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2004.—This study investigated the reliability of the session rat-
ing of perceived exertion (RPE) scale to quantify exercise inten-
sity during high-intensity (H), moderate-intensity (M), and low-
intensity (L) resistance training. Nine men (24.7 6 3.8 years)
and 10 women (22.1 6 2.6 years) performed each intensity twice.
Each protocol consisted of 5 exercises: back squat, bench press,
overhead press, biceps curl, and triceps pushdown. The H con-
sisted of 1 set of 4–5 repetitions at 90% of the subject’s 1 repe-
tition maximum (1RM). The M consisted of 1 set of 10 repetitions
at 70% 1RM, and the L consisted of 1 set of 15 repetitions at
50% 1RM. RPE was measured following the completion of each
set and 30 minutes postexercise (session RPE). Session RPE was
higher for the H than M and L exercise bouts (p # 0.05). Per-
forming fewer repetitions at a higher intensity was perceived to
be more difficult than performing more repetitions at a lower
intensity. The intraclass correlation coefficient for the session
RPE was 0.88. The session RPE is a reliable method to quantify
various intensities of resistance training.
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INTRODUCTION

T
he Borg rating of perceived exertion (RPE)
scale was developed to enable simple, reliable,
and valid estimations of exercise intensity (4,
18). Widely accepted as a method of quantifying

aerobic exercise intensities, perceived exertion has been
used only infrequently in resistance exercise prescription
(19). Borg based the RPE scale on the idea that a measure
of perceived exertion is the level of strain and/or heavi-
ness experienced during physical effort, as estimated by
a specific rating method (4). Since the unveiling of the
original scale over 40 years ago, the CR-10 RPE scale has
become a standard method to evaluate perceived exertion
in exercise testing, training, and rehabilitation and has
been validated against objective markers of exercise in-
tensity (17, 18).

The RPE scale is used in exercise science primarily to
monitor exercise intensity and is most often used as a
method to quantify exercise intensities during aerobic
training (11, 12, 20, 24). Commonly utilized to monitor
perceived exertion during specific stages of exercises, Fos-
ter et al. (9–11) developed the idea of using a session RPE
scale to quantify an entire aerobic exercise session. The
findings of Foster et al. (9–11) indicated that the session
RPE scale is an effective method of quantifying exercise
through a wide variety of exercise types. Gearhart et al.
(14) provided additional evidence of the effectiveness of

the Borg scale, which extended the use of the RPE scale
to resistance exercise.

Studies have shown that the Borg CR-RPE scale is an
effective method of measuring perceived exertion during
resistance training (7, 13, 16, 21, 23). Additionally, the
session RPE method has been shown to be an effective
method of quantifying entire aerobic exercise bouts (11).
However, no research has been conducted as to the effec-
tiveness of the session RPE method as it relates to per-
ceived exertion during an entire resistance-training work-
out.

The importance of monitoring exercise training load
and intensity during resistance training is an integral
part of a successful periodized exercise plan because care-
ful manipulation of intensity, volume, and recovery phas-
es is vital for optimal results (2, 3, 8). The effects of train-
ing are related to the type of exercise used, its intensity,
and its volume (3). High-intensity exercise, such as resis-
tance training, is particularly difficult to quantify as this
type of exercise cannot be objectively evaluated using
physiological global measurements such as heart rate
(11). This problem supports the need for a valid and re-
liable method of monitoring global training intensity, ap-
plicable to resistance training. This method would allow
for easy and reliable resistance-training program manip-
ulations required for continued increases in strength (2,
3).

The purpose of this study was to evaluate the effec-
tiveness of the session RPE method as a tool to quantify
exercise intensity during resistance-training sessions. A
secondary purpose of the study was to determine the re-
liability of the session RPE method of quantifying resis-
tance training. In addition, this study was also designed
to support the findings of Gearhart et al. (14), in which
performing fewer repetitions using heavier weight was
perceived as more difficult than lifting lighter weight
with more repetitions.

It was hypothesized that exercise intensity through-
out an entire resistance-training session could be suc-
cessfully quantified through the use of the session RPE
scale. Additionally, performing fewer repetitions using a
heavier weight was expected to be perceived to be more
difficult than lifting a comparatively lighter weight with
more repetitions.

METHODS
Experimental Approach to the Problem

A randomized, crossover experimental design was used
for this study. Each subject participated for a total of 7
days, 6 of which were spent completing a high-, moderate-,
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Table 1. Order of exercises and corresponding repetitions for
high, moderate, and low intensities.

