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Abstract The purpose of this study was to examine the 
validity of the use of ratings of perceived exertion 
(RPE) to estimate and regulate exercise intensity during 
rowing ergometry. Nine competitive male rowers 
[mean age 28.6 years, (SD 6.3)] completed two rowing 
trials on an ergometer. The first trial (estimation) con- 
sisted of an incremental protocol designed to elicit 
a range of work outputs (WO) and heart rates (HR). 
The subjects indicated their perception of effort using 
a 15-point scale at each intensity level. In the second 
trial (production), 7-14 days later, the subjects were 
asked to produce exercise intensities corresponding to 
five levels of RPE: 15, 11, 17, 13, and 19. Data analysis 
revealed high Pearson correlation coefficients between 
HR and RPE (r = 0.95, P < 0.01) and WO and RPE 
(r = 0.96, P < 0.01) during the estimation trial. In addi- 
tion, significant correlations (P < 0.01) were obtained 
between the estimation and production trials for HR 
(r = 0.82) and WO (r = 0.84). Posthoc analysis of vari- 
ance revealed that the observed differences in mean HR 
were not significant (P > 0.05) at three of the five inten- 
sity levels (RPE 15, 17 and 19), but were at the two 
lowest RPE levels (11 and 13). Significant mean differ- 
ences in WO were seen at all but RPE 17. These data 
support the validity of the RPE scale as a measure of 
physiological strain among competitive male rowers, 
and offer support for its use as a method of regulating 
the intensity of rowing ergometry, especially at higher 
levels. 
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Introduction 

Ratings of perceived exertion (RPE) are a means of 
quantifying subjective, self-reported estimates of effort 
expended, with numerous scales having been devised 
for this purpose. Carton and Rhodes (1985) have stated 
that Borg (1962) was the first to study the perception of 
effort during aerobic exercise employing large muscle 
masses. Borg devised a 21-point category rating scale 
with verbal expressions describing the different numer- 
ical ratings of exertion. The scale was based upon 
a positive correlation between perceived exertion and 
heart rate, with correlation coefficients of 0.80 to 0.90 
being reported. In an attempt to increase the linearity 
between the perceptual ratings, heart rate and exercise 
intensity, Borg later devised a 15-point scale (Borg 
1970) which has since become by far the most fre- 
quently used rating scale for adults (Watt and Grove 
1993). Borg (1982) has written that many studies since 
have obtained correlations of ratings and heart rates 
within the same range (0.8~0.90) with this scale. More 
specifically these strong linear relationships have been 
reported for the exercise modalities of cycle ergometry 
(Skinner et al. 1973; Morgan and Borg 1976), arm 
ergometry (Borg et al. 1987), walking and running 
(Robertson 1982). 

RPE has been used primarily to estimate the percep- 
tion of exertion during physical work, for example 
during tests of aerobic capacity. This use of RPE is 
consequently termed estimation. Until recently, a less 
common use of RPE has been the production of exercise 
intensities by individuals who have been prescribed 
exercise at intensity levels specified as RPE values, 
i.e. for exercise intensity regulation. An early 
study validating this application of RPE during tread- 
mill exercise has been carried out by Smutok 
et al. (1980). This has been reinforced by the findings 
of Chow and Wilmore (1984), Eston et al. (1987) and 
Dunbar et al. (1994). More recently this validity has 
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been extended to include cycle ergometer exercise 
(Dunbar et al. 1992). 

Although Harrison and Howe (1992) have investi- 
gated the accuracy of oarsmen rowing at what they 
perceived to be anaerobic threshold, to the authors' 
knowledge no reports have been published concerning 
the application of Borg's RPE scale to rowing exercise. 
Rowing consists of a strong simultaneous contraction 
of both the upper and lower body musculature fol- 
lowed by a relatively longer relaxation phase, making 
rowing a unique kind of exercise to study in this con- 
text. It is therefore the purpose of this study to examine 
the validity of using RPE to estimate and regulate 
exercise intensity during rowing ergometry. 

