost of the

FS
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work being performed (e.g..- %VO, Max. rather than the ;absolute te_uel of the 'work

(VO,l.min.""),

* When the data of both "groups were ,considered‘ idgether an analysis’ of thc
relationship of RPE and %VO Max. revealed some sngmf icant. correlattons between the two

vanables The data f rom the first test revealed a significant relattonshtp betwecn CRPE and

.

the rdatwe oxygen ‘cost of the work (r= O 4128, p<0. 0s, stage 1; r=0. 4055 p<0. 05 stage

2). L@PE and ORPE were approachmg sxgmf icance (p<0.054 to 0.085). However, the data

taken durmg the second test revealed greater levels of- assocxatton between all of the RPE ‘

vartables and %VO, Max. Thus during the first stage correlations (r's) of 0.6484 (p<0.001), -

' .0 4810 (p<0 016) and 05733 (p<0 004) were found fory CRPE, LRPE and ORPE :

respecttvelv Results for the second stage showed r's of 0. 5567 (p<0 005), b. 4889 (p<0 014)
and 0.5622 {p<0. 005) respeqmvely for CRPE, LRPE and ORP£ (see Appendix G). It should
be noted that\the r/elattonshtps between %VQ, Max and RE were not so strqng when each
- group. _was analyseh separately, (see tables 4.8 t0 4.11). It may be that the range of values
‘ within.ea?ch group was not large enough to al‘low a meaningf ul_compartson.

' It should be . remembered ,that the value of r is influenced by both the variance of the

.data (Hopkins and Glass. 1978). and the sample size (Wilmore 1968), thus the groups -

represented a swaller and more homogenous sample when analysed separately than when

taken together This factor mlght help account for the dtfferent valu. @l 1 for RPE and a

.

partxcular variable Whlch are seen between the separate and combmed group analyses For
further detatls of group variances see Appendtx F. - o |
| Thus it seems that RPE shows a hrgh level of association. wnth the relattve cost of the

* exefcise bemgperformed L C N

A further extensxon of the relatlonshtp between RPE and the re‘lat:ve cost of cxercnse -

‘would be to mvesttgate the association of RPE to a given percentage of VO, Max. ‘A

preltmmary analysis of the data from both groups of subjects tmphes that'a RPE of 10.3 to

I1.5 may be associated with .work, between 79 and-82.1% VO, Max. (see tables 4.4 and 4.5).

.2 R x',”.. o T " . .t ; ‘” vr r'85,
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This data can be compared to that of Skrmar et al (1983) who found that RPE 5 of 15 9
N

(CRPE) l6.0 (LRPE) and 16.1 (ORPE) were assocrated wrth workloads of 80%VO, Max

Thus the subjects in the present study found work at this exercrse mtensrty 1o be less effortful '

: than Skrinar' e{’ al.' s p,artncrpants The drfferences between the two studies ma) be explamed

by the different test protocols used since Skrit nar et al.- (1983) erriployed an hour long test.

"wrth successive 20 minute bouts at 60, 70 and 80% VO, Max Since PE mcreases as a -

v

f unction of exercise time (Mrhevxc 1981) the higher RPE s at 80% VO, max.’ given after 60
) mmutes of exercrse in the 1983 study are not surprlsmg we | v
" The concept ol‘ relating RPE to a given exercise mtensrty wguld be important if RPE

' ‘ ’is to be used as a method of prescnbmg exercrse (for example Noble, 1982). In fact, Purvrs

and Cureton (1981) even suggested that ‘training at an RPE of 14 would be suitable for

trammg at the anaerobic threshold Wh)Ch was found to occur at 60. 1% VO, Max. 7. 8 .)

. (males) and 60, 3% VO, Max + 7. 7 (females) The relatronshrp between %VO, Max. and

RPE found in this study seemed to be quite stable across tests (see secuons 4.4.1 and 5.3.1 on ‘

| reltability of RPE), therefore it may be useful to use RPE as a method of prescribmg

exercise. However, it is debatable whether the RPE’ s elicited during a short’ term exercise bout
(such as the one used in this study) would be of value 'in prescribing exe aZ/of a longer
“Jurauon (e 8- 60 minutes). Smutok et al. (1980) suggested [hM be useful'in

om., (80% HR. max) - however usmg

RPI;Z's for prescnbing lower exercrse intensities may produ’ cé inaccurate and unreltable training
- heart rates (Smutok et al 1980) 'I'lus could be potentrally dangerous if this method was used
‘, to.prescribe exercise for csrdiac rehabrlitann patients (Noble.l98@). Noble (1982) concluded
t_hst _further ‘résearch is needed before the use of RPE An ‘exercise prescription ‘can be

/recommended o LT = e

The results therefore mdicated that RPE is directly related 1o %VO, Max. and is able

to discriminate be_tween two groups .drffering in fitness. Thus, individuals who are working at

a higher percentage of their maximal 'aer‘obic power tend ‘to perceive a given absolute workload .

1
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, ’ BRI : ‘ o ‘ .
as more ‘efl'ortt'ul .than’ those who are exercrsmg at a: lower level of their maxirpum capacm
This would be etpected m.tumvely (Mrhevrc 1981).
Further evrdence supportmg the relatronsh:p between %VO0, Max and RPE has been

shown by Flemmg. Weber Goldfuss Nnon and Krmbrough (1982) These authors l'ound no

% .
dtfl‘erence in RPE between ftt and unfi rt groups when they were tested at 60, 70 and 90% VO,

Max This supports Ekblom and’ Goldbarg s (1971) rndmgs that’ drfl' erences in RPE found at o

absolute exercise intensities are negated when exercise is expressed in terms of a percentage of

“
-,

CMAP. ¢ T o T

- exercised at- 75% normal VO, Max. breathing 70% O,, this condmon represented the highest

X

It is also interesting to note that Central RPE was the RPE variable which was most

highly associated wi”th‘%VO, Max.; however, this data is in direct contrast with the findings

‘of Mihevic et al (1982), who found that central RPE was related to the absolute cost of -

work The contrasts seen between: the results of the two studies. may reflect the dr{ferent

exercise protocols used. Mrhevrc et al. (1982) used a paradrgm involving’ rrormoxxc and -

hyperoxic conditions. CRPE was, found to be hrgher in a condrtron in which the subjects

level of work achieved by the subjects Due 1o the different nature of the tests rt may not be
realrstrc 'to compare the, results. The relationship o}‘ CRPE with %VO, Max is not surprising

smce CRPE ‘rep}esents cardro -pulmonary strain. It would also be expected that workmg at
¢

htgh levels of aerobrc power would increase respiratory drive (and hence RPE) ‘due to the-

: buf fering of H* ions which accumulate as a result of passing the an'aer%bic threshold.

This evidence supports the concept of RPE as reflecting relati'vee’Xer(:ise intensity as

proposed by_E‘kblorn‘ and Goldbarg (1971), and otherh authors' who foundreductions in RPE

»

as a result of training (see section 2.2.6.1). However, this data is in direct contrast with the . -

findings of Patton et al. (1977)2 Mihevic (1979) and Morgan (1981), who found no .

&

'dlfferentes, in RPE between groups. differing in fitness. Patton et al. (1977) suggested that

their resuits rnay have been affected by the intensity -of the work that théir subjects were

required ‘to perform (75 to 81 %VO,max.). Differences in fitness may only be reflected in



8
RPE scores at mtensmes htgher than 80% VO, max. (whtch was the, casé in this study)
’Another ractor mfluencmg Patton et al.’s ( 1977) results may have been the small differences
in fitness between the two groups (approxtmately 10% for both tests) which may have

"dtmmtshed the eﬂ‘ects of fitness on RPE It is mterestmg to note that the dtfference invQ,

- Max. acros> the two tests in the present study is about 20%. The large differences in f itness

.i“a,:‘and the htgh intensity ‘of the work berng perform‘ed may account for 'the differences seen in

| MRPE bf_'g‘;“j,'ﬁeﬂ llte»i-WO' groups"in the present study. - . | ‘

i A‘g

bicycle ergometer test between groups dif' fermg m fitness (using the Borg scale). The reason-

Mihevic ( 1979) t’ound no dif ferences iWny given workload on an absolute

for the direct contrast between the present study and Mihevic's is unclear-smce the difference

»

in fitness between the groups in Mihevic's study (36%) was even larger than that.found here

‘One possrble explanatton‘:nay be that Mihevi¢c used bicycle exercise which may have been.
unfamtlrar to both groups; this may have confounded results Since the trarmng group m the
presen study were tested usmg a familiar task (runmng) this may have accentuated any
dif’ ferences in RPE between trammg and non-training groups. MlheVIC s (1979) study was

-

j t_s_ is. not known. Another -

only reported megt abstract and so the training history of the ;

factor that 'r'nay explain the difference seen- between the twé studies ay be the exercise

protocol used. Mihevic (1979) used workloads of 200, 400, 800 and 1 kpm/min for 1

minute per workload Theret'ore the level of work used may not ha\7e‘ been large enough to

provide a baSts for dtscnmtnaung between the two groups.
»

Morgan (1981) also reported sumIartttes in RPE between groups differing in fitness

. /
: whog exercising at lower wor-kloads (IOmph.)' however 'these srrmlanties were negated at

z

higher levels of work ( 12mph ). Thxs data corroborates the findings that dif f erences in RPE -

are probably most likely to be found at the higher relatrve exercise intensities.

