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Abstract  
The purpose of the study is to examine the effect of aerobic 
exercise intensity on components of the differentiated perceived 
exertion model in young women performing weight bearing and 
non-weight bearing aerobic exercise. Subjects were 18-25 yr old 
women who were recreationally active (n = 19; VO2max = 33.40 
ml·kg-1·min-1) and trained (N = 22; VO2max = 43.3 ml·kg-1·min-1). 
Subjects underwent two graded exercise tests (GXT) on a 
treadmill and bike which were separated by 48 hours. RPE-
Overall, -Legs, and –Chest, as well as oxygen uptake (VO2) and 
heart rate were recorded each minute. Individual regression 
analyses were used to identify RPE-Overall,-Legs, and -Chest at 
40, 60, 80% VO2max/peak. Separate two factor (site (3) x intensity 
(3)) ANOVAs with repeated measures on site and intensity were 
computed for each training status. Furthermore, RPE responses 
were also examined with a one factor (site (3)) within subject 
ANOVA with repeated measure on site at the ventilatory break-
point. For both the recreationally active and trained groups no 
significant differences were observed for RPE-Overall, -Legs, 
and –Chest during treadmill exercise. However, for cycling 
exercise results indicated that RPE-Legs was significantly great-
er at all exercise intensities than RPE-Overall and RPE-Chest 
for trained subjects while for recreationally active subjects RPE-
Legs was only significantly higher at the highest exercise inten-
sity. Responses at the ventilatory breakpoint during cycle exer-
cise indicated that RPE-Legs was significantly greater than 
RPE-Chest and RPE-Overall for trained subjects but not for 
recreationally active subjects. Signal dominance was not ob-
served at an intensity equivalent to the ventilatory breakpoint 
during treadmill exercise in either of the groups. In recreation-
ally active and trained females signal dominance was demon-
strated only during cycling exercise, but not during treadmill 
exercise. Signal integration could not be demonstrated during 
cycling and treadmill exercise at various intensities. 
 
Key words: Aerobic exercise, physical exertion, oxygen con-
sumption, physical fitness. 

 
 
Introduction 
 
The perception of physical exertion is defined as the sub-
jective intensity of effort, strain, discomfort and/or fatigue 
that one feels during exercise (Robertson and Noble, 
1997). Ratings of perceived exertion (RPE) can be used to 
guide the time course of exercise testing (ACSM, 2000; 
2006), and also to prescribe exercise intensity for training 
sessions (Glass et al., 1992). RPE can be measured as 
overall body feelings of exertion (RPE-Overall), or differ-
entiated feelings reflecting respiratory and metabolic 
functions arising from the chest (RPE-Chest) and altera-
tions  in  energy  producing  and  contractile properties  of 

peripheral and skeletal muscle (RPE-Legs/RPE-arms).  
The Differentiated RPE Model holds that discrete 

perceptual signals are linked to specific underlying 
physiological events (Robertson and Noble, 1997; Weiser 
and Stamper, 1977). These perceptual signals are often 
anatomically regionalized to the active limbs, as well as to 
the chest. Differentiated peripheral signals are mediated 
by changes in skeletal muscle environment. Movement of 
muscles and joints provide a localized peripheral percep-
tual signal that can be measured as differentiated ratings 
for the legs (RPE-Legs) or arms (RPE-Arms). As devel-
oped tension in the active muscle groups increases so 
does the intensity of the peripheral signal (Allen and Pan-
dolf, 1977). Furthermore, higher exercise intensities in-
crease anaerobic energy demands and hence the produc-
tion of tissue lactate, which has been linked to the inten-
sity of peripheral signals of muscular effort (Allen and 
Pandolf, 1977).  

On the other hand, a rating for the chest/breathing 
(RPE-Chest) is a measure of respiratory/metabolic exer-
tional signals. These signals are linked to increased aero-
bic energy demands that occur with progressively greater 
exercise intensities. The strength of the respiratory-
metabolic signal is associated with exercise induced in-
creases in oxygen uptake, pulmonary ventilation, and 
respiratory rate with somewhat less input from chrono-
tropic heart rate response (Borg and Dahlstrom, 1962; 
Cafarelli, 1977; Edwards et al., 1972; Kamon et al., 
1974). 

