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Differentiated ratings of perceived exertion

during physical exercise

ABSTRACT

PANDOLF, KENT B. Differentiated ratings of perceived exertion
during physical exercise. Med. Sci. Sports Exercise, Vol. 14, No.
5, pp- 397-405, 1982. The typical overall (undifferentiated) rating
of perceived exertion (RPE) appears to represent an individual's
integration of various physiological sensations that have different
subjective weightings. Two categories of physiological factors have
been suggested as major determinants of RPE during physical
exercise. These two factors are a local factor that relates to sen-
sations or feelings of strain from the exercising muscles and/or
joints and a central factor relating primarily to cardiopulmonary
sensations. This paper attempts to characterize the relative im-
portance of the various physiological cues in the exertional rating
pertinent to these local and central factors. The majority of the
related literature suggests that local factors are usually perceived
as dominant; however, recent findings that evaluate differentiated
RPE during exercise at high altitude imply a greater importance
for central factors. When a particular physiological cue is markedly
altered over others during exercise, it appears that the resultant
sensation can easily dominate the overall RPE. In contrast, when
this particular cue is not changed during exercise, as the result
of some experimental manipulation or intervention, then another
cue can become pronounced. Finally, an experimental model for
evaluating differentiated RPE that allows comparisons between
local and central exertion and further comparison to the general
or overall exertion is discussed.

PERCEPTION OF EFFORT, LOCAL FACTORS, CENTRAL
FACTORS, ENVIRONMENTAL HEAT, HYPOXIA, HYPEROXIA,
CONCENTRIC EXERCISE, ECCENTRIC EXERCISE, HEART
RATE, PULMONARY VENTILATION, OXYGEN UPTAKE,
BLOOD LACTATE, ERGOMETRY

The two previous papers in this symposium suggest the
importance of both local and central factors in the eval-
uation of effort sensations during physical exercise. Ekblom
and Goldbarg (17) were the first to propose formally that
the subjective evaluation of physical effort during exercise
was based on two categories of factors: a local factor related
to feelings of strain in the exercising muscles and/or joints
and a central factor related primarily to sensations or
feelings from the cardiopulmonary systems. In his earlier
work, Borg (3,5) alluded to these two categories of factors
stating that “the complex perception of exertion seems
mainly to be composed of perceptions from the muscu-
lature and the system of circulation” (3, p. 105).
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Pandolf (39) has suggested an experimental model that
utilizes differentiated ratings of perceived exertion (RPE)
and may help provide for a more precise examination of
the relationship(s) between these local and central factors.
This model may also allow for a better understanding of
these two factors and the underlying physiological events
as compared to a single undifferentiated RPE. Earlier re-
ports seem to indicate that local factors dominate the effort
sensations during exercise (9,17,39). Since the review by
Pandolf in 1978 (39), no attempt has been made to update
our understanding of these two factors and/or other factors
and their involvement with differentiated RPE. A recent
review (33) evaluating various sensory cues and perceived
exertion has been published; however, this paper does not
critically evaluate these perceptual cues as related to dif-
ferentiated RPE in any detail.

The purpose of this paper is to discuss briefly some of
the experimental literature that led to the development
of this model for evaluating differentiated RPE. Next, the
observations from studies actually employing differentiated
RPE are presented with particular regard for those which
have further advanced our understanding of the local and
central factor issue. Finally, within the framework of this
experimental model, future direction for research within
this area is suggested.

HISTORICAL PERSPECTIVE AND APPROACH

Specific instructions and procedures for the utilization
of Borg’s 15-point category scale for RPE have been pre-
sented previously (4,43). The majority of studies to be
discussed in this paper employed this scale. However, some
investigators have used a nine-point category rating scale
(45,50) while some of the earlier research employed a 21-
point version of Borg’s RPE scale (15,19). Other investi-
gators have evaluated effort sensations during physical
exercise using magnitude estimation techniques (7,8,9,51),
constant effort techniques (11,12), key cluster analysis (28,
52,53), and a variety of other rating methods (13,32,44).

