: LaC [ 4 un ':. H.s. mamltﬂunss/mrdiac

~levels: (10 &12.7) ‘on the basis of two HR ranges (115-125 bpm; 145-155
-bym) .. ‘The. initial submax test was followed by a VOjmax test. Ss were

: =191.2 bpm; RPE=18.2): wexe cmputed for all SS. A2
s camputed to determine if there was a sig diff among tests.
1 1ow RPE resulted in sig (p<.05) lower HR response than the
the tredmill test.  The HR response to track walking
g (p<.05) higher than the initial and treadmill tests.
: fSStiMexestix'nated' exercise intensities in
track setting. No sig (p<.05) interaction
the fa RPE level ard exercise setting. The
“this stud ﬂlatﬂue&wrelssaomrate
‘ R!Evaluesinan ‘uncontrolled:or track setting vs the
‘or:trex 'intﬁ:g.inmﬂwsemltsitisamammtﬂmt
of mitorirq exercise intensity in an
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CHAPTER I
INTRODUCTION

mapplimtimofntirgofpmeivada;ertim (RPE) has becane
widespread in the area of clinical exercise testing. It is currently
believed that the use of cbjective measurements including heart rate,
oxygen consunption, minute ventilation volume, and blood lactate
accurately assess: physiological pammeters during exercise, but fail to
evaluate subjective responses (Eston, Davies; & Williams, 1987).
Through the use of a s:bjectiva rating of effort scale originally
Gevised by Borg (1973), collection of subjective measurenents as a
supplenentation to dbjective data during exercise testing has been
researched. Through contirmal :aseardx,'a,miatiaﬂup between
physiological and psychophysiological parameters has been determined.
Rating of perceived exertion has been found to be significantly
correlated [r = 0.75 ~ 0.90] (Borg & Li.'ndemo],m, 1967; Frankenhaeuser,
Post, Nordheden, & Sjoeberg, 1969; Skimner, ¥org, & Buskirk, 1969; Boryg,
1973) with heart rate and appeared to be most closely related to a
proportion of maximal capacity at a giveh mﬂdoad (Morgan, 1973).

From this infomtim it was determined that RFE plays a role in
exercise testing, hovever investigators (Smitck, Skrinar, & Pandolf,
1980; Eston & Williams, 1988) have questioned the extent to which RPE
can be utilized.  Some rnseardersbelieveﬂat the subjective measuze

1l




o!.'RPE mst:be explcmdin terms of production of specific intensity
_ levels &s the result of practice or tr Ining at these specific levels.
. Bngand Noble (1974) stated "the perception of exertion is a perceptual
: : »”' cue of ‘Value for the regulation of proper work intensities (p. 150)".
'rrmgan (1981) stated:
SIS ey ke e sty
e trara. i e sians, oo aaopt. Stfort
sense strategies- in short, focus on the psychophysiology
of self—awaraus ‘during vigorous physical activity (p. 426).
. _Estonetal. (1987) and Smitok et al. (1980) have substantiated
- that the achievement of acourate effort production from RFE is
zaasonably acan.-ate at higher levels of RPE, but is less accurate at :
mm levels Estm et al. (1987) also stated that through practice
'sess:las the aocurate pxorhctim of effort-at lower RPE levels can be
d:t'ained 'Ihisshﬂyattaptedtovexifythetheorythatthekﬂ:mbe
-‘applied to anamisa practice sessions. 1In additjon, it attempted to
detemine if ‘the production of effort over a range of intensities can be
i acqﬁ.vedand precisely replicated at specific exercise inténsities.
Bupose of the Study
: 'mepurposeoftldssuﬂyuastoevalmteﬂ:euseofmtixgof
pemeived eocertim (RFE) as frame of reference for the production of a
nrqeiofwalkhtga:ﬂm:ﬁ:qinhersitisbymxgmarﬂm This
sh.ﬂyattarptedtodetauinetheappliatimotmtocmml intensity
otwm:k, in addition to determining the relationship between perceived
ettortalﬂ the ability to reproduce effort at various levels previously




Neeqd for the Study

The need for this study is based upon the insufficient evidence
concerning the precise relationship between perceived effort during
exercise training and the production of effort at a level equivalent to -
a previously experienced intensity. The utility of dstermining the
relationship between perceived effort -and the ‘productim of perceived
effort at specific intensities lies in the area of exercise truining
programs. - Eston et al. (1987) stated:

A le useful variant of this application of RPE

would be for an exercising person to use or, if necessary;
’learn to use’, an appropriate version of the scale to

control ‘the :mtensxty of -work, for example during

for endurance in athletics: This would obviate constant

reference to complex laboratory facilities (p. 222).
Eston et al. (1987) indicated that the utilization of RPE as a
prescriptive or regulatory device has yet to be proven valid.
Therefore, it is necessary to determine the extent to which the
application of RPE can be utilized.

Smutok ek al. (1980) demmstrated that the use of RPE for active
adult men is reliable at heart rate values exceeding 150 beats per
minute or 80% of heart rate maximm and running speeds of 9 km per hour.
Purvis and Cureton (1981) reinforced the results of Smitok et al (1980)
by determinirg the achievement of accurate effort production from RPE
was reascnably sccurate at higher levels of RPE (13 and 17), but less
accurate at its lowest level. From these stidies it is apparent that
the production of effort at lower RFE intensities, based on previously
experiencedlmrlevelsofeacise,ha.slwmducibﬂitydmin;

training sessions. Consequently, this study attempted to evaluate the




a;pucatim ot RPE :ln mditying variables including exercise intensity
mmmdnnty abjmmwalmtedmﬂnirabuityto
pmcn:atspwdﬂc amdsa intensitics followirg the completion of &

Mull Hypothesis
- mefouowhqnmnypoamismzmnated for this stidy and
useadat the .05 level of confidence:.
' There is'o significant difference in KR responses vhen utilizing
. specific levels of intensity an the REE scale during track and tresdnill
S Aszmptions
 The fol1oving assmptions vere mde in this study.
o 'masubjectsmrmnl, healthy individuals who based their
examise intensity levels upon subjective perceived exertion levels.
. 2) Al mibjects performed mx'nally during the paximal treadnill
°3) The subjects had no previous atperim with the Borg {1973)
"m:ing of percaivad @mrtion scale.

 4) Al subjects unterstrod directions for Rating of Perceived
Mtim (Boxyg, 1973).




Limitations
The limitations of the study were:
1) The twenty-six subjects wers not randomly selected.
2) MWMMMWMWMW

such as, personality traits, motivation, learning effects, and physical
fitness level.

A scale of pemeived
exertion which enables isﬂivid:als to subjectively rate their own degree
of fatigue or stress. The Dorg scale ranges: f....‘n —6—20 (Borg, 1973).

6 ,
; very, very light

:owrylight

11 fairly light
12 -

13 somewhat hard
14

15 harxd

16 -

17 -very hard

18

i9 very, very hard

20
Central Factors. ﬂasefact&smsasatimsurfeelings&mthe
ca:d.iqmlmmxyswta(mu lssz)uﬂ:lmmdemasumsot
vamuammmm\mm,mspmummta(m),mm a-m),'
a!ﬂcxygmcmsmptim(\bz)(nihevic 1981).:7': :
1ecal Factors. mesencmmfertofeemgsotmmmmismj
mscles. Paranate:stlntnypzwidesasoryhpxtforpemaivad
exertion arve: 1)nxst:lelaetate 2)Golgitehdmt ,vity,anda)




mm«;mm 1981).
_Oxvoen Conemptis m-:dmlmmtofaqgmani:ﬂividm

oég of voz « 150 1--m-1) vith incressing workload and a respiratary
: mmm uuunn-.g ® L.

