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 Summary  .—  This study investigated the eff ect of diff erent repetition durations on 
ratings of perceived exertion (RPE) in active muscles (RPE-AM) and the overall body 
(RPE-O). 19 male volunteers ( M  age = 25.4 yr.,  SD  = 3.5) performed strength training 
protocols with multiple sets matched by the number of sets and repetitions, intensity 
and rest interval but diff erent repetition durations: 4 sec., 6 sec., or self-paced. Partici-
pants were asked to estimate their RPE-AM and RPE-O after each set. Training proto-
cols with a 6-sec. repetition duration produced distinct responses on RPE during and 
after performance compared to 4-sec. and self-paced durations. However, there were 
no signifi cant diff erences between 4-sec. and self-paced durations.        

 Ratings of perceived exertion (RPE) have become a topic of interest 
in strength training research.  Gearhart, Goss, Lagally, Jakicic, Gallagher, 
and Robertson (2001 ) found a linear RPE response using a Borg 15-Cat-
egory Scale and strength training protocols of high and low intensities, 
with higher RPE observed in training protocols with higher intensities. 
This response has been found in strength training protocols that use single 
(Gearhart, Goss,  Lagally, Jakicic, Gallagher, Gallagher,  et al ., 2002 ;  Lagal-
ly, Robertson, Gallagher, Goss, Jakicic, Lephart,  et al ., 2002 ) and multiple 
sets ( McGuigan, Egan, & Foster, 2004 ;  Focht, 2007 ), training protocols that 
include only one exercise ( Lagally, McCaw, Young, Medema, & Thomas, 
2004 ), and protocols with more than one exercise ( Day, McGuigan, Brice, 
& Foster, 2004 ;  Sweet, Foster, McGuigan, & Brice, 2004 ). However, this re-
sponse is not consistent between studies. 

  Egan, Winchester, Foster, and McGuigan (2006 ) evaluated the RPE in 
diff erent training protocols using the squat exercise in which the number 
of sets, number of repetitions, and rest intervals were standardized across 
protocols. The training protocols contained diff erences in repetition dura-
tions (i.e., time spent on performing the concentric and eccentric muscle 
actions during a repetition). A training protocol with 80% of one repetition 
maximum (1RM) was performed with the “traditionally” recommended 
repetition duration for strength training (this value was not reported), but 

2014, 118, 1, 1-13.

  1  Address correspondence to Mauro Heleno Chagas, Av. Presidente Antônio Carlos, nº 6627 
CEP: 31270-901, Belo Horizonte, Brazil or e-mail (mauroufmg@hotmail.com).  
  2  The authors thank André Gustavo Pereira de Andrade, Ph.D., for assistance in the statistical 
analysis of this study.  



R. C. R. DINIZ, ET AL.2

a protocol with 55% of 1RM was performed with a repetition duration of 
20 sec. These authors found that the training protocol using an intensity of 
80% of 1RM did not produce a higher mean for the RPE compared to the 
protocol using 55% of 1RM. Similarly,  Hatfi eld, Kraemer, Spiering, Häk-
kinen, Volek, Shimano,  et al . (2006 ) recorded the RPE at 60% and 80% in-
tensities of 1RM using the squat and shoulder press exercises. Volunteers 
were asked to perform a single set with the maximum number of repeti-
tions for both exercises and intensities at repetition durations of 20 sec. 
and self-paced (this value was not reported). No signifi cant diff erences in 
the RPE were observed between protocols. 

 Considering the studies of  Egan,  et al . (2006 ) and  Hatfi eld,  et al . (2006 ), 
it could be expected that protocols that had a higher intensity also present-
ed higher values of RPE, especially if one takes into account the previous-
ly mentioned results of  Gearhart,  et al . (2002 ) and  Lagally and Amorose 
(2007 ). However, the results did not confi rm this hypothesis. Thus, other 
variables in the training protocols of  Egan,  et al . (2006 ) and  Hatfi eld,  et al . 
(2006 ) probably infl uenced RPE, so that there were no diff erences between 
protocols with diff erent intensities. 

