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Differences in perceived exertion (RPE) between sexes, and 

between fitness groups during bicycle ergometer work were examined. 

Each subject (nf36) performed two identical, progressive, absolute 

O 
work tests in which VC^ max was measured, followed by two identical, 

progressive, relative work tests. All tests on a single subject 

were administered at least 48 hours apart. RPE and oxygen consumption 
O 

(VO2) were measured at all workloads. Fitness was the critical factor 

in producing RPE differences at absolute workloads. There were signi

ficant sex by workload < .05), and fitness by workload (p^ < .01) 

interactions; the magnitude of difference in ratings between sexes, 

and between fitness groups increased as the workload increased. At 

relative workloads, sex did not produce a significant (£ > .05) effect 

on RPE. However, the RPE means for high- and low-fit subjects differed 

significantly (£ < .01). Differences in aerobic and anaerobic thres

hold levels might have contributed to the unexpected finding of signi

ficant RPE differences between fitness groups at relative workloads. 

xi 1 



CHAPTER 1 

INTRODUCTION: A REVIEW OF THE LITERATURE 

An important question for work physiologists and psychologists 

is how individuals perceive the amount of work they are performing. 

Perceived exertion has been defined as one's subjective rating of the 

intensity of work being performed (Morgan, 1973). This perceptual 

cue serves as a primary information source in physical performance. 

It is a valuable tool in all human performance settings due to the 

fact that "frequently, the important consideration is not what the 

individual is doing but rather what he thinks he's doing" (Morgan, 

1973, p. 97). The rating of perceived exertion (RPE) enables individ

uals to regulate work intensity at a pace compatible with specified 

goals or requirements of the activity (Borg and Noble, 197*0 • 

Borg (19$2, 1970) has developed a scaling method that enables 

the exercising subject or patient to rate the degree of perceived 

exertion. The revised Borg Scale (1970) consists of a 15-point graded 

category scale, and ratings are typically obtained during the last 

15 seconds of each work level. Numerical ratings ranging from 6 to 20 

are made, and the odd numerals are anchored with verbal expressions 

(i.e., 7 = Very, very light; 9 = Very light; 11 = Fairly light; 13 = 

Somewhat hard; 15 = Hard; 17 = Very hard; 19 = Very, very hard). This 

s c a l e  h a s  b e e n  s h o w n  t o  b e  o f  s u f f i c i e n t l y  h i g h  r e l i a b i l i t y  ( r _ =  . 7 6 -

.90) and validity (Skinner et al., 1973a; Stamford, 1976). It was 

1 
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specifically developed so that interindividual comparisons could be 

made in applied studies (Borg, 1962). 

The RPE scale was constructed to parallel heart rate (HR) 

for work on the bicycle ergometer. The HR of a normal, healthy middle-

aged man can be predicted if the RPE value is multiplied by 10; thus, 

RPE x 10 = HR. This equation is correct for medium intensities of 

physical stress (Borg, 1962). However, there are many deviations from 

this norm related to the age, health status, and motivation of the 

individual (Borg, 1971). In most of the original work investigating 

the subjective estimate of exertion during exercise, the bicycle 
> 

ergometer was utilized, and a relatively constant pedalling speed of 

50 to 60 revolutions per minute (RPM) was employed (Borg, 1962). 

It has been proposed by Borg and Noble (197*0 that RPE repre

sents a "Gestalt" or configuration of total bodily inputs. Factors 
O O 

such as HR, oxygen uptake (VO2), ventilatory minute volume (V^), car

bon dioxide production (\)CO^), lactate accumulation, catecholamine 

production, body temperature, and localized aches and pains in the 

working muscles and joints represent many of the input variables that 

comprise the Gestalt or perceived exertion rating (Morgan and Borg, 

1976). It has become evident that perceptual responses to physical 

work greatly complement the physiological indicators commonly used in 

exercise studies (Docktor and Sharkey, 1971; Ekblom and Goldbarg, 

1971; Skinner, Borg and Buskirk, 1969)• In fact, the subjective 

rating of the intensity of exertion as perceived by the individual 
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has proven to be a reliable and valid indicator of physiological 

stress (Borg and Linderholm, 1967» 1970). 

It has been demonstrated that perceived exertion and work 

intensity on both the bicycle ergometer and the treadmill are corre

lated in a linear fashion (Borg, 1962; Borg and Linderholm, 1967; 

Frankenhaueser et al., 1976; Skinner et al., 1969)• Because of the 

documented linear relationships between HR and work intensity, and 

between VO2 and work intensity (Astrand and Rodahl, 1977), it is 

not surprising that many investigations support the existence of a 

O 
strong relationship between perceived exertion and both HR and VO^ 

(see Table 1). Correlation coefficients from .76-.97 have been 

reported between VO2 and RPE (Edwards et al., 1972; Sargeant and 

Davies, 1973). And, correlation coefficients from .65-.90 have been 

reported between HR and RPE (Bar-Or et al., 1972; Borg, 1962; Borg 

a n d  L i n d e r h o l m ,  1 9 6 7 ;  B o r g ,  S h e r m a n ,  a n d  N o b l e ,  1 9 6 8 ;  E d w a r d s  e t  a l . ,  

1972; Sargeant and Davies, 1973; Skinner, et al., 1969). In a study 

by Borg (1962), RPE had a high correlation with absolute HR (jr = .83) 

when the work intensity was varied from light to heavy work. Thus, 

the subjective estimate of perceived exertion increased with succes

sive increments in cardiac frequency. One might intuitively argue 

that the HR-RPE relationship reported by Borg (1962) was false since 

it was obtained from bicycle ergometer test data in which workloads 

were administered nonrandomly from low to high. However, this premise 

may be refuted since the Borg Scale (1962, 1970) has been shown to be 

valid and reliable for both progressive work tests and for workloads 



Table 1. Studies which have Supported or Disputed the Importance of Specific Sensory Cues for Per
ceived Exertion. 

Cue Conclusion Reference Major Finding 

heart rate supported by Bar-Or et al. (1972) 

Edwards et al. (1972) 

Gamberale (1972) 

Kay and Shephard (1969) 

Michael and Eckardt (1972) 

RPE closely related to HR at sub-
maximal work levels during cycling. 

RPE closely related to HR during 
both continuous and intermittent 
cycling. 

RPE related to HR in a fairly- lin
ear fashion irrespective of the 
kind of work (i.e., lifting weights, 
pushing wheelbarrow, or cycling). 

RPE related to HR during cycling 
at submaximal intensities. 

When subjects selected "equally 
hard" work levels for running at 
0% and 10% slope, there was no 
difference between HR's at two 
slopes. 

RPE related to HR during one-arm 
two-arm, one-leg, and two-leg work. 

During progressive bicycle exercise 
and treadmill walk to exhaustion 
in both hot and neutral conditions, 
RPE related to HR. 

Winsmann and Goldman (1976) No difference in RPE between differ
ent load-carriage systems. 

Sargeant and Davies (1973) 

Skinner et al. (1973b) 



Table 1—Continued 

Cue Conclusion Reference Major Finding 

disputed by Allen and Pandolf (1977) RPE changes, while breathing a 
hyperoxic mixture during submaximal 
work on treadmill, not attributable 
to HR. 

Davies and Sargeant (1979) During treadmill exercise, when HR 
is manipulated pharmacologically, 
the HR-RPE relationship is quite 
different than under control condi
tions 

Ekblom and Goldbarg (1971) During cycling, when HR is manipu
lated pharmacologically, the HR-RPE 
relationship is quite different 
than under control conditions. 

Gamberale and Holmer (1977) RPE and HR independent during 
cyclingat maximal heart rates. 

Henriksson et al. (1972) During cycling at equivalent HR 
responses, RPE greater for eccentric 
(negative) work as compared to con
centric (positive) work. 

Kamon, Pandolf and During bicycle ergometer exercise 
Cafarelli (197M in the heat, RPE independent of 

Noble et al. (1973) HR. 
Pandolf et al. (1975) 



Table 1--Continued 

Cue Conclusion Reference Major Finding 

Noble et al. (1973) 

oxygen 
consumption 

supported by 

Pandolf and Noble (1973) 

Sidney and Shephard (1977) 

Cafarelli (1977) 

Edwards et al. (1972) 

Gamberale (1972) 

At same HR, RPE higher for walking 
than for running. HR values for 
walking and running intersected 
at a significantly higher speed 
than did RPE values for walking 
and running. 

Negative relationship between 
HR and RPE in 2 of 3 power outputs 
at 3 different pedalling speeds on 
bicycle ergometer. 

As a result of physical training of 
elderly men and women, HR decreased 
at a given work intensity, but RPE 
remained unchanged. 

During short term bicycle work, RPE 
related to the work output and 
therefore, probably reflected in 
fio2. 

o 
RPE closely related to VO^ during 
both continuous and intermittent 
cycli ng. 

RPE and are related to some 
extent for different types and 
l o a d s  o f  w o r k  ( i . e . ,  l i f t i n g  
weights, pushing wheelbarrow, or 
cycling). 

<r> 



Table 1—Continued 

Cue Conclusion Reference Major Finding 

Sargeant and Davies (1973) 

Skinner et al. (1969) 

Skinner et al. (1973b) 

venti1 at ion 

Relative V0„ is critical determin
ant of RPE during one-arm, two-arm, 
one-leg, and two-leg work. 

During cycling at progressive exer
cise intensities to exhaustion, RPE 

O 
closely related to relative VO^. 

During progressive bicycle exercise 
and treadmill walk to exhaustion 
in both hot and neutral environments., 

O 7 

RPE closely related to relative VO^. 

disputed by Henriksson et al. (1972) During cycling at equivalent VO^ 
levels, RPE greater for eccentric 
(negative) work as compared to con
centric (positive) work, 

Durfng cycling at the same power 
outputs and equivalent levels, 
RPE differed as a function of pedal
ling speed. 
0 

important cue for work involving 
large muscle groups, as compared to 
small muscle groups (i.e., leg vs. 
arm work). 

During treadmill run and walk to 
exhaustion at 80% maximal aerobic 
power, both \l£ and respiratory RPE 
were greater for running; thus RPE 
1 inked with 

Pandolf and Noble (1973) 

supported by Ekblom and Goldbarg (1971) 

Horstman et al. (1979) • 



Table 1—Continued 

Cue Conclus ion Reference Major Finding 

disputed by 

Kamon et al. (197*0 
Noble et al. (1973) 
Pandolf et al. (1972) 

Morgan and Pollock (1977) 

Morgan et al. (1973. 197*1, 
1976) 

Pederson and Welch (1977) 

Sargeant and Davies (1973) 

Allen and Pandolf (1977) 

Cafarelli and Noble (1976) 

Respiratory sensations may be im
portant cue for perceived exertion 
during cycling in hot and neutral 
environments at 3 submaximal exer
cise intensities. 

$E important source of perceptual 
i n p u t  d u r i n g  t r e a d m i l l  r u n  b y  e l i t e  
distance runners. 

During cycling at submaximal work 
intensity, covaried with hypnotic 
suggestion of hard work. 

RPEochanges partially attributed 
to during progressive bicycle 
exercise. 

O 
RPE related to during one-arm, 
two-arm, one-leg, and two-leg work. 

Although RPE lowered when breathing 
hyperoxic mixtures during submaximal 
work on treadmill, comparative 
values unchanged. 

V_ has little impact for RPE below 
5u% maximal aerobic power; may be 
important at higher intensities. 

CO 



Table 1 — Continued 

Cue Conclus ion Reference Major Finding 

Edwards et al. (1972) 

respi ratory 
exchange ratio 

Horstman (1977) 

Michael and Eckardt (1972) 

Stamford and Noble (197*0 

supported by Michael and Hackett (1972) 

Michael and Katch (1977) 

Michael et al. (1972) 

During both continuous and inter
mittent bicycle exercise, V£ has 
little impact as a cue at low-
moderate exercise intensities; may 
be important at higher intensities. 
O 
Vg and RPE independent during tread
mill walk in cold environment. 

Running on 10% slope was perceived 
as similarly stressful to running 
on the level in spite of elevated 
Vg resulting from slope running. 

When cycling at equivalent power 
outputs, but different pedalling 
speeds, RPE independent of 

R was most consistent cue in selec
tion of workloads on treadmill and 
bicycle that would exhaust subjects 
if they exercised for 15 minutes. 

R cue variable for reproducing the 
"feeling" of a standard treadmill 
exercise task under conditions of 
changing speeds and grades. 

R was most consistent cue in selec
tion of workloads on treadmill and 
bicycle that would exhaust subjects 
if they exercised for 15 minutes. 



Table 1—Continued 

Cue Conclus ion Reference Major Finding 

disputed by 

lactate 

Morgan et al. (1973) 

Michael and Eckardt (1972) 

Morgan et 
1976) 

al. (1974, 

supported by Allen and Pandolf (1977) 

Edwards et al. (1972) 

During cycling, hypnotic suggestion 
of heavy work, as compared to light 
work, provoked increase in both RPE 
and R. 

Running on 10% slope was perceived 
as similarly stressful to running 
on the level in spite of an elevated 
R resulting from slope running. 

During cycling at submaximal work 
intensity, hypnotic suggestion of 
uphill work, as compared to level 
work, resulted in increase in RPE, 
but no tncrease in R. 

When breathing hyperoxic mixtures 
during submaximal work on tread
mill, RPE related to lactate 
response. 

RPE related to lactate response 
during continuous and intermittent 
cycling. 

o 



Table 1--Continued 

Cue Conclusion Reference 

Ekblom and Goldbarg (1971) 

Gamberale (1972) 

Horstman (1977) 

Morgan and Pollock (1977) 

Pederson and Welch (1977) 

disputed by Kay and Shephard (1969) 

Major Finding 

When arm and leg work were compared 
at a given lactate concentration, 
RPE did not differ. RPE at same 
lactate concentration levels for 
bicycle and treadmill exercise were 
same. After endurance training, 
both RPE and lactate decreased at 
50% and 80% maximal aerobic power; 
therefore, RPE related to lactate 
response. 

RPE and lactate covaried with in
creasing exercise intensities for 
lifting weights, wheelbarrow push
ing, and cycling. 

RPE related to lactate response 
during treadmill walk fn cold 
environment. 

RPE related to lactate response 
during treadmill run by elite 
distance runners. 

Lactate may act as a cue for RPE 
during progressive bicycle exercise. 

When cycling at 70% and 80% of maxi
mal aerobic power, RPE not related 
to lactate response. 



Table 1--Continued 

Cue Conclusion Reference 

Lollgen, Graham,and 
Sjogaard (1930) 

Sargeant and Davies (1973) 

Stamford and Noble (197*0 

kinesthetic cues 
(i.e., mechano-
receptive and 
propriocept i ve 
responses, Golgi 
Tendon activity, 
and general mus
cle sensations in 
the exercising 
1imbs) 

supported by Cafarelli (1977) 

Cafarel1i , Cain and 
Stevens (1977) 

Cain (1973) 

Major Finding 

During bicycle exercise at equi
valent power outputs but at differ
ent pedalling rates, lactate 
accumulation unrelated to RPE; 
muscle chemoreceptors not involved. 

During rhythmic exercise involving 
different muscle mass, blood lac
tate could hardly account for > 
accurate perception of effort at 
low work levels. 

When cycling at equivalent power 
outputs but different pedalling 
speeds, RPE not related to lactate 
response. 

Effort sense for short term bi
cycle work peripherally determined. 

During both cycling and cranking 
with 1 or 2 limbs, local sensations 
of effort from the working muscles 
accounted for most of the feelings 
of effort for these tasks; effort 
for 2-1imb exercise was lower than 
that of 1-1imb exercise. 

During isometric muscular work, 
effort may be signalled from 
mechanoreceptors in tendons, skin, 
joints, and ligaments. 



Table 1--Continued 

Cue Cone 1 us ion Reference Major Finding 

Cain and Stevens (1971) 

Ekblom and Goldbarg (1971) 

Henriksson et al. (1972) 

LolIgen, Ulmer and 
Nieding (1977) 

During isometric muscular work 
effort may be signalled from 
mechanoreceptors and chemoreceptors 
sensitive to metabolites. 

Local factors dominate RPE during 
exercise requiring use of small 
muscle groups, as compared to large 
muscle groups (i.e., arm work vs. 
leg work). 

RPE lower for concentric, as com
pared to eccentric, bicycle work at 
equivalent metabolic rates. At 
equivalent power outputs, but 
different pedalling frequencies, 
RPE lower at greater frequency. 
Thus, signals from mechanoreceptors 
and Golgi Tendon Organs, or differ
ences in muscle tension are impor
tant sensory inputs. 

During bicycle exercise at equiva
lent power outputs but at different 
pedalling rates, RPE decreased with 
increasing pedalling frequency. 
RPE influenced by perception of 
force and speed in the working 
muscle. 