Specific instructions have been developed for deter-
mining differentiated RPE utilizing the 15-point category
scale for RPE (39,40). Subjects are asked to indicate a
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local muscular rating pertaining to feelings or sensations
of strain in the exercising muscles and joints, a central
rating that involves sensations from the cardiopulmonary
systemn, and an overall, general rating of exertion. For the
overall rating, individuals are told to integrate their local
and central feelings with whatever weightings they deem
appropriate. Further information is given upon request
concerning the mechanics of the rating procedure, but no
aid is given concerning the translation of feelings into
perceptual ratings. Others have been more specific re-
garding the particular body area for the local and central
ratings referring to these as “legs” and “chest” or “res-
piration,” respectively (24,45).

In an earlier review, Pandolf (39) presented two tables
summarizing the literature in support or dispute of local
and central factor involvement for exertional ratings. Since
this review, the related literature dealing with local and
central factors has increased by nearly one-third. Table 1
presents an updated version of a previously published table
(39) and compiles the references that support or dispute
local factor involvement for exertional ratings during
physical exercise. From the tabular findings of his earlier
review, Pandolf (39) cautions the reader that many of
these hypothesized factors signalling local effort (me-
chanoreceptor and Golgi tendon organ activity, and sen-
sations from muscle, skin, joints, and ligaments) would be

TABLE 1. Literature in support or dispute of local factors for exertional ratings.
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nearly impossible to quantify truly. Much of the literature
supporting the importance of blood lactate as a major cue
in the perception of effort according to this earlier report
is correlational in nature, which does not necessarily imply
causality. Conclusions by Mihevic (33) in a recent review
support these comments.

More recent studies (13,25,35,42,55) supply little further
direct experimental evidence in support of local factor
involvement (Table 1). Most of these studies were not
designed to evaluate local factors, per se, but to draw
conclusions concerning local cues from secondary obser-
vations. On the other hand, the recent experimentation
disputing the importance of local factors appears to be
somewhat more direct through design and stated purpose
(30,44,46). Poulus et al. (44) and Robertson et al. (46) show
that blood pH is not an underlying factor in the subjective
feelings of fatigue or perception of effort, respectively.
Mihevic (33) concludes from these findings that if blood
lactate influences RPE, it is probably mediated through
a pathway other than blood acidemia. In a study designed
expressly to evaluate some of the proposed local factors
and RPE, Léligen et al. (30) failed to show any relationship
among selected muscle metabolites (muscle and blood lac-
tate, glycogen, NAD, and phosphagens), fiber composition,
and perception of effort. These comments are not intended
to cause disregard for the apparent importance of local

Swpports Disputes
Reference Varishle messured or hypothesized Reforence Varishie measured or hypothesized
Allen & Pandolf (1) blood lactate Kay & Shephard (27) biood (actate
Borg & Noble (6) local factors LiMgen ot al. (30) muscle and blood lactate, muscie NAD, giycogen,
Cafarelli (7)* 1EMG ATP, CP, muscle fiber *ype
Catarelii et al. (9)° local sensations Poulus et al. (44)° blood pH, acid-base basnce
Cain (11)* tendon, skin, joint, ligaments Robertson et al. (46)* biood lactate, pM and pCO;
Cain & Stevens (12)* mechanoreceptors & chemoreceptors Sargeant & Davies (47) blood lactate
Campbell et al. (13)* peripheral factors Stamford & Noble (50)* blood lactate
Docktor & Sharkey (15) vaniimandelic acid
Edwards et al. (16) blood lactate
Exblom & Goidbarg (17) blood lactate
Ehblom et al. (18) leg and joint sensation
Frankenhaeuser et o, (19) catecholamine excretion
Gamberate (20) blood factate