One dimension of the Differentiated RPE Model 
considers whether the intensity of one type of perceptual 
signal (i.e. peripheral or respiratory/metabolic) is rela-
tively more intense than the other. When such a difference 
is detected it is termed perceptual signal dominance. The 
undifferentiated perceptual signal represents an integra-
tion of many differentiated perceptual signals and thus 
forms a rating for the overall body (Pandolf et al., 1975). 
This concept is termed perceptual signal integration. In 
addition, each differentiated signal is assumed to carry a 
specific intensity weighting with the most intense signal 
dominating the sensory integration process that forms the 
overall body RPE (Robertson and Noble, 1997). This 
concept is termed perceptual signal dominance. The 
model of signal integration predicts that RPE-Overall is a 
weighted average of RPE-Legs (or RPE-Arms) and RPE-
Chest. This integration likely takes place in the sensory 
cortex (Cafarelli, 1982; Robertson and Noble, 1997). 

Perceptual   signal   dominance  has  been   demon- 
strated in adults performing cycle ergometer (non-weight- 
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bearing) and treadmill (weight-bearing) exercise (Pandolf 
et al., 1975; Robertson et al., 1979a; 2004). These studies 
found that the differentiated RPE for the legs was consis-
tently more intense than the respiratory/metabolic signals 
arising from the chest. When examining these studies 
collectively, the findings for adult samples generally 
indicate that perceptual signal dominance is present at 
comparatively lower exercise intensities during non-
weight-bearing exercise modes but may be delayed in 
onset during weight-bearing exercise modes. The differ-
entiation threshold, or the exercise intensity at which one 
of the differentiated signals becomes more intense than 
the other, appears to occur at a lower aerobic metabolic 
rate during cycle ergometry than treadmill exercise. Dur-
ing cycle ergometry, the differentiated signal from the 
legs is typically more intense than that from either the 
chest or the overall signal, with the threshold becoming 
apparent at comparatively low exercise intensities (Pan-
dolf et al., 1975; Robertson et al., 1979a; Robertson et al., 
2004). However, for weight-bearing exercise, such as 
walking and running, the threshold  at which the differen-
tiated leg signal becomes dominant occurs at higher inten-
sities, a response that seems to be a function of body 
weight and walking/running speed (Robertson et al., 
1982). As an extension to these previous findings the 
present study examined whether training status, exercise 
mode, and exercise intensity plays a role in the signal 
dominance/integration process.  

The study’s rationale was that determining the in-
fluence of exercise intensity on the differentiated percep-
tions of exertion for recreationally active and trained 
subjects during non-weight bearing (cycle) and weight 
bearing (treadmill) exercise may increase the precision of 
exercise prescriptions.  Also, there are still many elements 
of the differentiated perceptual rating that are not well 
understood, especially with respect to the two component 
differentiated signal model, i.e. perceptual signal domi-
nance and mode of signal integration. Specifically, the 
effect of aerobic exercise intensities (low, moderate, high) 
in people of various physical fitness levels (recreationally 
active vs. trained) during different exercise modes (cycle 
vs. treadmill) has not been extensively examined as inter-
active variables within the context of the Differentiated 
RPE Model. Hence, the purpose of this study was to ex-
amine the effect of exercise intensity on differentiated 
RPE for the legs and chest during treadmill and cycling 
exercise in recreationally active and trained females. It 
was hypothesized that recreationally active females would 
have a higher RPE-Chest than RPE-Legs and RPE-
Overall during cycling and treadmill exercise. On the 
other hand, it was hypothesized that trained females 
would have higher RPE-Legs than RPE-Chest and RPE-
Overall.  
 
Methods 
 
Subjects 
Subjects for this investigation were aerobically trained (n 
= 22) and recreationally active (n = 19) 18 – 25 year-old 
females. Inclusion criteria for this study were based on 
gender, training status and aerobic fitness. Subjects for 
this investigation were college age females (18-25 years 

old), who were recruited from physical activity classes, 
and/or who exercised at the university’s fitness facilities. 
Participants were healthy, of normal body weight and 
were classified as either recreationally active or trained. 
Recreationally active was defined as participating less 
than or equal to twice a week in aerobic activity for a total 
of 80 minutes at moderate intensity (~5-6 METS) and 
having a maximal oxygen uptake (VO2max) that is classi-
fied at or below the average for age (≤ 35.2 ml·kg-1·min-1) 
(ACSM, 2006). Trained was defined as participating in 
aerobic activities at least five times a week for a minimum 
of 200 minutes at moderate (~5-6 METS) to high (~10-11 
METS) intensity and having a VO2max above the superior 
classification for age (≥ 44.2 ml·kg-1·min-1) (ACSM, 
2006). Participants with a body mass index (BMI) of ≥ 30 
kg·m-2 were excluded from the study. Also, participants 
with known cardiovascular or pulmonary disease were 
excluded.  
 