Table 1—Continued 

Cue Conclusion Reference Major Finding 

Noble et al. (1973) 

Pandolf, 
Goldman 

Burse and 
(1975) 

Pandolf et al. (1978) 

Pandolf and Noble (1973) 

HR values for walking and running 
intersected at a significantly 
higher speed than did RPE values 
for walking and running. Local 
muscular discomfort at higher 
walking velocities proposed as 
factor responsible for earlier per
ceptual intersection. 

Local factors dominate RPE during 
cycling. 

During positive and negative exer
cise on ladder mill, RPE greater 
for posftive than negative workoat 
equal climbing rates. At same VO^ 
and HR, RPE greater for negative 
work. Thus, RPE dominated by local 
feelings of strain. 

Robertson et al 

During cycling at equivalent power 
outputs and metabolic rates, RPE 
higher at lowest of 3 pedalling 
frequencies. Somatic sensations 
from joint capsules and ligaments, 
and proprioceptive muscle and 
tendon sensations may be impoYtant 
cognitive cues. 

(1979a, b) During cycling at various pedalling 
frequencies, but constant power 
outputs, local input to RPE dominant. 



Table 1--Continued 

Cue Conclusion Reference Major Finding. 

Stamford and Noble (197*0 When cycling at equivalent power 
outputs but different pedalling 
speeds, RPE influenced by feedback 
from exercising limbs; muscular 
strain critical input for RPE. 

disputed by Edwards et al. (1972) During both continuous and inter
mittent bicycle exercise, sensory 
input from muscles and joints not 
critical cue for RPE. 

Lollgen et al. (1980) During bicycle exercise at equiva
lent power outputs but at different 
pedalling rates, force related fac
tors not causally linked to RPE. 
Complex integration of local and 
central factors determines RPE. 
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presented in random order (Morgan, 1973; Skinner et al., 1973a, 1973b; 

Stamford, 1976). In addition, Borg and Noble (197*0 have reported 

that unpublished studies conducted at the University of Pittsburgh 

and Pennsylvania State University have shown that the same relationship 

exists between HR and RPE when workloads are administered in random 

order. 

While many investigators have repeatedly demonstrated strong 
O 

relationships between RPE and HR, and/or RPE and VC^ (see Table 1), 

many studies have found that other metabolic and non-metabolic 

parameters may serve as stimuli for the subjective response (see Table 

1). Pandolf (1978) and Mihevic (1981) provide thorough reviews of the 

research that has sought to identify those physiological parameters 

most important as cues for perception of effort. 

The fact that the dominant cues for RPE have varied greatly 

from study to study can be explained largely by the fact that experi

mental conditions have varied greatly from study to study. Specific 

variables that have been manipulated include the perceived exertion 

scale used, the exercise mode, the amount of muscle mass involved, 

the duration of the exercise period, the environmental conditions 

under which the work was performed, and the age, sex, body composition, 

and fitness level of the subjects. Another factor that must be con

sidered is the range of workloads used in each investigation. While 

many of the studies cited above have examined these physiological-

perceptual relationships at a variety of work intensities, other 

studies have confined their observations to a more limited range of 
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workloads. Due to the fact that there fs disagreement as to the 

physiological parameter which shows the strongest linear relationship 

with RPE, it would be interesting to examine the relationships 

between RPE and each of several physiological variables when the work 

intensity on the bicycle ergometer is varied from very light to very 
0 

heavy (,i.e., 25% to 100% of maximal oxygen intake {VO^ max}). 

Studies comparing physiological-perceptual responses in sub

jects of various fitness levels have been conducted by several inves

tigators. Skinner et al. 0969) studied RPE in young men who differed 

in activity level. All subjects participated in an exercise test in 

which the resistance on a bicycle ergometer was progressfvely increased 

until the subject reached his self-imposed maximum. Although at the 

lower workloads (.i.e., 75 kilopond-meters/min {kpm/min} and 300 kpm/ 

mini there were no significant differences in perceived exertion 

ratings between the activity subgroups, at the higher workloads Ci.e,, 

600 kpm/min and 900 kpm/min) the active subjects had lower HR's and 

ratings of perceived exertion as compared to the sedentary subjects. 
O 

However, these differences were not found when VO2 was expressed as a 

percentage of maximal working capaci ty. This study has been cri ti cized be-
O 

cause VO^ max was not determined; thus, the difference in cardiorespiratory 

fitness between groups was not Initially assessed (Patton, Morgan and 

Vogel, 1977)., Michael and Eckardt (.1972) conducted a study on the 

selection of hard work by three trained and three non-trained males. 

The trained subjects chose work levels that resulted in higher abso-
O O 

lute VO^ values than the non-trained subjects. However, when VO2 

was expressed in relative terms, all subjects selected work levels of 
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about 80% maximal effort. Bar-Or et al. (.1972) have also reported 

differences in perceived exe'rtion ratings during exercise between 

conditioned and unconditioned middle-aged men at given submaximal 

workloads, the conditioned subjects perceiving their exertion to be 

less strenuous than the unconditioned subjects. Bar-Or et al. (.1972) 

have concluded that RPE is closely related to the submaximal HR, and 

therefore to the relative workload (percent of maximal working capac

ity). The criticism made by Patton et al. (1977) in reference to 

the study conducted by Skinner et al. (1969) is also applicable to 

the studies by Bar-Or et al. (1972) and Michael and Eckardt (1972). 

In these two studies (Bar-Or et al., 1972; Michael and Eckardt, 1972), 

0 
VO2 max was not determined; the groups appeared to differ in level of 

condition, although the magnitude of this difference was unknown. 

Based on the similar findings of Bar-Or et al. (1972), Michael and 

Eckardt (1972), and Skinner et al. (1969), however, one might hypothe

size that at any given relative workload, no differences would exist 

in perceived exertion ratings between conditioned and unconditioned 

subjects. 

Other studies have investigated physiological-perceptual 

responses to physical trailing. In a training situation the maximal 

performance capacity increases. This has the effect of decreasing 

subjective responses to a given absolute submaximal intensity of 

effort (Borg, 1971). Docktor and Sharkey (1971), Ekblom and Goldbarg 

(1971), Kilbom (1971), Linderholm (1967), ar|d Patton et al. (.1977) 

have found that physical training reduces the perception of effort for 
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absolute work performed at submaximal levels. Borg and Noble (197*0 

have reviewed the studies that have looked at the changes in RPE with 

training. They have concluded that the HR-RPE relationship appears 

O 
to remain unchanged with training, but the VC^-RPE relationship is 

altered in terms of absolute values, but not in relative terms. 

Unlike the findings described above, Sidney and Shephard (.1977) 

found that training did not lower the ratings of perceived exertion 

at given absolute workloads in elderly subjects. While the HR at a 

given workload was decreased substantially by training, RPE remained 

unchanged; thus, in relative terms, the perceived-exertion was 

actually greater after training. The investigators were unable to 

offer an explanation for their observations. 

Most of the experimental studies carried out on a longitudinal 

basis have not employed adequate control groups for comparative pur

poses.. A difficulty associated with longitudinal research such as that 

reported in the studies cited above is that the subjects can respond 

to the demand characteristics implicit in such a design (Orne, 1962). 

Patton et al. (1977) have stated that it would appear obvious to even 

the most naive subject that perception of effort should decrease with 

training. 

The previously cited cross-sectional (Bar-Or et al., 1972; 

Skinner et al., 1969) and longitudinal (Docktor and Sharkey, 1971; 

Ekblom and Goldbarg, 1971; Kilbom, 1971; Linderholm, 1967; Patton 

et al., 1977) research is suggestive of a causal interaction between 

perception of effort and level of physical fitness. However, 



Nagle et al. (1975) found no differences in RPE between successful and 

unsuccessful groups of U.S. Olympic wrestling candidates despite the 

O 
fact that the successful group had a higher VC^ max and a lower HR 

submax at the same workload. Patton et al. (1977) reported that groups 

of subjects differing in level of fitness, as measured by aerobic 

power, did not differ in their perception of effort during absolute 

submaximal work even though their physiological responses during the 

same absolute work differed markedly. These studies suggest that 

groups differing in level of fitness do not perceive absolute work 

differently. However, Patton et al. (1977). have stated that one must 
* 

be cautious in generalizing these findings to more divergent groups. 

That is, while the groups in the studies conducted by Nagle et al. 

(1975) and Patton et al. (.1977) differed on every physiological 

variable measured, the differences, while significant, were not 

remarkable. For example, the difference in aerobic power was approxi

mately 10% in these investigations. Patton et al. (1977) have sug

gested that it is quite conceivable that groups differing by 15-20% 

in aerobic power might well perceive absolute work differently. 

Furthermore, they have stated that their experiment was carried out 

at submaximal work levels such that low-fit and high-fit subjects were 

working at 81% and 75% of their respective maximal oxygen intakes. 

Patton et al. (.1977) have concluded that it is possible that high 

aerobic power or physical fitness is not a significant factor for 

light or moderate work, but only becomes an important consideration 
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when the subject is required to work at a metabolic cost above 80% 

of maximal power. 

Thus, it would be interesting to determine if there are any 

differences between high-fit and low-fit subjects in their perceptions 

of the intensity of work being performed at absolute workloads, when 

the groups differ in aerobic power by ]5~20%. If significant dif

ferences are found, it could then be determined whether or not these 

significant differences exist when the subjects exercise at relative 

workloads ranging from very light (i.e., 25% of VC^ max) to very heavy 

work (i.e., above 80% of maximal power), 

The majority of studies conducted in the area of perceived 

exertion have used males as subjects; very little is known about 

perception of effort among women (.Noble, Maresh and Ritchey, 1980). 

Therefore, the data on possible sex differences is extremely limited 

and somewhat controversial (Noble et al., 1980) . Borg and Linderholm 

(1970) found that females generally had a slightly higher HR than 

males at equal perceptual ratings. Henriksson, Knuttgen and Bonde-

Petersen (1972) found that female subjects perceived their exertion 

both at given workloads and oxygen consumptions to be greater than for 

male subjects. In reference to this study, however, Borg and Noble 

(197*0 have concluded that no significant differences would have been 

observed if relative values had been taken into consideration. 

Sidney and Shephard (1977) studied RPE during progressive 

treadmill walking in elderly men and women, between 60 and 70 years 

of age. At any given ^0^, ratings were higher for females than males. 



However, when VC^ was expressed as a percentage of VC^ max, there 

were no significant differences between men and women. Nohle et al., 

(1980) compared the overall perceptions of exertion of males and 

females in absolute and relative terms. All subjects participated 

in a treadmill test to exhaustion, consisting of several walking 

and running stages. During all stages of this test, females perceived 

their exertion as more difficult when comparisons were made at abso

lute physiological levels. However, when using the maximal test data 

to make comparisons at relative levels (i.e., percentages of $0^ max), 

there were no differences between the sexes. Based on their findings, 

Noble et al. (1980) concluded that exertional ratings are probably 

made relative to the percentage of maximum utilized in the activity. 

Therefore, according to these investigators, sex differences in percep

tion of effort are apparently a matter of mean body size differences 

and lower cardiac output. 

Michael et al. (1972) studied four male and four female sub

jects to determine physiological responses when subjects subjectively 

estimated effort on the treadmill and bicycle ergometer which would 

"exhaust" them in 15 minutes. The men chose work levels that resulted 

in HR's and respiratory quotfents similar to those of the women, 

whereas §0^ and oxygen debt were double that of the female subjects. 

Moffatt and Stamford (1978) found sex differences when examining the 

effects of pedalling rate changes versus resistance changes on per

ceived effort during bicycle ergometer work. However, Noble (1979) 
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failed to find a sex difference in perceptual recovery from maximal 

exercise. 

In order to confirm or reject the findings cited above, repli

cation of previous studies is essential. The findings reported by 

Noble et al. (1980) and Sidney and Shephard (1977) require corrobora

tion using the bicycle ergometer in lieu of the treadmill. It would 

be interesting to determine if there are any differences between males 

and females in their perceptions of the intensity of work being per

formed at absolute workloads on the bicycle ergometer. If significant 

differences are found, one could then determine whether or not these 

significant differences exist when the subjects are cycling at identi

cal relative workloads. 

It should also be noted that, with the exception of one study 

(Ekblom and Goldbarg, 1971), in all of the studies cited in this review 

that have investigated the influence of sex or fitness level on RPE, 

perceptual ratings have been obtained only at absolute workloads during 

various stages of progressive work tests. The findings on RPE at rela

tive workloads have been based on graphs, correlations, and/or regres-

O 
sion equations relating HR or VC^ to RPE. In order to formulate these 

graphs, correlations, and regression equations, the perceptual and 

physiological data from the progressive work tests were used. Thus, 

in the majority of studies, one test was used to determine whether or 

not significant differences existed at both absolute workloads and at 

relative workloads. Rather than using the data from a single test to 

draw conclusions about RPE at both absolute and relative workloads, it 



would be more accurate to conduct two separate tests, one in which 

ratings are obtained at absolute submaximal workloads, and a second 

in which ratings are obtained at identical relative workloads. 

In summary, the literature has shown that there is disagree

ment as to the physiological parameter which shows the strongest 

linear relationship with RPE. Further, findings revealing the 

influence of fitness and sex on RPE are equivocal. 

The present study investigates the influence of sex and fitness 

level on perceived exertion. Specifically, this study is designed to 

determine whether there are any differences between males and females, 

and between high-fit and low-fit subjects in their perceptions of the 

intensity of work being performed at both absolute and relative work

loads. This study is also designed to examine the relationship between 

0 O 
RPE and each of the following physiological parameters: HR, VC^, V^, 

and respiratory exchange ratio (.R). 



CHAPTER 2 

NATURE AND SCOPE OF THE PROBLEM 

Statement of the Problems 

Problem I 

A first major purpose of this study was to determine whether 

there were any differences between males and females, and between high-

fit and low-fit subjects in their perceptions of the intensity of work 

being performed at absolute submaximal workloads. This study was 

designed to answer the following questions: 

At absolute submaximal workloads of approximately 270, 630, and 

990 kpm/min, do males and females perceive the intensity of work being 

performed differently? 

At absolute submaximal workloads of approximately 270, 630,  

and 990 kpm/min, do high-fit and low-fit subjects perceive the intensity 

of work being performed differently? 

Problem I I 

A second major purpose of this study was to determine whether 

there were any differences between males and females, and between high-

fit and low-fit subjects in their perceptions of the intensity of work 

being performed at identical relative workloads. This study was 

designed to answer the following questions: 

25 
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At relative workloads equal to approximately 25%, kQ% t  55%, 70%, 

and 8f>% of max, do males and females perceive the intensity of work 

being performed differently? 

At relative workloads equal to approximately 25%, ^0%, 55%, 70%, 

O 
and 85% of VO2 max, do high-fit and low-fit subjects perceive the in

tensity of work being performed differently? 

P rob 1 em III 

A third major purpose of this study was to examine the relation

ship between RPE and each of several physiological parameters (i.e., 

HR, $0^, V^, and R) in the following subgroups: high-fit males; low-

fit males; high-fit females; low-fit females. This study was designed 

to answer the following question: 

When the work intensity is varied from light to heavy (i.e., 

25%-100% of &O2 max), which of the physiological variables (listed 

above) shows the strongest linear relationship with RPE in each of the 

four subgroups? 

Hypotheses 

Hypothesis I - At absolute submaximal workloads, males will assign 

significantly lower ratings of perceived exertion than will 

fema1es. 

Hypothesis I I - At absolute submaximal workloads, high-fit subjects 

will assign significantly lower ratings of perceived exertion 

than will low-fit subjects. 
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Hypothesis III - There will be no significant differences between males 

and females in their ratings of perceived exertion at identical 

relative workloads. 

Hypothesis IV - There will be no significant differences between high-

fit and low-fit subjects in their ratings of perceived exertion 

at identical relative workloads. 

Hypothesis V - In all four subgroups, when the work intensity is varied 

from light to heavy, there will be a greater linear relation

ship between RPE and HR than between RPE and RPE and 

and RPE and R. 

Definition of Terms 

o •>] 
High-fit males: VC^ max > *»6 ml /kg-mi n 

o _ J 
Low-fit males: VO^ max S ^3 ml/kg-min 

O *1 
High-fit females: VO^ max ^ 38 ml/kg-min 

O _ 1 
Low-fit females: VC^ max £ 35 ml/kg•min 

High-fit subjects: all high-fit males and high-fit females 

Low-fit subjects: all low-fit males and low-fit females 

Assumptions 

It was assumed that each subject followed all guidelines and 

instructions (as outlined in Chapter 3 and Appendix D). A cross-sec

tional comparison of samples differing in sex and maximal aerobic power 

presumes a universality of meaning for given verbal anchors (Morgan, 



1977). Therefore, as in all cross-sectional studies involving psycho

physical category scales, universal semantic consistency for the verbal 

anchors was presumed. 

Although the perception of effort appears to represent a Gestalt 

of total bodily inputs (Borg and Noble, 197^) > perceived exertion rat

ings are influenced by various psychological states and traits (Morgan, 

1973). It was assumed that the differences in personality traits and 

states among the subjects in this sample were not great enough to 

influence the results of this investigation. 

