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Abstract

The purpose of this study was to describe the pattern of change in effort
sense and the valu? of this pattern in predicting work end point at relatively high
work intensity (80% \.102 max). The patterns of change of various physiological
tunciions were also observed. Two modes of work (walking and running) were
compared to ascertain generalizability of results. Twenty-six healthy male volun-
teers served as subjects. Time to exhaustion (ET) did not differ between walking
and running. As work continued during both tasks, significant increases of ‘.,E
VEI \02. VENCOZ and HR and a significant decrease of ETC02 were observed;
while \Dz and R remained fairly constant. 002 and VE during the run were about
3% greater than during the walk; there were no differences in other measures.
Ratings of perédved exertion (RPE) from the Borg Scale were identical for both
conditions, increasing in a near linear fashion from a value of 12.9 at 25% of total
work time to 13.9 at exhaustion. RPE obtained at 25 and 50% ET were extrapo-
lated to time of ;xhamtion} the point of intercept corresponded to RPE for maximal
work. At exhaustior, Ss rated perception of respiratory exertion for the walk
as less than that for the run; perception of leg exertion was not different for
the two conditions. Flasma lactate, epinephrine and norepinephrine concentrations
following exercise did not differ between the two conditions. The findings for
the walking experiment were essentially replicated in a second investigation in-
volving another 28 Ss. It is concluded that, with the exception of QOZ and some
ventilatory parameters, walking and running at the same relative work intensity
resulted in comparable perceptual and physiological responses. Psychophysical

judgments made early during work were found to be reasonably accurate predictors

of exhaustion time.
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Perception of Effort during Constant Work to Self-Imposed Exhaustion
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It has been demonstrated that rating of perceived exertion (RPE), from
the psychophysical éategory scale developed by Borg (1973), is a linear furction
of work intensity (Borg and Noble, 1974; Frankenhaeuser et al., 1969; Morgan
and Borg, 1976; Skinner et al., 1973). Within the context of increasing work In-
tensity, RPE, both as a separate entity and I onjunction with other variabl‘es,
has also been shown to be a good predictor of the point at which an individual
will discontinue work (Morgan‘ and Borg, 1976). However, these previous findings
are not surprising in that one would expect the perception of the degree of work
: diffiéulty to increase as the intensity of work increases from lighf to heavy.
Further, since many physiological measures (eg., oxygen consumption, heart rate,
minute ventilation) also increase as a function of increasing work intensity, the
fact that RPE increases as a function of these physiological measures (Borg and
Linderholm, 1967; .Borg and Noble, 1974; Edwards et al., 1972; Ekblom and Gold-
harg, 1971) Is also not surprising. | '

Transient Increases in RPE during prolonged work at a constant work in-
tensity have been previously observed (Kamon et al., 1974; Noble et al., 1973;
Pandolf et al., 1972); however, work was performed at a relatively low intensity
and was discontinued at a time specified a priorl. The decision to discontinue
hard physical work has, no doubt, a complex basis. One's perceptiqn of exertion

must play a primary role and is probably representative of the summation and/or




interaction of other factors which contribute to the decision to discontinue work.

The intent of this study was to describe the pattern of change of effort sense
and the value of this pattem in predicting work end point, during work of rela-
tively high intensity (30% \.02 max) to self-imposed exhaustion, l.e., the point
at which the subject decided to discontinue work. The patterns of change of
various paysiological functions were also observed. Two modes of work were
compared, walking and running, to ascertain the generalizability of results ob-
tained and the study was r~oeated in a separate group of subjects, with minor
modifications, in the walking mode, to ascertain reproducibility of the results
obtained.

Methods

Twenty-six healthy male volunteers served as subjects for this study (Group
I The mean age, height and weight was 22.3 yrs (s.e. = 0.82), 178.1 cm (s.e. =
1.2) and 73.1 kg (s.e. = 1.3), respectively. Each volunteer was informed of all
procedures to be used and signed a statement of informed consent in the presence
of a physician who was not involved in the actual investigation.

