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ABSTRACT. Woods, S., T. Bridge, D. Nelson, K. Risse, and D.M.
Pincivero. The effects of rest interval length on ratings of per-
ceived exertion during dynamic knee extension exercise. J.
Strength Cond. Res. 18(3):540–545. 2004.—The objective of this
study was to examine the effects of rest interval length on per-
ceived exertion and during 3 sets of 10 inertial knee extension
repetitions. Thirty healthy men (n 5 15) and women (n 5 15)
volunteers were randomly assigned to 1 of 3 groups (1-, 2-, or 3-
minute rest interval length) following the establishment of each
subject’s 1 repetition maximum (1RM) for inertial knee exten-
sion exercise. Subjects in each group performed 3 sets of 10 rep-
etitions at 70% of a theoretical 10RM (based on each subject’s
1RM), with a 1-, 2-, or 3-minute rest interval between each set.
Perceived exertion was recorded, via the Borg category-ratio
scale, from each subject after each repetition of each set. The
results demonstrated no significant rest interval length effect on
perceived exertion across the 3 sets of 10 repetitions. The results
revealed a significantly higher perceived exertion value follow-
ing the first repetition in set 3 as compared to sets 2 and 1 in
all groups. The increase in perceived exertion within each set,
as described by the slope, was found to be significantly lowest
in set 1, as compared to sets 2 and 3. The major findings of this
study demonstrate that perceived exertion significantly increas-
es in a similar manner across 3 sets of 10 knee extension repe-
titions, despite rest interval lengths of 1–3 minutes.
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INTRODUCTION

P
erceived exertion, also referred to as the per-
ception of effort, is defined as the ‘‘subjective
intensity of effort, strain, discomfort, and/or fa-
tigue that is experienced during physical exer-
cise’’ (24). Monitoring perceived exertion using

the Borg category-ratio (CR-10) scale is an increasingly
popular method of determining physical effort because of
its ease of use and application to many types of exercise
(4, 15). Specific to resistance exercise, preliminary evi-
dence suggests a close correspondence between perceived
exertion and measures of muscle function, such as force
output, blood lactate accumulation, and electromyograph-
ic activity (10, 11, 22, 28). It has yet to be determined,
however, if perceived exertion is a sensitive indicator of
muscle recovery during successive bouts of resistance ex-
ercise, as mediated through different interset rest inter-
val lengths. As the performance, as well as the prescrip-
tion, of resistance exercise using 3 sets of 10 repetitions
is a common practice in physical fitness and rehabilita-
tion settings (12, 23), the use of perceived exertion may
have significant applicability. However, to monitor recov-
ery using perceptual signals is based on the assumption

that such ratings closely correspond to the physiological
state of the exercising muscle.

Numerous studies sought to determine the ideal in-
terset rest interval length to maximize force production
and have shown that relatively short rest interval lengths
do not allow for adequate muscle recovery, thereby af-
fecting performance during subsequent exercise bouts (2,
19–21, 25, 26). Most investigations examining this train-
ing parameter conclude that an interset rest interval
length between 2 and 4 minutes is ideal for minimizing
muscle fatigue and enhancing strength development (19–
21, 25, 30). Based on these findings, it can be speculated
that the perceived exertion response may exhibit a simi-
lar pattern. Specifically, higher ratings of perceived ex-
ertion can be expected with the use of relatively short
interset rest interval lengths, as compared to lower rat-
ings during successive bouts of resistance exercise with
relatively long rest interval lengths. With specific refer-
ence to the commonly applied 3-set-by-10-repetition pro-
tocol for resistance exercise, as first developed by De-
Lorme and Watkins (7), the use of ratings of perceived
exertion to assess muscle recovery, as a function of rest
interval length, holds potential for practical application.
Given a relatively short rest interval length, it may be
hypothesized that central and peripheral signals that me-
diate perceived exertion are heightened, giving rise to
stronger perceptual feelings of effort. Therefore, the pur-
pose of this study was to assess the effects of rest interval
length on perceived exertion during 3 sets of 10 repeti-
tions of inertial knee extension exercise.