It was assumed that immediately prior to and throughout the 

maximal tests, the investigator gave similar verbal encouragement to 

all subjects to perform maximally. It was the investigator's belief 

that unlike the maximal tests, when performing the submaximal tests, 

subjects did not need as much verbal encouragement. However, it was 

assumed that immediately prior to and during the submaximal tests, all 

subjects were similarly motivated by the investigator to complete the 

15-minute work bout. 

Delimi tat ions 

This study was limited in the following ways: 

1. The sample population was not a true random sample of the 

accessible population (i.e., college-age males and females in 

Tucson, Arizona). Therefore, generalizing the findings of this 

investigation from the accessible population to the target 



population (i.e., college-age males and females in the United 

States) must be made with caution. 

The time span for the completion of all tests on a single sub

ject varied from 1 to 13 weeks. Although the investigator had 

originally planned to complete all tests on a single subject 

within a three-week period, this was not always possible. A 

subject's physical and emotional state may change over a period 

of time, thus affecting the results of this study. 

O o 
The only physiological variables measured were HR, VC^, V^, and 

R. The determination of lact ic aci d and catecholamine levels , which 

has sometimes been a part of similar investigations, was not 

included in this study. 

There was inherent variability in the bicycle ergometer. This 

was not believed to be a serious limitation, due to the fact 

that the resistance on the ergometer was checked at least once 

per minute throughout all work tests. 

The resistance indicator on the ergometer was not shielded. The 

decision was made not to cover the indicator because it would 

have been difficult for the resistance to be set accurately if 

the indicator was shielded. This was not a serious limitation 

since the location of the indicator, in relation to the position 

of the subject while cycling, made it difficult for the subject 

to see the resistance setting. In addition, it was the investi

gator's belief that most subjects were concentrating primarily 
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on maintaining the prescribed cadence and not on the resis

tance setting. 

6. The personal interaction between the experimenter and each 

subject prior to and after all exercise tests varied greatly 

from subject to subject and from day to day on the same subject. 

Although its effect cannot be determined, this variation in 

experimenter-subject interaction should be noted due to the 

fact that RPE can be influenced by a multitude of psychological, 

as well as physiological factors (Morgan, 1973)-

7. The number of people in the testing room was not constant. 

Most often, the principal investigator and one laboratory 

assistant were in the room. However, frequently the principal 

investigator conducted the testing alone, while at other times, 

there were one or two spectators in the room. Although the 

principal investigator tried to keep these spectators away 

from the testing area during the exercise tests, she was unable 

to do so. Hence, it should be noted that the presence of an 

audience that had the potential to evaluate the subject posi

tively or negatively may have caused a social facilitation 

effect (Cottrell et al., 1968; Henchy and Glass, 1968; Klinger, 

1969; Martens and Landers, 1972; Zajonc, 1965). 
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Significance of the Study 

The study of perceived exertion has a great deal to offer in 

our understanding of human physical performance (Morgan, 1977). The 

perceived exertion rating is a useful indicator of physiological strain 

(Borg and Noble, 197^)-

Previous research on the effects of sex and fitness level on 

RPE has been inconclusive. In addition, there is some disagreement 

as to the relative importance of various physiological responses in the 

subjective perception of exertion. The present investigation is an 

attempt to gain some insight in these areas where equivocal results 

have been found. 

The findings of this study may be used when looking at RPE in 

future experimental designs. Specifically, when investigating either 

the relationships between RPE and each of several physiological varia

bles or the influence of specific variables on RPE, it might be impor

tant to control for sex and fitness level so that the results of future 

studies are not confounded by these two factors. In addition, the 

findings of this study may be of value in prescribing and individual

izing exercise prescriptions. 



CHAPTER 3 

EXPERIMENTAL DESIGN 

Pilot Study 

A pilot study was conducted on 11 subjects to familiarize the 

investigator with the use of the Beckman Metabolic Measurement Cart 

(Wilmore, Davis and Norton, 1976), heart rate recorder, bicycle ergo-

meter, and metronome. Each subject performed one maximal work test. 

Administrative and testing procedures for the absolute work tests 

were established and verified. 

Subjects 

The subjects (n^= 36) in this study were college-age (18-23 

years old) students. There were nine subjects in each of the follow

ing subgroups: high-fit males; high-fit females; low-fit males; low-

fit females. Descriptive data for subjects in each of the subgroups 

are presented in Table 2. 

Subject Selection 

Two-hundred-and-twenty-eight college students residing in 

Tucson, Arizona, volunteered to participate in this study. All volun

teers completed a physical activity questionnaire in which they 

described the nature and extent of physical activity that they engaged 

in on a daily basis (see Appendix A). This information was used by the 

investigator to estimate each student's cardiorespiratory fitness level. 
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Table 2. Physical Characteristics of Subjects 

AGE 
(yrs) 

Males (m=18) 

M 20.8 
SD 1.4 

Range 18.5-22.9 

Females (rv= 18) 

M 20.7 
SD 1.2 

Range 18.9-23.4 

High-fit subjects (r^=l8) 

M 20.9 
SD 1.2 

Range 19-1-22.9 

Low-fit subjects (n=l8) 

M 20.5 
SD 1.4 

Range 18.5-23-4 

High-fit males (rr=9) 

M 21.2 
SD 1.2 

Range 19-3~22.9 

Each Subgroup. 

HEIGHT WEIGHT V0, MAX 
(cm) (kg) (ml/kg- mi n 

179-7 71.4 45.2 
7-5 10.8 7-1 

167.4-191.3 55.9-97.5 33.6-55-4 

167-8 59.9 37-8 
4.4 6.1 5.6 

160.3-177.9 49.5-73-4 29.5-47-2 

174.4 61.8 46.9 
8.4 8.0 5.7 

162.9-188.0 49.5-78.2 38.1-55-4 

173-1 69-5 36.1 
8.9 11-3 4.0 

160.3-191-3 54.6-97-5 29.5-42.9 

180.9 66.8 51.4 
6.7 7-9 3-6 

169-2-188.0 55-9-78.2 46.7-55-4 



Table 2—Continued 

AGE 
(yrs) 

HEIGHT 
(cm) 

WEIGHT 
(kg) 

V02 MAX_1 

(ml/kg*min ) 

Low-fit males (n=9) 

M 20. 4 178.6 75-9 39.1 
SD 1.5 8.4 11.8 3.2 

Range 18.5-22.3 167.4-191.3 61.9-97.5 33.6-42.9 

High-fit females (n=9) 

M 20.6 168.0 56.7 42.5 
SD 1.1 3.3 4.1 3.6 

Range 19.1-22.3 162.9-172.9 49.5-62.5 38.1-47.2 

Low-fit females (n=9) 

M 20.7 167.7 63.1 33.0 
SD 1 .4 5.5 6.3 1.7 

Range 18.9-23. 160.3-177.9 54.6-73-4 29.5-35.1 



Based on these estimates, students were selected as subjects for each 

of the subgroups described above. In order to insure that subjects 

were not experienced cyclists, any student who cycled more than four 

hours per week was eliminated from participation in the study. Due to 

the specificity of their training and their familiarity with cycling, 

it is conceivable that experienced cyclists would have automatically 

selected lower ratings than non-experienced cyclists of equivalent 

fitness level. 

Prior to the administration of the exercise tests, each subject 

signed a statement of informed consent which described the experimental 

conditions and all procedures to be used (see Appendix B). Each sub

ject then completed a medical history questionnaire (see Appendix C). 

If any subject had one or more of the risk factors described on this 

form (i.e., hypertension, diabetes, or coronary artery disease) or was 

taking any medication that might lead to complications when exercising, 

the subject was excluded from this study. In addition, if any subject's 

family medical history showed that the subject may have been at an 

increased risk of developing any detrimental reactions during the test

ing period, the subject was also excluded from the study. In the event 

that a subject was excluded, a new subject was selected using the 

selection process described above. 

After completing the three forms, all subjects were given a 

written list of guidelines that included the following directives. 

Subjects were instructed to maintain their current level of physical 

activity until they completed all tests. Subjects were directed not 



to engage in any strenuous physical activity the day before or day of 

each test. They were also instructed not to consume any alcohol or 

narcotics the night before or day of any exercise tests. Further, sub

jects were directed to have a good night's sleep and not to consume any 

food or beverages that contained caffeine two hours before participa

ting in each exercise test. For all test sessions, males were 

instructed to wear shorts and sneakers, and females were instructed 

to wear shorts, sneakers, and a tee-shirt or bikini top. 

Testing Conditions 

All testing was conducted at the University of Arizona Exercise 

and Sport Sciences Laboratory. Data was collected over a 14^—week 

period in the spring and summer of 1980. Tests were performed in the 

morning, afternoon, and evening on all days of the week. 

Room temperature varied from 23.75°C-26.0°C and barometric 

pressure ranged from 688-701 mmHg. Maximal differences of these para

meters for any one subject were 1.75°C and 10 mmHg, respectively. 

Testing Procedures 

Each subject participated in a minimum of four continuous work 

tests as described in the following two sections. All exercise tests 

on a subject were administered at least 48 hours apart. These tests 

were performed on a Monark bicycle ergometer with a constant pedalling 

rate of 60 RPM which was paced by a metronome. Prior to the initiation 

of each subject's first exercise test, the saddle height was adjusted 

to allow nearly full extension of the legs when cycling in the sitting 
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position. This height was recorded so that the subject would be cycling 

at the same saddle height on all subsequent tests. 

To insure appropriate work levels, the bicycle ergometer was 

calibrated and then marked to units of one-eighth of a kilogram; it 

was recalibrated approximately once every third week. To be certain 

that each subject was cycling at the prescribed workload, the resis

tance was checked at least once per minute. Periodic checks were also 

made on pedalling frequency and subjects were instructed concerning 

their effectiveness in maintaining the prescribed rate. 

O 
Assessing Fitness Levels: VC^ Max Testing 

In order to be certain that the subjects in each subgroup met 

the established criterion, cardiorespiratory fitness was assessed by 

O 
the measurement of VO^ max. Any subject not meeting the fitness 

o 
requirements (as determined by one VO2 max test) for his/her subgroup 

was eliminated from any further participation in the study; a new 

subject was selected using the selection process described above. 

Prior to the maximal test, all subjects were given the same 

verbal instructions (see Appendix D, sections 1 and 2). In order 

to familiarize the subject with the prescribed cadence, the max test 

was preceeded by a two-minute warm-up; the resistance was set so as 

to elicit a work level of approximately 90 kpm/min for the first 

minute and a work level of approximately 270 kpm/min for the second 

mi nute. 
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During the max test, the workload was progressively increased. 

Each subject began by exercising for three minutes at each of three 

workloads equal to 270, 660, and 990 kpm/min, respectively. The work

load was increased by 180 kpm/min every two minutes thereafter until the 

subject reached a self-imposed maximum. These workloads were selected 

so that all subjects would be able to cycle for a minimum of 11 minutes; 

the three-minute stages were used so that "steady state" perceptual 

data could be obtained at these workloads for statistical analysis. 

Verbal encouragement was employed to motivate subjects to per

form maximally. The highest oxygen uptake recorded was used as the 

O 
subject's VO2 max. Therefore, subjects were all instructed to continue 

cycling even if they could no longer maintain the prescribed cadence, 

due to the possibility that with an increase in the resistance on the 

ergometer, &O2 values could rise although the cycling pace may be some

what slower than prescribed. Each subject's maximal workload was con

sidered to be the highest work level at which he/she could maintain 

the prescribed rate for at least 30 seconds. 

At least two maximal work tests were administered to each sub

ject, and all maximal tests were completed before that subject partic

ipated in any submaximal tests. Repeat tests were administered in order 

to establish the reliability of each subject's perceptual and physiol-

O 
ogical responses. If a subject's VO2 max values differed by greater 

than 2 ml/kg.min a third max test was performed. A third max test 
O 

was also administered if a subject's VO2 values disagreed by greater 

than 2 ml/kg*min ^ at two or more of the submaximal data points that 



were to be used for further calculations. If the subject's maximal HR 

differed by greater than 10 beats between the two tests, a third maximal 

test was also administered. 

In order to analyze the maximal test data, the physiological 

and perceptual values from the repeat tests were averaged at all data 

points. In the event that a third test was administered, only the data 

from the two tests that showed the closest physiological agreement 

were used and the values from these two tests were averaged at all 

data points. 

Testing at Relative Submaximal Workloads 
O 

After the initial VO2 max tests, each subject participated in 

at least two 15-minute submaximal work tests, administered on different 

days. Prior to the submaximal work test, all subjects were given the 

same verbal instructions (see Appendix D, sections 1 and 3). The test 

was preceeded by a two-minute warm-up in which the subject cycled at 

a workload of approximately 90 kpm/min. 

During this test, the resistance was progressively increased 

every three minutes so that the subject was working at submaximal 

intensities corresponding to approximately the following percentages 

O 
of his/her VO2 max: 25, **0, 55, 70, and 85, respectively. 

In order to establish the specific workloads for each subject, 
O 

each of the subject's mean VO2 values (measured at 3, 6, 9, 11» 13, 15 

mins, etc. from the two maximal tests) were plotted against the 

corresponding resistance settings (workloads) on the bicycle. In 
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O 
order to insure that a 1inear relationship existed between VO2 and 

0 
workload, only VO2 values and corresponding resistance settings 

that were equal to or less than 30% of the subject's max were 

plotted and used tcS formulate a regression equation which was computed 

using the Hewlett Packard 98IOA Computer. The appropriate workloads 

for the 15-minute work tests were then established by entering the 

O 
predetermined percentages of VO2 max into the equation. 

Thus, unlike the maximal test protocol, the workloads used in 

this test varied from individual to individual. Each workload was 

maintained for three minutes so that "steady state" perceptual and 

physiological data could be obtained at all five workloads for statis

tical and descriptive analyses. 

A third submaximal test was performed if a subject's HR at both 
O 

70% and oS% of his/her VC^ max differed between tests by greater than 

o 
10 beats. In any submaximal test, if a subject's actual VO2 values 

O 
differed from the predetermined VO2 values (which were equal to 25%, 

k0%, 55%, 70%, and 85% of VO2 max) by greater than 2 ml/kg-min ' at 

two or more of the three-minute data points, a third submaximal test 

was administered. The method used to analyze the maximal test data 

was also used to analyze the submaximal test data (see p. 39, par. 1). 

Measurements Taken During the Exercise Bouts 

During the last 10 seconds of each workload on all exercise 

tests, each subject was asked to subjectively rate the amount of exer

tion perceived by touching the appropriate number on the RPE scale 



devised by Borg (1970). The scale was attached to the bicycle ergo-1 

meter directly in front of and adjacent to the resistance gauge; num

bers were presented in a horizontal as opposed to the traditional 

vertical format (Borg, 1970); the verbal descriptors were written 

directly below the odd numbers. It was the investigator's belief 

that this format, as compared to the vertical format, would allow 

subjects to more easily see and touch all numbers. Another RPE scale, 

using the traditional in quarto format (Borg, 1970), was in view 

directly in front of the bicycle ergometer. Two scales were employed 

so as to reinforce the use of the RPE scale and to constantly remind 

each subject of the perceptual judgments that he/she would be required 

to make. 

Prior to the administration of all tests, instructions regard

ing the use of the scale were verbalized to each subject (see Appendix 

D, section 1). These instructions were also written on a large piece 

of cardboard, approximately 1' x 2', which was permanently mounted in 

view, above and in front of the bicycle ergometer. The location of the 

two RPE scales and the instruction sign is illustrated in Figure 1. 

Generally, each subject was told to combine all sensations and feelings 

of physical stress, effort, and fatigue, and thus to concentrate on 

his/her total feeling of exertion (Patton et al., 1977). Questions 

pertaining to the mechanics of the scale were answered, yet no informa

tion was provided regarding the translation of subjective feelings. 

HR was recorded every minute throughout all work tests using 

a three-chest lead (CM—5) electrocardiogram (ECG). During the maximal 



Figure 1. The Location of the Two RPE Scales and the Instruction 
Sign. A) Borg Scale in quarto format; B) Borg Scale 
with numbers presented in horizonal format; C) instruc
tions regarding the use of the scale. 
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tests, HR was also recorded when the subject reached a self-imposed 

maximum, which frequently occurred prior to the time at which a minute 

recording was to be made. 

The Beckman Metabolic Measurement Cart (Wilmore et al. 1976) 

O 0 
was used to measure VO^, V^, and R. This physiological data was 

assessed every 30 seconds for the duration of each work test. Through

out all tests, a Hans-Rudolf valve was used; it was attached to the 

subject's mouthpiece and to the gas-collection tube. Noseclips were 

placed on the subject's nose immediately prior to the start of each 

work test. 