Another factor that may have caused the differences between_the two groups was the N
anticipated duration'of the test. Rejeski (1981) cited evidence suggesting that subjects
suppressed RPE's if they thought that a test was going to last longer than it actually did.

S
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~ Since-the training subjects may have expected to improve with' training (Morgan. 1977), and
run for longer on the test they may have subconsciously suppresucd RPE values, However,

this remains a speculative notion. : .
) :
'

5.2, LLOVGITUDINAL ANALYSIS OF TRANI'\G AND RPE . '

The effect of time was-only seen in an interaction between group by timg (see
4.3.2.1). It has been suggested that lon‘giludin’al studics on training and RPE may be subjected
to several artifacts such as increased fi |lness famnhanty with the test (Docktor and Sharkey .
1971) increased ef ﬁcrency (Patton et al 1977) or the expectancv of decreased raungs wuh
.gains in fitness (Morgan, 1977; Patton et al. , 1977,), The longrlhdmal effects of this study
should be analysed with respecx to these possible factors. B .

Firstly h should bé emphasised that RPE did not change signif i‘cantfy bet"ween the two
perceptual tests in either the trammg or non-training groups It should be remembered
however that the criteria for perceptual/ significance may not equate with lhat found‘
statistically. Carton 'ahd Rigpdes (1985) cited Morgan (1977) and -?nphasrsed that a change in -‘
_RPE of 1 or 2 RPE units may be very srgmﬁcam in endurance ev’nts The only statistically
srgmf rcant finding was the group by time mteractron (_see fi xgure j,.{a and Tables 4.4 and 4.5),
caused by a small mcrease in CRPE in the training group ahd a small decrease in the CRPE
raungs of the non- trammg group. " These differences rargza'from 0.1 CRPE, stage I,
inon trarmng) to 0.9 (LRPE, stage 1, training), gd may just reﬂect rando vfcvcr
209 point increase may be considered to be perceptually 1mportant and so possnble reasons

wnll be dlscussed

' The fitness of the two groups did not change significantly between the two Lests (scc\
Table 4 2) it also seemed as if the RPE raungs were unaffected by thc training program
\Thus the data cannot help 1denufy the magmtude of fitness changes needed to manipulate _

RPE as a function of training. It is interesting to note that the subjleet"s eff iciency' on the test

. . [} Y
.did not change either since the oxygen cost of each stage of the test was the same for both

K
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tests within each group (Table 4.5). Efficiency may therefore be disccunred as a pdséible
confounding factor, although it has been mentioned in past training studies (Patton & al.,

1977).

Borg scale during thrs test. It was-hoped that lhls process would lessen the. ef fects of learnmg
betwecn the second two tests. Additionally the two perceptual tests were held 3 months apart
which should also have diminished the effect of memory, although the subjects may have
remembered their ratings from earlier tests. Decreased test anxiety between the two perceptual
tests which may result from increased. famrhamy wrth the tesung environment may account
for the small decreases in RPE seen in the non- trarmng sub_rects Morgan (1973, 1981) has
emphasised the rmportance of state and trait anxiety in regard to RPE; however, the
relationship between these variables is"uncertJain at present (Morgan, 1981).

" A further factor that may influence RPE in 'longitﬁdinal“ training vstudies is the
expectancy rhat exercise will  become easier as a result of ’training. Morgan (1977)
hypothesised that a typical reagtion -'by» a subject (S) giving RPE's in such circumstances rnay -
be as follows:

' Thewy have asked me to rate the perception of my effort. It feels like it is about 11.5
o ‘me right now (perhaps s rated it as 11, 6 rnonths earlier), but I have been training
Wonms so I probably should give it a lowc‘r value. HYes. I will reli them 9.5.
(Morgan, 1977, p. 273) | . o
Morgan (1977) also! alludes to the cognmve dimension rnvolved in RPE when he suggested )
that subjects may wrsn to be "good™ (sic.), and hflp confirm m‘e experrmenter s hypothesis.
Since the tramrng rnstructors were also adrmnrstermg the tests a further . bias may have been

‘pr:sent. The \trainmg subjects may have been trymg to please the experimenters by perceiving

\

themselves as lfemg eapable of doing more work as a result of training. This may have lead to

the slight mcreases in CRPE seen in the trauung group. Although such {xdeas must be treated
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as speculation they are consistent with common patterns of cognitive behaviour which add a
further dimension to an already complex situation.

Since the study was not blind, experimenter bias may also have been a confounding:
. Variable. The expe_rimenters might have transmitted their expectations to the subjects, or evend
‘ ~ held the Borg scale slightly .differemly between tests and stages. An auemp.t was made 1o
,compensate for this potenual bias by ehmmaung mouvauon from the test (Morgan et al.,

, 1983), and by holdmg the scale in a consistent posmbn Nevertheless these potential biases
| cannot. be ruled out. ‘ ‘ L ,

The small incie;lse in cemra} RPE in the training subjects is an unexpected training
effect that is ingependam of increases in aerobic power. It may be that these increases'were
due le an increase in associativ® thinking by these subjects. The phenomenon of association
has t;eer;vaddressed in seetion 2.32 and refers. to the focussing of attention onto the
physiological sensations of the body (Wemberg et al., 1984) In a recent study on assoclauon
and dxssocmuon strategxes Okwumbua Meyers Schleser and Cooke (1983) found that novice
runners became mcreasmgly assocxauve over timé (flVC weeks) as their physncal ablilities
mcreased with lrammg This may confirm Morgan s (1981) stau}@em that a fitter person can
afford to associate whns/her bodnly cues since a. given workload will represent less of a
relative strain. Thus the need for dissociation is lessened in the fitter subject. It may be that _
the training subjects found that they could associate wnth the physiological inputs to the
effort sense more easily as a result of trammg This remains speculative.

Faugue may be the final factor that increased the training su_bjecl's RPE during the
final test. Teghtseennian et al.'s (1977) findings on fatigue have already'been discussed
(sect_ion 1.1). Fatigue seems to decrease RPE at low& exercise inteﬁsities. but increase RPE at
higher workleads. Since work was being conducted at 70-80% VO, Max. fatigue may have
influenced RPE. Skrinar et al. (1983) noted that local RPE increased as a result of intensive

training, possibly as a result of joint or local muscle trautﬁa, but overall and central RPE

decreased even at the same relative intensities.
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An increase in locai muscular fatigue would have led to the recruitment of more

anaerobic ‘muscle fibres to maintam ‘the required force (Fox and ‘Matthews: . I;?Sl) which in
turn may havc increased VE 1o compcnsate for acidosis: however ncnher VE I mm tor LRPE-~

| \ changcd as a result of tmmng Since the only RPE changes were seen in Cemfal RPE, fatigue
cKr soreness in the re.splratory apparatus may have been a cue. The changes‘ se'en in the CRPE
scores may have reflécted the type of trajning undertaken The durauon and intensity of the
tram g used (see section 3603) would have stressed the central (cardm -pulmonary )
componcm of the aerobic system (MacDougall and Sale, 1981) The trammg subj,ects may
therefore have been more aware of their cardio-pulmonary reactions to exercise than their
nofi-training counterparts, leading to great;r central RPE écores. Since this central factor was
being trained it would have been more subject to fatigue than the local component, thus
leading to higher CRPE scores. Pardy and Bye (1985) noted increases in percexved respiratory
effort, during fatiguing breathmg exerc:sc even though VE was held constant. These authors

suggest that local muscle lactate, CaQ, and/or the partial pressure of oxygen in the air may

influence perceived respiratory eff. ort\ Sipce these variables were not measured their effect on o

CRPE in this study must remain unknown. Although fatiguc. is a plausible explanation for the
increases in traihing CRPE scores it is debatable whether the training load was sufficently
severe to cause diaphfagmatic Or respiratory musculhr fatigue.