Exercise Sets
H

repetitions
M

repetitions
L

repetitions

Back squat
Bench press
Overhead press
Biceps curl
Triceps pushdown

1
1
1
1
1

4–5
4–5
4–5
4–5
4–5

10
10
10
10
10

15
15
15
15
15

FIGURE 1. Modification of the category ratio rating of per-
ceived exertion (RPE) scale for this study (9). The verbal an-
chors have been changed slightly to reflect American English
(e.g., light becomes easy; strong or severe becomes hard). Brief-
ly, the subject is shown the scale approximately 30 minutes
following the conclusion of the training bout and asked ‘‘How
was your workout?’’

and low-intensity lifting protocol (i.e., H, M, and L, re-
spectively). Each protocol was performed twice to estab-
lish reliability of the RPE measurements. Day 1 consisted
of a familiarization session that included informed-con-
sent procedures, instruction on how to use the CR-10 RPE
scale and its perceptual anchors (high and low), demon-
stration of each exercise, 1 repetition maximum (1RM)
testing of each of the 5 exercises, and body composition
analysis. An individual’s 1RM was defined as the heaviest
weight that could be used for 1 complete repetition of an
exercise (8, 10). Each subject performed multiple sets of
each exercise at submaximal resistance with stepwise in-
creases in resistance until he/she could perform the lift
with the maximal amount of resistance for 1 repetition.
The 1RM for each exercise was used during the testing
to determine the weight each participant was required to
lift for each exercise. Each lifting protocol consisted of the
5 exercises listed in Table 1. One session was completed
each day with at least 48 hours between sessions. Sub-
jects were randomly assigned to the order they completed
each of the training intensities.

Subjects

Twenty subjects were recruited for this study. Ten women
(22.1 6 2.6 years) and 10 men (24.7 6 3.8 years) volun-
teered as participants. Nineteen subjects successfully
completed the entire experimental protocol, with 1 sub-
ject withdrawing due to an injury unrelated to the study.
Subjects were required to have had experience in resis-
tance training for no less than 6 months, be familiar with
the technique involved with the back squat and bench
press and have no preexisting injuries that would limit
their participation. All subjects provided written in-
formed consent and completed a health history question-
naire prior to participation in the study. All experimental
procedures were approved by the Institutional Review
Board for the Protection of Human Subjects of the Uni-
versity of Wisconsin—La Crosse prior to commencement
of testing.

Exercise Protocol

Before completing each exercise of the H, M, and L, each
subject performed an exercise-specific warm-up consist-
ing of 8 repetitions with 15% of the individual’s predeter-
mined 1RM (8). Following the warm-up set, the subjects
performed the exercise according to the intensity and
number of repetitions required for the session. This set
was termed the working set. The rationale for using only
1 set for exercise was that it followed the American Col-
lege of Sports Medicine guidelines (1) and it also simpli-
fied the perceptual cues compared with performing mul-
tiple sets of the different exercises. The training intensi-
ties and the corresponding number of repetitions are dis-

played in Table 1. The resistance for each exercise was
set to the nearest 2.5 kg of the appropriate percentage of
each individual’s 1RM. During the H, subjects were asked
to complete 5 repetitions if they had not reached exhaus-
tion upon completion of the fourth repetition. Each inten-
sity was composed of 1 warm-up set and 1 working set of
each exercise with a 2-minute rest period between exer-
cises (14).

Subjects were asked to rate their perceived exertion
following the completion of each working set based on the
CR-10 RPE scale (5). This scale is represented in Figure
1. For assessing RPE during the exercise sessions, stan-
dard instructions and anchoring procedures were ex-
plained during the familiarization session (18). Subjects
were asked to use any number on the scale to rate their
overall effort. A rating of 0 was to be associated with no
effort (rest) and a rating of 10 was considered to be max-
imal effort and associated with the most stressful exercise
ever performed.

Thirty minutes following each exercise session, the
subjects were asked to rate their perceived exertion for
the entire resistance-training session based on the same
scale by answering the question ‘‘How was your work-
out?’’ (9–11). This use of RPE is different from the more
conventional approach that asks the subject to rate with
highly standardized verbal instructions how difficult they
perceived the exercise to be at a particular moment. The
session RPE rating was taken 30 minutes following the
end of the session so that particularly difficult or easy
elements toward the end of the session would not skew
the subject’s rating of the entire resistance-training bout
(11). The session RPE represents a single global rating of
the perceived intensity for the entire training session.
During previous investigations, we have not encountered
difficulties with the subjects understanding our intent,
particularly with the slightly modified verbal anchors
that are used (see Figure 1) (9–11).