  Hatfi eld,  et al . (2006 ) investigated protocols with diff erent number of 
repetitions. The literature has already pointed out that a greater number 
of repetitions can increase the RPE response ( O'Connor, Poudevigne, & 
Pasley, 2002 ,  Woods, Bridge, Nelson, Risse, & Pincivero, 2004 ) and it may 
explain part of the results obtained by  Hatfi eld,  et al . (2006 ). Another vari-
able that was also amended by  Egan,  et al . (2006 ) and  Hatfi eld,  et al . (2006 ) 
was the repetition duration. However, no data are available from studies 
investigating the RPE protocols with repetition duration as an indepen-
dent variable. 

 The manipulation of repetition duration in strength training programs 
produces diff erent acute and chronic adaptations ( Gillies, Putman, & Bell, 
2006 ;  Tanimoto & Ishii, 2006 ;  Goto, Ishii, Kizuka, Kraemer, Honda, & Taka-
matsu, 2009 ). Longer repetition durations result in a smaller number of repeti-
tions for a given intensity (percentage of 1RM test performance) than shorter 
repetition durations, which suggests that the manipulation of the repetition 
duration diff erently aff ects performance (measured by training volume) ( La-
chance & Hortobagyi, 1994 ;  Hatfi eld,  et al ., 2006 ;  Sakamoto & Sinclair, 2006 ). 
It has also been found that higher repetition durations result in higher physi-
ological responses in blood lactate concentration ( Mazzetti, Douglass, Yocum, 
& Harber, 2007 ) and in electromyography activity ( Burd, Andrews, West, Lit-
tle, Cochran, Hector,  et al ., 2012 ) than protocols with lower repetition dura-
tions and matched by intensity and number of repetitions. In the eff ort mod-
el proposed by  Borg, the response to an exercise stimulus involves three 
eff ort continua: physiological, perceptual, and performance, with a function-
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al link between them (Borg, 1970 ). As such, perceptual responses likely pro-
vide much of the same information about exercise performance, as do se-
lected physiological responses ( Robertson & Noble, 1997 ). Reinforcing this 
perspective,  Lagally,  et al . (2002 ) found that for strength training, increased 
RPE occurred in protocols that also had increases in blood lactate and EMG 
activity. Thus, considering the infl uence of repetition duration in eff ort con-
tinua (physiological and performance), it is relevant to investigate whether 
the repetition duration will cause a change in RPE. Furthermore, the eff ect of 
diff erent repetition durations on RPE in strength training protocol with mul-
tiple sets is important to investigate because the RPE signifi cantly increases 
during multiple set protocols that use the same repetition duration ( Woods, 
 et al ., 2004 ;  Focht, 2007 ). No investigation has examined the effi  cacy of the 
Borg RPE scale for diff erentiating strength training protocols using multiple 
sets and distinct repetition durations. If the RPE scale is suffi  ciently sensitive 
to repetition duration variations during and after the protocol, then this scale 
may be used to monitor training load. 

 The RPE in active muscles (RPE-AM) exhibits higher values than the 
overall body RPE (RPE-O) ( Lagally,  et al ., 2002 ;  Lagally,  et al ., 2004 ), but the 
diff erence between RPE-AM and RPE-O is greater at high intensity (90% 
1RM) compared to low intensity (30% 1RM) ( Lagally,  et al ., 2002 ). How-
ever, these results require verifi cation in training protocols with multiple 
sets and diff erent repetition durations. 

 This study examined the eff ect of diff erent repetition durations on 
overall body RPE and active muscle RPE using matched strength-training 
protocols with multiple sets. 

   Hypothesis 1.  Training protocols with longer repetition duration 
will have higher local and overall body RPE compared with 
protocols with shorter repetition duration.  

   Hypothesis 2 . Active muscle RPE will be higher than overall RPE, 
regardless of the training protocol.    

   METHOD  
 Participants 

 Participants included 20 men ( M  age = 25.4 yr.,  SD  = 3.5;  M  body mass
 = 80.3 kg,  SD  = 9.5;  M  height = 177.7 cm,  SD  = 6.5). All volunteers per-
formed a minimum of six months of uninterrupted strength training ( M  
frequency = 4.1 training sessions for week,  SD  = 1.1) and obtained an aver-
age performance of 100.5 (± 13.5) kg in the 1RM test on the Smith machine 
bench press. The volunteers exhibited no history of muscle-tendon inju-
ries in the shoulder joints, elbows, or wrists. One volunteer was excluded 
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from the analyses because he was not able to complete all of the proposed 
repetitions for one of the protocols. 