Methods 

Subjects 

Nine competitive male rowers agreed to participate in this study, all 
of whom were members of a club squad in active training (8-10 
sessions per week). Rowing experience of the subjects ranged from 
9 months to 9 years. The mean age of the subjects was 28.6 years (SD 
6.3), height 187.3 cm (SD 6.8) and body mass 82.3 kg (SD 5.6). 
Informed written consent was obtained from each subject prior to 
testing. The study was reviewed by the Chester College Ethics 
Committee and approval granted. 

each time. During the last 15 s of each stage the subject's RPE, final 
heart rate and mean power output over that stage were recorded. 
A short interval (10-15 s) between stages was necessary, while the 
ergometer monitor readings were reset and the subject instructed as to 
the next power output to be achieved. The subjects completed be- 
tween seven and nine stages before their voluntary maxima were 
reached. During the trial the subjects could not see the monitor 
displaying their heart rates, but power outputs were visible to enable 
the subjects to maintain the required intensity levels. 1 However, as 
rowers generally regulate their training on the basis of time per 500 m, 
these power outputs conveyed only limited meaning to the subjects. 

Trial 2 production 

The subjects completed a 5-min warm-up at a similar intensity to the 
warm-up period in trial 1. Each subject was then asked to produce 
exercise intensities at specified RPE levels, for 3 rain at each inten- 
sity. The RPE levels were presented in an irregular order: RPE 
15, 11, 17, 13 and 19. This order was chosen to test the sensitivity of 
the subjects' perceptions of exertion by markedly increasing or 
decreasing the effort required for each stage. Final heart rate and 
mean power output were recorded during the last 15 s of each 
exercise period. A short interval (30 s) between stages was necessary, 
while the ergometer monitor readings were noted, then reset, and the 
subject instructed as to the next RPE to be achieved. The subjects 
were again unable to see the monitor displaying the heart rate. For 
this trial the ergometer readings (other than elapsed time) were also 
hidden from the subjects by means of opaque tape, which was 
removed at the end of each 3-min exercise period to allow readings 
to be recorded by the experimenter. 

Experimental design 

Each subject performed two rowing ergometer trials, the second trial 
being 7-14 days after the first. Both trials were conducted in a rowing 
club boathouse, a typical training environment for rowing ergometry. 

Equipment 

The trials were performed on two wind resistance braked Concept II 
model B rowing ergometers (Concept II, Morrisville, USA). All the 
subjects had previously trained regularly on this type of ergometer. 
The vents were shut and the larger of the two cogs was used, i.e. the 
easiest gearing. The monitor was set to display power output in 
watts. Heart rates were monitored by telemetry using Polar 'Edge' 
heart rate monitors (Polar Electro, Oy, Finland). Instructions on 
Borg's 15-point RPE scale, read by the subjects before each trial, 
were taken from Borg (1985). A copy of this scale was kept in full 
view of the subjects during each trial. 

Trial 1 - estimation 

The subjects completed a 5-min warm-up period on the rowing 
ergometer, at an intensity which elicited a heart rate of approxim- 
ately 110 beats" min-  1. The subjects were able to see their heart rate 
readings on the monitor during this time and adjust their effort 
accordingly. This warm-up period enabled a baseline power output 
for each individual to be recorded, the first stage of the trial proper 
being at this baseline power output. This enabled the number of 
increments performed during the trial to be similar for all the 
subjects. Thereafter, the subjects completed a progressive incremen- 
tal protocol to a voluntary maximum. Each stage lasted for 3 min, 
with the power output requested of the subjects increasing by 40 W 