‘and: eeli.ngs mlatedtoﬁumkmi:mnt (Borg & Noble, 1974). This

msdstamimdusimhzg'smpointsale. '




CHAPTER II

Intxoduction

Over the past decades ratings of perceived exertion (RPE) have
played increasingly greater roles in exercise physiology studies. In
1986 Borg and Ottoson stated "...an important t:'erﬂin physiological
assessment in recent years has been the tendency to collect how pecple
feel vhile engaged in physical vork, to augment usual messures of
physiological response” (p. 180). Such ratings are important
camplements to ﬁdmvioral and physiological measurements of physical
perfonmance, 'mepmcassofdetemtnixgetfbrt"ser'seorm results
from a canplex interaction of cogﬁitive and metabolic processes (Borg,
1973). Theoretically Borg believed that it should be possible to
explain the peychophysical function based upon aif:éfmt-pixysiolcgical*
functions. ‘

In 1970 Borg devised a 15 point scale baserlupun a correlation
between perceived exertion and heart rate. Bongdsi.gnedhislSpoim:
RPE scale to be parallel to the linear ilmease:l.nheartrate (HR) which
results as exercise mta\sityrises' Agivaratirgcanbe
mltipliedhyafactorctlobomdmteﬂlemisem. Results of -
various st\ﬂieshaveslggastedﬁntmaoesmtptwidestmmm
signalstothepexcepta.mofeffurt, yetalimarzehtiaﬂﬁpbem i




| ’mmmmdsts (Noble, Metz, Pandolf, Bell, Cafavelli, & Sime, 1973;
ffmdolr., 1977). The Borg scale displays a relationship between HR and
Vm,wiﬁxmtimhda-no.so-o.sommawidemot
mo.m(aozg & Noble, 1974). Inter-individual comparisons can be

aﬁdetamimdwiththesmleammval\nsmbemedmmﬂect

fimsmogm strain while exercising.
Oﬂursuﬂieshavealsodisplayedasuuglh\earrelatimship
7 hetxamtl’mgtmvariables for both male and female subjects (Skinner
et al.; 1969; Skinner, Rutsler, Bergsteinova, & Buskirk, 1973; Stamford,
. 2976) of varying fitness levels (Skimner et al., 1973). The linear
B mlatiuship also remains comsistent over various training modes (Bory,
| 1973. Skinner et al., 1973) during intemmittent or continucus exercise

_ (pavards, Melcher, Hesser, Wigertz, & Exelund, 1972).

. l In 1971, Ekblom ard Goldbarg suggested that the perception of
: ;ettcu:tdtmi.rq exercise was based upon two categories of factors. The
ﬁ.rst catagm:y represents local factors or feelings of strain in
m:cisi.ng mscles and/or joints. Central factors or feelings
;associatedwithprinarilyﬂnazdicpmmzysystan:epmsentedﬂn
second categorical factor. This two factor model served to be an
cxtensimof Borg‘s ariginal proposal which stated that during short-
tmwrk perceptions of exertion enanate in the. skin, muscles, and
o:lm:s nmimlummgmﬂasﬁmmmofcimnatim
mﬂnspiratim are importsnt in temms of perception of exertion (Borg,

Wshmdetanimﬂmtlamlfacwrsmassmedto
midnﬂnprimzysmysignls In turn, central factors act as




amplifiers that potentiate the local signals in proportion to metabolic
demand (Cafarelli & Noble, 1977; Robertson, 1982). Robertson (1982)
determined that during the first 30 seconds of dynamic exercise
exertional sensations are solely local in origin. Central factors begin
ﬂairpowmiatiwmlesappmdmmyao-sommm
initiation of exercise, midtmbbqhtimpeﬂodmm '
for cardiovascular and ventilatary adaptation. Robertson (1982) also
determined that local signals dominate the perception of ‘effort at all
exercise intensities while ventilatory or central cues became more
pronounced at higher exercise intensities.

In the attenpt to explain the psychophysical function of
individuals during work performance, researchers have stidied various
measurable physiological functions which are categorized as central
factors (Bory, 1973; Neble, Metz, Pandolf, & Cafarelli, 1973; Pandolf,
1577; Pandolf, 1978; Mihevic, 1981). This chapter reviews literature in
the following areas: (1) physiological factars related to RPE,

(2) reliability and validity of perceptual responses, (3) perception of
effart during aercbic exercise and, (4) individual difference variables
vhich may influence ratirgs of perceived exertion.

REE_and Ventilatory Function
Research has supported the role of minute ventilation (VE) and/or
respiratory rata (RR) as sensory cues which influence the perception of
effort (Carton & Rhodes, 1985). Correlation coefficients ranging from
0.52 to 0.94 have been determined between REE and both VE and RR
(Bvards et al., 1972; Noble, Metz, Pandolf, & Cafarelli, 1973; Pandolf,



2l

r ',r'ktat'edﬂnt1t1sunmauwuumtuaabso1mw2ﬂntp1aysa
: critical role in determining the perception of exertion duwring dynamic

a.l’amu:l, Ndale, & Metz, 1972; Sargeant & Daviss, 1973; Skinner et al.,
1969; Smitok et al., 1980). The actual strength of the ventilatory

f-:lg\al mydqeaﬂmﬁamic intensity achieved during physical
: pa:tomma Edm:dsetal. (1972) found that the intensity of the

ventmtorysigml increases as the metabolic rate increases. Nable,
Metz, Pandolf, & Cafarelli (1973) determined VE:-and RR to be the best

* predictors of RPE, when studied in either a hot or neutral enviromment.

¥hile Bivards et al. (1972) stated that VE has afferent nervous system-
input that can be monitored consciously.

REE and Metabolic Demand
Correlations between 0.76 to 0.97 have been‘noted between Vo, and
RPE (Bdwards et al., 1972; Sargeant & Davies, 1973; Smitck et al.,
1980). Researchers have demonstrated that while VO, increases with

7 ' mspecttomrkload, RPE also increases according to a positively
- accelerating function which closely approximates'VE and blood lactate
 curves (Borg'& Noble, 1974; Mihevic, 1981). Sargeant and Davies (1973)

. exarcise. Astrand and Rodshl (1977) found that then camparing exercise
-, at equivalent relative exercise intensities, Vo, fails to account for
z.hys:lological responses vhich may differ between individuals.

'nnmt »-they found it more reascnable to stat: that VO, is indirectly

mrhomdntoﬂnimuto:cartainmsimogicalpamm
as'vakand blood mu that are linked to relative metabolic demand.
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Afbarﬂwdevelqmmtotwg'smpomtmm;eatmsive
research was undertaken to test the reliability and validity of
perceptual respcnses. In 1972, Michael and Eckhardt exercised six male
amjectsforlsﬁmtesmaueuhﬂlatauorkinwsitymidexed
"hard" at 0% slope. later subjects were asked to reproduce an
equivalent level of work at a slope of 108. The results of this study
revealed no significant difference between the exercise intensities
using the two different protocols. This demcnstrated reliability of REE
despite variations in protocols. Skimner et al. (1973) studied the
question of whether subiects corld perceive ‘small differences in work -
intasityifmﬂdoadswereprasawinararﬂmioﬁermﬂertwo
training protocols: contimuus and isolated. They found no significant
. differences in any of the physiclogical and perceptual variables betwsen
the two types of test protocols. Stamford (197s)ag§e'edwmmichae1
and Bckhardt (1972) when he determined that RPE readings were reliable
and valid, and independent of exercise intensities. The RFE values
which were collected proved to be reproducible (r?0;76)&mirginterxse
(>90% VO;max) and less severe exercise.

Ulmer, Janz, and Iollgen (1977) raised doubts about the validity of
the Barg scale due to the fact that it is based upon' the correlation
between HR and perceived exertion. ’meirzsean:hmmll-tmimd
mwm@mmtmummym@ﬁms&mm'
consider to be the stress (vorkload) of exercise rather than the strain
(heart rate). : ‘




~_ In relation to rumning, eusrcise prescriptions based upon the REE
m:mamemmmmmao% HR maximm or at
 RPE 12 and above (Smrtok et al., 1980). It is noteworthy that the
correlations between RPE and BR vere lower at all levels of the analysis
,rléan)mgmmgforﬂavaﬂaummedflorwmn. The reason

férﬁ’ﬂt'hma'mﬁt'ot'v&immmmmmmaybeduetothe

fact thiat HR is. known to fluctuate on an intra- and inter- subject basis
as a result of envirormental and emotional influences (Eston & Williams,
: 1933).