Instrumentation
All familiarization and testing sessions were completed
in the Musculoskeletal Research Center at the University
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Table 2. Descriptive characteristics of subjects.

Men
mean 6 SD

(n 5 9)

Women
mean 6 SD

(n 5 10)

Age (years)
Height (cm)
Mass (kg)
Body fat (%)
Squat 1† RM (kg)
Bench 1 RM (kg)
Press 1 RM (kg)
Curl 1 RM (kg)
Pushdown 1 RM (kg)

24.7 6 3.8
180.8 6 5.7*
94.2 6 21.1*
14.5 6 3.8*

148.2 6 29.8*
122.7 6 18.3*
72.2 6 11.2*
56.3 6 5.7*

100.8 6 6.2*

22.1 6 2.6
168.7 6 5.9
60.7 6 4.9
20.8 6 2.5
71.4 6 18.3
44.1 6 9.8
31.8 6 5.5
28.6 6 4.2
52.1 6 8.8

* Denotes significant difference between genders (p , 0.05).
† 1 RM 5 1 repetition maximum.

Table 3. Individual exercise, session, and average RPE val-
ues for high, moderate, and low intensities.

Exercise

50% 1 RM*
mean RPE

6 SD

70% 1 RM
mean RPE

6 SD

90% 1 RM
mean RPE

6 SD

Squat
Bench
Press
Curl
Pushdown
Average
Session

3.5 6 1.5
3.2 6 1.2
3.9 6 1.3
3.7 6 1.6
2.8 6 1.0
3.7 6 1.2
3.3 6 1.4

4.9 6 1.4
5.5 6 1.2
6.2 6 1.6
5.8 6 1.7
4.7 6 1.1
5.6 6 1.3
5.2 6 1.5

6.6 6 1.9
7.7 6 1.8
7.2 6 1.3
5.8 6 1.7
6.8 6 1.4
6.9 6 1.4
6.9 6 1.4

* 1 RM 5 one repetition maximum.

FIGURE 2. Rating of perceived exertion (RPE) during resis-
tance exercise at 50, 70, and 90% 1 repetition maximum.

FIGURE 3. Rating of perceived exertion (RPE) values at 50,
70, and 90% 1 repetition maximum.

of Wisconsin—La Crosse. Body composition data was ob-
tained via anthropometry (height, weight; and triceps,
subscapular, biceps, iliac crest, supraspinale, abdominal,
front thigh, medial calf, chest, and midaxilla skinfolds for
bodyfat percentage) (22). The 1RM testing and data col-
lection were completed using the procedures previously
described. RPE has been shown to be related to the per-
centage of 1RM lifted during exercise (23). Additionally,
the RPE scale has been shown to be a valid instrument
in which to evaluate perceived exertion and thus the reg-
ulation and quantification of exercise intensity in a va-
riety of populations (4, 9–11, 13, 16, 23).

Statistical Analyses

A 2-way within-subjects repeated measures analysis of
variance (ANOVA) was to test for differences in RPE
among the H, M, and L. Each subject’s 5 RPE values were
averaged and compared to his/her session RPE rating.
These values were tested for significant differences as
part of the within-subjects repeated measures ANOVA.
This test was completed to identify if significant differ-
ences exist between the session RPE rating and the ac-
cumulated RPE ratings obtained during each resistance-
training session. Interclass correlation coefficients (ICC)
and coefficient of variation (CV) were calculated to estab-
lish the reliability of the session RPE method.

RESULTS

Descriptive characteristics of the subjects are presented
in Table 2.

The trial 2 mean RPE values for each exercise and the
trial 2 average and mean session RPE values were cal-
culated for the 3 exercise intensities. These values are
found in Table 3 and are represented in Figures 2 and 3.
A within-subjects repeated measures ANOVA showed a
significant difference among the mean RPE values of
each intensity (p # 0.05) for each lift. The 70% intensity
RPE values were significantly higher than the 50% in-
tensity RPE values, and the 90% intensity RPE values
were significantly higher than the 50% and 70% intensity
RPE values as displayed in Figures 1 and 2.

The within-subjects repeated measures ANOVA re-
vealed no significant difference between the average RPE
value and the session RPE value during each intensity.
Also, no significant differences were found between the
mean bench press RPE value and the session RPE value
and the mean back squat RPE value and the session RPE
value for each intensity. Significant differences existed

between the mean overhead press RPE value and the ses-
sion RPE value, the mean biceps curl RPE value and the
session RPE value, and the mean triceps pushdown RPE
value and the session RPE value (p # 0.05) for each in-
tensity.