Prior to experimental testing, subjects were trained to valk andrunona
 motor driven treadmill and familiarized with the testing procedures. Upon his
arrival at the laboratory for experimental testing, the subject completed a ques-
tionnaire pertaining to events of the previous 2¢ hours. Questions dealt with
physical activity, diet, sleep, alcohol and drug consumption, and sense of well
being. If the questionnaire revealed any factor thought to influence experimental
results, the subject was not tested at that time. Papss electrodes were affixed
to his upper torso for the monitoring of EKG. Al! exercise tests were performed

on the treadmill with the subject attired in loose {itting shorts, socks, and running
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shoes. Tests were performed between 0830 and 1600 hours; the lzboratory temp-

erature was maintained at 22°C (s.d. = 1.0). Each subject performed four exercise
tests on separate days: \.02 max in the walking mode (Max W), \;02 max in the \\‘
running mode (Max R), walk to self-imposed exhaustion at 80% \.402 Max W (30W),
and run to self-imposed exhaustion at 80% \.IC)2 Max R (80R). Max W and Max
R were performed on consecutive days, while at least two days rest from testing
was allowed prior to 80W and 80R. The order for walking or running tests was
randomly assigned.
Max W and Max R were determined in continuous tests. For Max W the
subject walked at a rate of 3.5 mph at 0% grade during the initial 2 min; the
grade was then increased 2.5% at 2 min intervals until the subject was no longer
_able’to continue. Heart rate (HR) and rativngs of perceived exertion (RPE) were
obtained during the last 10 sec of each two minute period. End tidal CO, (E‘l’c0 )
was measured and timed collection of expired air obtained during the last 30
seconds of walking at 5%, 10%, and all grades thereafter. For Max R the subject
ran at a rate of 6.5 mph at 0% grade during the initial 2 min. The grade was then |
increased 2.0% at 2 min intervals until the subject was no longer able to continue.
For each 2 min penod, HR and RPE were obtained during the last 10 sec, while
E‘I’coz was measured and a timed oollection of expired alr was obtained du'ing

the last 30 seconds of running at all grades.
. From the submaximal results of the tests for Max W and Max R, treadmili D
grades of incline corresponding to 30% Max W (mean = 3.5 mph, 16.7% grade) ‘
and 80% Max R (mean = 6.5 mph, 8.4% grade) were ascertained. Prior to each

endurance test, subjects were instructed to continue to walk or run until they

could no longer continue; at this point they so informed the test moderator.




Effort was made to provide a constant and equal testing environment. Extraneous
sensory input was kept to a minimum, The experimental setting was presumably
bland; no interaction between the subject and investigative team, other than that
related to the experiment, was allowed. Investigators often eniploy a variety
of incentives in an attempt to .notivate subjects to perform maximally. Since
these incentives are non-systematic and difterentially adopted across subjects,
the net result is that variability rather than uniformity is created. For this reason
no attempt to "motivate™ subjects to continue work was made in the present
investigation. Presumably, the decision to terminate work was governed by "intrin-
sic” factors as opposed to "extrinsic” reward systams. It is our view that such
an approach is preferred in an investigafion of the type described here. Heart
rate, RPE, and ETCOZ were measured and timed collections of expired air ob-
tained during the latter 30 sec of 5 min intervals and at the completion of the
test. Only at the completion of each of the endurance tests the subjects were
also asked to rate (on the 5org scale) the degree of exertion specifically perceived
for the legs (RPEL) and for respiration (RPER). Endurance time was taken as
the time at which the subject informed the test moderator he could no longer
continue the test. Four minutes following the completion of each endurance test
anticubital venous blood samples (25 ml) were obtained for the determination
of blood lactate, plasma epinephrine, and plasma norepinephrine concentrations.
Heart rate was measured from standard EKG tracings znd ratings of per-
ccived exertion, according to the revised Borg Scale (Borg, 1973), were simultaneous-
ly obtained. To determine ETC02’ 10 consecutive breaths were continuously

sampled for CO, at the mouth using a Beckman LB-2 infra-red CO2 analyzer,

For each breath, peak CO, was determined and the mean of the 10 determinations




taken as ETCO . Expired air was collected via a Collins Triple-J valve into vinyl .
2 .