 The volunteers received information about the objectives and the 
methodological process, and they were aware that they could cease partic-
ipation in this research at any time. The local Ethics Committee approved 
this study in accordance with international standards. All participants 
signed an informed consent form.   
 Measures 

 All experimental sessions were performed using a Smith machine 
with a fl at bench. Weight plates of known mass were measured on a digi-
tal balance with an accuracy of 0.01 kg, and these plates were used to ad-
just the external resistance to be lifted by the volunteers. 

 An electrogoniometer (Biovision, Wehrheim, Germany) was attached 
to the elbows of volunteers, and this device recorded the range of motion, 
allowing the determination of concentric and eccentric muscle action du-
rations. A specifi c computer program (Dasylab 4.0, Ireland) was used to 
record and analyze the data. A metronome assisted in the maintenance of 
the proper durations for repetitions.   
 Procedure 

 This study was designed using repeated-measures. Each volunteer at-
tended the laboratory on fi ve diff erent days (Sessions 1 to 5) separated 
by at least 48 hr. The volunteers performed 1 repetition maximum (1RM) 
tests during Sessions 1 and 2. The 1RM test was performed during the fi rst 
and second sessions to familiarize the volunteers with its procedures and 
determine the weight for the following sessions, respectively. The volun-
teers performed the training protocols in Sessions 3, 4, and 5.  

 Experimental Sessions 1 and 2  .—  The body mass and height were mea-
sured, and the electrogoniometer was fi xed to the elbow of the volunteers. 
The placement of this device was marked using a pen to allow the same 
placement during subsequent experimental sessions. The electrogoniom-
eter was previously calibrated against a plastic manual goniometer (Carci, 
Brazil) and fi xed to the right elbow of the volunteers using double-sided 
adhesive tape and elastic bands. The rotation axis of the electrogoniometer 
was centered over the lateral epicondyle of the humerus. The distal arm of 
the electrogoniometer was oriented to the medial point between the sty-
loid process of the ulna and radius, and the proximal arm was directed 
to the rotation axis of the humeral head. These procedures were similar 
to  Mookerjee and Ratamess (1999 ). The coeffi  cient of variation of intra-
individual range of motion during Sessions 3, 4, and 5 were 2.8% (± 1.1) 
and 2.7% (± 1.1) for eccentric and concentric muscle actions, respectively. 
The previously observed values were approximately 2.4% and 2.2% for 
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the reliability of this procedure in a repeated-measures design ( Mookerjee 
& Ratamess, 1999 ). The same researcher created all reference points and 
markings using a pen during all experimental sessions. 

 The volunteers were positioned on the Smith machine to match the 
approximate position of their bench press performance during their train-
ing routine, and the handgrip, body position in relation to the bench, and 
the range of motion were standardized. The volunteers performed a few 
repetitions without extra weight on the bar. All markings on the bar and 
bench were made using adhesive tape, and these markings were main-
tained throughout the fi ve experimental sessions. 

 The low anchors for the RPE records over the experimental sessions 
were established as suggested by  Gearhart,  et al . (2001 ). The volunteers 
performed an eccentric muscle action during this procedure, which low-
ered the free bar (10.5 kg) until it touched the sternum. A concentric mus-
cle action was performed until a full extension of the elbows was reached. 
The standardized instructions were read prior to and after this repetition. 
Volunteers were asked to attribute a value of 7 on the Borg 15-Category 
Scale for the perceived exertion of one repetition with the bar. 

 The volunteers performed the 1RM test after this procedure. The test 
was initiated from an eccentric muscle action for a maximum of six at-
tempts, rest intervals of 5 min., and weight progressions of at least 2 kg. An 
average of 2.75 (± 1.33) and 2.50 (± 0.76) attempts was required for perfor-
mance of the 1RM test on experimental Sessions 1 and 2, respectively. All 
volunteers performed at least one trial with a weight that was 2 kg high-
er than the value of the 1RM. This procedure was adopted to ensure that 
the volunteers actually reached the maximum weight that they could lift. 