Experimental design 
This investigation employed a within subject cross-
sectional experimental design consisting of one load in-
cremented treadmill exercise trial and one load-
incremented cycle ergometer trial. Both load incremented 
trials were terminated at maximal/peak exercise intensity. 
The exercise trials were presented in counterbalanced 
order and separated by a minimum of 48h and maximum 
of 72h. Prior to the first exercise trial training status was 
determined by a questionnaire and body weight (kg) and 
height (cm) were measured. Each exercise trial began 
with an orientation phase, i.e. 15 minutes. The orientation 
included: (a) a definition of perceived exertion, (b) OMNI 
Perceived Exertion Scale anchoring procedures, and (c) 
OMNI Scale instructions. Each of these orientation pro-
cedures used the OMNI Scale pictorial format that was 
consistent with the mode to be used in the exercise trial 
for that day. That is, the OMNI Cycle Scale was used in 
the cycle test orientation and the OMNI Walk/Run Scale 
was used in the treadmill orientation. 
 
Ratings of Perceived Exertion 
Ratings of perceived exertion were measured during the 
treadmill protocol using the walk/run format of the Adult 
OMNI Scale and during the cycle protocol using the cy-
cling format of the Adult OMNI Scale. Perceptual ratings 
were obtained from 40-60 seconds of each exercise min-
ute during both protocols. An undifferentiated rating for 
the overall body (RPE-Overall), and differentiated ratings 
for peripheral perceptions of exertion in the legs (RPE-
Legs) and respiratory-metabolic perceptions for the 
chest/breathing (RPE-Chest) were obtained. A standard 
definition of perceived exertion and an instructional set 
for the mode specific OMNI Scale were read to subjects 
immediately before each exercise protocol. Either the 
walk/run or cycle format of the OMNI Scale was viewed 
by subjects when their respective instructional set was 
read. Both scales were anchored using a combination 
exercise and memory procedures.  

Participants were counterbalanced and asked at the 
end of each minute (40-60 seconds) of the exercise proto-
col to give three ratings of perceived exertion by pointing 
to the appropriate numbers on the scale, i.e. a rating for 
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their overall body, for their legs, and for their chest and 
breathing. A pointing procedure was used as the respira-
tory valve/mouthpiece prevented a verbal response. The 
OMNI Scale was placed in full view of the subjects dur-
ing the entire exercise trial.  
 
Exercise trials 
Anthropometric measures 
Body mass (kg) and height (cm) were determined at the 
beginning of the first trial using a Detecto-Medic Scale 
and attached stadiometer (Detecto Scales Inc., Brooklyn, 
NY) and were also used to calculate BMI. Percent body 
fat was determined by bioelectrical impedance analysis 
(BIA) (TBF-300A, Tanita, Arlington Heights, IL) using 
the standard mode. These data were used to describe the 
subject cohort. 
 
Cardiorespiratory and aerobic metabolic measures 
Oxygen uptake (VO2, L·min-1 and ml·kg-1·min-1), carbon 
dioxide production (VCO2 L·min-1, ml·kg-1·min-1) and 
pulmonary ventilation (VE L·min-1) during each trial were 
measured using an open-circuit respiratory metabolic 
system (TrueMax 2400, Parvo Medics, Salt Lake City, 
UT). Measures were determined every 15 seconds and 
expressed as STPD. System calibration was undertaken 
before each trial. A standard respiratory valve (Model 
2700; Hans Rudolph, Kansas City, MO) and mouthpiece 
were used for all respiratory-metabolic measurements. 
Heart rate (HR) was measured using a Polar Monitor 
System (Polar Electro Inc., Woodbury, NY). Maximal/ 
oxygen uptake was taken as the highest value recorded 
during the final stage of the exercise protocols when: 

• There was a change of ≤ 2.1 ml·kg-1·min-1 or ≤ 150 
ml·min-1 in VO2 between contiguous stages at maximal 
exercise intensity.  
• Attainment of ± 5 beats·min-1 of the age-predicted 
maximal/peak heart rate. 
• Respiratory exchange ratio (RER) ≥ 1.1.  