" Recently Eston and Williams (1988) concluded that RPE is a useful’
S Vnm,gt;efermforﬂnza;ﬂatjmofhighlmlsoteumisein
. healthy mena:ﬂm With small amomnts of practice using the RPE
S scalesubjects can improve its applicability at lower exercise
. intensities. Their results demonstrated a trend tovards greater

”zaliabilitybcthasﬂammmintasearﬂwiﬂxmre
'miaumﬂataskwiﬂxﬂnwicnothighlevelsof intensity.
i At hi.gher levels velating to a RPE value of 17, between-trial
;cormlatias for V0, vere consistently high (r = 0.92 or greater).

: mzmptim of effort cannot be solely based upcm physiological
“ir;utralcne 'ﬂaperformmofmswlaramisedeparbto
;dagma‘upm psydn‘logial factars such as information processing,
ardrmtivatim (Moxgan, 1973; Noble, Metz, Pandolf, &

J mlamtuya:perimxtsperfomedbym:gan(wn)

: ogialrmspasasmmmmmrapprmdmtelym-
of the variance fowd in FPE. He suggested that the remaining




ane-third of the total variance in RPE may be related to psychometric
factors. In 1981, Morgan stated that research and practice with RPE has
essentially vigmred the influence of persanal dﬁr&cter.tstics cther than
fitness on RPE. Morgan (1981) has analyzed other factors such as '
inconsistent use of perception by subjects. V-H'e mﬂs the use of
retrospective reporting by subjects involving cmpliama with
instructions or a type of subjective confidence about their success in
complying. 'Ihis would allow the investigator to estimate how efféctive
the subjects are in manipulating rating of perceived exertion in
relation to exercise intensity.

Cacioppo, Tassinary, Stonebraker, and Petty (1987) campiled several
reasons for doubting the validity of measures based on self-reports of
physiological arcusal. Several factors have been identified which
contribute to the invalidation of self-reports. . Subjects may fail to
accurately report their perception of physiological arousal due to the
belief that physiological arcusal following a strong excitatory stimilus
diminislummquiddyﬂ:ansmﬂaticamasal. A second factor
involves the translation of intermal states to verbal -responses.
Individual perspectives and :Interpmtatiasinﬂuerm the resulting
verbal response and cause individual variation. Atﬁitdfacmr involves
the variability in specific physiclogical sensations that individuals
employ to gauge their bodily state. Once again hﬂivid!m variability
appears and threatens the validity of betweeti- and within- subject
comparisons. A fourth factors :wealsthat imividua.ls ‘are biased by
past experiences, beliofs, and expectations. ~Additional factors which
mey influence self-reparts include subject roles, evaluation
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w:lm dmﬂmisum,mbm,wa@admm
t,,bhs &:bjmmybeqzmiwtomﬂ\emummotﬂn
"r;:mmommmmymtmmm

| 'm- t:h’\al fac':or :I.ncludesﬂn initial fitness level of subjects. Each
subjectmymactdiffexmtlymstmniasamltotﬂnvarying

* fitness levels’. From these slx factars it is possible to conlude that
'.unmsmwimmuasmidnmasamismmm

; sensations ofa:wsalmybetoocmplex for divect measurement (e.q.,

verbal dewiptiorls) (Caciopwo et al., 1987).

um;m and Barg (1976) and Rejeski (1981) have suggested that
phys:l.cal per!ommemyhemtedasmwan individual’s self-
7 pemq:tius ofabilitytoperfomphysicallyas to the actual
. per!ommecapacity Imividnlshavebeenfmﬂtoeitherincreaseor
f:;deaease the intmsity of their perception of effort over a long-term
tniningpa:ugrm(martsm, Gillespie, Hiatt, & Rose, 1977). Studies

,'::unn mise progms are administered (Pandolf, Burse, & Goldman,
i 1975: Elblan & Goldbarg, 197).

= Ba:ga!ﬂmﬂamolm (1967) discovered that four months of intense
amc:laecandmsult in a modified evaluation of effort at an absolute
workload. uso in 1971, PXblos and Goldbaryg determined that following
mc.tght;ﬁnaktrainimm, RPE was found to be 1.5 to 2.0 points
ilomr-atsta:ﬂam_am)d-l uu-kloads The RPE at maximm exercise




intensity failed to differ. Kilbam (1971) also demonstrated equivalent
results when he found a reduced RFE at lower submaximal workloads and no
difference in RPE at maximm exercise intensity.

Kilbom (1971) demonstrated that at the campletion of an aercbic
exercise training program, the metabolic requirement of a given
submaximal activity was unchanged or slightly ‘decmased. In addition,
it was found that metabolic démands of a specific task were reduced when
expressed as a relative percentage of maximal work capacity. From these
results one could conclude that the performance of a standard workload
would be perceived as involving less effort.

Investigations involving the effects of training upon RPE have -
produced a variety of results. Pandolf et al. (1975) found RFE to be
reduced at a specific HR or VO, following three weeks of low intensity,
long duration activity. Patton, Morgan, and Vogel (1977) found no
differences in RPE following a six-mimite run at 6 mph on a treadmill in
military conscripts who varied in fitness levels. Following a six week
training program an 11% reduction in RPE was found for all subjects
during submaximal exercise. It has been proposed that differences in
RPE are only manifested during intense activity due to the fact that
this study anly evaluated differences in RPE at low to moderate .
intensities. ILewis et al. (1980) cbserved a significant reduction in
REE at a fived workload, following an ll-weck training program performed
at 75 to 80% of VO,max. ' '

Contrasting studies have illustrated that following training,
imeasedwrldoadsmassociahedwiﬁ:awideselectimofﬁﬁvalws,

mﬂamqeofmdmummwnesﬁmts(mﬁm




7'1971). mwm(nﬁ) concluded that although reductions in
SVMMdetemimdatanmm\mﬂoadfonwmgtmming no
'Wmﬁmm,mmwmmuy

N!wwsinvestigatiasmminedﬂut individuals categorized

‘a8 ﬂtortmfit rated perception of effort equally when performing

i stmﬂaxdmrld.oads (Carton & Ruodes, 1985). Purvis and Cureton (1981)

ftqmumtpemeptims of effort are similar between subjects at
'fmobic threshold which implies that well-trained individuals will

jgivealwerperceivedntimtoahigherabsolutemcisederand
* Chow and Wilmore (1984) suggested that sedentary subjects who conbined
: RPEarﬂl-m,basedupmapteviasgradedamcisetest,terdedto
r,\nﬁexesti.mateversusave:stintetxainixgm. The influence of fitness
©level on RPE needs to be further investigated before valid conclusions
canbedebem:lned
S 'mepositivezelatimiptbathasbemestablishedbeuammm
: rautivemetaboncaaammmﬂuassmpum that RPE may be used
f;to‘ regulata exercise intensity (Willians & Eston, 1989). The Anerican
rcéuegao:spmsnedichn(ms)detemineduatmuvelsofnmm
(M"thmm")mﬁamstomsalem
qd\mlamtoalevalofsomastofanhﬂividnal'svozmxval\ns

f'iarﬂcyclingitﬂiatedtlntratmgs of 12 to 13 were equivalent
hosot'pso%ofvozmxvaluesmmstirdividals (Burke & Collins,
1984 lktm et al:, 71987). Astmngi:end tovards greater reliability

16
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between RPE and exercise intensity was determined as the work became
mxainbasearﬂasexperiemwiﬂaﬂétaskrm, except at high
levels of intensity (Eston & Williams, 1588).
An issue that has been recently adiressed is clearly stated in a
current article by Eston and Willisss (1988):
To be an effective adjunct to standard physiological and clinical
in prescribing exercise intensity, rated perceptions of

respanses
exertion mist allow accurate production of targeted responses
throughout the full metaholicmga (p. 25).