Henriksson et al. (23) mechanoreceptors, Goigi tendon organ activity

Horstman et al. (25)

local factors

Liktigen et al. (31) pedatiing rate & resistance

Noble et al. (35) muscle soreness and stiffness

Nobie et al. (36) tocl muscular discomfort

Pandolf et al. (42) feelings from working muscies and joints

Pandolf (38) local proprioceptive factors

Pandotf et al. (40) local factors dominate cycling

Pandolf et al. (41) anaerobic metabolites

Pandolt & Noble (43) sensations irom muscles, joints, tendons

Stamford & Noble (50)° muscle tempersture, muscle lactate, EMG,
Golgi tendon organs

Stevens & Krimsley (51)* mechanoreceplor & chemoreceptor semsitivity

Weiser ot ol. (52)* log fatigue cluster

Weiser & Stamper (53)* h

log fatigue
Winsmane & Goldman (54) focal factor involvement
Young et al. (55)

* Did not use Borg Scale.




DIFFERENTIATED RATINGS OF PERCEIVED EXERTION

TABLE 2. Literature 1n support or dispute of central factors for exertional ratings.

Supports Dinputes
Reference Varishle measwred or hypethesized Reference Variable measwod or hypothesized
BarOr et & (2) HR Alien & Pandolt (1) HR, ¥, RR, ¥,
Borg & Nobie (6) central factors Cafaretii (8)* Vo,, central component
Cafarelli (7)* V Cafarelli & Noble (10) .4
Catarelh et al. (9)* central sensations Davies & Sargeant (14) HR
Edwards et al. (16) HR, Vo,, RR, Ve Ekblom & Goldbarg (17) HR
Ekblom & Goldbarg (17) pulmonary ventilation and circulation Gamberale & Hoimér (21) HR
Ekblom et al. (18) tachycardia, dyspnea Henriksson et al. (23) R, Vo,
Gamberale (20) HR, Vo, Kamon et al. (26) HR
Gerben et al. (22) hypoxia Ligen et al. (30) Vi, Vo, HR
Henriksson et al. (23) baroreceptors & chemoreceptors Michael & Echardt (32)° 1.4
Horstman et al. (24) ventilatory differences, dyspnea Noble et al. (35) HR, Ve
Horstman et al. (25) central factors Nobie et al. (36) HR
Kamon et al. (26) Ve, RR Pandolf et al. (42) HR, Vo,
Kay & Shephard (27) HR Pandolt (38) HR, Vo,
Michael & Eckardt (32)* HR Pandolf et al. (41) HR
Morgan et al. (34) v Pandoit & Noble (43) HR, Vo,
Noble et al. (37) Ve, RR Sidney & Shephard (48) HR
Pandolf (38) central factors Stamford & Noble (50)* '
Pandolf et al. (40) centrat factors and treadmill walking Young et al. (55) HR, Vo,

Pandolf et al. (41) LI
Sargeant & Davies (47) Ve, Vo,, HR, relative aerobic stress
Skinner et al. (49) HR, proportion of aerobic capacity

Weiser et al. (52)* cardiopulmonary systems
Weiser & Stamper (53)° cardiopuimonary fatigue
Winsmann & Goldman (54) HR

Young et &. (55) Vi/Vo,, respiratory effort
* Did not use Borg Scale.

muscular cues in effort sensation, but to encourage more
carefully designed studies to evaluate these local factors
systematically.