 The procedure for the establishment of the high anchors for each in-
dividual's perceived exertion was read to volunteers during the 1RM test 
when volunteers began to perform attempts with greater diffi  culty that 
likely approached the 1RM value. If the next attempt was the 1RM value, 
the volunteers were asked to attribute a value 19 on the Borg 15-Category 
Scale to the sensations perceived during this attempt. In this manner, vol-
unteers established a perceptual relationship for the 7 to 19 range on the 
Borg 15-Category Scale based on the sensations that they perceived dur-
ing the performance of one repetition with the free bar and 1RM. 

 The volunteers were familiarized with the metronome as the fi nal pro-
cedure during experimental sessions 1 and 2 by randomly performing one 
of the training protocols that required the control of the repetition dura-
tions to be executed in subsequent experimental sessions.   

 Experimental Sessions 3, 4, and 5  .—  The training protocols consisted of 
three sets of six repetitions at 60% 1RM (as measured in Session 2) and 3 
min. of rest intervals between sets. These training protocols were deter-
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mined in a pilot study, which verifi ed that the volunteers could not com-
plete the entire protocol for greater repetition durations using a greater 
number of sets, repetitions, or intensity. The order of performance of the 
diff erent training protocols in Sessions 3, 4 and 5 was determined in a bal-
anced and randomized manner. 

 One of three diff erent repetition durations was performed in Sessions 
3, 4, and 5: (1) 6 sec., with 2 sec. for the concentric muscle actions and 4 
sec. for the eccentric; (2) 4 sec., with 2 sec. for the concentric muscle ac-
tions and 2 sec. for the eccentric; and (3) self-paced, where the volunteers 
determined the time of each muscle action, and were allowed to change 
the time during the session and during sets. A metronome assisted in the 
maintenance of proper repetition durations (e.g., 4 sec. or 6 sec.) during 
training protocols. The metronome was adjusted to beep every second. 
The sets were discontinued if a volunteer could not maintain the time 
established for each muscle action for two consecutive repetitions, per-
formed an incomplete range of motion (e.g., no extension of the elbows 
and/or no touching of the bar to the chest) and/or the lifting of their body 
(e.g., lumbar spine or gluteus) from the bench. 

 Standard instructions for the use of the RPE were read to the volun-
teer prior to the initiation of training protocols. These instructions were 
based on the recommendations of  Gearhart,  et al . (2001 ). The volunteers 
estimated their eff ort sensations using the Borg 15-Category Scale for 
measurements. A value of 6 was assigned to every perceived exertion that 
was smaller than the exertion experienced during the performance of one 
repetition without additional weight on the free bar. A value of 20 was as-
signed for every perceived exertion that was higher than the experienced 
exertion during that participant's 1RM. 

 As described by  Lagally,  et al . (2002 ) and  Lagally,  et al . (2004 ), partici-
pants were asked to assign RPEs for the local eff ort from the active mus-
cles (RPE-AM) and the overall eff ort from the whole body (RPE-O). These 
subjective perceptions were recorded immediately after the end of each 
set.   

 Electrogoniometer data  .—  The data from the electrogoniometer were syn-
chronized and converted from analog to digital signals using an A/D con-
verter (Biovision) at a sampled frequency of 1.000 Hz. The raw data for 
angular displacement were low-pass fi ltered (10 th  order Butterworth fi lter) 
using a cutoff  frequency of 2 Hz. The time of the eccentric and concentric 
muscle actions was determined as the time interval that corresponded to 
the angular displacement for each muscle action. The time of each repeti-
tion was determined as the sum of the time spent for each eccentric ac-
tion and the subsequent concentric action. The volunteers were provided 
feedback about the time of each concentric and eccentric muscle action af-
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ter the end of each set for the controlled repetition durations (4 sec. and 6 
sec.). Only the eccentric and concentric muscle action times were recorded 
in the training protocol using self-paced repetition duration, and no feed-
back was provided to volunteers.    
 Statistical Analysis 