Treatment of the Data 

Fifteen t-tests and fifteen Pearson product-moment correlations 

were performed in order to determine the reliability between repeat 

tests of relative i/C^ values and of perceived exertion ratings at both 

absolute and relative data points. A 2 x 2 (sex x fitness level] analy

sis of variance was used to determine whether any significant differences 
O . 

existed in VO^ max. A 2 x 2 x 3 (sex x fitness level x absolute 

workload) analysis of variance with repeated measures on the third fac

tor was used to determine whether any significant differences existed 

in perceived exertion ratings obtained at absolute workloads. A 2 x 2 x 

5 (.sex x fitness level x relative workload) analysis of variance with 

repeated measures on the third factor was used to determine whether 

any significant differences existed in perceived exertion ratings 

obtained at relative workloads. One way analyses of variance and 



Scheffe post hoc tests were utilized to detect specific mean differen

ces. In all instances, the .05 level was predetermined as the cri

terion for acceptance of statistical significance. Analyses were done 

by computer, using the Statistical Package for the Social Sciences 

(Nie et  a l . ,  1975) .  

Sixteen graphs were drawn so as to examine the various 

physiological-perceptual relationships that existed. These relation

ships were subjected to descriptive analysis only. 



CHAPTER k 

RESULTS AND DISCUSSION 

Reliability of Oxygen Uptake and Perceived 
Exertion Values Between Repeat Tests 

O 
The correlation and t-test comparisons for relative VO2 values 

between repeat tests are presented in Table 3. Measurements on the 
O 

first five VO2 values were obtained during the two 15-minute work 
O 

tests, while VO2 max values were determined from the two maximal tests. 

As expected, all Rvalues were not significant (£ > .05) and all 

reliability coefficients were high. Thus, at all data points, there 
O 

were consistent results in VOg values between tests. Neither t-tests 

nor correlations were computed for absolute VO2 values (measured at 

270 kpm/min, 630 kpm/min, and 990 kpm/min) between repeat maximal 

tests. These computations were not made because the criterion 

measurement at each of these data points was the workload itself. 

The correlations and t-test comparisons for absolute workload 

RPE's between repeat maximal tests are presented in Table h. All ^ 

values were not significant (p > .05) and the correlations, with the 

exception of RPE at 270 kpm/min, were high to produce consistent 

results. The relatively lower correlation at 270 kpm/min may be 

explained by the fact that this workload was the very first to which 

all subjects were exposed; the subjects may have had insufficient 

information during the initial workload of the first maximal test 

*»5 
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Table 3. Correlations and t-test Comparisons for Relative §0^ Values 
Between Repeat Tests (n=36). 

V02 

(ml/kg-min ) M1 M2 r t-value df 
2-tail 

probabi1i ty 

25% VO2 max 10.3 10.4 .876 -.91 35 • 370 

k0% VO2 max 16.0 16.0 .920 -.03 35 .978 

55% VC>2 max 22.k 22.0 .965 1.60 35 .119 

70% VO2 max 28.7 28.9 • 945 -.43 35 .672 

85% VO2 max 35.5 35.4 .972 .53 35 .617 

> max 41.5 41.4 .987 .51 35 ..617 
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Table Correlations and t-test Comparisons for Absolute V/orkload 
RPE's Between Repeat Maximal Tests ,(n=36). 

RPE at: M1 M2 r t-value df 2-tai1 
probabi1i ty 

270 kpm/min 7.9 7.6 .610 1.33 35 .193 

630 kpm/min 1 1.0 10.7 .756 1.61 35 .116 

990 kpm/min 14.1 13.8 .828 1.12 35 .270 



upon which to base their judgments. The subjects had no frame of 

reference within the testing situation itself with which to make 

their first ratings. However, once they had other frames of 

reference, i.e., additional workloads, they became more familiar with 

the use of the RPE scale. 

The correlations and t-test comparisons for relative workload 

RPE's between repeat 15-minute work tests are presented in Table 5. 

Contrary to what was expected, the t_ values for the first three per

ceived exertion ratings were significant (p < .01). Thus, at several 

data points, the RPE values between repeat tests were not consistent. 

It should be noted that at all three of these data points, the RPE 

values decreased on the second test as compared to the first test. 

One might argue that some type of learning effect took place between 

tests. However, it would be difficult to support this speculation due 

to the fact that the _t values at all other data points on both the 

absolute and relative work tests were not significant. Since there 

were significant differences in RPE values between tests at several 

data points, it could be statistically argued that these RPE values 

should not have been averaged together for future statistical analyses. 

However, the correlations were high, and the magnitude of difference 

in RPE values between tests at each of the three data points (i.e., 

25%, *»0%, and 55% V0^ max) was low (i.e., .3, .6 and .5, respectively). 

It is also the investigator's belief that an average of any two numbers 

is more representative than a single data point. Thus, the investigator 

chose to average all RPE values at all data points. It should be noted 
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Table 5. Correlations and t-test Comparfsons for Relative Workload 
RPE's Between Repeat 15-minute Work Tests (n=36). 

RPE at: M1 M2 

25% V0 2  max 7.8 7.5 

4o% vo 2  max 10.1 9 .5 

55% V0 2  max 12.4 11.9 

o
 

<
0

 
O

 
ro

 max 14.4 14.2 

85% V0 2  max 16.7 16.6 

" " TZ 2-tai 1 
r t-valuedf probabmty 

.929 3-99 35 .000 

.889 4.55 35 .000 

.815 3.30 35 .002 

.821 1.14 35 .263 

.852 .73 35 .473 
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that most of the reliability coefficients reported in this study for 

RPE values between repeat tests were similar to those reported by 

Skinner et al. (1973a) and Stamford (1976). Based on these correla

tions, Skinner et al. (1973a) and Stamford (.1976) have concluded that 

the RPE scale was of high reliability. However, these investigators 

(Skinner et al., 1973a; Stamford, 1976) did not conduct t-tests in 

order to determine if significant differences existed in the RPE 

means between repeat tests. In confirming the reliability of the RPE 

scale, it would be mo-e accurate if both correlation coefficients and 

t-tests were conducted in future studies. 

O 
Differences in VP? Max Among Subgroups 

O 
Analysis of variance showed that the differences in VO^ max 

between males and females, and between high-fit and low-fit subjects 

were significant (p < .01; see Table 6). Differences in ^Og max among 

the subgroups were further analyzed with the Scheffe post hoc test. 

High-fit males had a significantly (p_ < .05) higher V0£ max than high-

fit females, low-fit males, and low-fit females. There was no dif

ference (£ > .05) in ^2 max between high-fit females and low-fit 
O 

males, while low-fit females had a significantly (£ < .05) lower VO2 

max than high-fit males, high-fit females, and low-fit males. 

The fact that there was no difference in fitness level between 

high-fit females and low-fit males is quite interesting. When compar

ing these two groups, fitness is controlled as a factor influencing 

RPE; therefore, sex can be isolated as a variable affecting perceived 
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Table 6. Summary of Analysis of Variance for VC^ Max (nj=36). 

Source SS df MS F 

Sex 503-928 1 503.928 52.505** 

Fitness level 1071.908 1 1071.908 111.683** 

Sex x fitness level 16.920 1 16.920 1.763 

*significant at .05 level 

**significant at .01 level 

> 



exertion. Due to the fact that there were significant differences in 

fitness level between high-fit and low-fit males, and between high-

fit and low-fit females, sex can be controlled for, while fitness is 

isolated as a variable affecting RPE. Thus, the influence of both 

sex and fitness on perceived exertion will be the major topics of 

discussion in the following two sections. 

Differences in Perceived Exertion at Absolute Workloads 

Table 7 shows the mean values and standard deviations for per

ceived exertion ratings at absolute workloads for each subgroup. Table 

8 shows a summary of the 2x2x3 analysis of variance for perceived 

exertion ratings at absolute workloads. The results of this analysis 

are discussed below. 

The significant (p < .01) for workload shows that the differ

ences in RPE means produced by the three workloads across the levels 

of sex and fitness were quite unlikely to have occurred by sampling 

error alone. When examining the RPE scores given by all subjects 

at each workload, the Scheffe post hoc procedure revealed significant 

(p_ < .05) differences in RPE when the workload was increased from 

270 kpm/min to 630 kpm/min, and from 630 kpm/min to 990 kpm/min. 

Thus, an increment of 360 kpm/min was great enough to cause signifi

cant differences in RPE from one absolute workload to the next. 

The nonsignificant (p > .05) £ for sex cannot be interpreted 

as an indication that the sex of the subject has no effect on perceived 

exertion ratings at all absolute workloads. This would be too broad 

a conclusion, particularly in light of a significant (£ < .05) 
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Table 7> Mean Values and Standard Deviations for Perceived Exertion 
Ratings at Absolute Workloads for Each Subgroup. 

Subgroup n 270 
WORKLOAD Ckpm/minl 

630 990 
M SD M SD M SD 

males 18 7.6 1.1 10. 4 1.7 13.2 2.2 

females 18 7.9 1.4 11.3 1.5 14.7 1.7 

high-fit subjects 18 
ro L

A
 

10.4 1.8 12.9 2.3 

low-fit subjects 18 8.0 1.2 11.3 1.3 15.0 1.2 

high-fit males 9 7.2 1.0 9.7 1.8 11.8 2.0 

low-fit males 9 8.1 1.1 11.2 1.2 14.6 1.5 

high-fit females 9 7.8 1.6 11.1 1.7 14.1 2.1 

low-fit females 9 7.9 1.2 11.5 1.3 15.4 0.8 

All Subjects 36 7.8 1.3 10.9 1.6 14.0 2.1 



Table 8. Summary of Analysis of Variance for Perceived Exertion Ratings at Absolute Workloads 
(n=36). 

SOURCE SS df MS MSE F 

sex 20.193 1 20.193 5.143 3.926 

fitness level 34.116 1 34.116 6.634* 

sex x fitness level 7.949 1 7.949 1.546 

absolute workload 691.936 2 345.968 0.822 421.039 — 

sex x absolute workload 7.476 2 3.738 4.549* 

fitness level x absolute workload 11.626 2 5.813 7.074** 

sex x fitness level x absolute workload 0.470 2 0.235 0.286 

-significant at .05 level 

--significant at .01 level 



interaction between sex and workload. Rather, it must be emphasized 

that sex produced no significant effect on RPE when averaged over 

the two fitness levels and three absolute workloads being investigated 

in this study. Tables 9-11 show the results of the one way analyses 

of variance that were conducted to determine whether or not there 

were any differences in RPE between males and females at 270 kpm/min, 

630 kpm/min, and 990 kpm/min, respectively. Although, Hypothesis I 

was not supported in its entirety, it was partially supported in that 

males perceived their exertion to be significantly (p < .05) less than 

did females at the highest of the three absolute workloads (see Table 

11). This finding of a significant sex difference in RPE was in 

general agreement with the results reported by Borg and Linderholm 

(1970), Henrikson et al. (1972), Michael et al. (1972), Noble, Maresh 

and Ritchey (1980), and Sidney and Shephard (1977). 

The obtained £ for fitness level was significant (p < .05) 

and indicates that the RPE means for the high- and low-fit subjects 

averaged over the levels of sex and workload differed significantly. 

The significant (p_ <. .01) fitness level by workload interaction shows 

that there was a joint effect of fitness level and workload operating 

together. Tables 12-14 show the results of the one way analyses of 

variance that were conducted to determine whether or not any differ

ences existed in RPE between high-fit and low-fit subjects at 270 

kpm/min, 630 kpm/min, and 990 kpm/min, respectively. Like Hypothesis 

I, Hypothesis II was supported in that high-fit subjects perceived 

their exertion to be less than did low-fit subjects; however, contrary 
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Table 9- Summary of One Way Analysis of Variance for Perceived Exertion 
Ratings of Males and Females at 270 kpm/min (n=36). 

Source SS df MS F 

between groups 0.4443 1 0.4443 0.276 
within groups 54.8054 3^ 1.6119 

* significant at .05 level 
"Asignificant at .01 level 

Table 10. Summary of One Way Analysis of Variance for Perceived Exer
tion Ratings of Males and Females at 630 kpm/min (n=36). 

Source SS df MS F 

between groups 6.6734 1 6.6734 2.638 
within groups 86.0138 34 2.5298 

* significant at .05 level 
**significant at .01 level 

Table 11. Summary of One Way Analysis of Variance for Perceived Exert ion 
Ratings of Males and Females at 990 kpm/min (n=36). 

Source SS df MS F 

between groups 20.5510 1 20.5510 5.354* 
within groups 130.4987 34 3.8382 

* significant at .05 level 
**significant at .01 level 
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Table 12. Summary of One Way Analysis of Variance for Perceived Exer
tion Ratings of High-fit and Low-fit Subjects at 270 kpm/ 
mi n (n=36). 

Source SS df MS F 

between groups 1.7776 1 1.7776 1.130 
within groups 53.4721 34 1.5727 

" significant at .05 level 
*-cs igni f i cant at .01 level 

Table 13. Summary of One Way Analysis of Variance for Perceived Exer
tion Ratings of High-fit and Low-fit Subjects at 630 kpm/min 
(n= 36). 

Source SS df MS F 

between groups 7-5623 1 7.5623 3.020 
within groups 85.1248 34 2.5037 

* significant at .05 level 
'•"significant at .01 level 

Table Ik. Summary of One Way Analysis of Variance for Perceived Exer
tion Ratings of High-fit and Low-fit Subjects at 990 kpm/min 
(n.=36). 

Source SS df MS F 

between groups 36.4010 1 36.AO 10 10.795"" 
within groups 114.6^87 3** 3.3720 

* significant at .05 level 
""significant at .01 level 



to the hypothesized relationship, this difference occurred only at 

the highest workload, rather than at all three workloads. This finding 

of a significant (p_ < .01) fitness difference in RPE was in general 

agreement with the results reported by Bar-Or et al. (1972), Michael and 

Eckardt (1972), and Skinner et al. (1969), yet did not support the find

ing of Nagle et al. (1975) and Patton et al. (1977). This finding was 

also generally supported by the concept presented in the training 

studies of Docktor and Sharkey (1971), Ekblom and Goldbarg (.1971), 

Kilbom (I971), Linderholm (.1967) 1 and Patton et al. (.1977), in which 

the training situation (which caused an increase in aerobic power) had 

the effect of decreasing subjective responses to a given submaximal 

intensity of effort. The present finding of a significant fitness 

difference in RPE conflicted with the findings of the training study 

conducted by Sidney and Shephard (1977). 

The nature of the significant two-factor interactions can be 

examined in Figures 2 and 3> which graphically compare the magnitude 

of differences between the perceived exertion ratings of males and 

females, and of high- and low-fit subjects, respectively, across the 

three absolute workloads. The slope for females was much greater 

than the slope for males, and the slope for low-fit subjects was much 

greater than the slope for high-fit subjects. Thus, the perceived 

exertion ratings increased much more rapidly across workloads for 

females as compared to males, and for low-fit subjects, as compared 

to high-fit subjects. In other words, the magnitude of difference 

in ratings between males and females, and between high- and low-fit 
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Figure 2. Perceived Exertion Ratings of Males and Females Across the 
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subjects became greater as the workload increased. Thus, the signifi

cant two-factor interactions show that neither the sex effect nor the 

fitness level effect, was independent of the workload factor. 

Figure k graphically compares the magnitude of difference among 

perceived exertion ratings at each absolute workload of high-fit males, 

low-fit males, high-fit females, and low-fit females. It can be seen 

that the range of mean RPE values at each workload (see A symbols on 

Figure 4) increased with an increase in workload. The Scheffe post hoc 

procedure found no significant (j^ > .05) differences in RPE among these 

four subgroups at a workload of 270 kpm/min nor at a workload of 630 

kpm/min. However, at a workload of 990 kpm/min, there were significant 

(]3 < .05) differences in RPE between high-fit males and low-fit males, 

and between high-fit males and low-fit females. At this workload, 

however, there were no differences (p > .05) in perceived exertion 

ratings among low-fit males, high-fit females, and low-fit females, 

nor was there a difference between high-fit males and high-fit 

females. The fact that there were some significant differences between 

subgroups at the highest workload further illustrates the nature of 

the two-factor interactions described above. 

The results of this study that are presented above strongly 

concur with the findings and conclusions reached by Patton et al. 