Scrutiny of the individuai subiject's data may provide a more logical explanalion for
“ the higher CRPE scores found in the Lraxmng subjects Although the mean' aerobic power
increased shghtly between the perceptual tcsts 50% of the subJects actually mainuained or
decrcased VO, Max and of the subjects who increased VO, Max. only two increased their
values substannally {+10 and +7 ml. kg min-!'), not surprisingly these were two of the most

' dxhgent subjects, These two subjects skewed the mean shghtly and thus the majority of the

group may have had increased perceptual ratings due to theimall or- negative changes in
. T A

fitness. -
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It should be noted that these results are in direct contrast with those ftaining studies -

that have found decreases i‘\ RPE with training. The lack of decreases in' RPE found in this
study are probably related to the insignificant changes in VO, Max.

N In summary, RPE w:'as found to be associated with thc_rqlaAtivc cost of exercisc, thus
fit indivi}dals perceived a given workload as being easier than lhcir unfit countcrparts Th‘ese
results may have been biased by some factors such as the expectancy of improvement or
habituation to the task. No signfi |cam Ehanges were seen as a result of training although
possible explanations for the interactions found for time by group werg_ discussed. Possible
factors included associative strategies, fatigue, habituation and the training effects that had

G

occurred previous to the testing protocol.

5.3 CORRELATIONAL ANALYSIS AND PREDICTION OF RPE
~

5.3.1 RELIABILITY

Test-reiest data is shown in table 4.7. It is interesting to note that the training
subjects were more cb‘nsistem in their estimates of RPE than were their non-training
counterparts. The trained subjects showed correblati.on coef’ f;ciems (r's) of r=0.709 lb 0.900,
. whereas the non-training group demonstrated t's of 0.531 to 0.864. Thegc_rcsults compare
favourably with the literature. Skinncr et ai. (1973) reported a tes| re-test coefficient of
r=0.80 for a progressive test on a bicycle ergometer Stamford (1976) also reported
significant correlauons for RPE on a progressive bicycle test (r= 0 76, p<0 01) for 14
sedentary subjects.

It is 'imcrestin.g to, note the higher correlations seen 'in th‘e training subjects..

¥ .
Inwitively, lower correlations would have been expected in the training group since lhey

underwent an intervention bctwecn the two tests However, it is hard to escape the cxpectauon ,

that traxned subjects are more aWarc of their physical responses 1o exercise, and can momtor

these more accu;ately. An increased awareness of physical cues may be a result of increued
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association (discusssed above). An accurate awaieness of perceptual cues would be desirable
for optimum performance, and associative tognitive strategies have been found to i:haractgrisc
elite performance ( Morgm 1978). The evidence shown by ‘Okwumbua et al (1983)

»

suggesting novices became more ass/ociauve gives support to the idea that exercise intensity
(pace) can be learned by au’ending to bodily cues du:i'ng exercise. Noble (1982) has suggested -
that perceived exertion could be used in the future for helping athletes learn pace judgemem
for a variety of spons ‘ K N '
The non-training group may have been attempting ld distract themselves frqm the
discomfort of the exergise since it represented a highly stressful task (80 -90% YO, max.).
The effect of such a ‘strategy woulc_l have meant that the non-training®subjects were not
a‘ccurately monitoring the cues resulting from lhe:x’crcise.b The training group on the other
.hand may have been more able to attend to their bodily cupg ‘d‘qc to the learning effect, thsir '
fitness levels and perhaps due to an increased pain tolerance. Wilmore (1968) ha,s,_suggesu;-d .

that increases in performance are partly due to increases i

ain tolerance. Thus one of the

effects of training may have been an increased ability to redd effort cues accurately. Increases

in pain tolerance may have a_llou'red the training subjects to attend to their phyé‘ical reactions
10 exercise. ; )

The face validity of the scale was supposted by this study, since it was able to
discriminate &twun groups of différing fitness. Thus groups working at higher percentages
of their maximum cgpagity p?roeive‘d the task,as requiring more effort. Further support t:or
the validity of the scale ;nigh{'.)aris‘p Q’dni the observation that RPE's increased signif’ iCar;tly. as
- result of an increase in treadmill stage (see Table 4.6)." Skinner et al. (1973) and Stamford -
(1976) were concerned. that the expectancy 6f increased work on progressive tests miglgt bias
perceived effort. However, data from these at-zthors has confirmed the validity of the Borg

scale using randomised workloads. Therefore it seems that the scéle éan be used to accurately

reflect increases in workload intensity, even during progressive exercise.
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Thus the results provide support for the Borg scale as 4 relhble ‘and valid mstrumem
Further, it appears that trammg increases ‘lhe relmbility of the 'scale, perhaps as a result of
increased -association or body awarcness. ‘

The question of validity is an interesting one. Skinne'r et al.,(1973) defined validity of

RPE as the ability to discriminate workloads presented ina Fandomtsed order. Even though ’

" the RPE scale appeared 10 be “valid’ in Skinner el al.'s (1973) and Stamford’s (1976)

investigations, the level of subjectivity associated with ‘the scale will'always be a debatable

point. Inter-individual variability in the perception of what is very very light' (7) or 'very

hard’ (l;‘) may affect the constru alfd:thf\the scale and am correlations between RPE

and more obJecuvc physiological measures. - Figure -4.2a shows the means and standard

deviations of the RPE scores for the two groups collapsed across both tests. Eveh though the -
reliability of the measures is high there is some vgriart&: about the’ mea“n“ for each group.
Examination of Tables 4.4 ind 4.5 indicates that the standard errors of the means (and
standard deviations) for the three RPE measures are quite high. For example, the results for |
the first stage of mid- -test. revealed the followmg results: Training group. M=79211.78;
Non-training subjects M=11.0x1.77.

, Past studies have attempted to control for indi'vidual variations in perception of
exertien by anchoring the top end of the scale (20) as eq,ﬂgi ng-tqe most intense work ever
performed However, this may result in a ceiling effect on perceiv effon (Morgan 1981)
which may lead individuals to 'pace’ themselves up the scale (assummg the subjects know the

length of the tesy).”

“—

]

5.4 CORRELATION AND PREDICTION OF RPE USING SELECTED PHYSIOLOGICAL
VARIABLES

N '.\

N
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"It was menttoned in chapter 4 that the assocratrons between the RPE and physrologtcal

varrables ‘appear very complex Dif ferent relationships were seen as a functron of stage ttme

and group (see Tables 4.8 to 4.11).

54.1, 1 TRAINlNG DATA" ‘ v ‘ B

°
r,\

The corrclatrons obtamed for the trarnmg groyp are shown in Tables 4.8 and 4.9.
The data from the mid-test mdtcated that VE/VO, (positively). and VO, L min. !

(negatrvely) were consrstently assocrated with RPE in both stages of the test. ORPE drd

. not correlate srgmfrcantly wrth any ph)snologrcal varrables in the first stage and never ‘

- correlated with VO, l.mm.". Minute ventr,latronuyappeared to correlate hrghlyv with all the
" RPE variébles in the second stage of the test. The results‘f' rom the second test indicated
that VE/VO and VE were htgh]y assocrated wrth all the RPE variables fn both stages of
C
the test;
The negatrve eerrelatron found between RPE and VO, l.min"' is:contrary to all
prevrously reported frndmgs Robertson (1982) cites posmve correlatrons of' 0. 7@0 0.97

bctween VO, l min™! and RPE No srgmfrcant correlatrons were seen when aerobrc power

was expressed in terms of body werght (VO,ml/kg min- '), therefore body weight may

have* been a confoundmg factor durmg such werght bearing activity. Nonetheless, a

q

posrtrve correlatroh’ between RPE_ and>»VO0O, 1rrnn‘ would be expected if waight was

_involved since, theoretrcally, ‘heavier’ subJects wouid be domg more work. The results—of
TN .
the UANOVA analysrs emphasrsed that the trammg subjects percerved the exercrse as

~ being easiet when_compared to non-trainers even though they were doing more work. The

2

" . abnormal relationship of RPE and VO, l.rrtin‘! may therefore be an interaction of fitness

level and body werght even wrthm the training’ group

Htgh levels of assocratron between VI-./VO,. VE lrnml and RPE have been ~ -

- reported in the literature. Morgan and Pollock (1977) for example found a correlation .