 
Any one or combination of the above criteria was 

accepted as confirmation of attainment of VO2max. 
The ventilatory breakpoint (Vpt) was determined as 

published by Mahon et al. (1998) for both the treadmill 
and cycle ergometer exercise tests using respiratory-gas 
exchange measurements obtained every 15 seconds.. The 
Vpt was determined from individual plots for each subject 
and was expressed in both absolute (L·min-1 and ml·kg-

1·min-1) and relative (%VO2max) units.  
 
Testing protocols 
An orientation to the OMNI RPE Scales and testing pro-
cedures was presented prior to the exercise protocols. 
Immediately prior to the exercise tests the investigator 
read a standard set of scaling instructions to the subject. 
These included the definition of perceived exertion, scale 
anchors and procedures to use the OMNI Cycle 
Scale/OMNI Walk/Run Scale respectively. The cycle 
ergometer exercise test was administered using a Monark 
cycle ergometer (Model 864, Sweden) equipped with toe 
clips and a plate-loading system to apply break force. Seat 
height was determined before the start of the trial by ad-
justing the seat so that the subject had 5° knee flexion 

when sitting on the cycle with the foot in its lowest posi-
tion. The load-incremented cycle protocol consisted of 3 
minute exercise stages, with an initial resistance of 25 
Watts. Resistance was incremented 25 Watts every 3 
minutes. Subjects were instructed to maintain a constant 
cadence of 50 rev/min signaled by an electronic metro-
nome. The resistance was set by the investigator at the 
beginning of each stage, the absolute value not known to 
the subject. The test was terminated when the subject 
volitionally stopped owing to fatigue, or the investigator 
determined that the subject could not maintain the desig-
nated pedal rate for 10 consecutive seconds.  

The treadmill exercise test was performed on a 
Trackmaster treadmill, model TMX 425C (FullVision Inc, 
Newton, KS). A modified Bruce protocol, with 3 minute 
exercise stages was employed. The treadmill speed/grade 
control system were preprogrammed for the modified 
Bruce protocol, and interfaced with the respiratory-
metabolic unit for automatic stage-by-stage adjustments.  

For both exercise tests measurement order for 
RPE-Overall, RPE-Legs, and RPE-Chest was established 
by a counterbalance sequence. A restricted randomized 
procedure was used to assign subjects to the counterbal-
ance sequence. For a given subject the same measurement 
order was used for each exercise minute. Subjects fol-
lowed a different counterbalance sequence than was em-
ployed in the alternate exercise mode. RPE-Overall, RPE-
Legs, and RPE-Chest were measured during the last 20 
seconds of each exercise minute. VO2, VCO2, and VE 
were measured in 15 second intervals during each minute. 
HR was measured during the last 15 seconds of each 
exercise minute. The %VO2max was calculated for each 
minute using the average VO2 for the last 30 seconds of 
each minute. The highest measured HR was accepted as 
the maximal HR. Verbal encouragement (good job, keep 
it up) was given each minute throughout the trial by the 
investigator. 

 
Data analysis 
Sample size was determined by power analysis. Descrip-
tive data for perceptual and physiological variables were 
calculated as mean ± standard deviation. A regression 
analysis was used to identify RPE-Overall, -Legs, and –
Chest equivalent to 40, 60, and 80% VO2max/peak. Separate 
regression analyses were calculated for individual sub-
jects. For the first research purpose separate calculations 
were performed for cycling and treadmill exercise. The 
derived RPE data (sites:-Overall, -Legs, -Chest) were 
examined with a two factor (site (3) x intensity (3)) 
ANOVA with repeated measures on site and intensity. 
Separate ANOVAs were calculated for each training 
status. Level of significance was set at p < 0.05. Signifi-
cant interactions were plotted and any significant main 
effects were examined with a Bonferroni post-hoc analy-
sis.  