Table 2, an updated version of an earlier table (39),
presents the related literature in support or dispute of
central factor involvement in the perception of effort dur-
ing exercise. In his earlier tabular review, Pandolf (39)
concluded that although there appears to be a greater
amount of literature supporting rather than disputing cen-
tral factor involvement, much of this support is correla-
tional in nature. When many of these proposed cardio-
pulmonary cues (heart rate {HR], oxygen uptake [Voy],
pulmonary ventilation [VE], respiratory rate [RR]) were
experimentally manipulated, they were not shown to be
primary factors in the perception of effort. Of the more
recent studies used to update the earlier tabular form (see
Table 2), twice as many references provide findings to
dispute (8,14,30,35,39,55) rather than support (24,25,55)
the importance of central factors. Cafarelli (8) found no
correspondence between effort sensations and Vo, when
the peripheral signal to the effort sense was held constant.
Using intravenous injections of atropine or practolol to
alter autonomic nervous system activity, Davies and Sar-
geant (14) concluded that HR, per se, has little influence
on RPE and is not a primary factor fundamental to effort
sensation. From these and other findings, Mihevic (33)
concluded that it is unlikely that HR and Vo, are directly
sensed. On the other hand, Young et al. (55) utilized acute
and chronic hypoxic exposure to environmentally manip-

ulate normal physiological responses to exercise and to
provide compelling evidence for the association between
respiratory effort, as represented by the ventilatory equiv-
alent for oxygen (VE/V0,), and central effort. These authors
also provided findings that further show that HR and
Vo, are not primary cues for the central factor. The recent
literature coupled with the more dated references would
seem to cast further doubt on the relative importance of
central cues on the perception of effort. Indeed, as Mihevic
(33) recently suggested, the literature does not support
that central cues are primary sources in effort sensation
during exercise.

EXPERIMENTAL OBSERVATIONS FROM
STUDIES EMPLOYING DIFFERENTIATED RPE

The experimental findings from many of the studies
cited in the earlier tabular review (Tables 1 and 2) helped
lead to the development of an experimental model for
studying local and central factors (Figure 1). The proposed
experimental model (39, 40) suggests that the undiffer-
entiated RPE from the category rating scale by Borg (4)
probably is associated with the “superordinate” level of
subjective reporting and represents overall body respon-
siveness that results from the integration of various sensory
cues having different perceptual weightings. At the su-
perordinate level of subjective reporting, undifferentiated
RPE is not closely related to the underlying physiological
substrata. The present model suggests that the interrela-
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tionships between perceptual ratings and particular phys-
iological responses during physical exercise can be more
closely defined and compared utilizing “‘subordinate™ dif-
ferentiated ratings that appear to be in close proximity
to the level of the “discrete symptoms.” This model en-
courages comparisons between local (local muscular ex-
ertior* and central (cardiopulmonary exertion) factors with
further contrasts to the general or overall exertion.

The remaining portion of this section reports experi-
mental observations for studies actually employing dif-
ferentiated RPE. Table 3 presents differentiated perceptual
responses for three pedalling rates at a constant power
output (840 kpm/min) as published by Robertson et al.
(45). Ratings of perceived exertion were elicited with a
nine-point category rating scale. The overall rating of per-
ceived exertion was significantly lower than the rating for
the legs (local) and higher than that from the chest (central)
at each pedalling speed. These authors concluded that
local signals from the legs dominated the sensory process
with central signals being less pronounced. The mean of
the ratings for the legs and chest was slightly but signif-
icantly higher than the overall rating at each pedalling
speed. It is important to note that these findings, which
were derived from a nine-point scale, are similar in terms
of rank order of ratings to studies utilizing the 15-point
Borg scale.

Table 4 shows the findings of Horstman et al. (24) de-
picting local (legs) and central (respiration) ratings of per-
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Figure 1—An experimental model
that describes the levels of subjec-
tive reporting applicable to differ-
ent types of physical exercise and
presents a basis for differentiated
ratings of perceived exertion. Re-
printed with permission of the
publisher from a study by Pandolf
(39).

ceived exertion elicited while running or walking to self-
imposed exhaustion at 80% VO, on a treadmill. It can
be seen that the central or respiratory RPE was significantly
lower during walking than running. While this study was
not designed to quantitatively discriminate the degree of
exertion perceived for the legs from that perceived for
respiration, these differences are obviously small for run-
ning, but become of substantial magnitude for both groups
(1 and II) during walking with the local rating being dom-

inant.