williams and Eston (1989) also believed that RPE can only be a useful
means of determining exercise intensity once its validity across a wide
spectrum of intensities, exercise modalities, and populations has been
demonstrated. :
The issue of extending the utility of RPE across various
intensities, modalities, and populations must be addressed. In 1981
Morgan claimed that 90% of individuals can learn to rate exercise
intensity or cost accurately. The question remains as to how these
individuals can learn to rate exercise im:exsity accurately.
Researchers (Loftin, Zingraf, Wanm, Jaus, & Brandon, 1986; Morgan,
1981) believe that the RPE scale has,a,pater\tial as a "learning aig®
withzespectmmisewhidtimmlvsammrmoadmtime
or pacing.
In a 1981 fcrecast Morgan stated:
+++if people have trouble adjusting to-a prescribed trahﬂn;
mrldoadadeqntely,wenigmtahﬁmtoﬂ\e t:m:y for a
dotovmioe w1t gesis b0 pectorn thar. verh 5. 0. o o
The American College of Sports Medicine (1986) agreed with Borg’s
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'f;zagulatmg hm 36).

7 Ragulaticnofenamisemtasitjsswmmtsinsafeam

mliablel-lkmspmsesabovalsohm (aoum‘x), RFE above 12, and
. running speeds above 2.5 m/sec or 5.6 nph (Smitck et al., 1980). They
' iamastedmatmediffminmmyheantogmaterm

. variability within subjects at low exsrcise intensities. Test-retest

“analysis between first and second self-regulated exercise tests revealed

‘correlation coefficients of 0.37 to 0.75 for RPE (Komi & Karrp, 1977).
: : 'me 1owest coefficients were found at exercise intensities below 50% of
© maxinal HR values (Komi & Karrp, 1577). Teghtsoonian, Teghtsoonian, and
- :txarlscn (1977) tested perception of mscular effort of male club
i cycl:l.sl:s “ho exercised regularly. The results determined that workload

 detection thresholds were sensitive to miscle fatigue vhich could serve
- a8 a possible mmeim for any existing. increases in variability in
s m at high intensity workloads. ILoftin et al. (1986) and Morgan (1981)
'tmmtmmlyismmvotozmvmamebeueenmm
phys:lological measures accounted ‘for in this relationship. Again the
'}mggestim of a "1earning effect" is yade vhich would account for the
iﬁ.nal 30% ofﬂnvarimbeﬁsmmwmysmlcgimlmeames
Haqa (1981) recamamdtratanininnotﬁm feedback trials be
leted m‘fomﬂertoestabliahttnatfactivamafkpgasawﬂwdta
arc 'E"intensity Despite thess findings Pandolf (1983)
test zatest mehtias are high for RFE in
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standardized graded exercise, the day-to-day reproducibility of RPE for
continuous submaximal exercise has not been established. Chow and
Wilmore (1984) found that three feedback trials were sufficient to
increase training HR accuracy to acceptable ranges of 10 bpm for
absolute error. Eston et al. (1937) famd similar results in term. of
production of accurate exercise intensities based on RPE and also stated
that accuracy in effort production can only oco.xr at higher levels of
RPE (13 and 17). The accuracy of effort production is }essened at- lower
RFE levels. |

In 1987 Myles and MaClean conducted an experiment analyzing response
and/or production protocols. ‘The respanse protocol allowed the subject
to estimate pre-selected power cutputs, while the Mm protocol
allqvedttxesxbjecttopzodtneanamiéfépmrwtpxtfora
preselected RPE. They concluded that productim protocolsaxesafer
unnraponsepmtocolsduetothefacttmttheynakemassmptias
withregazdtophysimlcaﬂitimofﬂresxbjects With the production
pmtocolﬂwimwtigatorselects%valusardthewbjectisanmved
toadjustthepowermtpxtusirgaharﬂr—heldqmtrol. 'mepmchlctim
to match mmerically anchored verbal epressions of effort (Myles &
MaClean, 1987). ‘

Dishman, Patton, Smith, Weinberg, and Jackson (1987) determined that
the inplementation of RPE and HR reinfarcement strategies during a
gradedaeemisetatwaseffectiveinm:ci:gemminuainirgm
during an initial field trial Halk/jog. Disl'mnet al. (1987) pe:formd
thmpostgndedememzsetestleamﬁgtrialsmdximolved}m
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© feedback. Subjects were notified of any overestimation ar
= mumumo:mmmmmanmmisewim It was found
that after the adninistration of three learning trials, errars in
training HR vere significantly reduced. Williams and Eston (1989)
 analyzed the question of whether perception of effort is either
 Wdirect", the metabolic cost of the vark and the reported feelings of
: thaeunetcisingpe:smare ane, or “indirect" in the sense that practice
,",’gndfee&aadcaxereqﬂredforﬂnamtepmducﬂmofaemise
%‘:f:lntensity The results of the study proposed that perception of effort
| i,is"irdhect"&mortmgﬂnbeliefﬂmtpracticearﬂfeedbackare
maqui.red for accurat:e pmdnctim of exercise intensity. A high positive
;f;melaum has been repmted between RPE and physiological measures
. }useatodetemmeuaincasityo:e:miseyetrarelymumm%of
"';_f:vﬂxevariame:lsaccamtedtorinthis:elatimip The remaining 30%
,ofunvariame could inplicate a learning effect.
. Bayles et al. (1990) performed a study which deternined the effect
i’iﬁk,kiotamlativelyslmtdnratimperceptualminfomanent program on the
sbility to perceptually replicate lov, mderate, and high valking or
ing exercise intensities. The results determined a degree of
;:mmwms)bjectsforﬂareplicationofanmisem
pmapumuysetwguamisamsity ‘The results presented
erx:m.'of amrudmtely +/= 10bpn Foliowing short practice periods
'tthnaa, tmnimtesesimperweekorpracticesessias
Vlfeadbad:uvsimaspedalpemepunlreinfomtpmgm, they
mined that an isprovesent in the ability to perceptually replicate
walkimarﬂmﬂmspeedswamed In the field exercise
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situation the subjects were asked to replicate a 60% exercise intensity
while jogging on the indoor track. The results found that the subjects
uniformly exercisad at an intensity which produced speed and HR values
characteristic of the 80% treadmill speed. The results fram this study
found that the reinforcement program in conjunction with the Borg RPE
seale-inprwsthemmof:ﬂuphmnyxgguhtedmise
intensity. These results cnly hold true at moderate to high intensities
in a controlled setting.

The results of the aforementioned studies suggest that with
applimtimotpmcticemﬂminfmtedmiq\nsﬂn\xsedmsa
method of controlling exercise intensities can be extended to a wider
range of exercise intensities. WMnmmm
necasaryhefmkp:anumemuﬁmécatatemumo:mmg
exercise intensity across a variety of intensities, exercise settings,
and modalities.

In field situations mmerous social peychological factors influence
an individual’s performance. This myzesult in the reduction of'
perception of effort in relation to actual physiological status
However, during stremucus exercise, when physiological cues are
enphasized, individuals may not alter their RPE (Rejeski, 1981).
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Tine of Day
Researchers have deternined that psychamotor and mental performance
tasks, - :Imludin;m, are influenced by the time of day (Faria &
Drumond, 1979; Wojtczik, Makowska, Banaszkiewicz, & Romejka, 1978). The
degres to which these results extend is determined by circadian rhythms.
nwestigaton have discovered that effort perception varies with age
(A:stua,inti_na, Wendelin, Wuore, & Valamaki, 1977; Bar-Or, 1977; Borg
. & Linderholm, 1967) and sex (Arstila et al., 1977; Rejeski, 1981). The
" RPE value has been determined to be higher for a given relative exercise
intensity, with increasing age (Arstila et al., 1977). In contrast,
s si.dney and Shephard (1977) found no significant differences in RFE

f',"heumyangaxﬂold, or male ard female subjects when work was

» tqmsedasg,xmatiwmtagaofwdmlmicmr.