Douglas bags and analyzed for fraction of 02 with a Beckman OM-11, polarigraphic
oxygen analyzer and for fraction of COZ with a Beckman LB-2 infra-red COz
analyzer. Expired air volume was ascertained by withdrawing the contents of
each Douglas bag into a calibrated tissot spirometer. Minute ventilation (\.VE),
corrected to BTPS, was calculated. Oxygen consumption, corrected to STPD,
was zzlculated by the Haldane method. Other calculated parameters included
respiratory exchange ratio (R), 'fenfilatory equivalent for oxygen consumption '
(\.fEI\.Oz), and ventilatory equivalent for carbon dioxide production (;’EI\.’COZ)'
Blood lactate concentration was d=termined by a standard enzymatic technique.
P!asma epinephrine and norepinephrine concentrations were assayed by the tri-
hydraxyindole method of Gritfiths et al. {1970) using an Aminco-Bowinan spectro-
photatlourometer equipped with an ellipsoid rondensing system.
. Max W and 80W (mean = 3.5 mph, 14.6% grade) were repeated in @ segarate

group of 28 subjects (Group I1) with physical characteristics similar to those of
the previous subjects. The mean age, height and weight was 20.1 yrs (s.e. = 0.51),
176 cm (s.e. = 1.07) and 75.9 kg (_s.e. = 1.9), respectively. During this 80W, however,
data were only obtained at 5 min and at the completion of the test. This modifica-
__tion was used because of our concemn that repeated interaction between subject
and experimentor, involved in sampling data at 5 min Intervals, had the potential
to influence results cbtained. -
Results

Table 1 lists maximal values obtained for Group 1 (Max W and Max R) and

Group 11 (Max W). \.!Oz max and ‘.’E max were 5.5 and 6.2%, respectively, greater

during Max R than during Max W. No other differences were apparent between




the two tests. While not statistically dif fer'en't, \'02 max for Group Il was less
than that for Group 1. Although Vg max for Group Il was not different from that

<. Group I, VE/VOZ and VEIVCO for Group 1l were significantly greater, 2.7 and

2

2.1, respectively, and F.Tc0 was significantiy smaller, 1.7 torr, than those of

. 2
Group L.
(Insert Table 1 about here) |
Figure 1 depicts the means (» s.c.) of scria!ly'r'nveasurcd parameters, as a
function of percent endurance time, for Group 1, 80W and 80R, and for Group
I, 30W. Oxygen consumption was relatively stable throughout all of the tests,
and in each case was equal to 80% {02 max. Due to dif Iefenca in {02 max for
th{ three conditions, actual \.02 was greater for Group 1:20R (43.8 ml/kg* min)
than for Group 1:80W (42.6 ml/kge*min) which in turn was greater than Group
I1:80W (30.1 ml/kg-min). During both 80W and SR for Group I, Vi exhibited a
linear increase (0.8 L/m2+ mine min~1) as a function of time. In both cases, the
initial measure of {'E (at about 25% ET) was 72% ;IE max, while the final measure
of V.'E (at thé end of the test) was 39% ‘;E max. Minute ventilatfon for 830R was
maintained about 5% greater than that for $0W; ;,E for Group 11:80W was similar
to that of Greup I:30W. Progressive Increases of V,/VO, (0./min) and ‘.'E/;"COZ
(0.8/min) and a progressive decline of ETCOZ (0.3 torr/min) occurred for Group
I during both 80W and 80R. There were no differences in these variables between
30W and 30R, and responses for Group 11:30W were similar t5 those for Group 1:30W.
Measures of R were relatively constzant throughout all of the tests and not signifi-
cantly different among the experimental conditions. Heart rate also exhibited

transient increases (about 1 bpm/min) as a function of time during both 80W and

80R for Group I. In both cases, HR at 25% ET was 88% of HR max, while at the
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ccmpiztion of the test HR was 96% of HR max. There were no dmerencés in
1R betvieen 80W and 8GR for Group 1, and HR for Group 11:830W was similar to
that for Group L:20W,