METHODS
Experimental Approach to the Problem

Subjects participated in 2 testing sessions that were sep-
arated by 48–72 hours. All subjects were asked to abstain
from moderate to heavy physical activity 24 hours prior
to the testing sessions. On the first day, subjects were
assessed for the maximum amount of weight they could
lift once (1 repetition maximum [1RM]) during a single-
leg knee extension exercise. On the second day, subjects
were asked to perform a single set of as many repetitions
as possible of a calculated 10RM load, based on a conver-
sion table (3). Subjects were randomly assigned to 1 of 3
different groups: a short rest interval (1 minute) group, a
moderate rest interval group (2 minutes), and a long rest
interval (3 minutes) group. The subjects were then asked
to perform 3 sets of 10 repetitions of knee extension ex-
ercise at 70% of the theoretical 10RM weight. Through
repeated pilot testing, an exercise load of 70% was chosen



REST INTERVAL LENGTH AND PERCEIVED EXERTION 541

TABLE 1. Descriptive data (mean 6 standard deviation) for
age, height, body mass, and 1 repetition maximum (1RM) mass
for subjects randomly assigned to the 3 experimental groups.

Age Height (cm) Mass (kg) 1RM (kg)

Group 1
Group 2
Group 3

22.5 6 2.8
26.1 6 2.3
25.1 6 3.1

173.7 6 11.5
173.0 6 11.2
173.7 6 8.7

67.8 6 9.0
68.8 6 16.5
73.3 6 13.2

67.5 6 24.4
63.2 6 21.6
65.4 6 19.4

to be sufficiently high to stimulate perceptual signals
while allowing the subjects to be able to complete the 3
sets of 10 repetitions. All testing was performed with the
dominant leg as determined by asking the subject which
leg they would preferably kick a ball with. An equal num-
ber of men (n 5 5) and women (n 5 5) were assigned to
each group. The single-leg knee extension exercise was
selected for this study as it (a) replicates a typical exercise
activity performed routinely in fitness and rehabilitation
settings and (b) allowed for a focused examination of the
perceived exertion response by isolating exercise to a sin-
gle muscle group (i.e., the quadriceps femoris muscle).

Subjects

Thirty physically active men (n 5 15) and women (n 5
15) participated in this study. Descriptive data (mean 6
standard deviation) for subject age, height, body mass,
and 1RM in each of the 3 randomly assigned groups are
listed in Table 1. All subjects were free of any hip, knee,
or ankle pathology and were excluded from the study if
they reported any history of cardiopulmonary, neurolog-
ical, systemic, or orthopedic dysfunction. The health sta-
tus of the subjects was ascertained by the Physical Activ-
ity Readiness Questionnaire (1). All subjects provided
written informed consent as approved by the Institutional
Review Board at Eastern Washington University.

Maximum Knee Extensor Strength

Each subject performed a warm-up on a stationary bicycle
for 5 minutes at the beginning of both testing sessions.
The resistance was set at 1.0 kp, and the subjects were
instructed to cycle at a comfortable pace. The subjects
were then instructed to stretch their quadriceps femoris
muscle group using the self-stretch standing method,
which consisted of standing on 1 leg and holding the dom-
inant knee in the flexed position with 1 hand for 30 sec-
onds (12). The 1RM was determined with an inertial knee
extension machine (Pro Leg Extension machine, Power
Systems, Inc., Knoxville, TN). While seated, subjects were
secured with a pelvic safety strap, and the seat depth and
ankle pad location were adjusted accordingly. Following
a series of submaximal warm-up contractions, each sub-
ject’s 1RM was determined through trial and error by
asking the subject to lift the maximum amount of weight
he or she could once. This subjective estimation was
based on repeated pilot testing prior to commencement of
the study. Subjects were allowed a maximum of 5 sepa-
rate trials with 5 minutes of rest between each attempt.

Prior to the second testing session, the 10RM of each
subject was determined from a calculated table based on
his or her 1RM (3). Using this calculated weight, the sub-
jects then performed a single set of as many repetitions
as possible to volitional failure. The purpose of this set
was to apply the high anchor for measurement of the sub-
jects’ perceived exertion during the subsequent sets (16).