' 'f,with’a amticn ot 20 to 30 minutes, RPE was affected by the anticipated
:j:‘mti.moftmtrea&nﬂlnm Nearﬂxetamimtimote:mcise,

ﬂnintemalmesmm)dnized t.hea;hasisofextemalwesin

: datemirﬂ.ng RPE vas dininished. Morgan (1973) stated that during a bout

otmisa i.t is important to consider not necessarily what an
hﬂivimal i.s doing, but what the individual thinks (feels) he/she is
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which serve to explain this increase in perception of effort. Carafelli
and Noble (1977) support the view that central factors such as
ventilation contime to increase as a function of exercise duration.
However local factors such as fatigue may also influence RPE and reduce
the validity of the central factors theorxy.

In 1981, Jackson, Dishman, LaCroix, Patton, and Weinberg determined
that physiological and psychological correlates of exercise performance
are different in a field setting. Dishman et al. (1987) determined that
approximately 518% of performance variance in the 12-mimute run may be
accounted for by motivation. Earlier Kinsman, Weiser, and Stamper
(1973) identified three subjective grwpi.ngs associated with prolonged.
strenuous exercise: 1) fatigue; 2) task aversion; and 3) motivation.
From this research Pandolf, Burse, and Goldman (1975) created a
hierarchical model for perceived exertion involving four levels of o
subjective reporting: A) discrete synptoms - physiological stress which “V.
contributes to the; B) subardinate level - which entails local misclar
contributes to the; C) ardinate level- which exemplifies physical . ,
exertion, motivation, and task aversion which contribites to the; D)
superordinate level- which is repu:\satted by undifferentiated exertion,
that corresponds to the measured readings from Borg’s RPE scale
(Pandolf, 1978). These forr steps help to describe the subjective
reporting process vhich takes place @uring prolonged exercise periods.

Ratin;ofpemeivede:ﬂtiﬁlnsbe@,estabnshedasanadjmctto
HR in an effort to measure mysioloqicalstram CQurrently theissueot




, mmmmm“ammmmnmcmcfmﬂwmgmm
'_intms:ltyinsbmpmposed In oxder to test ths proposal researchers
’(mam & mmmt:, 1972; Morgan, 1973; Morgan, 1981; Noble, Metz, -
- Pandolf, & camem, 1973; Skirmer et al., 1973; Smitck et al., 1980;
: st:mfow.d, 1976; and Ulner et al., 1977) have analyzed individuals’
‘abmuestomamvanasmisammesmmmm
| values. Thess studies have introduced nev aress of research that need
| tohafurﬂnrexploredpriortot!nvalidatimofﬂw%s&leasa
, means of mlﬂtorirq emmise intensity. Such factors include validity
of self—mports i:ﬂivichml rphysiolngical and psychological variation,
. ;train:lng effects, levels of fitness, age, sex, and duration of exercise.
, kmwﬂnfwtﬂntmgnwpassesboﬂxmysiologimland
S psyamogical pamte:s investigators have found it difficult to
; cmh:ol emm variabls. Thus, this chapter has briefly summarized
zasults of various RPE studies. However, no conclusive results can

state ﬂntRPBanorcanmtbe used as a:moderator of exercise
-' _:lm:ensity. '




GIAPTER IXX
METHODS AND PROCEDURES
Subjects
Twenty-two female and four male undergraduate, Physical Therapy
students at the University of Wisconsin-Ia Crosse participated in this
study. The subjects ranged in age from 20~36 years and had little or no
previous experience using the Borg RPE scale. The subjects were _
informed of the testing procedures and the data to be collected. Each
subject signed an informed consent prior to testing (see Appendix A).

Experimental Procedures

WO max

The Q~Plex 1 Cardio-Pulmonary System (Quinton) was used to analyze
expired air and deternine oxygen consumption (VO), and respiratory
exchange ratio (RER) during the VO;max tests. The Q-Plex 1 was |
alimtedfiftemmmtoﬂawtimdfeadtsmject, which
hﬂﬁedtaperabmaﬂpcmadjmmaddiﬁmtomdhtim
and gas settings. mmwmﬂanmtmymummighed'
on a Health-O-Meter scale to the nearest pound. After collecting
descriptive datameﬂsbjéctﬂuirrm,,ggaq,:w, and weight
values were entered into the Q-Plex 1 for future reference.
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- mmjectwasﬂtteawimammcxcmmmmmm
HR throughout the testing session. The menitor vas placed over the left
‘7"sidnottludnstwithﬂa}malectmdasmﬂmunamject'sm.
,mmﬁgmmmmmm“hntoallwfwasy
7 7zwoxdmgoftrn}mmteswlg Resting HR values wexe cbtained
Tpeiortotestmgfonqdmaﬂvemnutemstperiodmnems‘mject
,rwasaitting
7 Priortoﬂaachnlwzmxtestthesubjectwasgivenemucit
hstnmtiusxegamhgmem:sme The subject read the following
;nsuucuas while referring to the chart displaying the scale (Morgan &
fnm; 1976).

"~ You are now going to take part in a work test:  You
willbe,wandmuﬂnnuﬂmmﬂntreadmnlwhﬂemm
- medsuring various physiological ‘functions. . . We also want

'1 F'a'

Attar;ttv:eﬁvemimterstperiodaheartvaluewasrecomedam

ﬁnaﬁj;ctbmivedahriefa@hmdmmﬂnmzmxtstﬁg

procedure ?jAbriatpncticasessimwaspertomedtoallwﬂnsubject
ahpetotxeaanm-amm

achnl\nzmtestwspmcadedbyadiscmtimsumdml
iatmmtmsms ‘low and moderate. A five minute
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wvarm-up at 0t grade and a speed of 3.0 mph was conducted. Following the
warm-up the treadmill speed was increased to 4.0 - 5.0 mph (depending
upon age, sex, and physical conditioning lewel) for three minutes to
allow the HR to stabilize. The goal of the low intensity initial test -
was to allow each subject to attain a HR value between 115~125 bpm.
mmwmmmmmnﬁpuymimammr
an additional two mimutes and an RPE value was cbtained during the last
thirty seconds of that stage. The low intensity test was designed to
ncalibrate” the subject’s perceptual respanse with his/her HR. The low
intensity HR range of 115-125 bym was selected to cbtain the subject’s
RPE value at a lower exercise intensity. The subject performed a brief
cool-down on the treadmill and was seated until their HR value was less
than 100 bpm. ‘

The subject was then commected to the Q-Plex 1 through means of a
mouthpiece and headgear. mq—p1ex1msstaneaiv&mﬂgsmject
began the second warm-up session for the moderate intensity test. The
subject performed a brief varmup session at 0% grade and a speed of 3.0
uph. Following the var-up the treadnill speed ves increased to 5.0~
6.0 mph (depending upon age, sex, and physical conditioning level) for
three minutes to allow the HR to stabilize. The goal of the moderate
intasitytestmstoallweadxsubjeéttoattainalﬁﬁﬂmbeum )
145-155 bpm. mmmmmmmmmuym
castmtforanadditimlunnixutesarﬂanmval\smzmded
dzrimthe]astﬂﬂ.rtym:hofﬂnstm mmtehmn:y
',tstm&sigﬁmmmmabjst'spemmrespusewm{i'

his/herHR. 'melo&rateimasitynnmgeof 145-155t;nmseleeted,_i gy
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toMﬁnsbjwt’stalmatamdentamiseintasity.
_ The achievement of a VO wax value was cbtained immediately

fonovdmﬂnmdenteintemityust The speed of the treadmill was
m:edtoagpmdmtelys.omafcrfmlesam1omfcrm1es.
Azti:measeingradeoccurredevarytmmhutasmtilamﬁmlvalue
was cbtained. Throughout the test the Q-Plex 1 recarded VE (1'min™l),
Vo, (1'min"! & ml+kg lominl), and RER. Heart rates were recorded every

fhe following two tests were randamized with half of the subjects
performing the treadmill replication test first and half of the subjects
performing the track replication test first. This sequence was then
reversed forﬂé,s:bject'ssmutest.