 The normality and homogeneity of variances were verifi ed using Sha-
piro-Wilks and Levene tests, respectively. A non-normal distribution was 
observed for the RPE. Therefore, the median was used as an indicator 
of central tendency, and the quartile indicated RPE-AM and RPE-O dis-
persion across experimental sessions. A nonparametric procedure (ANO-
VA-type statistics) suggested by  Brunner, Domhof, and Langer (2002 )
and  Brunner and Langer (2000 ) was used to check the response of RPE-
AM and RPE-O during and after the training protocols for the main ef-
fects of repetition durations, sets, and RPE, as well as the interactions 
between these factors. Dunn's test was used as a  post hoc  test. This pro-
cedure was performed using R software. The tests of homogeneity and 
normality were performed using the Statistical Package for the Social Sci-
ences (SPSS 12.0). The ANOVA-type statistics were performed using SAS 
9.2. 

 An analysis of the response of repetitions and muscle action repetition 
durations across experimental sessions was necessary because the repeti-
tion duration was an independent variable, and a signifi cant diff erence 
between the experimental protocols should be found. Therefore, the nor-
mality and homogeneity of variances were verifi ed using Shapiro-Wilks 
and Levene tests, respectively. A two-way (repetition duration × muscle 
actions) ANOVA with repeated-measures verifi ed the responses of the ec-
centric and concentric times in each experimental session (STATISTICA 
5.1). A Scheff é test was performed for  post hoc  analyses to assess diff erenc-
es. A one-way ANOVA with repeated-measures verifi ed the responses of 
repetition times followed by a  post hoc  Scheff é test. 

 A  p  < .05 was considered signifi cant for all tests.    

 RESULTS 
 ANOVA-type statistics indicated signifi cant diff erences of the main 

eff ects for RPE values (H 1  = 275.34,  p  = .003, δ = 0.58) and repetition dura-
tions (H 2  = 119.28,  p  < .0001; δ = 0.53). No signifi cant eff ects were observed 
for the main eff ect of sets (H 2  = 5.29,  p  = .07, δ = 0.46) or interactions (rep-
etition duration × sets × RPE) (H 10  = 0.69,  p  = .96, δ = 0.12). Dunn's test in-
dicated a signifi cantly higher RPE response for the 6 sec. protocol com-
pared to self-paced and 4 sec. protocols. No other signifi cant diff erences 
were observed in comparisons of diff erent repetition durations. Fur-
thermore, RPE-AM values were signifi cantly higher than RPE-O for the 
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same set and repetition duration.  Table 1  presents the median, the fi rst 
and third quartiles of each measured RPE, and the results from inferen-
tial analyses.    

 A two-way ANOVA demonstrated signifi cant main eff ects for proto-
col ( F  2, 36  = 106.5;  p  < .001; η 2  = 0.85) and muscle actions ( F  1, 18  = 306.9;  p  < .001; 
η 2  = 0.94). Scheff é  post hoc  test indicated a signifi cant diff erence across pro-
tocols (6 sec. > 4 sec. > self-paced,  p s < .001), and RPEs for eccentric mus-
cle actions were greater than concentric ( p  < .001). The interaction between 
factors was also signifi cant (F 2, 36  = 162.2;  p  < .001; η 2  = 0.90). One-way ANO-
VA identifi ed a signifi cant main eff ect of protocol (F 2, 36  = 108.4;  p  < .001; 
η 2  = 0.86).  Table 2  presents the means and standard deviations of RPE by 
muscle actions and repetition durations for the diff erent training protocols 
and the  post hoc  results of one- and two-way ANOVA interactions.      

 DISCUSSION 
 This study demonstrated that strength training protocols matched by 

the number of sets and repetitions, intensity, and rest interval but with 
diff erent repetition durations (self-paced, 4 sec., 6 sec.) produced diff erent 
responses in RPE-AM and RPE-O during and after protocol completion. 
The hypothesis that strength-training protocols with longer repetition du-
rations would yield higher responses on the RPE-AM and RPE-O during 
and after its performance was partly supported: only the 6 sec. repetition 
duration protocol produced higher RPE-AM and RPE-O values compared 

 TABLE 1  
 DESCRIPTIVE VALUES AND INFERENTIAL ANALYSES OF RPE-AM 

AND RPE-O FOR TRAINING PROTOCOLS ( N  = 19)  