‘coefficient between VE and undifferentiated RPE of. 0.52 (‘p,<0.0'1) during submaximal

, ‘
’ . . !
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‘treadmill running (12 mph., 0% grade) with elite'and college level runncrs. Morgan et al.

(1976) noted paréllel increases in VE I.min"* and RPE as resnll o;"h\rpnolic srrggeslio‘ns ‘

Noble et al. (1973) found that minute vcnulalron accounted for lhc greatest amount o/(/

.a

)’

variance in RPE at 5and 15 minutes of exercise during a 30, mmute work bout. Edw:ﬁds
et al. (1972) showed pearson correlation coemcrents of 0.939 and 0.896 respe uvcly
between RPE and VE i.min. ! during contmuous and discontinuous_work. /f—udenec
agamst VE I.min"! as an input to RPE has been shown b\ Cafarelli and Nob[l/e/(l976) and

Stamford and Noble: (1976) (see section 2.2.2.3). v A

y

4
/

VE/VO, has also beef suggested as a dominant input to RPE (Y"oung et-al., 1982,
Pandolf, .1984); hUWever this remains a variable that has not been researched extensively
in the RPE lrterature Nevertheless VE/VO; is used as the best ‘mdrcator of aerobrc and
anaerobrc thre;holds (A. Quinney, personal communication 198/6) and may lhereforea be
a potem. physiological cue for the ‘perception of mcrea/sés in work. output.. Furlher_
evidence supporting VE/VO, asva cue for RPE is the faé/t that both variables have been
’.shov,'n-to ‘increase exponentially in response to dncyeased workloads (see Astrand and
Rodahl, 1977 and Borg, 1982). /o |

A possible mechanism for the input /f VE I min‘1 cues o RPE has been
explained in section®2.2.2.3.. This theory revolves around the concept that VE l.min "~
begins to parallel RPE at approximately 50% VO2 Max. (Robertson, 1982): VE/VO, '
would also be expected to parallel VE srnce the former is calculated using the latter.
Increases in VE lmmin.-! Iparallel the ~_increﬂased‘ metabolic cost of exercise nnd may rnediale
the potential effects of VO, on RPE. However, as Vthe intensity of exercise increases
| above the anaerobic Lhreshold (Skinner and McLelland 1980) (>65-90% VO, max. ) Lhe
amount of lactate mcreases sharply VE I.min"! therefore mcreases faster than VO, in . 'v
order o expel the‘ CO, produced by the brcarbonate buffermg system Thrs exponennal

rise in VE L.min-! is reflected in the VE/VO, ratio since VO, increases lrnearly These two

venulatory cues offer support for Noble et al.'s (1973) hypothesis lhal physiological
- _ P

3 . 4 b

@
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processes are probably mdlrectly mom‘tored lhrough thea‘r directly perceivabie

exlcrnahsauons VE lmm' and Vh/VO, may therefore be correlated with CRPE by

__virtue of the perception of respiratory drive. The h'igh correlation of LRPE and these two

physiological variables might be explained by the possible sensations of the anacrobic

metabolites via free nerve endings (Mihevic, 1981). LRPE and CRPE may thus be highly

correlated at these higher levels of exercise by, their common association with anaerobic
. ' T f I v

processes.

A- reason for the between -test dll‘l‘erences -seen in the correlauons with' VE

¥l

W

L.min."! may have been that the trammg ' bge‘; became more associative as a result of

t is mterestmg LO note anecdotal reports

fatigued (A. Qumney personal com,‘
cues may strengthen the salnence of venulatory varxables as mputs to the effort sense.
MacDougall and Sale (1981) have menuoned that experxenced athletes often use the

percepuon of increased vennlator) drive as an mdlcator of :anaerobic threshold

‘Exarhination of F}ure 43c shows the group by stage mteracuon found for:

VE/VO2 The non-training group showed a hrghly mcvﬁ VE/VO, rauo during the
second stage of the tests. ThlS interaction may help to explain the differences between the
trammg and non-training group's perceived exertion durmg the hxgher exercise mtensmesg

Overall RPE wopld be expected to correlate highly with CRPE and LRPE since it

~xs a combmauon of both measures. however ORPE did not correlate with the”

physiological measures as hrghly as LRPE and CRPE. An analysis of the

inter- correlauons between the RPE measures in the trammg group shows that the
coefficients (r $) range from r=0. 985 to 0.899. These seem very high, but mdncate that

the Lhree RPE constructs may be measurmg slightly drfferent factors.°The different levels

of ‘association betweena CRPE, LRPE and ORPE and . the physxologxcal measures also

mdlcate this.

mdedness or "hypervenulanon wnh>bemg |

'l"nleauonhl986) Experxence of such physiological :



5.4.1.2 NQN-TRAINING GROUP DATA )
| Analvsi§ of the non~trisrini'1g group data indicates less consistent associations
vbelWeen rhe perceptual and ph)srologrcal variables. Durmg the first test lhc only two
variables 10 significantly correlate are VO, ml/k;, min! and 1.RPE (p<0 Ol) In the first
- stage of the second test (post-test) %VO, Max. and CRPE (p<0.05) are drrectlv related.
VO, l mm"‘Was neganvely correlated wuh LRPE (p<0 01) and ORPE (p<0 05) %VO,
Max. was the only physiological variable srgmfrcant(l) correlated with CRPI- (p<0 on
and LRPE (p<0. 05) durmg rhe sccond stage of the second test,
The diffetent physrologrcaJ variables f ound at each stage concur with the training
‘group's results. However, there appears tg be no coherent explanation: for most or' the -
correlations seen for the non-training group. The less consistent correlauons seen with
these central (aerobrc) cues may reﬂect anecdoral reports that local factors may hm\rl
. exercise in unfit participants, and may therefore be more salient cues (A. Quinney,
Personal communication 1986). |
~ The factors underfying the negative correlation of VO, l.r‘nin'l with RPE m:;y be
. similu‘ar to those suggested for the training group. Neyerlhless, it is interesting to note that /

both groups had a similar association with this ”variable. but it must be kept in mind tha/

these variables were associated with RPE in different tests (training, mid-leél:

g . /
. . /
P

/,
A posruve assocranon with VO; ml/kg.min"! mrght be expected singe’ RPE would

non-training, post-test).

be predrcted to rise as the oxygen cost of the exercise relative to bodywerght mcreases
v The correlations of %VO, Max. also agree with the results of the analysis
involving” the data of both groups analysed logether,'which was discussed earlier (see
section 5.2.1). 1 |
, The relatig_;nshi;rs between aerobic power and pereeived exertion in the present
srudy remain unclear, especially the differential effects of absolute and relative vvélues.

However, the data partly supports some of the arguments cited for and against aerobic

.
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power as a cue for RPE which were drscussed in section 2.2.2.2. thus, %VQ, Max. rnay
be a more potent cye than VO, L.min! or ml./kg.rnin."'.
The inconsistency of the non-?rnining data when compared to the training group’s
‘results is an interesting point. This difference might be . explained by the lack of
oppor'tumty for the non-training group to assomwtth thetr bodily sensations resulting
vlrom exercise. A further explanation mtght involve the possnble effect of dissociative
strategies found in exercise nanve subjects (Okwumbua 1983), which would be expectcd
to result in inaccurate percepuons of bodily states: since attenuon is bemg turned away

B w‘

from these intentionally. “h )

The less uniform results of the tton tramfng group may also be explamed |
staustlcally The small sdmple size (n= 8) and the fact that correlations were ascertamed
within each stage of the tést which would increase the homegenetty of the data may have
‘resulted in these findings. However- the variance in the data 1sqtm\ large (see Table -
- 4.5), and this and the small sample size may have exaggerated the correl\atrons\for some’
variables and reduced these for others (Hopkins and Glass, 1978; Wilmore, 1968). T

The weaker relationships among the non-training group's three different RPE.

measures 'might also affect the relationships between a given physiological measure and

the individual components of the differentiated RPE model.