A test for reliability of the session RPE to predict the
same value across 2 different trials of the same intensity
was also performed. The ICC was 0.88 with the 95% con-
fidence interval of 0.70–0.96. The CV was 14.5%.

DISCUSSION

The purpose of this study was to evaluate the effective-
ness of the session RPE method as a tool to quantify ex-
ercise intensity during resistance-training sessions. This
study was also performed to further validate the findings
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of Gearhart et al. (14), in which performing fewer repe-
titions of a heavier resistance was perceived to be more
difficult than performing more repetitions of a compara-
tively lighter resistance. The results of the present study
indicated that performing 15 repetitions of a lighter re-
sistance was perceived to be less difficult than performing
10 and 5 repetitions of heavier intensities. Additionally,
performing the least number of repetitions at the highest
absolute intensity was perceived to be the most difficult
when compared with a moderate number of repetitions
performed at a moderate intensity and performing high
repetitions at a low intensity. No significant differences
were found when comparing the session RPE with each
subject’s average RPE. In addition, the session RPE
method of quantifying resistance training was shown to
be a reliable measure across 2 different trials of the same
training intensity.

Several studies have demonstrated the Borg scale to
be an effective method of quantifying resistance training
(7, 13, 16, 21, 23). Gearhart et al. (14) examined the RPE
in active muscle (RPE-AM) during a high intensity (H)
and low intensity (L) lifting protocol. Each protocol con-
sisted of performing 1 set of each of 7 exercises. The H
involved lifting 90% 1RM for 5 repetitions with RPE-AM
values obtained following each repetition. The L protocol
involved lifting 30% 1RM for 15 repetitions with RPE-AM
values obtained following every third repetition. This
study found that performing fewer repetitions using
heavier weight was perceived as more difficult than per-
forming more repetitions of a lighter weight when total
external anaerobic exercise capacity was held constant.
Lagally et al. (16) examined the RPE during resistance
training in women by having subjects perform 3 sets of
the biceps curl exercise. Each subject was randomly as-
signed to the intensity she would complete first, 30%, 60%
or 90% of 1RM, performing 12, 6, and 4 repetitions, re-
spectively. This combination of intensity and repetitions
allowed for total anaerobic exercise capacity to be held
constant. Data for the RPE-AM and overall RPE (RPE-
O) were collected on the completion of each set. This
study also found corresponding increases in RPE-AM and
RPE-O with increases in exercise training intensity. Sum-
inski et al. (23) also examined the perception of effort dur-
ing resistance exercise. This study involved 7 exercises at
50% 1RM and 70% 1RM to fatigue. RPE-O was obtained
immediately following each set. The researchers found
the increase in intensity resulted in an increase in RPE-
O, which supported the use of the Borg scale for moni-
toring resistance-exercise intensity (23). The results of
the present study further support the findings of these
previous studies in that performing few repetitions with
a heavier weight is perceived as being more difficult than
lifting lighter weights for more repetitions.

The experimental protocol of this study did not keep
external exercise work performed constant. The training
intensities and their corresponding repetitions allowed
for variation in the amount of work performed among in-
tensities. Performing 15 repetitions at 50% 1RM is actu-
ally more total work than performing 70% 1RM for 10
repetitions or 90% 1RM for 4 or 5 repetitions. The low-
intensity protocol produced the lowest RPE, despite that
this intensity required the most total anaerobic exercise
capacity to be performed. This finding indicates the over-
riding importance of the intensity of training on RPE. De-
spite the complex nature of resistance exercise, which in-

volves a range of physiological cues depending on the type
of training undertaken, there does appear to be a fun-
damental similarity to the use of RPE with monitoring
aerobic exercise.

As previously demonstrated, muscles forced to over-
come a heavy load require greater tension development,
which requires an increase in motor unit recruitment and
firing frequency (13, 18). For greater motor unit recruit-
ment to be accomplished, the motor cortex may send
stronger signals to the sensory cortex; this gives rise to
increased perception of effort (14). It has been theorized
that these stronger corollary signals may be the primary
cause of the differences in RPE of varying intensities as
shown by previous studies and the present study (6, 14,
16, 18, 23). The difference in RPE has also been observed
in increasing intensities of aerobic cycling (13), suggest-
ing that the increase in RPE demonstrated by this and
several previous studies pertains not only to the anaero-
bic energy system but to the aerobic energy system as
well. Gearhart et al. (14) have proposed that something
other than the energy system utilized during exercise in-
fluences an individual’s RPE. This speculation prompts
further investigation of the underlying mechanism that
produces increasing RPE values for increases in exercise
intensity and suggests electromyography to investigate
the intensity at which the motor signal triggers an active
muscle contraction (14).