RPE-AM RPE-O * 
Self-paced 4 sec. 6 sec. † Self-paced 4 sec. 6 sec. † 

First set  Mdn 12.0 12.0 13.0 9.0 11.0 10.0
Q1 11.0 11.5 12.0 8.5 9.0 9.5
Q3 12.0 13.0 14.5 11.0 11.0 12.0

Second set  Mdn 12.0 12.0 13.0 10.0 11.0 12.0
Q1 11.5 12.0 12.5 9.0 9.5 10.0
Q3 13.0 13.0 14.5 11.0 11.5 12.5

Third set  Mdn 12.0 13.0 14.0 10.0 11.0 12.0
Q1 12.0 12.0 12.5 9.0 9.5 10.0
Q3 13.0 14.0 15.0 11.0 12.0 13.0

  Note .—RPE-AM = RPE in active muscles; RPE-O = RPE in the overall body,  Mdn  = Medi-
an, Q1 = First Quartile, Q3 = Third Quartile.   *  Signifi cantly diff erent from the RPE-AM for the 
same repetition duration and set,  p  < .05.   †  Signifi cantly diff erent from the self-paced and 4 
sec. protocols for the same RPE and set,  p  < .05. 
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to the 4 sec. repetition duration and self-paced protocols. Furthermore, a 
higher response in the RPE-AM compared to the RPE-O was observed in 
all sets for each of the strength-training protocols. 

  Robertson and Noble (1997 ) demonstrated that the response to an exer-
cise stimulus involves three primary eff ort continua: physiological, percep-
tual, and performance. A functional link between these three eff ort continua 
is presumed. Strength training protocols with longer repetition durations 
are associated with greater physiological demands (e.g., higher lactate con-
centrations) than protocols with shorter repetition durations [ Tanimoto & 
Ishii, 2006  (7 sec. × 3 sec.);  Mazzetti,  et al ., 2007  (4 sec. × 3 sec.)]. Furthermore, 
repetition durations infl uence strength performance because the execution 
of protocols with longer repetition durations produces fewer maximal rep-
etitions than shorter repetition durations [ Lachance & Hortobágyi, 1994  (6 
sec. × 4 sec. × self-paced);  Sakamoto & Sinclair, 2006  (5.6 sec. × 2.4 sec. × 1.9 
sec. × ballistic)]. Therefore, a distinct perceptual response with diff erent repe-
tition durations (self-paced, 4 sec., 6 sec.) would be expected due to the eff ect 
of repetition duration on physiological and performance responses. 

 However, the present study showed that only the 6 sec. repetition 
duration protocol yielded higher RPE-AM and RPE-O values than the 
self-paced and 4 sec. protocols. The RPE was not sensitive enough to dis-
tinguish matched training protocols using the same number of sets, rep-
etitions, intensity, and rest intervals, but with self-paced vs 4 sec. repeti-
tion durations, which contrasts with sensitivity of other variables, such as 
electromyographic activity ( Sakamoto & Sinclair, 2012 ) and blood lactate 
concentration ( Mazzetti,  et al ., 2007 ). However, it should be noted that in 
the self-paced protocol there was a high variability of repetition durations 
by volunteers (1.8 to 5.3 sec.). This may have contributed to the absence of 
diff erences in overall and active muscle RPE when compared to the 4 sec. 
protocol. The mechanisms that underlie these RPE results should consider 
only the interaction of the continuous dimensions of perceptual and phys-

 TABLE 2  
 COMPARISON OF MEANS AND STANDARD DEVIATIONS OF ECCENTRIC, CONCENTRIC, 

AND REPETITION DURATIONS FOR   SELF-PACED, 4 SEC., AND 6 SEC. TRAINING PROTOCOLS (N = 19)

Protocol
Self-paced 4 sec. 6 sec.
 M  SD  M  SD  M  SD 

Eccentric muscle action (sec.) 1.93 0.75 2.24 * 0.13 4.01 *  † 0.18
Concentric muscle action (sec.) 1.38 0.35 1.87 * 0.11 2.06 * 0.16
Repetition 3.31 1.02 4.11 * 0.13 6.07 *  † 0.21
 *  Signifi cantly higher than self-paced repetition duration ( p  < .005).  †   Signifi cantly higher than 
4 sec. repetition duration ( p  < .001). 
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iological stress because the performance dimension remained constant in 
the present study (i.e., all of the volunteers attained all of the training pro-
tocols that were proposed). Future studies should investigate the RPE and 
physiological responses using matched strength-training protocols with 
closed diff erences between repetition durations. 