Statistical analysis 

To compare the heart rates and power outputs elicited in the 
estimation trial with those obtained in the production trial, indi- 
vidual regression equations for heart rate and power output were 
first obtained from the data collected in the estimation trial. Using 
these equations each subject's heart rate and power output values at 
RPE 11,13, 15, 17 and 19 during the estimation trial were calculated. 
This was necessary as the subjects may not necessarily have rated 
their perception of exertion at all of these levels during the estima- 
tion trial. Repeated measures analysis of variance using the 
MANOVA procedure in SPSS for Windows (1993) was used to test 
for differences in the dependent variables (heart rate and power 
output) between the estimation and production trials. Further anal- 
ysis, in the form of Tukey post-hoc tests, determined at which RPE 
levels significant differences occurred. Pearson product moment 
correlation coefficients were computed between RPE/heart rate and 
RPE/power output for both trials, also for heart rate and power 
output values between the estimation and production trials. These 
correlation coefficients reflected the simultaneous analysis of all the 
subjects' data during all exercise intensities. A probability of 
P < 0.05 was considered to be significant. 

Results 

Relationship of RPE to exercise intensity variables 

During the estimation trial the subjects exercised with- 
in a wide range of intensities, with mean heart rates 

1 Power outputs on the Concept II rowing ergometer cannot be fixed 
by the experimenter, as with a treadmill, but are subject-controlled. 



Table 1 Correlation coefficients between ratings of perceived exer- 
tion (RPE) and dependent variables in both trials 

Estimation trial Production trial 

RPE/Heart rate 0.95* 0.75* 
RPE/Power output 0.96* 0.87* 

* P < 0.01 
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* Indicates a non-significant difference between the estimation and production trials 

Fig. 1 Histogram depicting mean heart rates (beats' min-  1) at spe- 
cific ratings of perceived exertion (RPE) levels during the estimation 
and production trials 
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Table 2 Actual and percentage differences in heart rate and power 
output between trials (T). RPE Ratings of perceived exertion 

Heart rate Power output 

RPE T2 - T I  T2 - T 1  T2 - T 1  T2 - T 1  
(beats.rain-i) (% difference) (watts) (% difference) 

11 11.2 7.95 36.8 24.44 
13 17.5 11.39 35.0 17.78 
15 3.2* 1.92" 52.2 21.47 
17 0.4* 0.22* 24.5* 8.47* 
19 - 5.7* 2.96* 49.8 14.83 

* Non-significant difference (P > 0.05) 

F(4, 89) = 99.8, P < 0.01. Interaction effects (trials x 
RPE levels) were significant for heart rate: F(4, 89) 
= 5.2, P < 0.01, reflecting the discrepancies at RPE 11 

and 13, but not for power output. However, Tukey 
post-hoc analysis revealed no significant differences 
(P > 0.05) for heart rate at RPE 15, 17 and 19 or for 
power output at RPE 17 (Figs. 1, 2, Table 2). 

Significant (P < 0.01) correlation coefficients were 
obtained between the estimation and production trials 
for heart rate (r = 0.82) and power output (r = 0.84). 
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* Indicates a non-significant difference between estimation and production trials 

Fig. 2 Histogram depicting mean power outputs (watts) at specific 
ratings of perceived exertion (RPE) levels during the estimation and 
production trials 

ranging between 116.3 beats 'min -1 (SEM 6.9) at the 
initial low exercise intensity and 186.Tbeats'min -1 
(SEM 8.0) at the highest. The corresponding mean RPE 
scores were 7.6 (SEM 0.9) and 18.9 (SEM 0.3). Signifi- 
cant linear associations were observed between 
RPE/heart rate and RPE/power output for both trials, 
but particularly for the estimation trial (Table 1). 