(1977) and Skinner et al. (1969). Patton et al (1977) have concluded 

that it is possible that high aerobic power is not an influential 

factor for light to moderate work, but only becomes an important 

factor at heavy workloads. Skinner et al. (1969) found no differences 
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in perceived exertion ratings between active and sedentary subjects 

at low workloads, but at higher workloads (i.e., 600 kpm/min and 

900 kpm/min), the active group had significantly lower exertion 

ratings as compared to the sedentary group. In the present study, 

significant differences were found only at the heaviest workload 

(i.e., 990 kpm/min). This occurrence can be explained in the follow

ing way: First, at each absolute workload, the mean percentage of 

maximal aerobic power that was used to do the work was greater for the 

low-fit males as compared to the high-fit males, and for the low-fit 

females as compared to the high-fit males. As the workload was in

creased (e.g., from 630 kpm/min to 990 kpm/min), these differences 

O 
in the mean percentages of VO2 max used by low-fit males versus high-

fit males, and by low-fit females versus high-fit males increased 

greatly as compared to the differences between these subgroups which 

existed at the previous workload (i.e., 630 kpm/min). Therefore, 

as the workload was increased (e.g., from 630 kpm/min to 990 kpm/min), 

the increase in the mean percentage of maximal aerobic power being 

used to do the work at the heavier workload as compared to the lighter 

workload was much greater for low-fit males as compared to high-fit 

males, and for low-fit females as compared to high-fit males. As 

shown in Figure k, the size of the differences between high-fit males 

and low-fit males, and between high-fit males and low-fit females in 

the mean perceived exertion ratings given at each workload also 

increased greatly with an increase in workload. Thus, when looking 

across all three absolute workloads, there was a close parallel in the 



patterns that existed between the magnitude of difference in mean 

perceived exertion ratings of, and the magnitude of difference in 
0 

mean percentages of max being used by, the subgroups specified 

above. Perhaps at the highest workload, therefore, the differences 
O 

in the mean percentages of VO^ max being used by high-fit males versus 

low-fit males, and by high-fit males versus low-fit females to per

form the task were great enough to cause significant differences in 

RPE between these subgroups, while at lower workloads (i.e., 270 kpm/ 

min and 630 kpm/min), these differences were not of sufficient magni

tude to cause significant differences in RPE. 

Although one must be aware of the finding of a significant 

< .05) RPE difference between males (specifically, high-fit males) 

and females (specifically, low-fit females) at the highest workload, 

the overall analysis of variance and the post hoc tests showed that 

fitness level was by far the more critical factor in the resultant 

differences in RPE among subgroups. One should take into consider

ation the fact that there were no other differences in RPE between 

male and female subgroups (i.e., between high-fit males and high-fit 

females, between high-fit females and low-fit males, and between low-

fit males and low-fit females). And, most important, since both low-

fit males and high-fit females were of the same fitness level and 

there were no differences in RPE between these two subgroups, the 

influence of sex on RPE was minimal in this study. Therefore, the 

differences in RPE between high-fit males and low-fit males, and between 



65 

high-fit males and low-fit females were due mainly to differences in 

fitness level. 

One might argue that this conclusion is not valid because there 

were no significant differences in RPE between high-fit males and high-

fit females, between high-fit females and low-fit females, and between 

low-fit males and low-fit females, although there was a significant 

difference between each of these pairs in fitness level. The magni

tude of difference in fitness level was probably an extremely impor-

O 
tant factor. That is, while the differences in mean VO^ max values 

between high-fit males and high-fit females, between high-fit females 

and low-fit females, and between low-fit males and low-fit females 

were approximately 17%, 22%, and 16%, respectively, the differences 

in mean aerobic power between high-fit males and low-fit females, and 

between high-fit males and low-fit males were approximately 36% and 

2h%, respectively. Thus, while there were significant differences 

in fitness level between all subgroups compared above, the largest 
O 

differences in mean VO^ max values existed between high-fit males and 

low-fit females, and between high-fit males and low-fit males; and, 

it was only between these same groups, at the heaviest workload, that 

the differences in RPE values were significant. This reasoning follows 

the argument presented by Patton et al. (1977) in which it was sug

gested that, as opposed to being merely significant, the differences 

in aerobic power between groups must be "remarkable" in order to find 

significant differences in RPE at absolute workloads. Thus, while 

differences of 16%, 17%, and 22% in aerobic power between subgroups 



might be considered significant, differences of 2.4% or more could be 

considered "remarkable" in the present study. 

One might conclude that in this study, sex, per se, was not a • 

major factor influencing RPE at absolute workloads. Of course, as with 

any other piece of research, the results of this study should not be 

generalized beyond the sample of subjects, the methods of procedure, 

and the specific nature of the independent and dependent variables used 

in this investigation. Although in the 2x2x3 ANOVA, the £ ratio 

for sex failed to reach significance, one must keep in mind that this 

£ ratio is substantially larger than 1.00, and is, in fact, significant 

between the ]0% and the 5% alpha levels. In addition,there was a signi

ficant (£ < .05) sex by workload interaction. Thus, in future studies 

with similar designs, it is quite conceivable that there may be a sig

nificant main effect for sex. In most past studies that have examined 

R P E  a t  a b s o l u t e  w o r k l o a d s  ( B o r g  a n d  L i n d e r h o l m ,  1 9 7 0 ;  H e n r i k s o n  e t  a l . ,  

1972; Michael et al., 1972; Noble, Maresh, and Ritchey, 1980; Sidney 

and Shephard, 1977), a significant main effect for sex has been 

reported. And, in the majority of findings in which sex differences 

have been reported (Henrikson et al., 1972; Noble et al., 1980; Sidney 

and Shephard, 1977), the investigators have concluded that these RPE 
P 

differences would not have been observed if relative VO^ values had 

been taken into consideration. Thus, these investigators are implying 
O 

that the VO2 max (or fitness level) of each subject is the critical 

factor in producing RPE differences, while sex, per se, is not of major 

importance. The findings of the present study tend to support this 

O 
concept. Although in this study, the difference in mean VO2 max values 



between males and females was significant, it was not nearly as 

remarkable as the difference that existed for high-fit versus low-fit 
O 

subjects. It is quite conceivable that if a substantially greater VOg 

max difference existed between the sexes, there would have been a sig

nificant main effect for sex. But, since sex is an organismic variable 

it could not be assumed that this hypothesized sex difference in RPE 

would actually be due entirely, or even in part, to subjects being 

classified into male versus female groups. It would be quite resason-

able to assume that some other systematic difference, such as fitness 

level, could lead to these hypothesized differences in RPE. 

Due to the fact that there was a significantdifference in RPE 

between males and females at the higest workload, one should consider 

the differences in social conditioning that exist between the 

sexes; these could have had some impact on the observed RPE differences 

between the males and females at 990 kpm/min. In the United States, 

boys are often taught that they must, regardless of thefr feelings, 

show that they are mentally and physically "tough"; girls are taught 

that it is acceptable for them to show their true feelings (Hyde, 1979) 

Thus, as a result of social conditioning, even if males feel that they 

are working very hard, they may try to convince themselves that they 

are not by rating their exertion levels to be somewhat less than what 

they actually perceive them to be; on the other hand, females may be 

less inhibited to show how they actually feel, and therefore choose 

numbers representing their exact feelings. 
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One should also consider differences in athletic experience 

between the sexes. This difference seems to be very much related to 

the differences in social conditioning that were discussed above; 

generally speaking, while the adolescent girl must prove herself in 

the area of popularity and attractiveness, boys must prove themselves 

in athletics (Hyde, 1979). Therefore, it is likely that collectively, 

the group of males in this study had many more experiences throughout 

their lives in a wide variety of sports of a stressful nature, as 

compared to the group of females, many of whose sports participation 

may have been extremely limited throughout their lives. And, subjects 

who have rarely participated in stressful phys icalact i vi t ies may find the 

work to be much more difficult (and therefore rate the work to be har

der) than subjects who are used to participating in these activities. 

Once again, it should be noted that from a physiological stand

point, the males in this study were more aerobically fit than the 

females. In addition, males generally have greater absolute leg 

strength than females (Hettinger, 1961; Wilmore, 197*0; this difference 

between the sexes may have also been a factor in the differences 

observed in RPE between high-fit males and low-fit females. 

Although all of these differences between the sexes should be 

recognized as possible influential factors, the critical factor causing 

differences in RPE at absolute workloads was fitness level. More 

definitive conclusions on the influence of fitness and sex on RPE can 

be formed after a thorough analysis is conducted on differences in RPE 



at relative workloads. This analysis can be found in the following 

section. 

Differences in Perceived Exertion at Relative Workloads 

Table 15 shows the mean values and standard deviations for 

perceived exertion ratings at relative workloads for each subgroup. 

Table 16 shows a summary of the 2x2x5 analysis of variance for 

perceived exertion ratings at relative workloads. The results of this 

analysis are discussed below. 

The obtained £ for workload was significant (£ < .01) and 

indicates that the differences in RPE means produced by the five work

loads across the levels of sex and fitness were quite unlikely to 

have occurred by sampling error alone. When examining the RPE scores 

given by all subjects at each workload, the Scheffe post hoc procedure 

found significant (£_ < .05) differences in RPE when the workload was 

increased from 25% to k0% max, from k0% to 55% VO2 max, from 55% 

O _ O 
to 70% VO2 max, and from 70% to 85% VO2 max. Thus, an increment of 

O 
15% VO2 max was great enough to cause significant differences in RPE 

from one relative workload to the next. 

Figures 5 and 6 graphically compare the magnitude of difference 

in perceived exertion ratings between males and females, and between 

high-fit and low-fit subjects, respectively, across the five relative 

workloads. At all relative workloads, females rated their exertion to 

be greater than did males; however, there was virtually no difference 

in the slope for males and females across the five workloads. Although 



Table 15. Mean Values and Standard Deviations for Perceived Exertion Ratings at Relative Workloads 
for Each Subgroup. 

Subgroup 

n 
25 

WORKLOAD {% VO2 max) 
40 55 70 85 Subgroup 

n M SD M SD M SD M SD M SD 

males 18 7.4 1 .2 9 .6 1.5 11.8 1.5 14.1 1.5 16. 4 1 .8 

fema1es 18 7.9 1 .6 10 .0 1.6 12.5 1.3 14.6 1.2 16. 9 1 .4 

high-fit subjects 18 7.3 1 .2 9 • 3 1 .4 11.5 1.5 13.6 1.4 15. 8 1 .5 

low-fit subjects 18 8.0 1 .5 10 • 3 1.6 12.8 1.0 15.1 0.8 17. 5 1 .2 

high-fit males 9 7.0 1 .1 9 .0 1.3 11.1 1.4 13.2 1.5 15. 4 1 .7 

low-fit males 9 7.8 1 .1 10 .1 1.6 12.6 1.2 14.9 1.0 17. 4 1 .4 

high-fit females 9 7.7 1 .3 9 .6 1.5 11.9 1.6 13.9 1.4 16. 2 1 .2 

low-fit females 9 8.1 1 .9 10 .5 1.7 13.1 0.7 15.2 0.7 17. 6 1 .2 

all subjects 36 7.7 1 .4 9 .8 1.6 12.2 1.4 14.3 1.4 16. 7 1 .6 



Table 16. Summary of 2 x 2 x 5 Analysis of Variance for Perceived Exertion Ratings at Relative 
Workloads (n=36). 

Source SS df MS MSE F 

sex 11.756 1 11.756 6.111 1.924 

fitness level 68.450 1 68.450 11.200** 

sex x fitness level 2.006 1 2.006 0.328 

relative workload 1820.736 4 455.184 0.791 575.381** 

sex x relative workload 0.288 4 0.072 0.091 

fitness level x relative workload 6.368 4 1.592 2.012 

sex x fitness level x relative workload 0.340 4 0.085 0.107 

'•significant at .05 level 
""significant at .01 level 
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Figure 5. Perceived Exertion Ratings of Males and Females Across the 
Five Relative Workloads. 
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Figure 6. Perceived Exertion Ratings of High-f it and Low 
Across the Five Relative Workloads. 
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the slope for low-fit subjects was greater than the slope for high-fit 

subjects across the five workloads, the magnitude of difference between 

these slopes was not great enough (jd_ > .05) to cause a significant 

fitness level by workload interaction. Thus, the lines in Figure 5 

and the lines in Figure 6 were sufficiently parallel within the limits 

of random variation; this corresponds to the fact that the sex by rela

tive workload, and the fitness level by relative workload interactions 

were not significant (^ > .05). Since the latter of these interactions 

was not significant, it can be concluded that the differences in RPE 

means between the high- and low-fit subjects, were independent of 

workload. Thus, there fs a more substantial basis for generalizing 

about the main effect of fitness level. 

The 2x2x5 ANOVA showed that sex did not produce a signifi

cant (p^ > .05) effect on RPE when applied across the levels of fitness 

and the five relative workloads. Thus, Hypothesis III was fully sup

ported; at each relative workload, males and females perceived their 

exertion to be the same. This finding is in agreement with the results 

reported and/or conclusions made by Borg and Noble (197M, Noble et al. 

(1980), and Sidney and Shephard (1977). 

In the 2x2x5 ANOVA, the significant (p^ < .01) F^ for fitness 

level indicates that the RPE means for high- and low-fit subjects 

averaged over the levels of sex and workload differed significantly. 

Tables 17-21 show the results of the one way analyses of variance that 

were conducted to determine whether or not there were any differences 

in RPE between high- and low-fit subjects at 25%, b0%, 55%, 10%, and 
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Table 17- Summary of One Way Analysis of Variance for Perceived Exer
tion Ratings of High-fit and Low-fit Subjects at 25% $0? Max 
(n=36). 

Source SS df MS F 

between groups 3.6735 
within groups 64.7360 

1 
34 

3.6735 
1.9040 

1.929 

"Significant at .05 level 
'•*s ignif i cant at .01 level 

Table 18. Summary of One Way Analysis of Variance for PerceivedoExer
tion Ratings of High-fit and Low-fit Subjects at 40% V0o Max 
(n=36). (  

2  

Source SS df MS F 

between groups 9.5071 
within groups 78.1804 

1 
34 

9.5071 
2.2994 

4.135-

"significant at .05 level 
^"Significant at .01 level 

Table 19. Summary of One Way Analysis of Variance for PerceivedoExer
tion Ratings of High-fit and Low-fit Subjects at 55% V0_ Max 
(n=36). 2 

Source SS df MS F 

between groups 14.6947 
within groups 55.8055 

1 
34 

14.6947 
1.6413 

8.953-

"Significant at .05 level 
"•'significant at .01 level 
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Table 20. Summary of One Way Analysis of Variance for Perceived Exer
tion Ratings of High-fit and Low-fit Subjects at 10% §0o Max 
(n=36). 

Source SS df MS F 

between groups 20.2500 1 20.2500 14.529** 
within groups 47.3888 34 1.3938 

'•significant at .05 level 
**significant at .01 level 

Table 21. Summary of One Way Analysis of Variance for PerceivedDExer
tion Ratings of High-fit and Low-fit Subjects at 85% V0_ Max 
(n=36) 

Source SS df MS F 

between groups 26.6964 1 26.6964 13.940** 
within groups 65.1110 34 1.9150 

^significant at .05 level 
-"^significant at .01 level 
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85% VO2 max, respectively. The fact that high-fit subjects rated their 

level of exertion to be significantly lower than did low-fit subjects 

at four of the five relative workloads was contrary to Hypothesis IV 

and in disagreement with both the general findings of Bar-Or et al. 

(1972), Michael and Eckardt (1972), and Skinner et al. (1966), and the 

conclusions made by Borg and Noble (197*0 regarding the training studies 

of Docktor and Sharkey (1971), Ekblom and Goldbarg (1971). Kilbom 

(1971), Linderholm (1967), and Patton et al. (1977). 

Figure 7 graphically compares the magnitude of difference in 

exertion ratings at each relative workload among high-fit males, low-

fit males, high-fit females, and low fit females. It can be seen that 

the size of the range of mean RPE values at each workload (see A sym

bols on Figure 7) increased with an increase in workload. The Scheffe 

post hoc procedure found no significant (p^ > .05) differences in RPE 

O 
among these four subgroups at a workload equal to 25% VO2 max and at a 

workload equal to bQ% max. However, at 55% max, there was a signi

ficant (jp^ < ,05) difference in RPE between high-fit males and low-fit 

females; at this workload, there was no difference (p^ > .05) in perceived 

exert ion rat ings among high-f i t males , high-f i t females , and lbw-f i t males, 

nor was there any difference (p > .05) in perceived exertion ratings 

among- high-fit females, low-fit males, and low-fit females. At both 

70% and 85% VO2 max, there were significant (p^ < .05) differences 

in RPE between high-fit males and low-fit males, and between high-fit 

males and low-fit females. At this workload, however, there was no 

difference (p > .05) in perceived exertion ratings among low-fit males, 
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Figure 7• Perceived Exertion Ratings of High-fit Males, Low-fit Males, 
High-fit Females, and Low-fit Females at Each Relative 
Workload. 



high-fit females, and low-fit females, nor was there a difference in 

ratings between high-fit males and high-fit females. One may be 

curious as to how there could have been a significant (^ < .05) RPE 

difference between high- and low-fit subjects at k0% VO2 max, while 

there were no significant (£ > .05) differences in RPE among high-fit 

males, low-fit males, high-fit females, and low-fit females at this 

workload. Two possible explanations are offered. First, the respec

tive analyses that resulted in these findings involved both subgroups 

and degrees of freedom that were different from one another, Second, 

the Scheffe procedure is a much more conservative statistical test, 

as compared to the analysis of variance (Nie et al., 1975). It should 

also be noted that the £ value of 4.135 (from the ANOVA comparing RPE 

© 

in high- and low-fit subjects at k0% V0^ max; see Table 23) is barely 

significant (£ = .0^99). 