Reclicats

'met:emillrepliatimustwascmpletedmmthansevm
,daysa:teruaixutmustforhufofunﬂurteensmjectsaxﬂm
:",.rrmﬂansemdaysafterﬂnmdctestforunminmgﬂﬁrtem
- _'snmjecr.s ‘nﬂstestallomdmbjectstoregulatetheirounmmise
:,mtusitytomtdtead\otﬂn@libratimpointsormintalsities
'mesubjectmbe:edthelabontuy was fitted with a heart rate
mihor, arﬂaxestﬂ‘gtﬂvaluewasmﬂeﬂ The subject rested until
 his ’}mm‘afeuwminshmofuumsummmmmm
during  initial test. The subject again read the folloving sat of

rﬁrgohqtotakepartinawrktest You
wnl walki‘muﬂnmirgmtlntraadmﬂlmilem
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The speed of the treadmill will be controlled by the
investigatoruﬂymwﬂlmtifyﬂ:ei:westigatorto
increase or decrease the speedtomtdmﬂ\e
preselected RPE value. The RFE levels will be presented
in a randomized order and you will be allowed three
minutes to adjust the treadmill speed to the level of
effort you believe matches the predetermined RPE level.
You will remain at your selected intensity for two minutes.
The adjustment you make in terms of treadmill speed
should be representative of the level of perceived
exertion we have selected. Remember, perceived exextion
is the total amoumt of emrtim...(p. 395).

After reading the instructions the subject was randomly given one
of two RPE values previously experienced and asked to replicate the
exercise intensity by asking the investigator to adjust the treadmill
speed. Once the subject felt he/she had reached the desired intensity,
ﬂ:etreadmﬂlspeedrmainedoastamforatieast'twmimtestoallwA
the HR to stabilize. Following the first RPE replication the subject
was seated until his/her HR was less than 100 bpm. The: second
previously experienced RPE was then replicated similar to the first with
the subject monitoring the treadmill speed by means of ‘cammmication
with the investigator.

Ixack Replication

The track replication test was completed no more than seven days
after the initial test session for half of the thirteen subjects and no
fieldln:seaxﬂmsﬁttedwithaﬂimﬁtor nestingHRvaluesware
mimedwmﬂtheymwiﬂdnsnmofﬂmobtainedmrimﬂn
previous tests. 'n\eabjectaga.inmiwdﬂnfouwirqimtmctm

(Morgan & Borg, 1976):
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After reading the instructions the subject was randomly given one
of two RPE values previously experienced and asked to replicate the
exercise intensity by adjusting their walking/running speed. Once the
subject felt ha/she had reached the desired intensity the HR watch
monitor was activated. The subject was asked to maintain the
walking/running speed for two minutes to allow the HR to stabilize.

7 Following the fint RPE replication the subject was seated to allow the
HR to decrease to at least 100 bym. The replication of the second
previcusly experienced RFE value was then completed as previously

Statistical Analvges
After completion of testing the means and standard deviations of

“the subjects’ physical charactaristics and maximal exercise data were
. caloulated. In addition, the means and stardard deviations of the

‘The HR values for each in\:unity and moda were analyzed using a two-way
_significent (p<.05) differences in the sujects’ abilities to replicate
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CHAPTER IV
RESULTS AND DISCUSSION

Introductin

The purpose of this study was to evaluate the use of RPE as a frame
of reference for the production of a range of walking and running
intensities by young men and women. Means and standard deviations were
mfwmimdurmigtisarﬂwdmlmisedataform
subject as well for HR and RPE values for each intensity and mode. Data
&tainedt:mthesuﬂymmlyzadmmgaZxSfactorialdsign
- analysis of variance with repeated measures. The first factor compares
HR at RPE levels of iow and moderate intensities. The second factor
involved comparing HR at various testing modes: initial treadmill test,
'tgaacmm replication and track replication.

Subjects
~ Twenty-two women and four men (¥=26) who were enrolled in the
Hlyaicalnmpymatﬂatmimity of wiscusin-lac:'osse
,vulmteemdtoparticipauinﬂdssuﬁy Mmbjectcmplehedttmee

' ;,mcisetestscadxctedavaraﬂmwaakperiod The ‘initial

m&mistedofaaﬂmdmlmisetestfonmadbyamﬁml

cmisetest misinitialtestsexvadtoestablmnmvalw

L upmsantmg 1w (ns-ns bem) and mdente (145-155 bpm) exercise
: intasitiasaswellasm:dmlvalues Aseoanitestjnvolveda
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treadmill replication session in which subjects were asked to replicate
low and moderate REE values while exercising on the treadnill. A third
test involved a track replication session in which subjects were asked
to replicate the 1ow and moderate RPE values during track rmming. The
initialtestwascmpletedbyanswjecfswithfhem:derofthesecaﬂ
axﬂttﬁxdtstmﬂmlyassigned Final statistical analysis included a
total of twenty-two women and four men. rms:bjectsmmableto
camplete all three tests and were excluded from the study.

Phyvsical characteristics

Means and standard deviations for physical characteristics of the
subjects are shown in Table 1. Males and females were grouped together
in terms of physical characteristics. Subjects’ heights ranged from 63-
76 inches with a mean of 66.5 indm Their weight ranged from 109-220
lbswithameanweightof 147.6 1bs. RastmgHRvalues displayeda
gmatvariamemthamimmvalueof“bmarﬂama)dmmvalue of 99
bpm. These values displayed a wide range due to various factors such as
the individuals’ diverse fitness levels, inter-individual test
apprehension, and inter-individual RIR ranges.

Meximal Exercise Data

Means and standard deviations for maximal exercise data of the
subjects are shown in Table 2. All subjects performed the Vo,max test
and fulfilled the required VOpmax criteria which included a plateau o
leveling off of VO, (< 150 1°min~}) with increasing workload and an
respiratory exchange ratic value greater than unity (>1.0).
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Means and Standard Deviations of Maximal Exercise Data

VE (1'min™1) 108.1 26.8
VO, (1:min™1) » 3.1 0.8
VO, (ml-kg~lemin"l) 46.9 7.3
RER 1.2 0.1
HR (bpm) 191.2 8.0
RPE : 18.2 0.9

The subjects were later asked to select an RPE value vhile
exercising at a HR range of 145155 bpm, repmsmu:qmderate : intensity
exercise. - This resulted in an average RPE of 10.0 fcrt.he low intensity
and 1z.7 for the moderate infasityg:ne:éiseseésim. nn:ingthe |
initial test an RFE of 10 corresponded ‘to a mean l-m.ofrlzl.rzllpn and an
RFE of 12.7 comeqaﬂed to a mean HR.of 151.7 bpm. 'me RPE value of 10
was riginally designed by Borg (1973) to correspond to a HR of 100 bgm.
The subjects in this study underestimated this exercise intenmsity in
relation to the HR by 21.2 bym. Originally the REE valua éf.tiz.7 vas
designed to correspond to a HR of 127.bpm. However, the subjects’ HR
values were 151.7 bpm, and thus they underestimated theirexercise
intensity m velation to HR by 24.7 bym. It is mte-orthy that these
subjects underestimated their physiological state perceptually, a

condition that persisted in their subsequent tests.
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. mmmmammuwm
mwmm

: Teat
: PA : 121.2 © 126.8 141.6%
 (reem10) 2.8 23.3 25.3
- u:dnnte 151.7 154.6 161.42
7 21.7 20.1

(RPE=12.7) 2.