Another study by Pandolf et al. (40) employed differ-
entiated RPE during level and grade walking at equivalent
energy expenditures. Again, as seen in Table 5, local mus-
cular factors appear to dominate the exertional perception.
However, for this particular study this is only a trend;
none of these perceptual differences were statistically sig-

nificant (P>0.05).

In a more recent study, differentiated RPE for eccentric
muscular exercise were utilized to help discern which effort
sensations dominated the exertional perception (29). Also,
this study investigated whether exercise training employing
eccentric muscle contractions would lead to significant
alterations in differentiated RPE. Six male volunteers
trained (range of exercise intensities = 252-316 W) with
eccentric contraction exercise for a 5-wk period (12-15
sessions, 60 min each) at 60 rpm on a specially designed
cycle ergometer for which the pedal axle is driven in a
reverse direction from normal cycling (concentric exercise)

by an electric motor (29).
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DIFFERENTIATED RATINGS OF PERCEIVED EXERTION

TABLE 3. Perceptual responses for three pedaliing rates at a constant power output
(840 kpm/min).

Perceived Exertion Podaling Rate
Rating &0 pm 60 pm 80 rpm

M 9 N % W 0w
Legs 568 122 502 121 48P 13
Over-all 490 110 43F L1l 43F 131
Chest 438 128 39 119 3% 10
Mean Legs + Chest 506 113 4SIF 107 d4r 12
Over-all 490 110 438 111 A3 131

Means with different superscripts are significantly (P<<0.05) different above the rule.
Below the rule means within a particular pedatling rate with different superscripts are
significantly (P<<0.05) different. Reprinted with permission of the publisher from the
study by Robertson et al. (45).

TABLE 4. Means and standard errors for endurance time and selected perceptual and
biochemical variables for group | (80R and 80W) and group H (80W).

Growp | (W = 26) Gop (N = 20)

Varishle ] 0w i)

Endurance Time (min) 28 (21) 241 (22) 180 (1.8)t
RPE (legs) 175 (05 179 (05 120 (0.6)
RPE (respiration) 177 (04) 166 (0.4)* 150 (04)*
Lactate (mM) 92 (0.8) 88 (08) 13 (0.6)
Epinephrine (ug/L) 0.07 (0.01)  0.08 (0.02) 0.09 (0.02)

Norepinephrine (ug/L) 1.20 (0.17)  1.34 (0.17) 1.13 (0.11)

* Significantly (P<<0.05) lower than 80 Run (group I).
1 Significantly (P<<0.05) lower than 80 Walk (group I).
Reprinted with permission of the publisher from the study by Horstman et al, (24).

TABLE 5. Differentiated ratings of perceived exertion (RPE) during predicted hard work*
for levet and grade walking at equivalent energy costs (M + SE).

0% Grade 10% Grade
Walking Speed (km/hr) 5.98 + 0.15 303 = 017
Energy Cost (kcal/hr) 399 + 111 417 =98
HR (bts/min) 109 = 41 1 = 41
Local Ratings of Perceived Exertion 93 = 06 90 + 07
Central Ratings of Perceived Exertion 87 * 04 86 x 06
Over-ai Ratings of Perceived Exertion 91 + 06 87 x07

* Predicted according to Givoni-Goldman equation.
No significant differences at P<<0.05 (N = 7). Reprinted with permission of the
publisher from the study by Pandolf et al. (40).