There are several explanations for these unexpected differences 

in RPE among high- and low-fitness subgroups at identical relative 

workloads. First, the majority of studies that have investigated the 

relationship between fitness level and perceived exertion have used 

the data from a single exercise test to draw conclusions about RPE at 

both absolute and relative workloads. Actual ratings were made only 

at absolute workloads and then statistical analyses (i.e., graphs, 

correlations, and/or regression equations) were conducted relating RPE 

O 
to relative VO2 values. Two totally different tests were used in the 

present study so that ratings could be obtained at absolute workloads 

during one test and at relative workloads during another test. The 



investigator believes that the latter method is more accurate at de

tecting differences between fitness groups in perceived exertion 

ratings at relative workloads. 

Second, in many studies comparing perceptual responses in sub

jects of various fitness levels (Bar-Or et al., 1972; Michael and 
O 

Eckardt, 1972; Skinner et al., 1969), Vmax was not determined; thus, 

since the magnitude of difference in aerobic power between those sub

jects who appeared to be "high-fit" and those subjects who appeared to 

be "low-fit" was never assessed, accurate relative data could not have 

been derived. In addition, it is possible that in these studies (Bar-

Or et al., 1972; Michael and Eckardt, 1972; Skinner et al., 1969), the 

Q 
differences in mean VO^ max values between high-fit and low-fit sub

groups were small or just significant when compared to differences 

between high-fit males and low-fit females, and between high-fit males 

and low-fit males of approximately 35% and 2k%, respectively. Thus, 

once again, as was the case when explaining RPE differences at absolute 

workloads, Patton et al.'s (1977) idea of "significant versus remark

able" differences in aerobic power may have been an important factor 

in the results that were found concerning the influence of fitness 

level on perceived exertion at the three highest workloads. 

Theoretically, the differences in aerobic power between high-

fit and low-fit subgroups should have been negated because relative 

workloads were used in these exercise tests. However, large differen

ces in aerobic power may be related to large differences in aerobic 

threshold (AerT) and anaerobic threshold (AnT) which are associated 



with one's aerobic power and which might have contributed to the 

significant RPE differences found between high- and low-fitness 

groups. 

AerT occurs when the exercise intensity is equal to approxi

mately ^0-60% VO2 max (Skinner and McLellan, 1980). The onset of 

O o 
this phase is characterized by a nonlinear increase in and VO 

an increased in the fraction of oxygen in the expired air CF^O^) with

out a corresponding decrease in the fraction of carbon dioxide in 

the expired air (F^CO^), and a rise in blood lactate (La) to twice 

resting values (Skinner and McLellan, 1980). 

AnT occurs when the exercise intensity is equal to approxi

mately 65-90% VO2 max (Skinner and McLellan, 1980). The onset of 

this phase is characterized by a sharp rise in blood La, a decrease 

in F^CC^, and a marked hyperventilation (Skinner and McLellan, 1980). 

0 
More and more VO^ has to go to the respiratory muscles for the in

creased work of hyperventilatfon and less is available for the skeletal 

muscles performing near-maximal work. Thus when exercising at a level 

equal to or above AnT, the exercise cannot be tolerated for much longer 

(.Skinner and McLellan, 1980). 

Both AerT and AnT are elevated for trained individuals (Mihevic, 

1981). In other words, AerT and AnT occur at higher relative workloads 

in well-trained endurance athletes, as compared to untrained persons 

or elite nonendurance athletes (sprinters, jumpers, etc.) (Skinner and 

McLellan, 1980). Endurance athletes may have higher values for these 

thresholds because they have a slower rate of La production (Skinner 



and McLellan, 1980). According to Mihevic (1981), La concentration 

may provide a potent stimulus for RPE at exercise intensities above 

O 
50-6 VO2 max. The muscular discomfort which accompanies La accumulation 

is a source of sensory input which is readily available to conscious 

awareness (Mihevic, 1981) 

In the present study, it is quite probable that both AerT and 

AnT occurred at lower relative workloads in the low-fit males as com

pared to the high-fit males, and in the low-fit females as compared to 
O 

the high-fit females. Thus, at a given percentage of VC^ max (e.g., 

70% ^2 max), low-fit males and low-fit females, as compared to high-

fit males, may have had a greater concentration of blood La and thus 

experienced greater muscular discomfort. Therefore, the higher RPE's 

at relative workloads in the low-fit subjects as compared to the high-

fit males, may have reflected this greater muscular discomfort 

experienced by the former group. 

Physiological-Perceptual Relationships 

Figures 8-23 illustrate the various physiological-perceptual 

relationships that existed in the following subgroups: high-fit males; 

low-fit males; high-fit females; low-fit females. The data used in 
O 

these graphs were obtained at the following six percentages of VO2 max: 

25, J»0, 55, 70, 85, and 100, respectively. The first five data points 

were derived from the submaximal work tests, while the data obtained 

O 
.at 100% V0^ max was derived from the maximal tests. 

It should be noted that within each subgroup, the relationships 

between RPE and HR, and between RPE and $0^ were very similar (see 
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Figure 11. The HR-RPE Relationship in the Group of Low-fit Females 
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Figure 13. The VO^RPE Relationship in the Group of High-fit Females. 
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Figure 19. The R -RPE Relationship in the Group of Low-fit Females. 
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Figure 20. The V^-RPE Relationship in the Group of High-fit Males. 
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Figure 22. The V^-RPE Relationship in the Group of Low-fft Males. 
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Figures 8-15). Although the RPE scale was constructed to parallel HR 

for work on the bicycle ergometer, Astrand and Rodahl (1977)) have 

0 
reported that the relationship between VO^ and HR is linear from 

extremely light to extremely heavy work intensities. Thus, indirectly, 

O 
the RPE sclae also parallels VO^. 

Throughout a variety of work intensities, the HR-RPE relation

ships were linear in all four subgroups (see Figures 8-11). Due to 

the linearity between HR and (Astrand and Rodahl, 1977), the ^0^-

RPE relationships were also linear throughout the same work intensities 

(see Figures 12-15). These findings support those of Bar-Or et al. 

(1972), Borg (1962, 1970, 1971), Borg and Linderholm (1967). Borg et al. 

(1968), Cafarelli (1977), Edwards et al. (1972), Gamberale (1972), Kay 

and Shephard (1969), MTchael and Eckardt (1972), Noble and Borg (1970, 

Sargeant and Davies (.1973), Skinner et al. (19&9, 1973b), and Winsmann 

and Goldman (.1976), but do not support the findings of Al len and Pandolf 

(.1977). Davies and Sargeant (.1979), Ekblom and Goldbarg (1971), 

Gamberale and HolmSr (1977), Henriksson et al. (1972), Kamon et al. 

(.197*0 , Noble et al. (1973), Pandolf et al. (1972), Pandolf and Noble 

(.1973), and Sidney and Shephard (1977). 

Throughout a variety of work intensities, the R-RPE relation

ships were also linear in all four subgroups (see Figures 16-19). 

These results basically support the findings of Michael and Hackett 

(.1972), Michael and Katch (1977), Michael et al. (1972), and Morgan 

et al. (1973), but do not support the findings of Michael and Eckardt 

(1972) and Morgan et al. (.197*1, 1976). 
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In all four subgroups investigated in the present study, 

O 
throughout the range of work intensities investigated, the V^-RPE 

relationships were basically curvalinear (see Figures 20-23). As 

the exercise intensity increases and reaches a point between k0% 

and 604 VO^ max, the relationship between and work intensity 

becomes nonlinear (Skinner and McLellan, 1980). In other words, 
O 

increases rapidly and becomes disproportionate to the increase in 
O 

workload. With further increases in intensity to about 65-90% VO^ max, 

the exercising subject reaches AnT, which is characterized by a 

marked hyperventilation or "break away" ventilation (Skinner and 

McLellan, 1980). Thus, when the exercise intensity is varied from 

O 
extremely light to extremely heavy, the relationship between and 

workload is curvalinear (Skinner and McLellan, 1980). Since the rela-

tionship between RPE and workload is linear (Borg, 1962; Borg and 

Linderholm, 1967; Frankenhaueser et al., 1969; Morgan and Borg, 1976; 

Skinner et al., 1969), and the relationship between ^ and workload 

is curvalinear throughout a wide range of work intensities (Skinner 

and McLellan, 1980), it was in fact expected that the tf^-RPE relation

ships would also be curvalinear when the workload was varied from very 

light to very heavy. 
O 

The absence of any extensive linear relationship between 

and RPE in all subgroups indicates that the perception of effort 

depends very little on This findfng supports the results reported 

by many investigators (Allen and Pandolf, 1977; Cafarelli and Noble, 

1976; Edwards et al., 1972; Horstman, 1977; Michael and Edkardt, 1972; 
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Stamford and Noble, 197*0 , but conflicts with the results reported by 

Ekblom and Goldbarg (1971), Horstman et al. (1979), Kamon et al. (197*0, 

Morgan and Pollock (1977), Morgan et al. (1973, 197*», 1976), Noble et 

al. (1973), Pandolf et al. (.1972), Pederson and Welch (1977), and 

Sargeant and Davies (.1973). 

It is exceedingly difficult to explain these conflicting 
O 

findings concerning the V^-RPE relationship. More conclusive results 

concerning this relationship will only be made if a "cleaner" experi

mental design is used in future studies, in which the experimenter 

O 
isolates and solely manipulates V^. However, this type of experiment 

would be extremely difficult to conduct due to the fact that almost 

O 
any manipulation to increase will have an effect on other physiol

ogical variables as well. 

The reader should also be aware of other factors which are of 

importance when interpreting the strength of all of the physiological-

perceptual relationships described above. First, those factors in the 

present study that have been found to be highly related to RPE during 

cycling may not necessarily generalize to other types of exercise. In 

other words, the mode of exercise may partially determine what 

physiological parameter RPE is most related to. Second, in many of 

the studies cited above and in the present study, as well, a large 

increase in RPE was accompanied by a large increase in one or more 

physiological variables; however, although two variables may be 

associated with one another, this does not necessarily constitute a 

cause-effect relationship. Third, the strength of these RPE-
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physiological variable relationships may be affected by the type of 

RPE scale used. Although the psychophysical category scale, used by 

most investigators, has proven to be very reliable and valid, and also 

allows direct measurements of the intensity of physical work in ques

tion for both interindividual and some intermodal comparisons, ratio 

scaling methods are advantageous for investigations evaluating the 

actual shape of the psychophysical function in question and may better 

explain the true variation of the subjective intensity (Pandolf, 1978). 

The psychophysical category scale was used in this study because the 

major purpose was to compare the perceived exertion ratings between 

males and females, and between high-fit and low-fit subjects; describ

ing the relationship between RPE and each of several physiological 

variables was a secondary purpose of this study. Thus, it is extremely 

important that investigators consider all possible psychophysical scal

ing methods to ensure the most optimal gains from their research. 

In summary, although it was originally hypothesized that in 

each subgroup, the HR-RPE relationship would be the most linear of 

all the physiological-perceptual relationships investigated, it is 

difficult to quantify the degree of linearity of these 16 relationships 

through descriptive analysis only. Due to the small number of subjects 

in each subgroup, however, these relationships were not subjected to 

regression analyses. Therefore, based solely on the figures presented 

in this section, the following conclusions have been made regarding 

the linearity of the relationships in all subgroups: First, the HR-RPE, 
0 
VO^-RPE, and R-RPE relationships were al1 linear throughout a variety 
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0 
of work intensities; however, the V^-RPE relationships were basically 

curvalinear. Second, as is evidenced by the graphs presented in this 

section, the degree of linearity between RPE and each of the physiol

ogical variables measured varied due to the range of work intensities 

that were examined and the specific population that was studied. 

The finding of a strong linear relationship between RPE and 

several physiological variables suggests the possibility of using 

perceived exertion ratings to predict physiological variable measures 

in field experiments. These predictions can be made on subjects who 

have been previously familiarized with the RPE scale and who have been 

stress tested in the laboratory while several physiological and percep

tual measurements have been made. Since physiological responses in

crease linearly with increasing workloads, RPE does not seem to be a 

function of a single physiological variable; rather, it appears to 

involve a complex integration of several parameters. 

Further Considerations 

While conducting this study, the investigator encountered 

several problems; although it appears that these problems did not have 

a significant impact on the outcome of this study, they will be 

described below so that all investigators can be aware of these as 

potential problems in future studies on RPE and hopefully, prevent 

their occurrence. 

Throughout each work test, the experimenter placed the appro

priate subject's data sheet on a clipboard which she carried with her 

at all times. Due to the close proximity between the investigator and 
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each subject throughout all tests, there existed the possibility that 

each subject may have seen the perceptual data which was recorded on 

his/her data sheet. As shown in Appendix E, there were two separate 

data sheets, one for the maximal tests and one for the 15-minute work 

tests. Thus, it is possible that while participating in their repeat 

maximal tests and/or repeat 15-minute work tests, several subjects 

may have seen their perceived exertion ratings from their first maximal 

tests and/or first 15-minute work tests. This, in fact, may have been 

a confounding factor in this study; in order to support or refute this 

speculation, all subjects were asked to complete a questionnaire con

cerning this issue (see Appendix F). The questionnaire was also de

signed to determine the influence, if any, that seeing or remembering 

their previous recordings had on subsequent ratings that the subjects 

made on repeat tests. This questionnaire was administered after all 

exercise tests were completed on all 36 subjects. Thirty-four subjects 

responded to the questionnaire. 

Due to the fact that only four subjects saw their previous 

ratings, and all claimed that this had no effect on the ratings given 

during the repeat tests, it can be concluded that seeing one's perceived 

exertion ratings from one's first maximal test and/or first 15-minute 

work test, when participating in one's repeat maximal test(s) and/or 

repeat 15-minute work test(s), was not a confounding factor in this 

study. In essence, the effect of this occurrence was negligible. 

Although several subjects saw their ratings from previous tests, many 

more subjects remembered their ratings from their first maximal tests 
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and/or first 15-minute work tests when participating in their repeat 

maximal tests and/or repeat 15-minute work tests. The investigator 

could not control for the fact that some subjects were able to remem

ber their previous ratings while others could not remember at all. 

Thus, the fact that four subjects saw their previous ratings becomes 

even more negligible when so many more subjects remembered their 

previous ratings. And, even the fact that subjects remembered their 

previous ratings does not appear to have been a major factor influen

cing the results of this study because the majority of these subjects 

claimed that remembering these ratings had no effect on the ratings 

they gave during the repeat tests. 

On any given day, when there were consecutive tests, the sub

ject who was "on deck" was always asked to wait outside of the testing 

room. Occasionally, a curious "on-deck" subject looked over the test

ing room wall and was able to observe the experimental environment. 

The principal investigator and lab assistants were usually preoccupied 

and unable to stop the subject from observing. Although this did not 

happen frequently and its effect was probably minimal, this occurrence 

should be noted. It is possible that the exercising subject was aware 

that he/she was being watched by this other individual; he/she may or 

may not have known that this viewer was also a subject in the study. 

Thus, it is probable that some type of social facilitation effect 

(Cottrell et al., 1968; Henchy and Glass, 1968; Glass, 1969; Martens 

and Landers, 1972; Zajonc, 1965) occurred in these instances. Unfor

tunately, by watching the exercise test before being subjected to it, 
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"on-deck" subjects may have received some preparatory information that 

most subjects did not receive. Of course, it is virtually impossible 

to determine how this preparatory information was used. In addition, 

those who did not watch the experiment most likely heard all noises 

coming from the testing room. Thus, in a future study on RPE or on 

any other psychological variable, it should be mandatory for "on-deck" 

subjects to wait outside of the enti re laboratory until they are 

summoned by the investigator. 

As the investigator became more familiar with the RPE scale, 

it was also realized that subjects should be allowed to rate their 

exertion in one-half, as opposed to, whole intervals due to the fact 

that this would increase the accuracy of the ratings. Consequently, 

during the last three weeks of the testing period, four high-fit 

males selected several half-numbers on the RPE scale and the experi

menter did not make them change these values to whole numbers. This 

occurred at a total of seven data points, at one absolute workload 

and at six relative workloads. Unfortunately, at that time, the 

investigator did not realize that by trying to gain greater accuracy 

during the tests, an experimental environment was created that lacked 

standardized rating procedures. Fortunately, the effect of this 

occurrence was minimal due to the fact that only seven, out of a 

possible 576, data points were involved. In order to standardize 

procedures, three of these scores were rounded up, and four were 

rounded down to the nearest whole numbers. Although this introduced 
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some statistical bias, its influence was minimal due to the fact that 

so few data points were affected. 