Accuracy of exercise intensity production 

Analysis of heart rate variance revealed significant 
main effects for trials: F(1, 89)= 8.9, P < 0.01; and 
RPE levels, F(4, 89) = 67.8, P < 0.01. Similarly, main 
effects relating to power output were found for trials, 
F(1,89) = 35.3, P < 0.01; and for RPE levels, 

Discussion 

The present study highlighted the existence of a strong 
positive relationship between exercise intensity and 
RPE during rowing exercise, when the intensity was 
measured either in terms of heart rate or power output, 
during both estimation and production tasks. The high 
correlation between RPE and heart rate during the 
estimation trial (r = 0.95) exceeded those reported for 
cycle ergometry (r = 0.77 to r = 0.90) by numerous 
authors (Arstilla et al. 1974; Bar-Or et al. 1972; Borg 
1962; Edwards et al. 1972; Skinner et al. 1969) and for 
treadmill exercise (r = 0.80), by Bar-Or. This was prob- 
ably due to the present subjects being part of an athletic 
population, who were perhaps more accustomed to 
perceiving the signals of exertion than less active popu- 
lations. Support for this is provided by Turkulin et al. 
(1977), who have found RPE and heart rate to be more 
highly correlated in sportsmen (r = 0.692) than un- 
trained men (r = 0.589) during cycling exercise. 

As can be seen from Fig. 3, the RPE values obtained 
in the estimation trial do not correspond to the one- 
tenth relationship with heart rate reported by Borg 
(1970), heart rates at specific RPE values being consid- 
erably higher than this. For example, an RPE of 12 
elicited an average heart rate of 146 beats, min-  1, and 
at an average heart rate of 172 beats, rain-1 the RPE 
was 16. This was to be expected as the subjects in this 
study were much younger than the middle-aged people 
Borg referred to, and it has been shown that heart rate 
at a given RPE is higher in young adults than in 
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Fig. 3 Scatter plot showing the correlation between ratings of per- 
ceived exertion (RPE) and heart rate during the estimation trial 

middle-aged men (Borg and Linderholm 1967). It has 
also been reported that athletes have a greater tendency 
to reduce perceptual ratings than less active individuals 
(Carton and Rhodes 1985). 

The rationale underlying the second objective of this 
study was to investigate the accuracy with which com- 
petitive rowers can regulate rowing exercise intensity 
using RPE, in a manner analogous to the use of target 
heart rates. The results would suggest that RPE could 
be used by competitive rowers to regulate rowing exer- 
cise at heart rates equivalent to RPE 15 and above. 
Smutok et al. (1980) have found that the use of RPE to 
regulate treadmill exercise intensity was effective at 
heart rates of 150 beats, min-1 for healthy male sub- 
jects (n = 10). The subjects in the present study were 
relatively inaccurate in regulating exercise intensity at 
RPE 13, when the mean heart rate was 153.6 be- 
ats. min 1 (81% peak heart rate), the mean heart rate 
being 17.5 beats' min-  1 higher in the production trial. 
This could possibly have been due to the lack of recov- 
ery between the RPE 17 and RPE 13 stages in the 
production trial, the subjects' heart rates still being at 
an elevated level from the higher intensity. As all the 
subjects' heart rates were higher at RPE 13 in the 
production trial compared to the estimation trial, but 
at all other RPE levels some heart rates were lower in 
the production trial, this would seem to support our 
reasoning. 

The difference in group mean heart rates between 
trials ranged from 0.2% at RPE 17 to 11.4% at RPE 13 
(see Table 2). These effort production errors are, on the 
whole, smaller than those of approximately 10%-15%, 
reported by Dishman (1994), for cycling and treadmill 
exercise. 

Comparing the power outputs obtained during the 
two trials, only at RPE 17 were the rowers accurate in 
reproducing power output in the production trial. 
Given the near linear relationship of heart rate to 
exercise intensity, we may have expected the accuracy 
of intensity regulation in terms of power output to be 
similar to that of heart rate, (i.e. non-significant 
differences between trials at RPE levels 13, 15 and 17). 
The relative inaccuracy when exercise intensity was 

measured as power output might be explained as fol- 
lows. In the production trial the power output recorded 
was the mean power output over the 3rain interval. 
However, the heart rate recorded was the obtained by 
the end of the interval, so that a steady-state heart rate 
could be reached. As the power output was subject- 
controlled, and could therefore vary during the course 
of each effort production interval, it is possible that the 
subjects overestimated the effort required at the start of 
each interval, reducing their effort during the latter 
minutes. Although the higher heart rates resulting from 
this early overexertion may have reduced by the end of 
the interval, as the power output recorded was a mean 
figure it would be higher than expected. The effort 
production errors in terms of power output were be- 
tween 24.5 W at RPE 17 and 52.2 W at RPE 15 (see 
Table 2). These differences are of a similar magnitude to 
those reported by Dishman (1994), for cycling and 
treadmill exercise, i.e. approximately 10 50 W. 