Figure 2 shows the Vo, and HR values for pre- and
post-eccentric training evaluations. In the pre-training ex-
periments, both Vo, and HR demonstrate a continuous
increase when all six subjects are included. Four of the
subjects were unable to continue the exercise longer than
30 min (pre-training). A period of 2-3 d of extreme muscle
soreness in the legs, beginning about 2 hr after these pre-
training experiments, occurred for all subjects. The 5-wk
training program resulted in a general decrease in both
Vo, and HR. Values were significantly (P<0.05) lower
for Vo, after 12 min and throughout the entire post-training
evaluation for HR. Following the training period, all six
subjects were easily able to complete a 43-min test bout
at the same intensity, and all were able to maintain a
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Figure 2—Mean values (+ SE) for oxygen uptake and heart rate both
pre- and post-training while performing eccentric exercise (asterisk
indicates significant differences at 0.05 level of confidence). Reprinted
with permission of publisher from Knuttgen et al. (29).

TABLE 6. Differentiated ratings of perceived exertion evaluated pre- and post-training
using eccentric muscle contractions (Mean + SE)*®.

Ratings of
Porceived Time
Exertion 10 min 25 min 40 min
PreTraining Local RPE 115 (+1.0) 142 (+08) 130 (£ 1.0)
Central RPE 8.5 (+0.8) 11.3 (£08) 120 (£00)} N =2
Overall RPE  10.7 (+09) 13.2 (+0.7) 125 (+05)

Post-Training Local RPE 9.3 (£09) 103 (+1.1) 108 (£12)
Central RPE 8.3 (£0.7) 92 (£07) 97 (%10
Overall RPE 8.8 (+0.8) 9.7 (+08) 100 (+10)

TME

10 min_25 min Local RPE Central RPE Overall RPE
pre 106 129 —P<001 )33 (P<0.05) 96 (P<0.05)—106
post 88 9.7 —P<001 cdgs = 08

1 1
P<0.01 P<0.01
cdo; = 0.8

*N="6 for each time period evaluation uniess otherwise designated. Pyblished previously
in part by Knuttgen et al. (29).

constant rhythm without any obvious use of accessory
musculature.

The average values for each of the differentiated RPE
evaluated both pre- and post-training are depicted in Table
6. Statistical analysis was conducted only for time periods
when the entire sample was complete. These findings il-
lustrated that all ratings, both pre- and post-training, in-
creased significantly (P<0.01) with time and that all rat-
ings, regardless of time, decreased significantly with
training. Local RPE was significantly (P<<0.05) higher
than central RPE; the overall RPE was significantly higher
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than the central RPE. These findings would lead one to
conclude that the local RPE appears to be the dominant
effort sensation for this type of exercise and also that this
particular rating seems to be reduced most dramatically
with eccentric muscular training.

Figure 3 illustrates the pattern of thermal responses
during eccentric exercise both pre- and post-training. All
of these responses have been implicated in previous pub-
lications as possible important cues in the setting of the
exertional perception (26,37,41). Because muscle and
esophageal temperatures did not differ with training while
the perceptual ratings did, the importance of these cues
in the effort sensations for this type of exercise can be
questioned. Mean skin temperature (T,) tended to increase
over the first 30 min of exercise both pre- and post-training.
Values were significantly (P<0.05) lower for the post-
training evaluation after 15 min with a difference in T,
of about 1.5°C. One might infer that this difference in
T, may be associated with differences in peripheral blood
volume or blood flow after training. The lower T, after
training may also be associated with the general reduction
of all the differentiated ratings after training but may
possibly be more closely related to the more dramatic
reduction observed in the local RPE.

The observations from the last four studies would lead
one to believe that local sensations from the exercising
muscles and joints dominate the sensory process. In fact,
Cafarelli et al. (9) investigated the relative magnitude of
local and central components in the perception of effort
and observed in no instance did central effort exceed local
effort during exercise. In their study, central effort ranged
in magnitude from 30-40% of local effort. However, very
recent findings by Young et al. (55) may alter somewhat
our understanding of the interrelationships between local
and central effort sensations during exercise.