Following a 5-minute rest period, each subject then per-
formed 3 sets of 10 consecutive repetitions of knee exten-
sion exercise using a weight equivalent to 70% of the the-
oretical 10RM weight. Subjects were instructed to lift the
weight in a slow and controlled manner with the assis-
tance of a metronome (2 seconds concentric quadriceps
femoris contraction, 1 second hold at full extension, and
2 seconds eccentric quadriceps femoris contraction). Per-
formance of the knee extension exercise in this manner
was applied as the criterion to determine successful rep-
etitions during all sets. During the rest period, the sub-
jects were asked to remain seated and were allowed to
freely move the dominant leg. During all testing, the sub-
jects were unaware of the amount of weight they were
lifting through a cardboard cover placed in front of the
weight stack.

Measurement of Perceived Exertion

During the first session, subjects were familiarized to the
Borg CR-10 scale to measure perceived exertion. The sub-
jects were informed that the scale was intended to assist
them in rating their perceived exertion through the use
of different numbers and words and that the higher num-
bers indicate higher levels of exertion and the lower num-
bers indicate lower levels of exertion. The subjects were
instructed that they would be asked to rate the sensations
in their quadriceps muscles according to the numbers on
the scale. During the second testing session, in order to
provide a context through which subjects could rate their
perceived exertion, 1 low and 1 high anchor were applied
(15, 22). The low anchor was applied by indicating to the
subjects that a minimum score of 0 on the Borg CR-10
scale was represented by the sensations in the quadriceps
muscles while sitting quietly on the chair of the knee ex-
tension device. Immediately following performance of the
10RM set to failure, subjects were instructed to consider
the sensations of their quadriceps muscles as maximal
(19, 22). Subjects were not informed of the amount of
weight that they were designated to lift during each set
(the weight pin was removed between each set, and a cov-
er was placed between the subject and the weight stack).
Subjects then performed the prescribed 3 sets of 10 rep-
etitions at 70% of their theoretical 10RM weight. After
the completion of each repetition in each set, the subjects
were asked to rate their perceived exertion using the CR-
10 scale by providing a number from 0 to 10, or maximal
(16). The subjects verbally indicated a number on a chart
that was placed in front of them.

Statistical Analyses

A 2-factor analysis of variance (ANOVA; set by group)
with repeated measures was performed on the perceived
exertion values obtained after the first repetition of each
of the 3 sets. This analysis was performed in order to
specifically examine the influence of rest interval length
in the absence of perceived exertion changes that oc-
curred within each set. A separate 2-factor ANOVA (set
by group) with repeated measures was then performed on
the calculated slopes of perceived exertion increases dur-
ing each set. The slope was calculated via linear regres-
sion, for each subject’s perceived exertion data within
each set. As the number of repetitions and hence the
number of perceived exertion values obtained during the
final 2 sets differed (not all subjects were able to fully
complete the 3 sets of 10), this analysis was necessary to
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TABLE 2. Number of subjects completing 3 sets of 10 repeti-
tions in each experimental group and the number of repetitions
performed by subjects unable to complete 10 repetitions.

Set 2—
Complete

Set 2—
Incomplete

Set 3—
Complete

Set 3—
Incomplete

Group 1

Group 2

Group 3

8

8

9

9, 2 subjects

9, 1 subject
8, 1 subject
9, 1 subject

5

7

7

8, 1 subject
7, 3 subjects
6, 1 subject
9, 1 subject
6, 2 subjects
9, 2 subjects
6, 1 subject

TABLE 4. Descriptive data for perceived exertion slope (perceived exertion·rep21) of each of 3 sets of 10 knee extension repetitions.

Set 1*

Mean 6 standard
deviation

95% confidence
interval

Set 2

Mean 6 standard
deviation

95% confidence
interval

Set 3

Mean 6 standard
deviation

95% confidence
interval

Group 1 (n 5 10)
Group 2 (n 5 10)
Group 3 (n 5 10)

0.58 6 0.12
0.67 6 0.24
0.61 6 0.21

0.49–0.66
0.50–0.85
0.45–0.80

0.81 6 0.18
0.87 6 0.28
0.78 6 0.20

0.68–0.94
0.67–1.07
0.64–0.93

0.90 6 0.26
0.89 6 0.16
0.92 6 0.26

0.71–1.09
0.77–1.00
0.73–1.10

* Perceived exertion slope significantly lower than set 2 and set 3.

TABLE 3. Descriptive data for perceived exertion following the first repetition of each of 3 sets of 10 knee extension repetitions.