For the second research purpose, separate calcula-
tions were performed for cycling and treadmill exercise. 
RPE (-Overall, -Legs, -Chest) measured at the ventilatory 
breakpoint were examined with a one factor (site (3)) 
within subject ANOVA with repeated measure on site. 
Separate analyses were conducted for each exercise mode. 
Level of significance was set at p < 0.05. Significant main  
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Table 1. RPE responses for recreationally active and trained subjects during cycling exercise. 
Data are means (±SD). 

%VO2max Training Status RPE-Overall RPE-Legs RPE-Chest 
40 Recreationally 1.59 (1.41) 1.47 (1.30) 1.97 (1.59) 
60 active 4.42 (1.87) 4.75 (1.68) 4.54 (1.94) 
80  7.38 (2.06) 8.11 (1.58) 7.33 (2.29) 
40  1.53 (1.20) 1.72 (1.36) 1.59 (1.17) 
60 Trained 4.34 (1.42) 4.65 (1.61) 4.34 (1.43) 
80  7.33 (1.37) 7.77 (1.57) 7.29 (1.40) 

                                     RPE: Rating of perceived exertion (OMNI-Cycle Scale). 
 

effects were examined with a Bonferroni post-hoc analy-
sis. 

 
Results  
 
There was no significant difference between groups re-
garding age, height, weight, BMI and percent body fat. 
VO2max were lower (p < 0.05) for the recreationally active 
as compared to the trained group.  
 
RPE responses 
 
Cycle exercise 
The mean (± SD) for RPE responses of the recreationally 
active and trained subjects are presented in Table 1. The 
interaction effect for site x intensity was significant (F(1.5, 

27.8) = 10.56, p = 0.001). Simple effects post-hoc analysis 
indicated that for recreationally active subjects, RPE-Legs 
was significantly higher than RPE-Overall and RPE-Chest 
at 80% of VO2max, while RPE-Overall and RPE-Chest 
were similar to each other (Table 1). There was no differ-
ence between RPE-Overall, -Legs, and -Chest at 40 and 
60% of VO2max during cycling exercise. There was also a 
main effect of intensity (F (1.23, 22.13) = 522, p < 0.01) on 
RPE for recreationally active subjects during cylcing. 
Because the interaction was ordinal the main effect for 
intensity can also be interpreted. The main effect for in-
tensity indicated that when averaged over site, RPE in-
creased from 40% (RPE = 1.67) to 60% (RPE = 4.57) to 
80% (RPE = 7.61) VO2max, meaning that subjects reported 
higher RPEs as intensity increased. 

For trained subjects performing cycle exercise the 
interaction effect for site x intensity was significant (F(2.19, 

43.83) = 11.65, p < 0.01).  Simple effects post-hoc analysis 
indicated that for trained subjects, RPE-Legs was signifi-
cantly higher than RPE-Overall and RPE-Chest, while 
RPE-Overall and -Chest were similar to each other at all 
three intensities (Table 1).  

There were also significant main effects of site and 
intensity on RPE (F(1.50, 30.15) = 1009, p < 0.01) for trained 
subjects. Post-hoc comparisons for intensity indicated that 
when averaged over site, RPE increased from 40% (RPE  
= 1.61) to 60% (RPE = 4.44) to 80% (RPE = 7.46) 

VO2max. The main effect for site indicated that RPE-Legs 
was significantly higher than RPE-Overall and RPE-Chest 
for all intensities in trained subjects during cycling exer-
cise.  

 
Treadmill exercise 
No site x intensity interaction effect on RPE was found 
for recreationally active subjects during treadmill exer-
cise. The main effect for measurement site was not sig-
nificant while the main effect for intensity was significant 
(F(1.10, 19.87 ) = 280, p < 0.01). Post-hoc comparisons for 
intensity indicated that when averaged over site (i.e. 
Overall, Legs, Chest), RPE increased from 40% (RPE = 
1.58) to 60% (RPE = 3.92) to 80% (RPE = 6.57) VO2max.  

No site x intensity interaction effect on RPE was 
found for trained subjects during treadmill exercise. The 
main effect for measurement site was not significant 
while the main effect for intensity was significant (F(1.30, 

27.39) = 440, p < 0.01). Post-hoc comparisons for intensity 
indicated that when averaged over site (i.e. Overall, Legs, 
Chest), RPE increased from 40% (RPE = 1.21) to 60% 
(RPE = 3.85) to 80% (RPE = 6.74) VO2max. 
 