These experiments by Young et al. (55) involved exercise
responses during altitude exposure. It is important to note
for these experiments that mean Vo,,,, was 27% lower
than sea level (SL) with both acute high altitude (AHA)
and chronic (CHA) high altitude exposure. The particular
findings presented concerned submaximal responses to an
exercise intensity of 85% VOpn,, for 30 min at SL and
during both AHA and CHA exposure. Although the relative
exercise intensities were the same, it should be remembered
that at SL the average exercise intensity was 189 W while
the intensity was significantly (P <0.05) lowered by about
50 W during both altitude exposures.
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DIFFERENTIATED RATINGS OF PERCEIVED EXERTION

Figure 4—Mean values (+ SE) for ventilatory equivalent for oxygen
(VE/Vo,) during exercise at sea level (SL) and during acute (AHA) and
chronic (CHA) exposure to high altitude. Reprinted with permission
of publisher from Young et al. (55).

12 — O ProExercise Resting Value

10:- %
LB
/L ';
ol
I

Figwre 5-—Mean blood lactate values (£ SE) at rest and after sub-
masximal exercise at sea level and high altitude. Reprinted with per-
mission of publisher from Young et al. (35).

RATING OF PERCEIVED EXERTION
RATING OF PERCEIVED EXERTION

FACTOR ALTITUDE

Figure 6—The effect of high altitude on local (L), central (C), and
overall (O) RPE (sea level = SL; acute high altitude = AHA; chronic
high altitude = CHA). Reprinted with permission of publisher from
Young et al. (55).

As illustrated in Figure 4, the VE/ V0, during acute and
chronic high altitude exercise was not different (P>0.05),
but each mean was significantly higher than at sea level.
There was a significant increase in VE/Vo, between min-
utes 5 and 15 of exercise with no additional change after
25 min. Thus, the increased VE/Vo, seen during exercise
at high altitude may be hypothesized as providing a dom-
inant sensation (central factor) perceived, perhaps, as in-
creased respiratory effort.

Somewhat in contrast, plasma lactate concentration
during AHA exercise increased to the same degree as at
SL, but after CHA exercise there was a significant (P <0.05)
reduction in the degree of change in lactate concentration
as depicted in Figure 5. From these findings, it may be
hypothesized that the sensations provided by the large
increase in blood lactate or local factor may have domi-
nated the overall perception of effort during SL. and AHA
exercise.

The effect of altitude on the differentiated RPE is shown
in Figure 6. During SL exercise, local RPE was significantly
{P<0.05) greater than central RPE but neither differed
significantly from the overall RPE. Although local RPE
values during AHA exercise were greater than central and
overall RPE, the differences were not significant. No sig-
nificant differences were found between any of the three
differentiated RPE during CHA exercise; however, central




RPE was the highest of the three ratings for most of the
subjects. The local RPE during SL exercise did not differ
from local RPE during AHA exercise but was significantly
reduced after CHA exercise. Neither central nor overall
RPE differed from corresponding SL values when exercise
was performed at altitude (AHA or CHA).

These data would appear to suggest an apparent rear-
rangement in the relative order of magnitude of these
three differentiated RPE. The very large reduction in the
amount of lactate accumulation seen during exercise after
CHA exposure may account for the reduced local RPE
values seen during CHA. On the other hand, the ventilatory
equivalent for oxygen (VE/V0,) was significantly higher
during both acute and chronic high altitude exercise com-
pared to SL and would scem to imply greater central
factor input at altitude. While VE/ Vo, was increased during
AHA exercise, local feelings from the large increase in
blood lactate may have dominated the overall perception
of effort. Without these local sensations during CHA ex-
ercise, the increased VE/ Vo, may have provided the dom-
inant effort sensations possibly perceived as increased res-
piratory or central effort. Young et al. concluded that “the
key to whether these and other central factors may be
sensed during exercise could involve the magnitude of the
difference in the response among the particular conditions”
(55, p. 228).

FUTURE DIRECTIONS FOR DIFFERENTIATED
RPE RESEARCH

Further research should be directed to evaluate system-
atically local and central factors and other possible sensory
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