(Insert Figure 1 about here)

Percepticn of effort during 30W and 20R were identical for Group I. Neither
were there differences between Groups [ and I for effort sense during 30W. Per-
ceptisn of effort exhibited a linear increase of about 0.8/min during the initial
757 ET (about 13 min). In all cases ratings were about 66% of RPE_  at 25%
ET, and were in excess of 95% of RPEM at the completion of all tests.

zble 2 lists values for variables measired only upon completion of each

test. It will be noted that there was no difference in ET between 80R and 30W
fcr Group I, while for Group 11:30W, ET was signiticantly less than that of Group
I. There were no differences in the degree of exertion specifically perceived
fcr the legs (RPEL) between 30R and 30W for Group I, nor did RPEL for Group
11:356Y/ difter from that for Group 1. For Group 1, the degree of exertion specifi-
cally perceived for respiration (RPER) was significently less for 8CW than that
fcr SOR. There were no differences in lactate epinephrine or norepinephrine
between 8CR and 80W for Group I, ncr did these parameters for Group 11:80W
diflzr from those for Group l. Lactate increased seven to nine fold over the mean
resting value of I.ImM. Norepinephrine increased about four fold over the mean

23ting value of 0.29 ug/L, while epinephrine increased about three fold over the
mzan resting value of 0.03 ug/L.

(Insert Table 2 about here)




Discussion

Prioc to treating the data related to the major objective of this study, ie.,
perceptual and physiological changes during prolonged work to self-impused ex-
haustion at a constant intensity, it appears appropeiate to first comment on a
related topic, maximal wock. Masimal aerobic power was significantly greater
(5%} for running than that for walking; this increase is essentually what one would
expect from additioral active nuuclé mass nvolved in running as opposed to
walking. This same observation has been previou: 'y reported (McArdle et al.,
1973). The 6.2% greater QE max observed during runring was appropfh!e for
I:oﬂ: the \.Dz max and "’COZ max, as indicated by maximal values of (’EI\‘OZ,
VENCOZ' and ETCOZ which vere.not dﬂercnt.between walking and runring.
With the e.pecied exceptions of VO, max and V. max, maxima! values far the
various physlologscal parameters measured were comparable between walking
. and running. This indicates that, under conditions of muivmal work, near aqual
physical! stress, as sensed from these physiological factors, was experienced under
conditio:m of both walking and running. Therefare, to the extent that these factors
affected the perception of the degree of difficulty of maximal work, physiological
input provided while running was \imilar to that while walking. This is perhaps
reflected in the near equal values obtained for peiception of effort under both
conditions of maximal work.

When Max W was repeated in a separate group of subjects (Group II) the
results were similar to those obtained in the first investigation (Group I). A dif-
ference of 2.8 ml/kgemin for ':Dz max, as observed between the two groups, could
be meaningful if testing the effects of experimental intervention in a single group

of subjects. However, a difference of this magnitude observed between two volunteer
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groups of subjects is not necessarily indicative of dif ferénf physical fitness levels
and is probably not of physiological significance. Likewise, the slightly greater
degree of hyperventilation indicated for Group Il when compared to Greup I, as

evidenced by greater VE/\OZ and VE/ VCO and lesser ETCOZ, was hardly of physio-

logical significance. Again, differences oi this small magnitude could be expected
between groups of volunteer or randomly selected subjects.

At Zirst glance, the endurance times to exhaustion obseﬁéd in this study
appear low. Certainly others (Gleser and Vogel, 1971; 'Cleser and Vogel, 1973;
Hermansen et 3}_.; 1967) have observed longer endurance times at 80% \.102 max.