ng:g_. rmderate > Tow (p<.05) ‘
o track > treadmill & initial (p<.05)
Besults of Replication Tests
A2x3 fwtozﬂaldesigimﬁﬂ:repeatedmmperfomad
toamlyzetl’ne!tectsotmdoaxﬂim:asity. Afterttaexeuxtimot
;Sdnffe'spostlbcstatisucal analysis it was determined that ths main
etfects of mode displayed a significant (p<.05) difference in HR values
buuvaen the treadnill replication test (140.7 bpm) and the track
mlicatim test (151.5 bpm), but not (p<.05) between the initial test
(155,5 bem) and the treadmill test (140.7 bm).
7 'Ihs etfect of the 1@ and moderate levels of exercise intensity
e dmmhed a sigx}’itificantb (p<.05) difference between the HR values

, mﬂir\gtoﬂuunmiselevelsmrdleﬂsotmde The
. overall HR values for the low level of intensity were 129.9 bym and

; '@mmm&mamuy. These results were
‘,acpected dus to'the design of the experinent: which indicated different
: wa:klouds that reflected HRvalues betwam 115-125 bpm and 145-155 bpm




37

Eston et al. (1987) and Smutok et al. (1980) found that the
achievenent: of accurate effort production from FPE is reasonahly
accurate at higher levels of REE, mmmnamatlmm lavels
(12 and below). Iow correlation coefficients between RFE and HR were
found at exercise intensities below 50% of maximal HR valua by atutok‘et
al. (1980). Purvis and Cureton (1981) determined that the achievement
of accurate effort production from RPE was reasonably accurate at higher
levels of RPE (13 & 17), but less accurate at its lowest level. It is
noteworthy that the results of this study indicated that the subjects
accurately replicated both low and moderate exercise ’iﬁtessiti& in the
controlled or treadmill setting.
Initial Versus Treadmill

Although the subjects slightly overestimated the intensity of the
low exercise by 5.6 bpm and the moderate intensity exercise by 2.9 kpm
when replicating the RPE values 10.0 and 12.7, respectively in the
controlled or laboratory setting, these differences were nat significant
(p<.05). These results indicate that when the same mode (i.e.,
treadnill) is used in a controlled envirorment the subjects can
accurately replicate their RPE,
Initial Versus Track

A significant (p<.05) difference was found when comparing the HR
values between the initial test (136.5 bpm) and the track repiicatim
test (151.5 bpm). This indicated that the subjects overestimated the'
amount of physiological effort necessary relative {0 their percepbim of
effort. - Sinply stated, their physioclogical respases or requiranents
were higher than what they felt they were.

The subject’s physiological responses to the track test were




frrrs:lg\iﬁeantly (p<.05). higher (151.5 bm) ccwpered to the treadnill

3a

. (140.7 bpm) ‘respunaes. = These results correspond to the comparison

mﬂammmm The subjects -again appeared to have
» ﬂn,arb:l,ntytoduplicat.theirn:fartinaw, but not a track
setting. The subjects in this study had little or:no previous
@perience with the Barg’s RPE scale and monitoring their feelings of
exertion. The result of their lack of experience rating their feelings
of exertion was reflected in the underestimation of exercise intenstiy
when removed from a controlled setting.
Discussion

'memntsofthisshﬂyamsimilartoasuﬂycmﬂuctedﬁy
Bayles et al. (1990) in which subjects vere asked to replicate 60%
intensity while jogging on an indoor track. Bayles’ et al. subjects had
e:q:eriemedma of two possible treatment sessions. The first graup
participated in a three session practice period at the 60% intensity
level and/or a feedback session with the use of perceptual
rainforcament Subjects unifornly exercised at an intensity which
produced speed and HR values representative of 80% intensity when asked
to replicate 60% intensity in a field setting (Bayles et al., 1990). In
both field situations the subjects overestimated the exercise intensity
 when based upon the REE scale. Bayles et al. (1990) also determined.
o thattheadmi.nistratim ofam:lnfomanwtpmgramincmjunctimwiﬂ\
tlnquPEsaleinprwedﬂnmnacyofpemwpunnyreguated '
'mise inw\sity ‘Thesa results were found only at moderate to high
intensities in a controlled setting (Bayles et al., 1990).

In the 1987»7su1dy§mhi¢tedbynislmnetal., it was found that
 the implementaticn of;mifeédbacl‘c significantly reduced errors in

: mmhgmmmeffmpmnumtats Notifying the subjects of
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averestimation or undevestimation in training HR allowed the subjects to
experience the correct exercise intensity and in tum produce the
correct exercise intensity. Hage (1981) recamended a minimm of three
feedback trials be completed in arder to establish effective use of RPE
as a method to control exercise intensity. His study suggested that
more tests be campleted in order to increase subject experience with the
various exercise intensities in the field setting. Jackson et al.
(1981) found that physiological and psychological correlates of exercise
performance are different in a field setting. This finding may help to
explain the inaccuracy produced in the replication of exercise
intensities in an uncontrolled/track versus a controlled/laboratory
setting.

Eston and Williams (1988) determined that HR is known to fluctuate
en an intra- and intersubject basis as a result of envirommental and
enctional influences. The envirormental change in the exercise setting
oould play a role in the significant difference between HR values in the
cntEolled versus the uncontrolled setting.

The significant difference between the HR values in the laboratoxy
and the track Setting in the CIESent STl TISE be considered wien
establishing actual exercise prescriptions using the RPE scale. The RPE
scale has not been validated as a accurate methed to monitor exercise
intensity and, therefore, mist not be the sole means of monitoring
e:misein;ensity. |
Factoxs Influencina RPE

oOther factors that should be discussed in relation to RFE are
psydmtr;é'factoxs. In 1973 Morgan determined that mysiologi@lr
responses accounted for approxinately two-thinds of tha variance betveen
RPE and a subject’s actual physiological status. The remaining cne-
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thkﬂotﬂnmmmmmm&ium Iater in 1981
- mpmmmtmmmmnmmwm
‘ummmmwngﬂnmmm Ha recammended
that subjects repart how confident they feel in accurately using Borg’s
REE scale. In tha present study some subjocts indicated that they did
not feel contident with their RPE selection and "guessed" at a selection
inetead of perceptually analyzing their physiological status.

Ancther psychamétric factor is motivation. Distman et al. (1987)
determined that approximately 18% of performance variance in the 12-
mimte nun may be accounted for by motivation. Jackson et al. (1981)
“also noted that psychological correlates of exercise such as motivation
m different in a field setting. The motivational factor may have been
higher in the uncontrolled or track setting due to the atmosphere of the
setting, and-therefore, accounted for the underestimation of RPE in this

An individual’s level of fitness has also been shown to influence
thelr RPE responses. Purvis and Cureton (1981) determined that well-

- trained individuals will give a lower RE for a given workload than the

,mtra:l.ned miswmndbeacpecbadshneﬂaeirmrespamtoagiwn
wcr!doadwundalsobelmr As indicated previously, as an average
the subjects in the present study could generally be considered above
averageinfitnss,hxtmtmll—trained
Fi.mlly,the:.smeofaaexcisedmationmsthediswssad It was
mﬂutmmssmjectsinquhadasmﬂamtimofﬂ\eﬂm
misetestsaxﬂpointedmttlmttheymﬂdhavebeenbetterableto
selectanmteRPEvalueiftheyhadsmecavq:tionofthedmation
: oftlaenemisesassim Rejeski and Ribisl (1960) determined that
i - quring moderate e:narcisewith a duraticn of 20 to 30 mimutes, RPE was
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affected by the anticipated duration of the treadmill run. They also
pointed cut that at the termination of the exercise session, the
internal cues were maximized and the external cues were minimized. As
stated by Morgan (1973) the subject mist consider not necessarily what
he/she is doing, but what the individual feels he/she is doing. In this
particular study the subjects were told to focus on their immediate
feelings and to not consider how they would feel minutes later.

Summary

Numerous factors influence the subjects’ abilities to replicate the
RPE exercise ﬁtensitis. The results of this study indicated that
subjects were more accurate at replicating previously experienced RPE
values in a controlled or laboratory setting versus an uncontrolled or
track setting. In order to vork towards validstion of the REE scale as
an accurate method of monitoring exercise intensity it is necessary to
focus on this discrepancy. It may be possible to reduce replication
errors throuch the use of practice sessions which reinforce the correct
training intensity. In addition, tha use of retrospective reporting by
the subjects may assist the investigater in the determining how
effective the subjects feel they are using the RPE scale.