Set 1

Mean 6 standard
deviation

95% confidence
interval

Set 2

Mean 6 standard
deviation

95% confidence
interval

Set 3*

Mean 6 standard
deviation

95% confidence
interval

Group 1 (n 5 10)
Group 2 (n 5 10)
Group 3 (n 5 10)

2.15 6 1.38
1.6 6 1.15

1.75 6 1.06

1.17–3.13
0.78–2.42
0.99–2.51

2.2 6 1.38
1.95 6 1.12
2.05 6 1.55

1.21–3.19
1.15–2.75
0.94–3.16

2.9 6 1.52
2.8 6 1.23

2.45 6 1.42

1.81–3.99
1.92–3.68
1.43–3.47

* Perceived exertion rating significantly greater than set 1 and set 2.

allow equitable comparisons. The use of a linear model to
quantify the increase in perceived exertion within each
set was based on a trend analysis performed on all values
(n 5 30) in the first set. This analysis demonstrated that
perceived exertion increased in both linear (F1,29 5 310.61,
p # 0.001) and nonlinear (F1,29 5 17.46, p # 0.001) fash-
ions. However, the effect size was found to be larger for
the linear trend (h2 5 0.92) than the quadratic trend (h2

5 0.38). A 3-factor ANOVA (group by set by repetition)
with repeated measures was then calculated on the raw
perceived exertion values to examine significant main ef-
fects and interactions. All tests of significance were car-
ried out to ensure a family-wise error rate of 0.05. This
was achieved with the Bonferroni-Dunn inequality for re-
peated contrasts.

RESULTS
The number of repetitions performed during the theoret-
ical 10RM set to failure ranged from 5 to 13. All subjects
in each group successfully completed all 10 repetitions of
the first set. The number of subjects that successfully
completed all 10 repetitions of the second set are sum-
marized in Table 2.

First Repetition Perceived Exertion

Descriptive data for perceived exertion values following
the first repetition of each set is presented in Table 3.
The results demonstrated a significant set main effect
(F2,54 5 13.19, p , 0.001, h2 5 0.33, 1 2 b 5 0.99) and no

group main effect (F2,54 5 0.24, p 5 0.79) or set-by-group
interaction (F4,54 5 0.54, p 5 0.71). Specifically, when av-
eraged across the 3 groups, perceived exertion was found
to be significantly different between sets 1 and 3 (F1,27 5
24.01, p , 0.001, h2 5 0.47, 1 2 b 5 0.99) and between
sets 2 and 3 (F1,27 5 17.53, p , 0.001, h2 5 0.39, 1 2 b 5
0.98). Set 1 was not significantly different from set 2 (F1,27

5 1.41, p 5 0.25). Perceived exertion was found to be the
highest following the first repetition in set 3 as compared
to sets 1 and 2.

Perceived Exertion Slopes

Descriptive data for the perceived exertion slope values
of each set are presented in Table 4. The results demon-
strated a significant set main effect (F2,54 5 46.28, p ,
0.001, h2 5 0.63, 1 2 b 5 0.99) and no group main effect
(F2,54 5 0.17, p 5 0.84) or set-by-group interaction (F4,54

5 0.86, p 5 0.50). Specifically, when averaged across the
3 groups, the increase in perceived exertion within each
set was found to be significantly different between sets 1
and 2 (F1,27 5 62.16, p , 0.001, h2 5 0.70, 1 2 b 5 0.99)
and between sets 1 and 3 (F1,27 5 79.87, p , 0.001, h2 5
0.75, 1 2 b 5 0.99). Following adjustment to maintain
the family-wise error rate with the Bonferroni-Dunn in-
equality (0.05/3 contrasts 5 0.017), set 2 was not found
to be significantly different from set 3 (F1,27 5 6.00, p 5
0.021, h2 5 0.18, 1 2 b 5 0.66). The increase in perceived
exertion was found to be significantly lowest during set 1
as compared to sets 2 and 3.