"However, the int.e-nt of these earlier studies was to obtain a work end—boint which
was brought about by some physiological limitation, e.g., depletion of muscle
‘gly:':o?gen. As such, proc:edufes designed to extend work performance to the fullest
(e.g., rest pgriods, motivation) were employed. Our primary Interest was to obtgin
a work end-point resulting from a conscious decision that the work, as an entity
unto itself, had become too difficult, independent of extraneous stimuli. As such, -
in our testing procedure we consciously attempted to eliminate extraneous s;timull
whiéh may have lnﬂuenced the'subject's performance. When we repeated the
" walk to exhaustion in a separate group of subjects, we sampled data only at five
minutes and at the end of the test.- Endurance time for this group of subjeéts
was less than for our first group. It Is possible that for the first group of subjects .
the procedures involved In sampling data at five minute intervals were sufficient
tbAdistvract from attention to stimuli provldgd by the work, thereby allowing an
increase in endurance time. It is of interest to note that when Michael and Eckardt _

(1972) asked subjects to select a work load which would exhaust them in fifteen

minutes, they chose a work load corresponding to about 85% VC2 max. Weiser




et al. (1973) found a mean endurance time of 36 minutes when subjects cycled .

at 56% VO2 max under experimental conditions which were also relatively void
of extraneous sensory input.
As previously stated, one's perception of exertion must play a primary role

In the dedision to discontinue work. Therefore, it is not surprising that at exhaus-

tion, subjects rated work about 19 on the Borg scale (verbal description: very,
very hard). However, it is notaole that RPE exhibited near l.ngar patterns of | ;
increase throughout the initial 75% nt the endurance tests. Further, when extrapo- v
lated to 100% ET from RPE obtained during the initial 75% of the endurance
tests, tﬁe point of ihtercept corresponded to RPE obtained during maximal work.
Because the increase was linear, this was true if extrapolation was performed
from ratings obtained e\}en at 25 and 50% ET. This indicated that the eérly pattern
of change of RPE during j:rolonged work can be used as a sensitive predictor of
the point of self-impdsed exhaustion, and this ha§ also been demonstrated for
maximal exercise involving progressively increasing work loads (Morgan and Borg,
1976). ) o
Others (Kamon et al.,1974; Pandolf et al., 1972) have found RPE to be a
curvelinear function of time during 30 minutes of work at a constant intensity.
In these st:ldies work was performed at a lower relative intensity and at the test's
completion subjects were under less stress (e.g., heart rates were less than 160
bpm and perception of effort was less than 16 on the Borg Scale). One common
factor between these previous studies and ours is that the response pattern of
RPE was similar to the pattern of physiological responses. While their plots for
physiological responses were remarkably curvelinear, the present findings tended

more toward linearity.




There is every indication that progressive hyperventilation occurred through-

out the endurance tests as evidenced not only by the progressive increase of Yer

but more so by progressive increases of ':'E/\.Dz and VENCO and a progressive
' 2

decline of ETCOZ. This hyperventilation was probably stimulated by a decrease

in arterial pH. That the work in these tests resulted in significant metabolic
acidosis is indicated by the high concentration of blood lactate observed at ex-
haustion. Aside from the obvious similarity between the lineaf pattern of increasé
o RPE with that of \.IE, the question remains as to whgther \.IE affected RPE.
Noble et al. (1973) observed that ventilatory parameters accounted for the greatsst
amount of RPE variance among sﬁbjects performing prolonged work under both

neutral and heated conditions. Bakers and Tenney (1970) have shown that subjects

‘were capable of accurately percelvirig differences in ventilatory sensations associated

with differences in ventilatory volume and rate. Modification of perceived exertion
by means of hyjnotic suggestion, has cdnsistently been associated with changes

in ventilatory minb*é volume (Morgan et al., 1973; Morgan et al., 1976). Like

V

E
max. This greater ventxlatxon was appropriate for the 5% greater VO2 required

max, VE for runmng was about 5% greater than that for walking at 80% VC&

- for the runmng test, as evndenced by measures of VEIVO ’ \EIVCO and ET
2

whlch were not different betweea the two conditions. However, at exhaustion,
when asked to rate the degree of exertion specifically perceived for respiration,
subjects gave significantly higher ratingﬁ for running than for walking, corres-
ponding to the ventilatory differences between the two conditions. Additionally,
at _exhaustion under both conditions, subjects perceived breathing as being hard
to very hard. These data suggest that perception of difficulties in breathing did