The key to validating the RPE scale as a method to monitor exercise
intensity seems to lie in experience. All of the subjects in this study
had little or no previous experience with the RPE scale, therefore, they
had difficulty replicating RPE levels. It was most difficult to
replicate RPE levels in an uncontrolled setting where no constraints
were placed on the subjects: The results of this study indicate that
additional experience with the RPE scale is needed to improve its
applicability to field situations.




It has been determined that RPE can only be a useful means of
dstermining exercise intensity once its validity across a wide spectrum
of intensities, exercise modalities, and populations has been
demonstrated (Williams & Eston, 1989). Numerous studies have analyzed
the validity of RPE, but none have claimed that effort production can be
accurately replicated on the basis of Borg’s RPE scale.

The purpose of this investigation vas to evaluate the use of REE as
frame of reference for,thedeteminatim of a range of walking and
ruming intensities. 'merwxltsofthissuﬂywembasedonagxwpof
twenty-two females and four males who completed three exercise tests.
The initial exercise test served as a calibration test in vhich the two
RPE intensities (low - 10.0; moderate - 12.7) were established on the
basis of two HR ranges (115-125 bpm; 145-155 bpm). Upon cbtaining the
established HR ranges, the subjects campleted a VOomax test. The final
two exercise tests involved the replication of the two RPE (10.0 & 12.7)
valtxesmacamnedortzeadnil;settir\garﬂammmuedormdc

»ael:ti.ng.
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By design the low RFE resulted in a significantly (p<.05) lower HR
able to differentiate between the two RFE intensities when asked to
replicate them.

mmumwmtmmmmw'
significantly (p<.05) higher HR values than the treadmill replication
test. In addition, the track replication test also displayed
significantly (p<.05) higher HR values than the initial test. There
were no significant (p<.05) diferences in HR responses between the
initial and treadmill tests, These results demonstrate that the
subjects as a whole underestimated exercise intensity in relation to
their actual HR values when exercising in an uncontrolled/track setting.

No significant interaction was found between the specific exercise
intensities and the ability to produce those intensities in various
exercise settings: 1) track and treadmill test; and 2) track and
submaximal test.

On the basis of these results it is not possible to validate the
use of RFE as a frame of reference for the production of a range of
walking and running intensities. The subjects failed to accurately
replicate both RFE values in the uncontrolled or track setting,
resulting in the failure to satisfy the validation criteria stated by
williams and Eston (1989). The results of this study can be applied to
many exercise settings. Directors and leaders of exercise programs mist
beavarethatparticipantsneaitobe—mﬁtoredth;uxghévarietyoﬁ
methods during exercise sessions. The sole use of RPE does not provide

a safe and reliable method of determining exercisa intensity. Other
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physiclogical weasurements must be utilized in conjunction with the RPE

) -alo, m,asm'm,mmm,wmwz. By

 analyzing the overall physiclogical state of the participant the correct
* training intensity can be datermined and experienced by the participant.
1 In tum, the participant leams the correct training intensity and
7 'hntteu:mﬂezstandslmtoconacﬂyutﬂizetlwkﬁ:sale. Further
shﬂyinthismismxypriortoﬁnvalidatimcﬂ%asa
' useful means of determining exercise intensity.

Recampendations

Upmcmpietim of this investigation, it was recomended that a
future study be conducted, similar to the present study with the
follwwing modifications:

1. Enlarge sample size. By means of a larger sample size the
results could be more accurately related to the general population.

2. Include physical activity questiomnaive. A physical activity
questiomaire would provide more information on the subject’s fitness
level, in addition to the VO,max test. How often the subject exercises
per weak, what type of exercise, and the duration of exercise could all
influence the subject’s ability to determine an FFE value.

3. Include retrospective reporting by subjects involving
conpliance with RPE instructions and their success in camplying. It is
necessary to deternine how effectively the subjects feel they are using
the RPE scale. If the subjects do not feel they are accurately
selecting an RPE valua the scale is of no use and they mist be taught

“how to properly use the scale.




4. mmmwmﬂmmmmm

levels. mmmmamﬂmﬁnmw
mlmmlmwﬂn-ﬁmmmﬁnmm
Vtyarﬂinhmllmhpminatﬂnmmintmsity.

5. m:“u-ujmm'zeutimtomvaim Heart -

mmmm«mmmumnmm
Mwmﬂnmmm mcaagain
learn to train at’'the proper exercise intensity.
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INFORMED CONSENT
RATING OF PERCEIVED EXERTTON

Your written consent is needed prior to your participation in this
study. Pleasemadmismmtdoamentmmuymﬂsignmmg
mﬂaspacepu:widedbelow.

PURFOSE: mmammximlmicmpacitythMaseriesof
maximal and submaximal tests.

FPROCEDURES: A group of university physical therapy students will be
recruited to participate in a series of trials. You will participate in
three, thirty minute trials.

Trial 1 will involve a maximal exercise test (Max VO2) performed on
a treadmill. The following data will be collected: 1) Oxygen '
consumption- This will entail wearing a mouthpiece and headgear; 2)
Heart rate -A heart rate monitor will be strapped around your chest
throughout. the trial; and 3) RPE- You will be asked to rate your measure
of perceived exertion periodically throushout the test.

Trial 2 will involve the production of previcusly established RPE.
values by means of subjective exercise regulation. This will be
accmplislmdbyallmdrgymtoadjtxstyarﬁm@ornmimspéed
vhile exercising on the treadgmill. The following data will be
collected: 1) Heart rate and 2) RPE. Tria13willinvolvethe
production of previously established RFE values by means of subjective
encercisemgulaticn 'miswillbeaccmplishedbyanwhgymto
adjmtywrwaﬂdmormﬁmsp@whilemmisjngm,amck. The
following data will be collected: 1) Heart rate and 2) REE.

metotaltimeforeadxofﬂ:eu;reesessim:wmbeforty-ﬂve




- minutes to an hour, a total of 3.0 hours for the entire study.
‘DXSOOMFORTS OR RISKS: There exists the possibility of certain changes
dlringﬂletst ‘These changes may include abnormalities of heart rate
uﬂ,inraracasascudiacarrest. Prior to testing please make the
imnstigatormmotanylamhealthriﬂmthatmylinitm
cazdiwasaﬂarorphysicalperfomu Discmtortsmﬂmmyarisa
mﬂnmllwumofammmemmﬂuwmm
feelkugsofresuictedrespintim. Every effort to minimize risks and
 disoamforts will be mads by the investigator.

BENEFTTS: Your participation in this study will serve to contribute to
theadvancamntofsciemeinthefieldofhmanperforw\ceresearda
By participating, you should expand your knowledge of rating of
perceived exertion and its relationship to exercise training.

CUESTIONS AND ANSWERS: Questions you may have reqarding any of the
ptocedtmamrwelémed,axﬁemmnaged.'lfymhaveanydwbtsor
concerns, please ask any of the investigators for further explanation.
WITHDRAWAL: You are free to withdraw consent and discontirue
participation at any time without penalty.

CONFIDENTIALITY:  All data cbtained +1ill be kept confidential. No data
will be igentified by name or any cther means in summaries, .
publications, or reports that result from testing.

Investigator’s Signature

Date




Lisa M. Sdm:adu,nwustig:l;or
of- Bication

Department o
University of Wisconsin-IaCrosse, WI 54601
‘Telephone - (608) 188-7400 )

admled;aﬂntlmtaﬁuﬂwmmm

cbumtinits.ﬂx‘ty Ihav.alsobominfmduﬂmmﬂﬂn
fo:ueaable disconforts, risks, anibenaﬁts. I, tluumiusig\ad ‘give
wmmmucmumuimmmotmmmumm

Date

Signed
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