< P o

5.4.1.3 COMPARISON OF GROUPS AND SUMMARY

To summarise :hrs section the training and non- tratmng groups demonstrated high
levels of association between the RPE measures and some physiological vanables The
most consrstently correlated variables for the training group were VE/VO, and VE
L.min!. There was less consrstency in the degree of association between perceptual and
physiological data\for th: “non-trammg group, although %VO, Max. was —the most
' ~ consistent correlate of RPE during the second test. *

. Que to the abscence of “control and non-.training‘groups,and sparse use of the

differentiated model in past studies on training and RPE. this data cannot be compared
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- 1o any other studies. The uniqueness of the present correlational study als‘o"prev;lm\' -

parallel analysis Jyith other investigatiéns. |

The differences found bctWeen the groups werediscirssed' in terms-of the possible
associative learning effect as a resull‘of travining.‘These correlations should be interpreted
with some care; since the small sample sizes of the groups (n=12, training; n=8§,
non-training subjecls)_and variability within eaclr gr;)up may have exaggerated some of
the c‘oeflticienrs. The dif ferem' group sizes. may_v also bértially. account for the differences |
in the magnitude of the correlations repdrted for both groups.

In sumniary; RPE is a complex integrzrtion of physiologicﬂ and psychologieal
factors that should be expected to vary at least as widely as other cdmplcx perceptions
(see chapter 2) The variability in results may arise -from the(mfluence of other’ vanables
such as personality, fa: sk aversron perceptual style, or other factors arising from the
subject's lrfe history. Accounting for such factors, and the innumerable interactions

among them, was beyond the scope of this study.

5.5 REGRESSION ANALYSIS | e

| .
5 e a
ST

‘Since the regression analysis was completed on a 'collapsed' sarl1ple (n=20) it -

revealed portrons of the variance in ORPE explained by both groups. The mcreased variance

in the data caused by -the combination of the two Eroups would . also change the levels of

association bétween some variables.: .
The regression analysis did not reveal any physiological predictdrs of 'ORPE -in‘ the
firsy test apart from the distinction between the’ training*and non-training groups. This data
simply reﬁected the r'esults- discussed in earlier sections. | (v ) |
The analysis on tlre secorrd test resulted in different l’indings. VE/VO, and %VO,
Max. were found to be the best predlctors of ORPE in the flrst stage, VE/VO, alone-was the
best predictor in the second stage of thls test (see section 4.5). The difference m predictors

seen between tests may again reflect the tentative hyﬁothesis that the training group became
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more associdtive'o.vi:r time. . . '
The mcreased salience of VE/VO, as a function of test,‘stagc might simply reflect the
increased venttlatory drive caused by working at higher percentages of VO, Max. The
inclusion of %VO, max. in the first stage of the second test mitrors the high correlations
“found betwct;n thesc two variables (p<0.004, see Appendix G). The differences in variance
“"be,tween the collapsed data and the individual groups, would explain the different levels'of
association seen between the correlational and regression analyses. |
To the author's knowledgd two multiple r@ession analyses have been conducted Ellsing
pliysiological data as a predictor of RPE. The data found in the present study support some
‘of the earlier findings. Noble et al. '('1“973) used a procédute that resulted in' 8 variables
"accounting for ’the variancé in undifferentiated Rl’E. These variables“ were_VE l.min"‘. VO,
Lemin', respiratory quotient (RQ), respiratory rate (RR), heart rate (HRs), V_CO,l.min.".
skin and rectal ternperature The salience of these’ variables changed according to exercise
. duration; howe’pcr VE I.min ! was, the most potent predictor of RPE at § and 15 min of
exercise.. At 30 mmutes of exercise RR and then VE were the most salient cues. These cues
were._supported as potential inputs to-RPE since they" are’readily perceived. It should be noted)‘
* that these data were generated using bicycle exercise and may not be generalisable to other
exercise modes (Noble et al., 1973). V}E/VO, was not measured in this investigatioln:: Since the
VE/VO, ,_ratio is computed using VE l.min"! ifis not su‘rptising to find'aa strohg relationship
between the two.L VO, has been shown to increase linearly with egt;rcise intensity (Astrand andf
Rodahl, 1977)_thus VE/VO, represents a linear transformation of VE l.min.". VE/VO{
should therefore closely reflect the in.c[‘ease in VE l.ntin“. and be a possible predictor of IRPE.
| Pandolf et .al'. (1984) provide evidence to support the) previous contention. These
authors conducted a multiple regression study on dif fercntiated'R‘PE-,,and' selected physiological
measures vusing cycling and arm cranking exercise. The résults_ indicated that VE/VO, ma(deﬂ
the most contribution to the total accountable variance in ovdrallRPE during absolute andb

relative cycle exercise. The data from the present study therefore support both Pandolf et al.’s -



(198;1) and Young" et al.'s (1982) fmdmgs that VE/VO, is a salient cue for RPE (section
) .
22.2.4)

)

‘The differences in predictor variables seen between the present smdy and the two
earlier works"may be :iue.\to_ the exercise modes, protocols or subject populations and numbers
used. Pandolf et al. (1984) used 9 male subjects who performed 60 mins, cycle exercise at 60%
VO, Max., and 6 minutes w?rk at 30 wausr Nobie et al. (1973) used 6 hibghly fit stur'icnls’
(VO, Max. > 51 mi/kg.min."*). The protocol involved cvcling for three trialr of 30 miné. at
48, 60 and 68% VO, max. Thus it is clear that the narur'e of ‘the sample exercise duration (3. 5
minutes), mtensrty (>70"b VO, max. ) and task (treadmill runmng) of the presenl stud\

- represent consrderably drf ferent conditions to earlier studies.
Despite differences between the design of the presem study and earher studies there is
' consrderable agreemem and strong support for VE/VO, as as input to overall RPE. However,
f urther analysrs to explam the variance in central or local RPE may result in drf f erent clusters

v

of physiological cues. This remains a problem for future research



6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 SUMMARY

i The purposcs of this study were lhreefold Fxrstly to examine any dlffcrences in
perceived exertion between groups of different fitness levels during an absolute exercise task.
A second objective was to assess the stabxluy of RPE raungs using the Borg scale (1970) over |
time. Finally, the relauonshxp between RPE and selected ph)sxologlcai methods was assessed
usmg correlauonal and muluple regress;on analvses,

Subjects consisted of a“w‘gu}mg group (n=12) ‘and a non-training group (n=8). The
training involved the final 3 »mo‘n’ths'kof a six month jogging program in which training volume
was systematically increased over time: The non-training group was not involved in any
regular ph~ysical acuivity. fl:;ubjects were tested twice\y\vith 3 months between the tests. The -
Borg (1970) RPE scale utilising the differentiated mode!l (:central. local and overall RPE) was
employed as the measure of pereeiv,ed exertion. The‘Ri’E and physiological measures were

taken at 2.5 and 4.5 minutes of exercise of a progressive treadmill test (5.5 and 6.5 mph.

respectively). -

6.1 CONCLUSIONS

_ On_the basis of the Qata generated from this invest,'igalion‘th'e following concluse'ons
are drawn. | | )
1L It appears t.hat use of the Borg scale can discriminate between groups dif fenng m fitness,
exercising on an :bsolute treadmill workload Fitter subJects perceive an absolute
workload as requiring less effort than their less fit counterpatts. Therefore RPE seems to
be related to relative rather than absolute levels of work. This could have implications for
using’ RPE as a method of preécr_ibing exercise intensity, . ’ .

2. The ‘Borg scale appears to be a reliable instrument across a 3 month time period; however;

the training subjects seem {o be more consistent in giving RPE eagings than do controls.
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(2

# be enhanced by a learning effect

R E may be a function of increased

L7

siological cues that showed lhc‘most consxslem relauonshnps wnh RPE werc VE
l.min."! and VE/VO, Both of thesc cues may be directly perceivable through the process
of ventilation. These fmdmgs are supported by the luerature The more consnslem
findings were produced F, the training group which may also arise from the learning
effect referred to in number 2 above, »

The use of the differentiated model Sr RP% (CRPE, LRPE, ORPE) is supported- by the
present study The separate portions of the differentiated modcl appeared to be n\easunng

—

dlffercm constructs. This was supported by inter-correlations deviating from un\nv ?‘y
the different physiological measures associated with each RPE variable. \' i
Although some consistem associations were fpund between the physiological and
perceptual variables, some inconsistencies were found between groups, tests ang‘ stages
 within tests. These inconsistencies might arise from the vanabxhty in the dala the small
sample sizes used, the unstable nature of perceptions or other unknown sources.
Because of the non-random selettion and unequal size ‘of the groups, as well as the
differences in perceptual judgement in RPE on the first test, generalising to other
populations is not justifiable. In addition, differences in method(;logy make thc
compan‘éon of results from this study with those from other studies dif ficult to justify.