A further point worthy of comment is the finding 
that at RPE 19 there was a significantly higher mean 
power output in the production trial (385 W) compared 
to the estimation trial (335 W), whereas mean heart 
rates were almost identical. This inconsistency is diffi- 
cult to interpret, but may be a consequence of the 
differences in the two exercise protocols. That is, sub- 
jects may have experienced less fatigue following the 
four production loadings prior to RPE 19, than the six 
to eight loadings prior to RPE 19 in the incremental 
estimation trial. Being less fatigued by the production 
protocol would explain the greater power outputs se- 
lected at this intensity. 

The present findings generally agree with previous 
studies which have reported greater accuracy of regula- 
tion at higher exercise intensities (Bayles et al. 1990; 
Eston et al. 1987; Smutok et al. 1980), although Dunbar 
et al. (1992) did find greater accuracy at 50% maximal 
02 uptake (gO2max) than 70% 1202max for cycle er- 
gometer and treadmill exercise. In the present study, 
the inaccuracy at RPE 11 and 13 could be due in part 
to the unfamiliarity of the rowers with training on the 
ergometer at these low intensities. As Harrison and 
Howe (1992) have pointed out, much rowing training is 
carried out at "slightly" sub-maximal intensities. Fur- 
thermore, when the subjects were inaccurate at produ- 
cing exercise intensities, they generally over-estimated 
the exertion required (the mean heart rate at RPE 19 in 
the production trial being the only exception to this). 
These results agree with those of Smutok et al. (1980), 
whose experimental method and sample were similar to 
those used in the present study. Conversely, Glass et al. 
(1992) have found that physically active men (n = 15) 
under-estimated the intensity required when attempting 
to produce an RPE equivalent to 75% of heart rate 
reserve (maximal heart rate - resting heart rate) during 
treadmill exercise. However, the production trial used 
in their study differed somewhat as it involved exercis- 
ing at a single intensity for 10 min. Dunbar et al. (1994) 
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have also r epor t ed  " u n d e r p r o d u c t i o n " ,  dur ing  cycling 
exercise at 60% l?Oemax in hea l thy  un t r a ined  men  
( n - - 9 ) .  Again,  the p r o d u c t i o n  trial was of  a longer  
dura t ion ,  in this case 25 rain. Wi th  these f indings in 
mind,  it wou ld  seem tha t  fur ther  research is needed to 
invest igate the a c c u r a c y  of  o a r s m e n  to regulate  rowing  
exercise in tensi ty  of  longer  du ra t ions  ( a round  30 min) 
using R P E .  

In  s u m m a r y ,  the results of  this s tudy  suppo r t  the 
val idi ty of  Borg ' s  R P E  scale for  estimating exercise 
in tensi ty  dur ing  rowing  e rgomet ry .  F o r  intensi ty  regu- 
lation of  rowing  exercise, R P E  appears  to be effective at 
h igher  exercise intensities. As m o s t  rowing  e r g o m e t r y  
t ra in ing  by compet i t ive  rowers  is carr ied ou t  at these 
higher  intensi ty  levels, R P E  has the po ten t ia l  to  be 
a useful tool  for these athletes. F u r t h e r  research es tab-  
lishing the reliabili ty (repeatabil i ty)  of  R P E  es t imat ion  
and  intensi ty  regu la t ion  is required  to suppo r t  the 
val idi ty of  this appl ica t ion  of  RPE.  
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