In future perceived exertion experiments, the experimenter 

must make sure that the same rules apply to all subjects when rating 

their exertion. In addition, it is suggested that all subjects be 

allowed to make use of half-intervals on the scale so as to obtain 

greater precision in future studies, as well as in practical field 

situations involving "target perceived exertion ratings" in exercise 

prescriptions for members of fitness or cardiac rehabilitation pro-

g rams. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

A summary of the results from the absolute and relative work 

tests is presented in Table 22. In addition, the major findings of 

this study, the significance of these findings, and several concluding 

statements are presented below: 

(1) At absolute workloads, fitness was the critical factor in 

producing RPE differences, while sex, per se, was not of major 

importance. The significant (p^ < .05) sex by workload, and 

fitness by workload interactions showed that neither sex nor 

fitness was independent of absolute workload; the magnitude 

of difference in ratings between males and females, and between 

high- and low-fit subjects became greater as the workload 

increased. 

(2) Fitness also produced a significant (p^ < .01) effect on RPE 

when applied across the levels of sex and relative workload; 

however, sex did not produce a significant (£ > .05) effect 

on RPE when applied across the levels of fitness and relative 

workload. Thus, it can be concluded that when subjects exer

cise at the same relative workload, there are no difference 

between the sexes in RPE. Theoretically, the differences in 

aerobic power between high- and low-fit subgroups should have 

O 
also been negated because relative VO2 values were used. 
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Table 22. Summary of Results from Absolute and Relative Work Tests. 

Groups Compared 

ABSOLUTE WORKLOAD 
u . . . .. — (kpm-min )— Main Interaction . 

Effect with Wkld. 270 630 990 
Main 

Effect 

RELATIVE WORKLOAD 
. . . . —{% V0„ 
Interaction 2 
with Wkld. 25 *»0 55 

max)— 

70 85 

males vs. females (sex) B B 
high-fit vs. low-fit 

(fitness level) B A A A  B '  A  A A 
high-fit males vs. 

high-fit females 
low-fit males B B B 
low-fit females B B B B 

high-fit females vs. 
low-fit males 
low-fit females 

low-fit males vs. 
1ow-f i t fema1es 

KEY: A = significant 
B = significant 

difference or interaction at .01 level 
difference or interaction at .05 level 

o u> 
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However, it was postulated that large differences in aerobic 

power are related to large differences in both aerobic thresh

old (AerT) and anaerobic threshold (AnT), which may have con

tributed to the significant RPE differences between high- and 

low-fitness groups at the same relative workloads. In future 

studies investigating differences in RPE between groups (e.g., 

high vs. low pain tolerance), or the effect of specific varia

bles (e.g., temperature, altitude, pedalling frequency) on 

RPE, all subjects should be of similar fitness levels. 

(3) The Scheffe post hoc procedure revealed significant differences 

(]3_ < .05) in RPE at only the highest (i.e., 990 kpm/min) of the 

three absolute workloads and at  the three highest ( i .e. ,  55% 

70%, and 85% VO2 max) of the five relative workloads. These 

differences existed between the same subgroups (i.e., between 

high-fit males and low-fit females, and between high-fit males 

and low-fit males) at both absolute and relative workloads; 

there were no RPE differences at both absolute and relative 

workloads among low-fit males, high-fit females, and low-fit 

females, nor was there a difference between high-fit males and 

high-fit females. Several explanations were postulated for 

the findings of significant RPE differences at only the higher 

workloads. 

{k) While there were significant differences in fitness between 

high-fit males and high-fit females, between high-fit females 

and low-fit females, and between low-fit females, the largest 
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o 
differences in VC^ max existed between high-fit males and low-

fit females, and between high-fit males and low-fit males; and, 

it was only between these same groups (i.e., between high-fit 

males and low-fit females, and between high-fit males and low-

fit males), at the heaviest workload, that the differences in 

RPE were significant. Thus, it can be concluded that as 

opposed to being just significant, the differences in aerobic 

power between groups must be remarkable in order to find signi

ficant differences in RPE at either absolute or relative work

loads . 

(5) The unexpected findings of significant RPE differences at 55%, 
O 

70%, and 85% VO2 max were somewhat in conflict with the conclu

sion made by Patton et al. (1977) in which it was stated that 

physical fitness becomes an important consideration only when 

the subject is required to work at a metabolic cost above S0% 

of maximal power. The differences between the findings of this 

study and the conclusion of Patton et al. (1977) may be 

explained by the fact that the magnitude of difference in 

aerobic power between high-fit males and low-fit males, and 

between high-fit males and low-fit females was considerably 

greater in the present study than was the magnitude of differ

ence in aerobic power between the high- and low-fit groups in 

the study conducted by Patton et al. (1977). Thus, it could 

be concluded that when the influence of fitness on RPE is 

being studied along a continuum from light to heavy (relative 
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or absolute) work, as the magnitude of difference in maximal 

aerobic power between fitness groups increases, the intensity 

of the workload necessary to find a significant difference 

in RPE between subgroups decreases. 

(6) In all four subgroups (i.e., high-fit males, low-fit males, 

high-fit females, and low-fit females), throughout a variety 

of work intensities, the HR-RPE, VC^-RPE, and R-RPE relation-
O 

ships were al1 linear; however, the V^-RPE relationships were 

basically curvalinear. Several explanations were postulated 

for these findings. It was concluded that perceived exertion 

involves a complex integration of many physiological variables. 

Based on the results and discussion from this study, several 

suggestions for future studies are presented below: 

(1) A study could be conducted investigating RPE at relative work

loads in subjects of various AnT levels. In addition, the 

subjects could possibly be taught to recognize or "feel" the 

onset of AnT. By exercising at a level just below AnT, one 

can get a significant training effect, yet avoid any extreme 

discomfort. 

(2) It was beyond the scope of this study to discuss in depth the 

existence of psychosocial differences between the sexes and 

how these differences may be related to perceived exertion. 

It would, however, be interesting to conduct a study in the 

future, in which the influence of culture on RPE is investigated. 

Because it is known that behavior patterns that are instilled 



113 

in children vary not only between the sexes (Hyde, 1979), but 

among countries as well (Hyde, 1979), it could be determined 

whether or not there are significant differences in RPE due 

to differences in culturally inspired behavior patterns. 

(3) Very few studies have looked at the R-RPE relationship at a 

variety of work intensities. Due to the existence of a strong 

linear relationship between R and RPE in the subgroups in the 

present study, it would be interesting to design a work selec

tion study in which subjects had to select a series of work

loads ranging in exertional feelings from "easy" to "exhaus

tive". It could then be determined whether or not R was a 

consistent ctie in the selection of a wide variety of work 

levels. 



APPENDIX A 

PHYSICAL ACTIVITY QUESTIONNAIRE 

m 
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NAME 

AGE SEX HEIGHT WEIGHT 1 

RESTING HEART RATE (take in morning prior to eating breakfast and/or 
engaging in any physical activity) 

PLEASE LIST THE NATURE AND EXTENT OF ALL PHYSICAL ACTIVITIES THAT 
YOU PARTICIPATE IN REGULARLY. 

Acti vi ty 

Number of days that 
you participate in 
th i s act i vi ty each 
week 

Amount of time 
(mi nutesT spent 
each time you 
engage in this 
activity 

Amount of time 
(hours and 
minutes) spent 
engag i ng i n 
this activity 
each week 

2. WHAT LEVEL OF PHYSICAL CONDITION DO YOU THINK YOU'RE IN? 
EXPLAIN . 



APPENDIX B 

SUBJECT'S CONSENT FORM 
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You are being asked to participate in a study which is designed to 
investigate the influence of sex and fitness level on perceived exer
tion. Perceived exertion has been defined as an individual's overall 
impression of how hard his/her body is working. Specifically, this 
study will determine whether there are any differences between males 
and females, and between individuals of differing fitness levels in 
their perception of the intensity of work being performed. This 
study will also examine the relationship between perceived exertion 
and several physiological parameters. 

You have been selected for this study first because you are a college-
age student and second, because of the probability that your physical 
fitness level and the nature and extent of the physical activity that 
you presently engage in will meet the criterion for selection into one 
of the subgroups that will be investigated. 

Prior to your actual participation in this study, you will complete 
a  m e d i c a l  q u e s t i o n n a i r e .  T h e  e v a l u a t i o n  o f  t h i s  q u e s t i o n n a i r e  w i l l  
determine whether or not you are chosen to participate in the maximal 
oxygen consumption test. Maximal oxygen consumption is a measure of 
how much oxygen your body can take in while exercising; this measure
ment will be used to ensure that you meet the established fitness 
requirement. The maximal oxygen consumption test will require that 
you pedal on a stationary bicycle for as long as you possibly can. 
This test will be conducted a minimum of two times. After the initial 
maximal oxygen consumption tests, if you meet the established fitness 
requirement, you will participate in another exercise test in which 
you will be required to pedal the stationary bicycle at predetermined 
workloads. This test will also be conducted a minimum of two times. 

Several perceptual and physiological measurements will be taken during 
all exercise periods. At various intervals throughout all tests, you 
will be asked to combine all sensations and feelings of physical stress, 
effort, and fatigue and thus to identify a number on a rating scale 
which corresponds to a verbal expression that most accurately describes 
your total feeling of exertion. In order to collect and analyze the 
air that you are breathing, you will be required to wear a mouthpiece 
which will be attached to an air-collection tube. To be certain that 
a l l  a i r  t h a t  i s  i n h a l e d  a n d  e x h a l e d  i s  c o l l e c t e d  i n  t h e  t u b e ,  y o u  w i l l  
also be required to wear nose clips; therefore, you will breathe 
through your mouth only. An electrocardiogram will be used to measure 
your heart-rate; this involves the use of three electrically-sensitive 
plastic discs which will be firmly secured to your chest. In order to 
securely attach these discs, your skin will be thoroughly cleansed 
with alcohol and if necessary, chest hair will be removed. 

This study will be conducted at the University of Arizona Exercise and 
S p o r t s  S c i e n c e  L a b o r a t o r y .  E a c h  o f  t h e  f o u r  t e s t i n g  p e r i o d s  w i l l  l a s t  
approximately 30 to minutes; therefore, the complete testing pro
c e d u r e  w i l l  e n c o m p a s s  a p p r o x i m a t e l y  t h r e e  h o u r s .  A l l  t e s t s  w i l l  b e  
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scheduled at least two days apart and will be completed within a three-
week period. You will be required not to eat for a minimum of two 
hours prior to all exercise tests. 

There exists the extremely rare possibility of certain physiological 
changes occurring during the exercise tests. They include abnormal 
blood pressure, fainting, and disorders of heart beat. However, due 
to the fact that you are young and will undergo the medical screening 
process (answer the medical questionnaire) prior to being chosen to 
participate in the exercise tests, the likelihood of any major risks 
o c c u r r i n g  i s  m i n i m a l .  A s  a  r e s u l t  o f  r i d i n g  t h e  b i c y c l e ,  y o u  w i l l  
probably experience some localized muscle soreness in the legs. This 
soreness will be temporary and will last no longer than several days. 
In the application of the electrically-sensitive discs, the cleansing 
of your chest will produce a slight redness on your skin. This reac
t i o n  w i l l  b e  o f  s h o r t  d u r a t i o n  a n d  n o  l o n g - t e r m  e f f e c t s  w i l l  b e  
observed. 

Your participation in this project is voluntary and free of cost. There 
will be no financial reimbursement to you if you choose to take part in 
the study. However, you will receive a copy of your individual test 
results and a set of ranges so you may see how you compare with other 
subjects on the parameters measured. You will gain valuable informa
tion about your level of physical fitness and how your heart responds 
d u r i n g  b o t h  r e s t  a n d  e x e r c i s e .  A l s o ,  t h e  r e s u l t s  o f  t h i s  s t u d y  w i l l  
y i e l d  a d d i t i o n a l  k n o w l e d g e  o n  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  w h i c h  w i l l  
aid all performers in determing how hard they are working, especially 
in situations where physiological data cannot be measured. 

A l l  i n d i v i d u a l  d a t a  o b t a i n e d  f r o m  t h i s  t e s t i n g  w i l l  b e  k e p t  s t r i c t l y  
confidential. Your name will be known only to the principal investi
gator; to all others, you will be identified by a number. However, 
analysis of group data will be published in professional journals. 

I have read the above "Subject's Consent." The nature, demands, risks, 
and benefits of the project have been explained to me. I understand 
that in the event of physical injury resulting from the research pro
cedures, financial compensation for wages and time lost and the costs 
o f  m e d i c a l  c a r e  a n d  h o s p i t a l i z a t i o n  i s  n o t  a v a i l a b l e .  A l t h o u g h  I  w i l l  
be encouraged to work as hard as I possibly can throughout the testing 
periods, if I feel that it is necessary to discontinue, I understand 
t h a t  I  m a y  w i t h d r a w  f r o m  t h e  p r o j e c t  a t  a n y  t i m e  w i t h o u t  i n c u r r i n g  i l l -
w i l l  o r  a f f e c t i n g  m y  U n i v e r s i t y  s t a n d i n g .  I  a l s o  u n d e r s t a n d  t h a t  t h i s  
consent form will be filed in an area designated by the Human Subjects 
Committee, with access restricted to the principal investigator or 
authorized representatives of the particular department. A copy of 
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this consent form will be made available to me upon request. If at 
any time I have any questions related to this study, I am free to 
contact Judy Klein (Physical Education Building, Room'3; telephone 
number :  626-3^07)•  

Subject's Signature Date 

Signature of Parent or Legally Authorized Date 
Representative (if under 18 years of age) 

Witness' Signature Date 

I have carefully explained to the subject the nature of the above pro
ject. I hereby certify that to the best of my knowledge the subject 
signing this consent form understands clearly the nature, demands, 
benefits, and risks involved in participating in this study. A medical 
problem or language or educational barrier has not precluded a clear 
understanding of his/her involvement in this project. 

Investigator's Signature Date 
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NAME 

AGE_ 

SEX 

1. HEIGHT 

WEIGHT 

2. DO YOU HAVE A HISTORY OF CHEST PAIN? YES NO 

3. DO YOU HAVE A HISTORY OF HYPERTENSION (blood pressure of 150/100 
or greater)? YES NO 

DOES (DID) ANYONE IN YOUR IMMEDIATE FAMILY (mother, father, grand
parents, brothers, or sisters) HAVE A HISTORY OF HYPERTENSION? 

YES NO 

4. DO YOU HAVE A HISTORY OF CORONARY ARTERY DISEASE (angina, myo
cardial infarction, or coronary artery bypass surgery)? 

YES NO 

DOES (DID) ANYONE IN YOUR IMMEDIATE FAMILY HAVE A HISTORY OF 
CORONARY ARTERY DISEASE (angina, myocardial infarction, sudden 
death, or coronary artery bypass surgery)? 

YES NO 

5. DO YOU HAVE DIABETES? YES NO 

DOES (DID) ANYONE IN YOUR FAMILY HAVE DIABETES? 
YES NO 

6. PLEASE LIST ALL MEDICATIONS YOU ARE CURRENTLY USING. 

7. PLEASE LIST ANY OTHER MEDICAL CONDITIONS WHICH MIGHT CONFLICT WITH 
A VIGOROUS PROGRAM OF PHYSICAL ACTIVITY. ALSO LIST AND EXPLAIN 
A N Y  D I S A B I L I T Y  O R  T R O U B L E  Y O U  H A V E  W I T H  Y O U R  F E E T ,  B A C K ,  H I P S ,  
OR ANKLES. 
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Section 1 

General Instructions for Rating One's Exertion 

Immediately prior to the start of each maximal and submaximal 

work test, the following instructions were verbalized to all subjects. 

(The instructions were also written on a piece of cardboard, approxi

mately I1 x 2', which was permanently mounted in view, in front of and 

above the bicycle ergometer; see Figure 1): 

You are now going to take part in a work test. You • 
will be cycling on the bicycle ergometer while we are 
measuring various physiological functions. We also want 
you to try to estimate how hard you feel the work is; 
that is, we want you to rate the degree of perceived 
exertion you feel. By perceived exertion, we mean the 
total amount of exertion and physical fatigue, combining 
all sensations and feelings of physical stress, effort, 
and fatigue. Don't concern yourself with any one factor 
such as leg pain, shortness of breath, or the work inten
sity, but try to concentrate on your total, inner feeling 
of exertion. Try to estimate as honestly and objectively 
as possible. Don't underestimate the degree of exertion 
you feel, but don't overestimate it either. Just try to 
estimate as accurately as possible (Morgan, 1976). 
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Section 2^ 

Instructions for the Maximal Tests 

After reading out loud the instructions described in Appendix 

D, Section 1, the investigator then told each subject the following: 

What you will be doing today is a maximal oxygen 
consumption test. In other words, we are going to determine 
how much oxygen your muscles can use in a given period of 
time. The more oxygen your muscles can use, the more fit 
you are. The idea is for you to ride for as long as you 
possibly can. When you feel as if you can't go any further, 
the key to a really good max test, is to push yourself just 
a little bit more; in other words, give it everything you've 
got1 

At various intervals, I'm going to ask you to point 
to the number on the scale that best describes your over
all feelings of exertion. You will notice that only the 
odd numbers have descriptors attached to them; however, 
you might feel that you are working somewhere in between 
these odd numbers or at one of the two endpoints. There
fore, feel free to choose any number. The key is to be 
accurate and honest. 