contribute to the decision to discontinue work.
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The relative constancy of R throughout all tests suggests these measures
were probably representative of metabolic respiratory quotient (RQ), free from
ventilatory influences. That RQ was above 0.90 in all instances indicates pre-
ferential utilization of carbohydrate as substrate for metabolism during the work.
A preferential utilization of carbohydrate is further sﬁgge.itcd by the high levels
of blood lactate observed at exhaustion.

The response of heart rate, as a function of % ET was linear during the
iniﬁal 75% of the endurance tests. The relative lack of increase of heart rate
during the latter 25% of the test is explainable. At this time, heart rate was
In excess of 95% of maximal heart rate, leaving very little rcom for further in-
crease. In the previous studies of 30 minutes of continuous work (Kamon et al.,
1974; Pandolf et al., 1972), the response curves for RPE and heart rate over time
described a positively decelerating power function desrite the fact that these
- measures were well below maximal values. Ther: was only a slight increase in
heart rate after the initial ‘5-10 minutés of work. It Is possible that the greater
increase in heart rate found in the present study reflected increased sympathetic
sﬁns;:léﬂon. Both plasma epinephrine and norepinephrine concentrations were
increased, and the plasma rorepinephrine levels to the extent which cardioac-
celeration could be expected. It is u\nlikely that plasma catecholamines were
increased in the previous studies. Ha\ggendul et al. (1970) have Indicated signifi-
cant Increzses in plasma norepinephri%xe occurred «nly when the relative intensity
of work was in excess of 75% \.’02 ma:l\. Relative work intensities in the previous
stﬁdies ranged between 40 and 68% \.'0 max. Whether the high heart rates ob-
served in the present study directly influenced perceptual responses and the de-

cision to discontinue work, or simply mirrored the physical stress subjectively




experienced during prolonged work cannot be stated. The latter explanation

has been used by others (Ekblom and Goldbarg, 1971) including Borg (1973), to
account for the observed interrelationship between heart rate and RPE as functions
of differences in work intensity.

There is little doubt that the perception of local fatigue in the legs con-
tributed to the decision to discontinue work in the present study. At the com-
pletion of all endurance tests, subjects rated the work of the legs to be in excess
of 17 (verbal description: very hard) on th§ Borg scale.

With the few previously noted exceptions, when work at 80% \.102 max was
performed to exhaustion, physiological and perceptual responses obtained while
running were remarkably similar to those obtained while walking. Results ob-

_tained when the walk at 80% \;02 max was repeated in a separate group of subjects
were also similar to those obtained for the initial group. Others have observed
that when work of different modes was performed at equal oxygen consumption,
RPE was greater for the work which involved the smaller muscle mass. For example,
at equal oxygen consumption, RPE was greater for cycling vs. treadmill work
-(Skinner et _a_l;, 1973) and for arm vs. leg work (Gamberle, 1972). Aga-ih, differences
in \;02 max with different work modes are related to differances In working muscle
mass, work with tﬁe greater mass results in a higher \.02 max. Therefore, when
expressed as a function of relative intensity (i.e., % \;02 max), RPE was found
to be equal across work modes (Ekblom and Goldbarg, 1971; Sargent and Davies,
1973). In the present study work was equated on a relative basis and for RPE
th.e response curve while running was superimposable upon that while walking.
Prior to our study it was not clear as to whether the relationsnip between RPE

and relative work intensity would hold for walking vs. running. Two previous




studies (Noble and Borg, 1971; Noble et al., 1973) compared RPE as a function :