Perceived Exertion Increase by Set, Group, and Rep-
etition

The results from the 3-factor ANOVA demonstrated a sig-
nificant set main effect (F2,22 5 37.38, p , 0.001, h2 5
0.77, 1 2 b 5 0.99), repetition main effect (F9,99 5 278.48,
p , 0.001, h2 5 0.96, 1 2 b 5 0.99), and a set-by-repeti-
tion interaction (F18,198 5 9.24, p , 0.001, h2 5 0.46, 1 2
b 5 0.99). There was no significant group main effect or
any other interactions. Repeated contrasts across the lev-
els of each factor for the significant main effects revealed
that perceived exertion was significantly greater during
set 3, followed in descending order by set 2 and set 1. The
results also demonstrated a significant increase in per-
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FIGURE 1. Increase in perceived exertion (mean 6 standard
errors) during 3 sets of 10 inertial knee extension contractions,
averaged across the 3 groups (n 5 30).

ceived exertion across each repetition of knee extension
exercise (Figure 1). Repeated contrasts revealed that the
significant set-by-repetition interaction occurred from
repetition 7 to repetition 8, between sets 2 and 3, as per-
ceived exertion increased significantly more during the
third set (F1,11 5 5.53, p 5 0.04, h2 5 0.34, 1 2 b 5 0.57).
However, following adjustment for the family-wise error
rate, this result was not determined to be statistically sig-
nificant.

DISCUSSION
The major findings of this study demonstrated no signif-
icant differences in the perceived exertion response when
performing 3 sets of 10 inertial knee extension contrac-
tions between rest interval lengths of 1–3 minutes. The
results revealed a significantly higher perceived exertion
rating following the first repetition for set 3 as compared
to sets 1 and 2. The findings also showed a significant
increase in perceived exertion across the repetitions with-
in each set. This increase, however, demonstrated a sig-
nificant difference between the sets when comparing the
average slopes of perceived exertion ratings during sets
1–3 with all rest interval groups combined. The higher
average slopes for sets 2 and 3 as compared to set 1 sug-
gest a more rapid increase in perceived exertion during
the latter 2 sets. This finding was supported by the sig-
nificantly greatest increase in the perceived exertion val-
ues in set 3 as compared to sets 1 and 2.

The purpose of the interset rest interval is to allow
sufficient time for muscle recovery to occur in order to be
prepared for a subsequent bout of physical work or ex-
ercise (21, 30). Within this context, it is well established
that the development of fatigue during exercise, as well
as recovery, is a time-dependent process (8) that encom-
passes many metabolic and nonmetabolic factors (5, 9). It
was clear from the present study that a rest interval
length of 3 minutes incorporated into a standard 3-set-
by-10-repetition protocol was insufficient for mediating
optimal recovery, as 3 of the 10 subjects were unable to

complete all the required contractions. Although 5 sub-
jects were unable to complete all 10 repetitions of the
third set in the 1-minute rest interval group, it may be
speculative to suggest a significant rest interval length
effect on this particular variable. Similar findings were
reported by Larson and Potteiger (14) in 15 men who per-
formed 4 sets of a maximal possible number of repetitions
of squat exercise with 3 different rest intervals: (a) time
to achieve a postexercise heart rate of 60% of the age-
predicted maximum, (b) 3 minutes, and (c) a 1:3 work:
rest ratio. Although the results of this study demonstrat-
ed no differences between the 3 rest intervals, the num-
ber of repetitions performed declined by at least one-half
from the first to the fourth set. The findings of the present
study, however, appear to be contrary to other reports in
the scientific literature. Bilcheck et al. (2) found that a
recovery time of 2.5 minutes was sufficient for allowing
full concentric and eccentric isokinetic (2.09 rad·s21)
quadriceps recovery following 4 sets of 20 repetitions in
10 subjects. A significant reduction in isokinetic concen-
tric quadriceps torque at 1.57 rad·s21 was demonstrated
by Pincivero et al. (21) when a 40-second interset rest
interval was applied to 4 sets of 10 repetitions. No sig-
nificant reductions in quadriceps torque were observed
when a 160-second rest interval was applied. In a sub-
sequent study, Pincivero et al. (19) found a significantly
greater reduction in isokinetic quadriceps peak torque,
total work and average power during 4 sets of 20 repeti-
tions at 3.14 rad·s21 when a 40-second interset rest inter-
val was used as compared to a 160-second rest interval.
It is important to note that the 7 men who utilized the
160-second rest interval length still experienced up to a
24.8% reduction in quadriceps torque output. Although
contrasting these studies with the present investigation
is difficult because of the different contraction modes (i.e.,
isokinetic vs. inertial), they provide the most closely re-
lated comparisons in the scientific literature.