The average RPE for each trial (i.e., average RPE of
the 5 lifts) was compared with its corresponding session
RPE value. A statistical analysis of this data found no
significant difference between the 2 RPE values. Despite
the vast use of the RPE scale during various modes of
exercise, the session RPE method is a relatively new in-
strument, with very few studies examining its ability to
quantify entire bouts of exercise. This is the first study
confirming the ability of the session RPE method to ac-
curately complement an average RPE value during an en-
tire bout of resistance training. The accuracy of the ses-
sion RPE value to correspond with the average RPE given
throughout the training session found in the present
study supports the session RPE method as a valid method
of quantifying entire bouts of resistance training inten-
sity.

Foster et al. (11) examined the session RPE method
as a tool to quantify exercise intensities during entire ses-
sions of aerobic training. Their study compared the ses-
sion RPE method with the summated heart rate zone
method of quantifying aerobic exercise. Subjects either
performed steady-state and interval aerobic exercise on
an electrically braked cycle ergometer or practiced bas-
ketball. For each type of exercise, the session RPE meth-
od was found to give a higher score than the summated
heart rate zone method. However, using regression anal-
yses, the 2 methods were found to be highly correlated
and suggested that either method could be used to quan-
tify training intensities for various modes of aerobic ex-
ercise. The results of the present study support the con-
cept proposed by Foster et al. (11) in that the session RPE
value was shown to accurately correspond with the av-
erage RPE value obtained throughout the resistance-
training session. Previous work in our laboratory has pro-
vided support for the use of this method as a subjective
estimate of training load during non–steady-state exer-
cise, including high-intensity interval training and team
sport practice and competition (9–11). Using this single
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measure that can be used across different modes of train-
ing, would provide the coach and athlete with a simple
and reliable method of monitoring training. This measure
could be easily recorded in a training diary and accessory
indices of training, such as monotony and strain, could be
calculated.

One of the primary goals of the present study was to
establish the reliability of the session RPE method to
quantify entire bouts of resistance training. This was
achieved by comparing the RPE value from trial 1 to the
RPE value from trial 2 for each of the 3 training inten-
sities. The ICC of 0.882 indicates the ability of the session
RPE method to reproduce a near identical value between
trials with a relatively high degree of accuracy. As pre-
viously stated, little research has been completed con-
cerning the use of the RPE scale during resistance train-
ing. The establishment of reliability of the session RPE
scale corresponds with the findings of Gearhart et al. (14),
in which 5 subjects repeated exercises in each of the high-
intensity and low-intensity protocols to evaluate the test-
retest reliability of the RPE measure. The r-values
ranged from 0.73 to 1.00 for this data.

Based on the data, the session RPE method appears
to be a reliable method of quantifying resistance-training
intensities. This was demonstrated by the corresponding
increase in the session RPE value with an increase in
training intensity. The session RPE value was also found
to consistently match the average RPE during the train-
ing session, further demonstrating the usefulness of this
method when attempting to quantify resistance-training
bouts. It should be noted that only 1 set per exercise was
used during the exercise sessions. Further research needs
to be completed investigating the validity and reliability
of the session RPE method during multiple set workouts,
which are recommended for continued progression in in-
termediate to advanced individuals (2).

PRACTICAL APPLICATIONS

The results of this study have shown the session RPE
method to be a reliable and useful tool for researchers,
strength coaches, athletes, and recreational lifters to as-
sess exercise intensity during resistance training. On the
basis of the results of this study, the session RPE method
can be considered a reliable technique to monitor training
intensities and provide for progressive increases in resis-
tance. The existence of a session RPE scale would be of
great significance to all those involved in resistance train-
ing. Through the use of a session RPE scale, one could
choose an intensity at which to exercise (e.g., RPE 7) prior
to the start of a workout and be confident that the exer-
cise intensity will stay within the very hard range, with-
out requiring RM testing to be performed. This would be
much easier than having to use multiple measures of
RPE throughout a workout. A session RPE scale would
be an easy and effective method to prescribe work inten-
sities for resistance-training sessions as well as to provide
for progressive increases in intensity that have been
found to be necessary for continued increases in strength
(2, 3).
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