As a final summary perceived exertion appears 1o be a complex construct involving a

complex interplay of p}]ysiological and psychological factors.



6.3 RECOMMENDATIONS )

6.3.1 REPLiCATION OF STUDIES

Due 10 the large vanabllny in expcnmenlal designs, the past mvesﬂgauons on fitness,
training and RPE have resulted in equivocal fmdmgs Further controlled, replicative studxes
should be initiated to clarify this particular area of research. These studies should also be

‘blind’ in order to reduce the bossiblc, level of experimenter bias.

6.3.2 COGNITIVE STRATEGIES -

The results from this study ar@ past literature tentatively suggest thét training may
lead to changes in perceptual thresholds‘(pain tolerance) or associative coénitive strategies,
Further controlled longitudinal investigations should be performed to assess these possible

parameters.

6.3.3 TRAINING ADHERENCE

The total duration of this training study was 6 months. The results sbowed that the
ability to maintain-a given exercise schedule decrcascd after 3 momhs Further insight.on this
point will be presented in later analysis of the data.

The use c;f hqﬁrt rate monitors may be a useful adjunct to the practice of pulse-taking
“as a method of teaching exercnsc mtensny 10 novice sub]ects A more interactive trammg}
mcthod (c g.. fitness classes) may also be more suxtable to maintain long-term adherence. \\{

Field studies on the applicat‘on df RPE as a method of prescribing exercise may be an \‘\,X

3
\

interesting area for further research. |

. i’f‘). . L ‘ \\

6.3.4 ENHANCED RESEARCH DESIGN -

\

Any future replications of this study should attempt to overcome the weaknesses in

the present research design. For example, a larger number of subjects should be randomly



assigned to trainfng and control groups from a common population. Furlh&rﬁor’c. a relaxation
or placebo group should be used to control for expectancy effects.

Secondly, the design should measure the effects of the grealcr mcrcnses in [itness
often seen in the earlier stages of {_a training program. This may mvolvc the usc of a less
severe testing protocol than that uuhse@n the present study.

Fmally. further physiological variables such as swealing heart rate or core
temperature could be mcasured. A greater number of vanables may hclp account for a Iargcr

proportion of the variance in perceived exertion (Morgan, 1981).
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APPENDIX A .

-~ INFORMED CONSENT FORMS

TUDY OF SEDENTARY WOMEN

I ‘ | do consent to take part in a 3 month
stuci_v designed to ihvesu’gate the perceived exertion, and the maximal oxygen ufnake of
sedentary females. I understand that this study will hequire that 1: | .

1.. Attend an orientation session to the test protocol.

2. Tahe part in two maximum oxygen upte{he tests on a treadmill three mohths‘\apart.
3. Complete the Clinical Analysis Qdestionnaire (a measure of personality) t§vice.

4. Complete a profile of mood states (measuring thood). at each, test.

I undirstand that on completion of the study (1e all of the information above) I wnll
receive the sum of $25-00 Can.

I understand that the "pﬁrpose of the treadmill test is to méasurg the maximum
amount of oxygeh which I can utilise while running. I will be given instructiohs ‘on running on
“the trcédmillb and breathing through the collection system and be allowec; to practise. A
technician will tape two electrodes to my chest to monitor my heart rate. During the test I will
run at two speeds, first"at 5.5 mph (a warm up) for two miriutes,ihen at 6.5 mph for a
further two minutes. The trcadmill speed will remain at 6.5 mbh but the slope of the
treadmlll will mcrcase 2° every two mmutes The test will be termmated when 1 grasp the bar
to indicate that [ wxsh the test to be termmated or when the mvesugator percexves that I am
at VO, max. (maxxmum oxygen uptake) or suffering from undue stress. I realise that I should
‘keep running until I feel ‘that I am unable to maintain the pace set by the treadmill.

| 'Although 1 will be undergoing exercise to the poinf of temporary exhaustién, I reaiise
that thcrc is very little risk involved if you are a normal healthy mdmdual

I understand that I may discontinue any of the physical >t 1»:;éts should [ feel
uncomfortable, and that the invcstigators are qualified registered fitness appraisers and will
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;

monitor me fully throughout the tests. I.g}nderswnd the risks involved in the test procedures
and hercby ‘waive any responsibility of the investigators or university should any injur_\' or
;nishap occur.
I understand that all the mformauon gamed during the study will be treated wnh the
utmost conﬁdence by the mvesugators and thal no part sha‘{ll be published mvolvmg myv name.
:‘i
Signed Participant
' ' v

Witness/Investigator

This day of

Day/Month/Year.
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OVERVIEW OF POSITIVE AND NEGATIVE lMPLlCATIONS OF PROGRESSIVE
. “ .RUNNING AND INFORMED CONSENT
Further to. our discussion of the ‘possible negative implilcau'ons of long distance
running, we would like to provide you with current information on both positive and negative
eff'ects. After reading this document, we require you to sign a statement of inf ormed consent.
Additionally, since we closely monitor your traiding, any negative effects of running will be
more likely identified than if you were not in this study. It shoulvd be emphasised that there is
no guarantee against health hazards. | \
If you or the researchers identify any‘hcalth pro;)lems. you will be referred to an
appropriate professional. Also, if you désirc‘ to Qithdraw from the study for this reason, you
will be given a full refund of your deposit. |
The following list providgs a summary of the effects of training according to current
research literature and speculations. Slﬁuld you require addiu’gnal information regardi_ng these
effects you are invited to. contact apy'of the principal investigalor§ (Garry Wheeler, Dept. of
Physical Ed.; Dr. W.F. Epling, Dept. of Psychology; Dr. M. Singh, Dept. of Physic_al Ed.;
Dr. D.C. Cummingv, Obst. and Gyn., U of A Hospital; Dr. W.D. Pierce, Dépt. Sociology).

NEGATIVE EFFECTS

-Sports ihjurics (i.e., shin splints)

-excacerbation of present/hidden coronary pfoblems

'-hormonal 'changes including amenorrhea in women and low testosterone levels on men.
-activity anorexii in rats and personality simiiaritics between high mileage runners and
anorectics |

mpar—

-addicition to running

POSITIVE EFFECTS
-cardiovascular inlprovemems

-improved fitness
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-increased muscle tone
-reduction in body fat
-ix)nprovcd self -esteem
-improv;d body -image

-interpersonal gains/social relationships

I HAVE READ THIS DOCUMENT AND UNDERSTAND THE POSSIBLE POSITIVE AND
NEGATIVE EFFECTS OF A PROGRESSIVE ENDURANCE RUNNING PROGRAMME



k . SIX MONTH TRAINING AND

4

DIET sTUDY

. - " Form of Informed Consant .

Training Gtoups
- 1 ' “ do consent to be part of a
6 wonth crlxnxng program of progressive endutance running and of dxctary
intake. I undctscand that the program will consist of:

(1) A prc-:ct: involving a submaximal evaluation of naxisus oxygen uptake
on a bicycle ergometer.

(ii) A H‘o-}ko.rln assessment of maximua oxygen upCake on thc treadaill and
assessoenc of percent body fat by skinfolds and undervater veighing.
A respiracory parameter vill be assessed at the University of Alberta
Pulmonary Laboratory, and all participants will complece the Clinical
Analysis Questionnaire to measure personality and the Eatimg AtCitudes
Test to measure attitudes tovard food and eating.

(1ii) A prt~pko;;.-vinl:ruc:ional’nc:lionlon the recording of dietary incake.

(iv) A pre-program orientation session on the principles of aerobic training,
targec heart rate, anaerobic throshold sad heart race rccordxng,

{v) A pre=program blood sampls of approximately 20 wl. by venupuncture and
taken by a qualified tcchnx:xnn.

(vi) Recording diet for ) days in & diet diary on Thursday, Friday and
' Sacurday during alternate veeks.

(vii) A six monch endurance running program requiring pacrticipation in 3 utcily
tuns during month 1 and progressing to 6 weekly runs duriu; wonch 6.

(viii) A post test procedure involving saxiimal oxygen uptake sssessment, percent
body fac by undervatar weighing andskinfolds and a repest of the Eating
Attitudes test and clinical analysis questionnsire and messurement of
tespiratory parsmeters at the Pulmonary Lab. at the University of Alberta

hospital.