 An increase in RPE has been observed between sets when strength-
training protocols were performed using multiple sets ( Woods,  et al ., 2004 ; 
 Focht, 2007 ). However, this response was not observed in the present 
study. One possible reason for these contradictory results is the diff erence 
in training protocols between these studies. The training protocol of  Fo-
cht (2007 ) and  Woods,  et al . (2004 ) did not allow all of the volunteers to 
complete the proposed number of repetitions for the sets, which suggest 
that the volunteers made greater eff orts. The participants completed the 
entire protocol, which suggests they exerted less eff ort than was required 
in the previously mentioned studies. However, it is not possible to ensure 
whether this diff erence between studies was responsible for the contradic-
tory responses of the RPE between the sets of the protocols. Further stud-
ies are required to verify the possible infl uence of the training protocol 
confi guration to the responses of the RPE between sets. 

 Previous studies have used diff erent scales, such as the OMNI Scale, 
to investigate strength training ( Gearhart, Lagally, Riechman, Andrews, 
& Robertson, 2008 ;  Lagally, Amorose, & Rock, 2009 ;  Gearhart, Lagally, 
Riechman, Andrews, & Robertson, 2011 ). However, the Borg 15-Category 
Scale and OMNI scales can be used interchangeably during resistance ex-
ercise ( Lagally & Robertson, 2006 ). Therefore, the results of the present re-
search were not likely infl uenced by the use of the Borg scale. 

 No signifi cant interaction eff ect was observed between the RPE (active 
muscle and overall), sets, and repetition duration. Thus, the variation of 
the responses of RPE-AM and RPE-O between sets for diff erent durations 
of repetition was similar. These results diff er from  Lagally,  et al . (2002 ), 
who noted an increased responsiveness of RPE-AM compared to RPE-
O with intensity increases. However, this study’s results were consistent 
with the expectation that RPE-AM was signifi cantly greater than RPE-O 
regardless of the training protocol. These results are also consistent with 
 Lagally,  et al . (2002 ),  Lagally,  et al . (2004 ), and  Duncan, Al-Nakeeb, and 
Scurr (2006 ) using specifi c strength training exercises and exercises on a cy-
cle ergometer and treadmill at diff erent intensities ( Hetzler, Seip, Boutcher, 
Pierce, Snead, & Weltman, 1991 ). 

 The strain sensations in active muscles arise from proprioceptors and 
mechanoreceptors, which may contribute to the expression of RPE ( Mi-
hevic, 1981 ). Therefore, the information from the active muscles presum-
ably allowed for a higher response in RPE-AM than RPE-O.  Lagally,  et al . 
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(2002 ) demonstrated that the local sensations, discomfort, and strain that 
are felt in active muscles are more intense than the sensations that are ex-
perienced in the overall body. Furthermore, possible physiological indica-
tors that are related to RPE, such as blood lactate concentration and elec-
tromyographic activity, exhibit higher responses in the stimulated muscle 
compared to other body parts ( Robergs, Pearson, Costill, Fink, Pascoe, 
Benedict,  et al ., 1991 ;  Lagally,  et al ., 2004 ). This fact may also explain the in-
crease in RPE-AM compared to RPE-O. However, assessment of the mech-
anisms and the importance of this diff erence could not be tested by the 
design of the present study because the goal of the present study did not 
assess the mechanisms that infl uence RPE-AM and RPE-O. 

 The results of the present study demonstrated that matched strength 
with moderate intensity training protocols with large diff erences in rep-
etition durations produced a diff erential response on perceived exertion 
during and after performance. However, RPE response was not diff erent 
between training protocols that use close repetition durations. Addition-
ally, the perceived exertion in active muscles exhibited a greater response 
magnitude than the perception of eff ort in the overall body.     
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