of treadmill speed while walking to that while running. When RPE was plotted
as a function of heart rate, RPE was significantly greater for walking than that
for running at a given heart rate. Since heart rate is also a function of relative:
work intensity, these data suggested that the functional relationship between
RPE and relative work intensity for runiing might be different from that for
walking. Moreover, plotting RPE as a function of relative work intensity with
data from an earlier study (Noble and Borg, 1971), reveals the percent VO, max
at which a given RPE occurred was about 20% greater for running than for walking.
The authors do nét state in which work mode \.102 max was measured. Regardless,
the largest expected difference due to work mode would have been about 5%.
Additionally; several authors (Pandolf and Nobie, 1973; Stamford and Ncble, 1974)
tave reported that for cycling at equal relative work intensities, RPE was greate?
for work performed at lower (<40 rpm) than for higher pedal rates (>60 rpm).
These authors speculated that intense local muscular discomfort associated with
work at the lower pedal rates was respo_ns:l;le for the increased RPE. The present :
" study permitted a test of whether the same would ke true for walking on an in- ‘.
cline. Of course, the present data support the contention that RPE is a function o L
of relative work intemiﬁ independént of mode of work and other factors. \
In summary, our present results indicate that during work of relatively high
lntenﬁty to exhaustion, the perception of exertiorn increases in a linear fashion
2s a function of time. The rating of perceived exertion was near maxima!l at
exhaustion. Some physiological parameters (e.g., \.IE and HR) had similar patterns
of response. Changes in perception of exertion occurring early during work were

a sensitive predictor of exhaustion time. With the exception of some ventilatory




parameters, results obtained while walking were essentially the same as those

obtained while running, indicating a certain generalizability of these results.

Finally, the results obtained were replicated in a separate group of subjects. T
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Table 1. Means and standard errors from Max R and Max W for Group I and from Max W )

for Group 1I.
- Group 1 (n=26) Group 11 (n=23)

Variable MaxR Max W Max W

YO, (ml/kg*min) 56.0 (1.2 52.9 (1.0 50.1 (1.1)

\?5 (L/m?BSAemin)  70.8 (1.3) 66.5 (1.3)* 67.1 (1.8)

\?E/\?oz 32,8 (0.9) 32.2 (0.8) 3.9 (0.3)"

Y [ Y Q
‘\r,,:lvcc,2 33.8 (0.7) 33.2 (0.8) 35.3 (0.6)
R 0.96(0.02) 0.97(0.01) 0.9%(0.02)
- ETeq (torr) 36.1 (0.2) '36.7 (0.6) 35.0 (0.6)"

2

HR (bpm) 196 @ 196 (2) 19 (3)

RPE 19.2 (0.4) 19.% (0.2 19.0 (0.3)

-

- # Significantiy (P <05) lower than Max R.

- * Significantly (P <.05) different from Group I, Max W.




Table 2. Means and standard errors for endurance time and selected perceptual and

biochemicai variables for Group I (80R and 80W) and Group 11 (30W).

20

Group I (n=26)

Group 1 (n=28)

Variable 30R sow
Endurance Time (min) 22.8 (2.1) 25.1 (2.2)
RPE (Legs) 17.5 (0.5) 17.9 (0.5)

' RPE (Respiration) 17.7 (0.4) 16.6 (0.4)*
Lactate (mM) 9.2 (0.8) 3.8 (0.8)
Eplnephrine (uz/L)  0.07(0.01) 0.08(0.02)
Noreéinephrlne (ug/l.  1.20(0.17) 1.34(0.17)

—

30w

15.0 (1.3)*

17.0 (0.6)
15.0 (0.6)f
7.3 (0.6)
0.09(0.02)
1.13(0.11)

# Significantly (P<.05) lower than 80 Run (Group ).
+ Significantly (P<.05) lower than 80 Walk (Group I).
# Significantly (P<.05) lower than 80 Run (Group I).
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Figure Caption

Figure 1. Means (+ s.e.) of serially measured parameters as a function of percent
endurance time for Group I: 80 Run ([{3), Group I: 83 Wali (Z>==3) and
Group Il: 80 Walk (). The dotted line for RPE represents extrapolation to 160%

Endurance Time from ratings at 25, 50, and 75% of total performance times.
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