1 also understand that a hundred dollar dcponi: wvill be required at the
beginning of che study, of Wich a fifty dollar minisus is refundable. I under-
scand that any monies recained*vill be used only for research purposes associaced
vith the study. . »

1 understand thac if 1 drop out for reasons other than those considered
mitigating circumstances by the investigacory commictee that I[.shall lose oy
deposit. 1n the event of (a-xlv prodblems or injury of & chronic nature I under-
scand 1 shall reccive my money dack on a pro-rated basis up co 50 dollars and
receive the other fifty dollars dack in full. .
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I understand that 1 may discontinue any of the physical pre-tests should
1 feel uncomforcable and that the investigators are qualified registered or
certified ficness appraisers and vill monitor me fully throughout all tests.
I understand the risks involved in the test procedures and heraby waive any
responsibility of cthe investigators or-university should any injury or mishap
occur. 1 understand chaq 1 should be cleared medically to patticipate in che
study and provide a written physicians statemént to vertily ay phy|xcnl readi-

ness . :

1 understaad” that all 1nforqntxon gcxnod during the study vnll be treated
with the utmost confidence by the investigators and that no purt shall be

published involving my name. §

Signed i > Participant ~

Witness/Invescigator

This day of N .
Day Month Year C I8
u . e




APPENDIX B

L

EQUIPMENT AND CALIBRATION PROCEDURES FOR THE MAXIMAL,
SUB-MAXIMAL EXERCISE TESTS, AND ESTIMATIONS OF BODY FAT

1. MAXIMAL TREADMILL TESTS ‘ ‘ .

Al the respiratory parameters were measured by a Beckman Metabolic Measurement
Cart (Sensormedics Corporation, 1630 South State College Blvd., Anaheim, CA 92806,
US.A)). ' ' oo :
The measurement cart was calibrated following the procedures outlined in Section
Three of the manufacturers operating instructions manual. The operations described in
sections 3.1-to 3.]1Q were performed with the exception of sect@irm, 3.7.3 and 3.7.4. The
metabolic cart was operated using a single card exercise metabolf¢ program (EX 675511).

-Expired gas was collected using a Rudolph three-way valve, (Hans Rudolph, Inc., Kansas
City, U.5.A.). A headpiece was used to hold the valve in place . ° ~

-Heart rate was monitored by a cardiotachometer (Cardionics, A.B., Stockholm, Sweden)
connected to two 3-M Red Dot Ag/AgCl electrodes (#2259). (3M Canada Inc., London,
Ontario). The electrodes were placed on the sternum and at approximately the Sth. left
intercostal space at the mid axillary-line. .

2. SUB-MAXIMAL CYCLE ERGOMETER TESTS

Two Quinton 870 electrically braked cycle ergometers (Quinton Instruménts,
Scarborough, Ontario) were used for the submaximal screcening. tests. The. ergometers®had
been dynamically calibrated by the manufacturers, during the eight month period preceding

the wets. Heart rates were monitored by PE-2000 Sport Testers (Polar Electro, Finland).

3. BODY FAT MEASUREMENTS. - »

1. Pre-screening proccdpfes:'Harpendcn Skinfold 'Calipers were used for- the estimation of
body fat using the sum of fopr skin{olds (Government of Canada, 1984). . -

2. Experimental Procedures: Body fat was estimated using the densitometry' body density
method; Calibration and weighing procedures were as follows: . . :
" 1. Subject was weighed in a bathing suit on a balance beam scale.

2. The chant recorder was zeroed and the chart span set to 75 with the weight belt set on the

hair. -

-3, &'he subject was asked to sit on the chair and expel all air from the bathing suit and from

: their hair. L ’

. 4. " Vital capacity was measured three times using a vitalometer. The average of the greatest
Iwo measures was taken as vital capacity. Vital capacity was measured in the seated
positiop. - '

S. The subject was then instructed to submerge slowly while holding a full breath (ie. full

_ inhalation). L - . _ .

6. The subject was instructed to hold'a full breath until signalled to come up for a breath by
means of a sharp tap on thé side of the tank. .

7. Body density was measured three times and then the load cell recalibrated and a further
measure taken to control for drift. In the event that drift had occurred then the subject
was reweighed following recalibration. '

8. The mean) of the two fowest measures was taken and substituted into the equation (see
next page). ‘ ' P )
Body weight was determined by a balance beam medical scale (Continental—&v.ale Corporation,
. Bridgeview, IIl.,-U.S.A.). The scale. was calibrated against a known weight, and adjysted if

N 12
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b) RV
€)  To convert 1 to cu¥n.,

« 302 of VG ' f n;

252 of VC for wonen. -
mcleiply by 61.02,

- "“
; i .
ESTIMATE OF B0DY COMPOSITION
! — - Water
'Naae " M__/F __/ Dace " Teap. - s
Measuregents: - .
1. Dry Wetight (1bs.) 1, Vital cspacity -1
3. Resicual Vol. (1) (cu.in) 4. VGI- 1.01 (cu. 1n)
5. Chart reading ] 6. Undervacer Veignt (1ys)
7. Weight ~belr - . e (lbs.) _© 8, Unit range on recorder
9. Wacer density : , g ‘ )
Ca*f‘cufa:ions: oy ’ )
| ————l o\ p—
Vi \\N . o . o
. . - Weight belc x charc reading o
6. ‘Undcwa:er-«éugh. . : 1. . ver: / A,\"‘
B Unic range on, recorder ) ;‘..‘
= . | - A
— ot — ’
Undervater weight = ! 2 -
A N ey *
Undervacer veight 4 =
e PRI ] - v
10. T34 = VC (cu. in.) « “RY (cu.in.) + 7,01 VCI (cu.1in.) =
v TBA (cu.in,) x .0362 = v TBA \
# DR ' B .
11. True ‘Undgr\-:anr We.w Undervater wt.(§) + TBA(10}
t.‘;_ ) q 1ws.
LT . - - R S |
12: ‘Sodyv Volume = ' ery vz. (1) - true
undesvacer (11:) -
1). ‘Body Density = dry‘ we. (1)) 3ody Vol (12} «x
_ waker densicy(9) = ‘ o
) *J- ' ! e . ’ N - PR J
14, C Faz «¥(4.570 /*'Bodv density) - ¢.142 | x 10¢ = : " .
15, Lbs. fac = ' Z fac x : dry vt = . .
16. Lbs.- fat free = drv vT. - 1bs. Fac =
NOTES :
"a) .TBA = Total body ! a 5 ™
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 APPENDIX C.

; ' INSTRUCTIONS FOR RPE

At various times during the exercise test, 1 will be asking you to give me a rating of the
"physical exertion’ or physical fatigue that you are experiencing at that particular moment.

I would like you to point to an_appropriate number on this scale in front of you. As

you will see the scale ranges from 6 - 20; 6 I§_the lightest work, 20 should be associated with.

the heaviest work that you have ever perfotmed. wever, it is possible to perceiv”e effort
more stressful than 20). There are descnpnve labels at the odd numbers to give you some
gu:dance as to their meamn‘g’

I would like you to give me three 3) rau‘ngs:

g;EV AL: Focus your attention specifically on your heart rate. and your brealhmg and .
estimate the exertion or effort you ate expenencmg m your heart-lung or cardio- pulmonary

systems.

2. LOCAL: Now shift your attention specifically to-focus on the feelings of strain that you

- are experiencing in the muscles and joints of your legs*

RS |

; QVERALL Now shift from a specific focus to a very ggeral broad focus - what degree‘
of exertion do you feel overall as you work. You may give the local and cenual feelings any _
weightings you deem appropnate i

| Please r.ry to estimate your exertion-and/or fatigue as ob)ecuvely as possible. Try not”

LS

to underestxmate it or overesumate 1t Aim to estimate it as accurately as possible.

Adapted from Morgan (1981).
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..APPENDIX E

UANOVA SUMMARY TABLE, VO,, BODY WEIGHT, BODY FAT
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4

THE VARIABLES IN THE FOLLOWING APPENDICES ARE CODED AS FOLLOWS:

CRPE, CENTRAL PERCEIVED EXERTION
LRPE, pocéﬁ PERCEIVED EXERTION.
ORPE, OVERALL PERCEIVED EXERTION
VE, MINUTE VENTILATION (l/min.)
PVO, PERCENTAGE OF V02 MAX.
VOL, V02 1/min.

OKG, V02 ml/kg./min’

VEO, VE/VO2 RATIO

VCO; VCO2 1/min.