At various intervals, I will ask you if you think you 
can ride for another 30 seconds; "thumbs up" means yes, 
"thumbs down" means no, and a "flat palm" means that you 
are unsure but are going to try. I will be motivating 
you throughout. 

Make sure that you keep your seat in contact with the 
seat of the bicycle at all times. You may keep your hands 
on the handlebars or on the side rails (see Figure 1) and 
can move them from one of these positions to the other 
whenever you choose. 

In order for me to compare your data with the data 
from all other subjects, it is essential that you cycle at the 
same rate as all other subjects. You will now listen to a 
metronome which is set at 60 revolutions per minute. Every-
time you hear one beat, one leg should be extended, alter
nating the extended leg with every beat. You must stay in 
time with the prescribed beat for as long as possible. Don't 
speed up or slow down. If it comes to a point when you can 
no longer stay in time, still continue to cycle for as long 
as you possibly can. 
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When you absolutely cannot cycle any longer, I will 
turn the resistance knob so that you will be freely cycling 
against no resistance. Continue to cycle for several minutes 
so as to gradually warm-down and prevent any leg cramps. 
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Section 3. 

Instructions for the Fifteen-Minute Work Tests 

After reading out loud the instructions described in Appendix 

D, Section 1, the investigator then told each subject the following: 

What you will be doing today is a 15-minute work test 
in which the workload will be changed at various intervals. 
As in the max tests, at various stages of this test, I'm 
going to ask you to point to the number on the scale that 
best describes your overall feelings of exertion. You will 
notice that only the odd numbers have descriptors attached 
to them; however, you might feel that you are working some
where in between these odd numbers or at one of the two end-
points. Therefore, feel free to choose any number. The 
key is to be accurate and honest. 

Make sure that you keep your seat in contact with the 
seat of the bicycle at all times. You may keep your hands 
on the handlebars or on the side rails (see Figure 1) and can 
move them from one of these positions to the other whenever 
you choose. 

In order for me to compare your data with the data from 
all other subjects, it is essential that you cycle at the 
same rate as all other subjects. You will now listen to a 
recording of a metronome which is set at 60 revolutions per 
minute. Everytime you hear one beat, one leg should be 
extended, Alternating the extended leg with every beat. 
This work test is designed so that you should be able to 
stay in time throughout the entire test. Make sure that 
you don't slow down or speed up. 

I will keep you posted on the elapsed time throughout 
the test. After I get your final perceived exertion rating, 
stay in time for another 10 seconds. Then, I will turn the 
resistance knob so that you will be cycling freely against 
no resistance. Continue to cycle for several minutes so 
as to gradually warm-down and prevent any leg cramps. 
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July 9, 1980 

Hi 

How are you? Hope you are enjoying your summer vacation! 

Before I mail to you the results of your exercise tests, I would like 

you to complete the following questionnaire. Enclosed is a self-

addressed stamped envelope in which you can return the completed 

questionnaire. Your data cannot be processed until I receive this 

questionnaire. Please fill it out and return ft immediately. 

It is important that you answer all questions as accurately 

and thoroughly as possible. You should receive the results of your 

exercise tests in September. If you have any questions concerning 

the study, feel free to ask. Thanks so much for your cooperation. 

Since rely, 

Judy L. Klein 
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NAME: 

QUESTIONNAIRE 

After reviewing the methods and procedures that were followed 
in the experiment in which you recently participated, we became curious 
about the experimental environment. We are especially interested in 
the ratings of perceived exertion that you reported to us throughout 
your 2nd max test (and 3rd and 4th max test(s), if applicable) and your 
2nd 15-minute work test (and 3rd 15-minute work test, if applicable). 
To refresh your memory, the max tests were the ones in which you rode 
until you couldn't go any further; you participated in all max tests 
prior to participating in the 15-minute work tests. In addition, you 
rated your level of exertion by pointing to the appropriate number on 
the scale that was numbered 6-20. 

The following questionnaire is designed to determine if: 
- When participating in your 2nd (and/or 3rd or 4th) max test(s). you 

remembered the ratings that you reported from your 1st max test. 
- When participating in your 2nd (and/or 3rd or 4th) max test(s), you 

saw the experimenter's recordings of the ratings that you reported 
from your 1st max text. 

- When participating in your 2nd (and/or 3^d) 15-minute work test(s), 
you remembered the ratings that you reported from your 1st 15-minute 
work test. 

- When participating in your 2nd (and/or 3rd) 15-minute work test(s), 
vou saw the experimenter's recordings of the ratings that you reported 
from your 1st 15-minute work test. 

PART I: Instructions: Carefully read each of the statements below. For 
each statement that is true, place a check in the space pro
vided; if the statement is not true, leave the space blank. 

(l) When participating in my 2nd (and/or 3(*d or 
4th) max test(s), I remembered the ratings 
that I reported from my 1st max test. 

(2) When participating in my 2nd (and/or 3rd or 
4th) max test(s), I saw the experimenter's 
recordings of my ratings from my 1st max test. 

(3) When participating in my 2nd (and/or 3rd) 15~ 
minute work test(s), I remembered the ratings 
that I reported from my 1st 15-minute work 
test. 

(.4) When participating in my 2nd (and/or 3rd) 15-
minute work test(s), I saw the experimenter"1^ 
recordings of my ratings from my 1st 15-minute 
work test. 
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PART Ii: Instructions: If you placed a check by any of the 4 state-
ments in PART I, please answer the following: (if not, 
refer to PART III). 

You have indicated that you remembered and/or saw your ratings 
from your 1st max test and/or 1st 15-minute work test. Place 
a check in one of the spaces provided below that best explains 
how remembering and/or seeing the ratings from either or both 
of these tests influenced the ratings that you reported during 
your repeated max test(s) and/or repeated 15-minute work 
test(s). (Be sure to read all choices before making your 
selection). 

(l) Although I remembered and/or saw my ratings from 
my 1st max test or 1st 15-minute work test, it had 
no influence on the ratings that I gave during my 
repeated max test(s) or repeated 15-minute work 
test(s). 

(2) I knew that the investigator expected my ratings on 
the repeated max test(s) or repeated 15-minute 
work test(s) to be the same or similar to my rat
ings from the 1st max test or 1st 15-minute work 
test, since this repeated test(s) was (were) the 
same as the previous test. So, when I was asked 
to rate my perceived exertion during the repeated 
max test(s) or repeated 15-minute work test(s), J_ 
tried to replicate the ratings that I remembered 
and/or saw from my 1st max test or 1st 15-minute 
work test. 

(3) I used the ratings that I remembered and/or saw 
from my 1st max test or 1st 15-minute. work .test 
as a reference to help determine my perceptions 
of exertion during the repeated max testis/" or 
repeated 15-minute work test(s) as compared to 
the 1st max test or 1st 15-minute work test. I 
used reasoning like: 

"I feel as though the work is a lot harder 
than during the 1st test. Since I've seen 
(and/or remembered) my ratings from my 1st 
test and I rated it an 11 on that test, I'd 
better rate it a 13 this time." 

OR 

"I see (and/or remember) that on the 1st max 
test I rated my perception of effort as an 
8. Since I want to last longer on this max 
test than I did on the 1st max test, I think 
I'll rate it a 6 instead of an 8 this time." 



134 

(4) Yes, I remembered and/or saw the ratings from 
my 1st max test or 1st 15-minute work test. 
Although I wasn't influenced in any of the 
ways described above, I was influenced in the 
following way: (please explain fully by 
describing how you were influenced; use the 
back of this page to write your response). 

PART I I j_: Thanks again for your help and cooperation. If you have 
any additional comments, please feel free to write them 
in the space provided below. When you are done with 
this part, you have completed the questionnaire. 

9 



APPENDIX G 

POST-TEST COVER LETTER ACCOMPANYING THE INDIVIDUAL 
RESULTS THAT WERE MAILED TO ALL SUBJECTS 

135 



136 

October, 1980 

Dear 

Thank you for participating in the study entitled, "An Investi
gation of Ratings of Perceived Exertion in College-Age Males and Females 
of High and Low Fitness Levels." Enclosed are a copy of the results of 
your exercise tests and a Final Data Summary Sheet which contains the 
mean values and ranges for age, height, weight, resting heart rate, 
maximal heart rate, and maximal oxygen consumption for each of the 
groups listed. There were 36 subjects in the study, nine in each of 
the following categories: high-fit males; high-fit females; low-fit 
males; and low-fit females. Therefore, there were 18 males and 18 
females, or 18 high-fit subjects and 18 low-fit subjects. Before read
ing this data, please read the following information which will enable 
you to better understand what these results mean. 

On the index card are listed the starting and final dates of 
your exercise tests, your age when you participated in the first test, 
your height, weight, resting heart rate, maximal heart rate, and 
maximal oxygen consumption. Your height was recorded in centimeters 
(cm); to convert to inches, divide the value listed by 2.5^. Your 
weight was recorded in kilograms (kg); to convert to pounds, multiply 
the value listed by 2.2. 

During the two bicycle max tests, each subject was asked to 
exert himself/herself to the point of exhaustion. During the test, we 
monitored the heart rate from an electrocardiogram, and the amount of 
oxygen that each subject was using during each minute of the test. 
Oxygen is the fuel which is used by the muscles to produce energy to 
sustain exercise. During the max tests, you eventually reached a 
point where you could not deliver sufficient oxygen to the exercising 
muscles and this is what caused you to feel exhausted and unable to 
continue. At this point, the lungs were making oxygen available to 
the bloodstream, but that oxygen could not be transported by the blood 
to the muscles fast enough to create energy for exercise. The peak 
level of oxygen consumed during the final minutes of the test is the 
single most accurate measure of one's cardiopulmonary endurance capa
city, and is referred to as the maximal oxygen consumption. All other 
factors being equal, the higher one's maximal oxygen consumption, the 
more successfully he or she will perform in endurance events. The 
highest values recorded are found fn cross-country skiers and long 
distance runners. The values are expressed per unit of body weight; 
these highly trained endurance athletes have values of 70-85 milli
liters of oxygen per kilogram of body weight per minute (ml/kg/min). 

Below is a table which you can use to determine your cardio
respiratory fitness classification, as determined by your maximal 
oxygen consumption: 
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MAXIMAL OXYGEN CONSUMPTION (ml/kg/min)* 

low f a i r average good high 
fema1es <21.6 21.6-27 27.9-33.3 3*».2-*»3.2 ¥».1 + 
males <22.5 22.5-29.7 30.6-37.b 38.7_i»6.8 *•7.7+ 

"If your maximal oxygen consumption falls between two classifications, 
use the classification which contains the value which is closest to 
your own value, (e.g., a female's maximal oxygen consumption is 
Therefore, her fitness classification would be good. More specifi- ! 
cally, her fitness level is at the very high end of good). 

Almost simultaneously with reaching one's maximal oxygen con
sumption, the heart becomes unable to beat any faster. The highest 
rate at which your heart can beat is known as your maximal attainable 
heart rate. Maximal heart rate is recorded in beats per minute (bts/ 
min) as is resting heart rate, which is the rate at which the heart is 
beating when one is in a resting or inactive state. Your resting 
heart rate was measured prior to the start of each exercise session 
and was determined while you were in a sitting position. 

Maximal oxygen consumption, maximal heart rate, and resting 
heart rate depend primarily on such factors as your age, natural 
hereditary endowment, and your state of physical fitness and health. 
Thus, these values vary greatly from individual to individual. All 
other factors being constant, (l) as one progresses from infancy to 
old age, the lower becomes the maximal and resting heart rates, and 
(2) one's maximal oxygen consumption increases up to 20-25 years of 
age; then, there's a steady decline in maximal oxygen consumption as 
one's age increases. 

In addition to maximal oxygen consumption being used as an 
index of cardiovascular fitness, these three measures can be used in 
prescribing an exercise program and/or in determining how much physical 
benefit a training program has yielded over time. As one becomes more 
physically fit through participation in a regular exercise program, 
one's maximal heart rate and resting rate should decrease, while one's 
maximal oxygen consumption should increase. It is important that the 
mode of testing be similar when trying to determine one's improvement; 
that is, if a bicycle was originally used to measure maximal oxygen 
consumption and maximal heart rate, a bicycle should once again be used 
as the exercise mode when measuring these parameters. 

In terms of prescribing an exercise program, there is an amount 
or intensity of exercise which is enough to condition the muscles and 
cardiovascular system, leading to physical fitness, but is not overly 
strenuous. In other words, there is a target zone in which there is 
enough activity to achieve fitness, but not too much to exceed safe 
limits. Each individual's target zone is between 60% and 80% of 
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his/her own maximal oxygen consumption or 70% and 85% of his/her 
maximal heart rate. 

One method for determining how hard you should train is the 
Karvonen formula. This formula accounts not only for one's maximal 
heart rate, but for one's resting heart rate as well. Do the 
following: 

(1) Subtract your resting heart rate from your maximal heart rate 
(2) Multiply the number obtained in (l) by .65 if your cardiorespira

tory fitness classification is low, by .70 if your classification 
is fair, by .75 if your classification is average, by .80 if your 
classification is good, or by.85 if your classification is high. 

x = 

(3) Add the figure obtained in (2) to your resting heart rate and do 
most of your exercise at an intensity that will make your heart 
beat that fast. 

+ = 

This figure should be the recommended training heart rate for you. 

When exercising, your heart rate should be no more than 20 beats below 
or 20 beats above this target rate. Although your exercise results 
were obtained during bicycle testing, the target heart rate that was 
derived from these results can be used for all activities (e.g., 
cycling, swimming, and running). Prior to exercising at an intensity 
that will cause you to reach and maintain your target heart rate, it 
is extremely important that you warm-up gradually by performing a 
series of relaxation, flexibility, and strenghtening exercises. It is 
also crucial that you cool down properly after performing vigorous 
exercise; do not halt abruptly after intense exercise- instead, you 
should gradually return your body to its resting state by once again 
performing a series of relaxation and flexibility exercises. 

It is beyond the scope of this letter to describe all of the 
necessary information for designing an individual exercise program. 
For more information on exercise prescription, read the following 
easy-to-follow booklet: Beyond Diet....Exercise Your Way to Fitness 
and Heart Health, by Lenore R. Zohman,"M.D. 

Thank you once again for your cooperation. If you have any 
questions, I will be happy to try and answer them. Kindly send all 
inquiries (with a self-addressed stamped envelope) to: 
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Judy L. Klein 
2331 East 28th Street 
Brooklyn, New York 11229 

Sincerely, 

Judy L. Klein 

P.S. Sorry for the delay, but better late than never! Have a good 
year! 



Table G-l. Final Data Summary Sheet. 

PHYSICAL CHARACTERISTICS OF SUBJECTS IN EACH SUBGROUP 
$02 max* 

• 

Age Height Weight $02 max* Resting HR** Maximal HR*-
(yrs) (cm) (kg) (ml/kg/min) (bts/min) (bts/min) 

Males 
mean 20.78 179.73 71.38 45.22 67.32 190.11 
range 18.5-22.92 167.4-191.3 55.91-97.54 33.63-55.41 54.5-78.5 172.5-204 

Females 
mean 20.67 167.83 59.89 37.76 69.88 188.06 
range 18.92-23.^2 160.3-177.9 49.48-73.36 29.51-47.22 44.75-84.25 175-200 

High-fit Subjects 
mean 20.91 174.41 61.75 46.94 64.05 187.25 
range 19.08-22.92 162.9-188 49.48-78.18 38.11-55.41 44.75-73 172.5-200 

Low-fit Subjects 
mean 20.5^ 173.14 69.52 36.05 73.15 190.92 
range 18.5-23.42 160.3-191.3 54.58-97.54 29.51-42.87 54.5-84.25 1181-204 

High-fit Males 
mean 21.19 180.86 66.84 51.36 64.42 187.06 
range 19.33-22.92 169.22-188 55.91-78.18 46.74-55.41 56.5-73 172.5-200 

Low-fit Ma 1es 
mean 20.37 178.59 75.92 39.08 70.21 193.17 
range 18.5-22.33 167.4-191.3 61.93-97.54 33.63-42.87 54.5-78.5 ; 184-204 

High-fit Females 
mean 20.62 167.96 56.65 42.51 63.69 187.44 
range 19.08-22.33 162.9-172.9 49.48-62.51 38.11-47.22 44.75-72.5 175-200 

Low-fit Females 
mean 20.71 167.69 63.13 33.02 76.08 188.67 
range 18.92-23.42 160.3-177.9 54.58-73.36 29.51-35.12 65-84.25 181-197 

O 
"VO2 max is another term for maximal oxygen consumption. 

"* :HR is an abbreviation for heart rate. 
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