Ventilatory breakpoint 
The main effect of site for RPE measured at the ventila-
tory breakpoint was not significant for the recreationally 
active subjects during cycling exercise. This finding indi-
cates that at a cycle intensity equivalent to the ventilatory 
breakpoint, recreationally active subjects did not report a 
dominant RPE. However, a significant main effect for site 
was reported for the trained subjects (F(1.57, 31.35) = 12.13, p 
< 0.01). Post-hoc comparisons indicated that at the venti-
latory breakpoint trained subjects reported significantly 
higher RPE-Legs than RPE-Overall and RPE-Chest dur-
ing cycle exercise. This finding is also depicted in Table 
2. 

There was no main effect of site on RPE at the 
ventilatory breakpoint for either activity group during 
treadmill exercise. These results indicate that neither 
recreationally active nor trained subjects experienced a 
dominant signal at the ventilatory breakpoint during 
treadmill exercise (Table 2). 

 
Table 2. RPE at the ventilatory breakpoint during cycle and treadmill exercise for recreationally active and 
trained subjects. Data are means (±SD). 

Exercise Mode Training Status RPE-Overall RPE-Legs RPE-Chest 
Cycle Recreationally Active 4.93 ± 2.73 5.52 ± 2.72 5.13 ± 2.74 
 Trained 5.13 ± 2.42 5.51 ± 2.60 5.15 ± 2.41 
Treadmill Recreationally Active 4.68 ± 1.52 4.46 ± 1.62 4.78 ± 1.56 
 Trained 4.51 ± 1.78 4.50 ± 1.89 4.71 ± 1.66 
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Discussion 
 

Signal dominance 
The findings of this investigation indicated that during 
cycle exercise a dominant perceptual signal was evident 
for recreationally active women at a high relative exercise 
intensity (i.e. 80% VO2max), while trained women experi-
enced a dominant perceptual signal at low through high 
relative exercise intensities (40 to 80% VO2 peak). RPE-
Legs was significantly higher than RPE-Overall and -
Chest for trained subjects at all cycle exercise intensities. 
RPE-Legs appeared as the dominant signal for recreation-
ally active subjects only during exercise at the 
80%VO2max intensity.  Previous studies concluded that the 
peripheral differentiated signal likely dominates the whole 
body sensory integration process during aerobic exercise 
on a cycle ergometer. 

In contrast, perceptual signal dominance could not 
be established during treadmill exercise for recreationally 
active and trained women. At any exercise intensity, RPE-
Overall, -Legs and –Chest did not differ significantly. 
Furthermore, it was not possible to determine if RPE-
Overall appeared to be an average of the differentiated 
signals arising from the legs and chest. 

For treadmill exercise at low, moderate, and high 
intensity the present results showed no difference between 
differentiated and undifferentiated RPE for recreationally 
active as well as trained subjects. This finding is in 
agreement with results previously reported by Seip and 
colleagues (Seip et al., 1991) as well as Rutkowski and 
colleagues (Rutkowski et al., 2004). On the other hand, 
they are somewhat in  contrast to findings observed by 
Robertson and colleagues (1982) who demonstrated that 
in adults the onset of a dominant perceptual signal is 
keyed to a specific locomotor speed. However, even in 
Robertson’s et al. (1982) study, subjects did not evidence 
a dominant perceptual signal at speeds less than 4 min·h-1. 
Since none of the subjects reached walking speeds above 
4 min·h-1 the present findings are at least partially in 
agreement with Robertson and colleagues’ study. 

Similar responses to those noted above were found 
for perceptual signal dominance at the ventilatory break-
point during cycle ergometer and treadmill exercise. Nei-
ther respiratory-metabolic nor peripheral ratings of per-
ceived exertion appeared to dominate the overall body 
sensory integration process at exercise intensities equiva-
lent to the ventilatory breakpoint for recreationally active 
and trained subjects during treadmill exercise. Only the 
trained subjects experienced dominant perceptual signals 
from the legs during cycle ergometry at an intensity 
equivalent to the ventilatory breakpoint. 
 