11, stage 1, test 1

12, stage 2, test 1

21, stage 1, test 2

22, stage 2, test 2

BF, BODY FAT
BW, BODY WEIGHT

VOl, V02 MAX.

SS, SUM OF SQUARES ‘ | _ CL
MS, MEAN SQUARE - E, ERROR TERM; H, FYPOTEESIS TLIM

DF, DEGREES OF FREEDOM
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SUMMARY STATISTICS FOR TRAINING GROUP (n=12) AND NON-TRAINING GROUP .

(n=8).
Rl YR .
VARIABLE ME AN
VO s 900
v02 : 43 808
vo3 45 283
8w 60 133
' BW2 60 225
BwW3 6GC.208
BF 1 26 727
8F2 24 767
BF2 24 878
VARIABLE ME AN
vO'! 35.500
vo2 .37 537
v03 _ .. 36.650
Bw)Y . | 55 120~
Bw2 £6.450
BwWl - 56 .500
BF 3. 26 400
" BFf2 26.214

BF3 26 512

S.E.

- e A . s e e o a

-, e s b s s -

MEAN

274
289
344
a32
Je2
623
139
.033

.215

S.E. MEAN

- 124

663
.230
064
384
.436
210
690
193

STD

AR WNUADLDLDL

STO

WhNOBWNWLBN

DEV yALID N

226

467

.656
.962
.788
621
.085
.577
.208

DEV VALID

513

702

419
378

916

.062
.964

470

.376

-t

19
12
12
12

‘12

12
11
12

12

z

Ty

® N ®OE®Em

LABEL

vo2 test 1
vo2 test 2
vo2 test 3
body weight test
body weignt test
body weight test
percent bogdy fat
percent body fat
percent body fat

LABEL

vo2 test 1
vo2 test 2
vo2 test 3

" body weight test

body weight test
body weight test
percent body fat
percent body fat
percent body fat

1

2 R
3

test 1

test 2

test 3

1
2
3
test 1
test 2
test 3
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UANOVA SUMMARY TABLES, PERCEPTUAL AND.PHYSIOLOGICAL DATA
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SUMMARY S’
NON-TRAINING GROUP (n=8)

\

e

TATISTICS FOR TRAINING CROUP (n=12) AN

NUMBER OF vaL 1O OBSERVATIONS (LISTwiSE) »

vaR[ABLE

CRPE Y
LRPE 1Y
areg
vE I
PvoILY
vOoL 1
oxG1Y
vEOIY
veo
CRPE 2
LRPE 2
QRPEL2
vE 2
PVOLt?
VoL 12
oxG12
vED12
vCo12
CRPE
LRPED
QRPE2
vEQ!
evoRt
voL21
oxG2
vEo21
veaat
CRPE22
LAPE2D
ORPE22
vE22
Pv022
voiL22
oxG22
vEQ22
vC022

?
L
L]
13
m
)

30
N
t

0
0
"0
€8
80
2
k)
12
2

E}
9

9
56
69
1

n
10
t
.10
0
\|°
66
18
2
s
n
-2

NUMBER OF V§Llo

VARIABLE

CRPENY
LAPEY
QRPE 1
vEIt
PvOIY
vou 11
OxG11
vEO1t
vCo
CRPE2
LRPE 12
QRPE12
vE12
PvOI12
L VOL 12
OKG12
VEO12
vCo12
GRPE2Y
LAPE2Y
onee2
VE21
PVO21
voL 21
oxXG21
VEQ21
veo2t
CRPE22
Lepgad
oRPE22
vE22
v022
vot 22
oxG2z2
vEb22
vCo22
\

1
1
1
39
a2

1
J0.

32

917
167
333
142,
208
842
629
Qa2
8493
333
250
582
400
7%8
110
150
892
%7
582
082
o83
142
700
ar1s
442
017
132
917
823
832
817
83
109
438
87s
1m"?

OBSERVATIONS (LISTWISE)

MEAN

000
133
2%0
462
127
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DEPARTMENT OF ATHLETICS,
UNIVERSITY OF ALBERTA,
EDMONTON,
: ALBERTA,
CANADA, S
T6G 2H9.

13 August 1986 R

Y ' “‘ } \ * .
Dear sir, - , . ' y
I'am in the final stages of completing my Master's thesis entitled:

"The relationships between perceived exertion, fitness and sclected physiological parameters'.

In the thesis I wish to use two illustrations from your journal, these arc:. .
' N

The relative contribution of centsal and local cues to perceived exertion as, a) a lunction of
time, and b) as'a fufiction of exercise intensity. " SR . '
" LAY B n
These two diagrams are taken froni: Robertson R.J., (1982). Centrak signals of perceived
exertion during dynamic exercise. Med. Sci. Sports and Exerc., Vol. 14, No. §, pp. 390-396.
I'am therefore asking your permission to incorporate these illustrations in my thesis:
Enclosed is a copy of the relevant sections of the text. I would be most grateful if I could aisg

these diagrams since I feel they are an essential part of my review of literature. - o
Yours sincerely, ; oo
. ‘. . A ' ) :
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Edmonton ,iberta
CANADA TGG 2H9

a Dear Mr.” Rose:

R

.Umversnyof Plttsburgh T A T
HEALTH, RHYSICAL AND RECREATION EDUCATION ' o .
Human Energy Research Laboratory . ‘ : o !—j
| | September 235-1986
- “ ' s
. P ’ g,
Mr. Jeremy "Rose = .- o
Department of Athletics : "
University of Alberta f;%

By way of th1s 1et{er, I' grant you permi551on 59 reprint
. Figures*1 and 9 from my awkicle "Central signals of perceived.
exertion during dynamic exercise" (Med Sci. Sports and

Exercise, Vol. 14,

No. 5, pp. 390- 396) in your thesis literature .

L.review. However, if you publish the literature review, :
permﬁ351on to use: the Figures will have to be obtained from the

‘ed1tor of MSSE..

-

Good Tuck with your thesis. oy

. “ PITTSBURGH, PA 15261

I3

. Sincerely,

AT
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13 August 1986

Dear sir, : :

,I.amin the final stages of completing my Master s thesis entitled:

- 'The relationships between perceived exertion, fitness and selected physiological parameters'.
/ In the thesis I wish to usc three illustrations f rom%our publication entitled:

Physical Work and Effort. Edited by G.A.V, Bo7. Pergamon Press, Oxiord, England. 1977.

v - The illustrations are as follows: .
1. The. Three Effort Continua. Page 5./- Taken from the general - introduction:
Psychophysiological studies of the three effort continua. G.A.V. Borg. pp. 39-47.

2. The Borg 15-point scale (p.372), and - . : _ , .

3. A model for differentiated perccived excrtion, (p.380). Both taken from Pandolf K.B.,
~ Psychological and physiological factors influenc ng perceived exertion, pp. 371-382.

I am thereforc asking your permission/ to incorporate these illustragions in my thesis.
Enclosed is a copy of the relevant sections of the text. I would be most grateful if 1 could usc
these diagrams since I fecl they are an essential part of my review of literature.

‘ /

[ = | o : / ' . "
, ﬁ_" : | : Your# sincerely, '
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Jeremy Rose ' : ’ ,
¢ : : -
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| pERMISSION REQUEST

i We herehy grant you perrission (o reprint the malerial specified |
i1 your letter (attached) for the purpose you have indicated

© therein, At no charge, provided that: : :

l;% 1. The material to be used has appeared in our publication

S without credit or acknowledgement to another source:

. 2 Suitable acknowledgement to the source is given in
accordance with standard editorial practice: .

3. chrod:lclion of this maléi’iul is confined to the purpose

for which permission is hereby given.: -

ii bsidiary Rights Dept, -

*gamon Press.

' ’SV*’ '- m ﬂg&f\ .Oxford. A . .

™

Suit gy ‘
itable acknovyled?ement to the source is to be given preferably

as follows:
| For Books Ry t
a in . - . - s
.-—_—a‘,-—gggal;%% Vgg; ESQrLchslon troq\ (Agthor/T ite), Copyright (Year),
For Journals | L -
2eprinled with permission from (Journal title
\uthor(s), Title.of }mcle), Copyright (Year),

’

‘ , Volume ndmber,
‘ Pergamgn Journals Lid,

[

| ]E»nns;pernfissiqh‘is grantéd for noh-exclusive Worlg
ngh.;h‘ _rgghts; only. For other lahgl;ages please‘
| reapplgfs‘eparqtgly fo;r\eagh one required..

!