The utilization of perceived exertion for exercise mon-
itoring and prescription has been widely applied to aer-
obic-type activities. The application of the Borg CR-10
scale to resistance exercise has received relatively less
attention. During a series of weightlifting exercises (10
exercises, 7RM) in resistance-trained men, Kraemer et al.
(13) showed a significant relationship between overall
measures of perceived exertion and blood lactate accu-
mulation. Subsequently, Suminski et al. (28) observed a
significantly higher perceived exertion rating in 8 trained
men when a series of resistance exercises were performed
with a 70% 1RM load as compared to a 50% 1RM load.
In terms of perceived exertion as an effective modality for
reflecting muscle fatigue, the results of the present study
are in agreement with Kraemer et al. (13) and Suminski
et al. (28). However, Kraemer et al. (13) found that sub-
jects with a 1-minute rest interval length between sets
had significantly higher serum lactate levels than sub-
jects with a 3-minute rest interval length. The present
study found no significant difference in perceived exer-
tion between the 3 groups. As a result, the present study
does not completely reflect the findings of Kraemer et al.
(13), particularly given the fact that perceived exertion
has been shown to reflect lactate accumulation in muscle
tissue (28). Similar findings were demonstrated by Lar-
son and Potteiger (14), as perceived exertion, measured
via the CR-10 scale immediately prior to each set, in-
creased significantly across 4 sets of squat exercise, al-
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though there were no differences between the 3 rest in-
tervals. The minimal effect of rest interval manipulation
on perceived exertion was also shown by Pincivero et al.
(19) in 14 healthy men performing 4 sets of 20 isokinetic
quadriceps contractions at 3.14 rad·s21. Despite the great-
er decrease in torque output when a 40-second interset
rest interval was used, as compared to a 160-second rest
period, the perceived exertion response did not appear to
be a sensitive indicator of this lack of muscle recovery.
Based on the findings from the present investigation, cou-
pled with the results of these previous studies, it is evi-
dent that between set rest interval lengths up to 3 min-
utes may not be sufficient for mediating muscle recovery.

It is well known that during sustained muscle con-
tractions, a concomitant increase in perceived exertion
has been shown to be reflective of metabolic and electro-
myographic changes (10, 11, 13, 18, 22). An increase in
somatosensory feedback from sensitized group III and IV
afferents by muscle metabolites, such as K1 and H1, is
considered to be the primary mechanism during the per-
ceived exertion response as compared to a feedforward
mechanism (6, 27, 29). Such an explanation is plausible
given that the duration of each set in the present study
was approximately 40–60 seconds, suggesting that an-
aerobic metabolic pathways largely sustained the activity
(13, 28). The cumulative effect of muscle fatigue was re-
flected mainly in the finding that the average first repe-
tition perceived exertion response was successively high-
er in each subsequent set. The significantly steeper slope
in set 3 also suggests a faster rate of fatigue, particularly
when coupled with the fact that 11 of the 30 subjects
failed to complete all 10 repetitions. Although the design
of the present investigation does not directly implicate
underlying physiological factors driving perceived exer-
tion, the results appear to fit the pattern found in previ-
ous studies.

PRACTICAL APPLICATIONS

The brief period of rest in between sets of resistance ex-
ercise is an important parameter in exercise prescription.
The results of the present study suggest that there is no
significant difference between rest interval length of 1–3
minutes based on ratings of perceived exertion during a
standard 3-set-by-10-repetition protocol. As this finding
appears to correspond with the results of previous stud-
ies, it is also speculated that a 3-minute rest period may
not be sufficient for mediating quadriceps muscle recov-
ery. As the recovery of muscle function is an important
consideration for optimal resistance exercise perfor-
mance, it is recommended that an interset rest interval
length of greater than 3 minutes be incorporated when
performing at least 3 sets of knee extension exercise. Fur-
thermore, caution is warranted when attempting to use
ratings of perceived exertion as an indicator of muscle
recovery, as these measures did not appear to be different
between groups using different rest interval lengths. The
contrast between the number of repetitions performed
and perceived exertion ratings is particularly notable, as,
anecdotally, fewer subjects were able to complete all 10
repetitions in the 1-minute rest interval group as com-
pared to the 3-minute rest interval group. Although the
present study does not establish the validity of using rat-
ings of perceived exertion to monitor muscle recovery, the
results should guide the practitioner to focus, at present,
on objective measures of exercise performance.
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