Mode of signal integration 
During cycle exercise it was not possible to determine if 
RPE-Overall appeared as an average of the differentiated 
signals arising from the legs and chest. While the differ-
ence in RPE was statistically significant at all cycle exer-
cise intensities for trained subjects and at the high exer-
cise intensity for the recreationally active subjects, the 
absolute value of the difference was very small. As such, 
it appears that RPE-Legs and –Chest contributed equally 

to the formation of RPE-Overall during cycling exercise 
in recreationally active and trained women. 

 However, for treadmill exercise the differentiated 
ratings did not differ from the undifferentiated rating for 
recreationally active and trained subjects at any of the 
exercise intensities and it appeared that RPE-Legs and –
Chest contributed equally to the formation of RPE-
Overall. 

Similar responses to those noted above were found 
for mode of integration at the ventilatory breakpoint dur-
ing cycle ergometer and treadmill exercise. Only the 
trained subjects experienced dominant perceptual signals 
from the legs during cycle ergometry at an intensity 
equivalent to the ventilatory breakpoint. This response 
provided evidence for perceptual signal integration at an 
intensity equivalent to the ventilatory breakpoint. Since a 
difference between the differentiated and undifferentiated 
ratings was not observed, RPE-Legs and –Chest contrib-
uted equally to the formation of RPE-Overall. The litera-
ture shows equivocal findings regarding perceptual signal 
dominance and integration at the ventilatory breakpoint 
and thus more research in this area is needed (Demello et 
al., 1987; Robertson et al., 2000).  

The findings of the present study for cycling exer-
cise, support previous reports (Robertson et al., 1982; 
2000; 2001) that examined the two components of the 
differentiated perceived exertion model (e.g. signal domi-
nance and mode of integration). However, since in the 
present study both differentiated signals were similar they 
may have had equal input into the sensory integration 
process during cycle exercise. 

For treadmill exercise at low, moderate, and high 
intensity the present results showed no difference between 
differentiated and undifferentiated RPE for recreationally 
active as well as trained subjects. Because the differenti-
ated RPE for the legs and chest did not differ it appeared 
that RPE-Legs and –Chest contributed equally to the 
formation of RPE-Overall and thus the whole-body sen-
sory integration process.  
 
Weight-bearing and non-weight-bearing exercise 
Non-weight-bearing and weight-bearing exercise modes 
were examined as separate elements of the experimental 
paradigm. This was done to explore the possibility that 
the differentiated perceived exertion model would be 
expressed differently depending on the weight bearing 
properties of the exercise testing mode. It was anticipated 
that the different modes would require different skeletal 
muscle recruitment patterns, producing mode specific 
dominant RPE signals. It can be concluded from the pre-
sent findings that the weight-bearing properties of exer-
cise mode did not have an effect on signal dominance and 
integration at relative exercise intensities ranging from 40 
to 80% VO2max in recreationally active and trained indi-
viduals. Although, it was thought that non-weight-bearing 
and weight-bearing exercise would elicit muscle specific 
physiological events leading to differences between the 
differentiated RPEs this only seemed to be the case for 
cycling exercise in this study. Thus, the expectation that 
perceptual signal dominance would be present at com-
paratively lower exercise intensities during non-weight-
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bearing exercise, such as cycling, and have a delayed 
onset during weight-bearing exercise (Pandolf et al., 
1975; Robertson et al., 1979b; Robertson et al., 2004) was 
only partially supported. 

In light of current findings, future investigations 
regarding perceptual signal dominance and integration 
should examine the potential impact of gender difference, 
aging, a range of running speeds, weight-bearing vs. non-
weight bearing exercise modes, and constant load vs. 
continuous and intermittent exercise protocols. 

  
Conclusion 
 
Overall, these results demonstrate that RPE is a valid tool 
to track relative exercise intensity and that it can be ap-
plied as differentiated or undifferentiated responses re-
gardless of training status. Furthermore, it appears that 
both RPE-Chest and RPE-Legs mediate RPE-Overall 
equally during cycling and treadmill exercise. 
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Key points 
 
• RPE is a valid tool to track relative exercise inten-

sity and can be applied as differentiated and undif-
ferentiated responses regardless of training status. 

• RPE-Legs dominated the signal response in trained 
women during cycling exercise. 

• RPE-Legs, -Chest, and –Overall did not differ sig-
nificantly in trained and recreationally active women 
during treadmill exercise.  

• RPE-Legs and –Chest contribute equally to the for-
mation of RPE-Overall during cycling and treadmill 
exercise. 
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