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Abstract The aim of this study was to examine sub- 

maximal isometric force production guided by percep- 
tual feelings of exertion. Thirty young adults performed 
isometric knee extensions on an isokinetic dynamome- 
ter. Subjects performed five different tests; the first test 
was  the  same  for  all  subjects  (standard  naı̈  ve   
test). During the standard naı̈  ve test, subjects were  
asked to randomly produce force at perceived  
contraction inten- sities (25%, 50% and 75% of their 
maximum voluntary contraction (MVC)), with 100% 
MVC performed as the final intensity. All intensities, 
including the 100% MVC, were randomly performed in 
the other four tests (control tests 1 and 2,  post 20%  
MVC  and  post  100%  MVC tests).  Post  20%  MVC  
and post 100%  MVC  tests  in- cluded  fatiguing  
isometric  exercise  at  20%  and  100% MVC  
respectively, which were performed prior to the test   
protocol. Results show that absolute peak force 
increased with increasing intensity (P<0.001) during all 

tests. During the standard naı̈  ve test, absolute peak 
force at   25%   and   50%   MVC   was   significantly    
lower (P=0.009) compared to control test 2, post 20%  

MVC and 100% MVC tests, and relative peak force was 
lower at all intensities compared to all other tests  
(P<0.001). Absolute and relative  peak force was most  

accurate at 50% MVC ( 12.06 N and 2.42%, 
respectively). Prior fatiguing isometric exercise did not affect the subsequent perceptual response range. In 
conclusion, isometric force was most accurate  at  25%  
MVC but under-produced (perceptually  overestimated)  
during higher contraction intensities preceding a  
maximal voluntary  contraction (100% MVC). The  
ability to match absolute force with target contraction  
intensities was most accurate at 50% 
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MVC during all five experimental conditions and poor 
at opposite ends of the force domain. Furthermore, 
prior fatiguing isometric exercise did not have an effect 
on the subsequent perceptual response range. 
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Introduction 
 

Perceived exertion can be defined as the subjective 
intensity of effort, strain, discomfort, and/or fatigue that 
is experienced during physical exercise  (Robertson and 
Noble 1997). There is an increasing focus on the role of effort perception  in the aetiology of fatigue during 
physical activity and in the limitations to work output 
(Hampson et al. 2001). The analysis of perceived exer- 
tion is strongly correlated to psycho-behavioural and 
physiological measurements of physical performance 
and work capacity but this relationship is not well 
understood. Research examining ratings of perceived 
exertion is therefore important for both theoretical 
analysis of physical performance and for application to 
rehabilitative medicine, sport and human and occupa- 
tional behaviour (Borg 1982). 
A variety of psycho-physiological methods have been 
used over the years to investigate effort perception . 
Ratio scaling procedures, magnitude estimation and 
magnitude production, are common and valid proce- 
dures used in perceived exertion experiments involving 
both static and dynamic exercise (Pandolf 1983). Mag- 
nitude estimation requires the individual to subjectively 
rate the level of effort with a verbal or number score, 
whereas magnitude production, the individual is re- 
quired to exercise to intensities determined by their sense 
of perceived exertion. Recent evidence has shown a close 
correlation between submaximal isometric contractions 
and perceived exertion measured via the Borg CR-10 
scale (Pincivero et al. 2000). However, other studies 
have established that the ability of individuals to accu- 
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rately match voluntary muscle force to target contrac- 
tion intensities in  the absence  of external feedback is 
inconsistent, especially at high perceived intensities 
where force output tends to be under produced (Cooper 
et al. 1979; Jackson and Dishman 2000; Kumar and 
Simmonds 1994; Pincivero et al. 2003a). 
Many experimental designs have allowed individuals to 
experience a maximal voluntary contraction prior to 
the testing protocol enabling the individual to cogni- 
tively establish a perceptual range (Kumar and Sim- 
monds 1994; Pincivero et al. 2001, 2003a, 2004). Using 
category scaling methodology, for  example Borg s CR- 
10, to assess perceived exertion, low and high perceptual 
scale anchors are established which provides the indi- 
vidual with a perceptual range that is the same as the 
stimulus range (ie, exercise intensity), as well as subjec- 
tively matching minimal and maximal perceptual inten- 
sities between individuals (Robertson and Noble 1997). 
It has been suggested, however, that effort perception 
may be influenced by a maximal contraction being per- 
formed immediately prior a submaximal contraction 
resulting in perceptual underestimation (Hutton et al. 
1984). Thus, prior experience of an MVC may in some 
models, provide anchors for the perceptual range of ef- 
fort, or alternatively may actually alter the perceptual 
response range. This study therefore aims to examine the 
submaximal perceptual response range prior to experi- 
encing a 100% MVC as an anchor. 
The relationship between muscle fatigue and effort 
perception during exercise is still not well understood. 
Previous research has shown that when the maximum 
force generating capacity of the muscle is reduced, individuals  perceptual feelings of exertion during exer- 
cise are increased (Cafarelli and Bigland-Ritchie 1979; 
Pincivero and Gear 2000), thus altering the relationship 
between effort perception and the force generating 
capacity of the muscle. It is possible therefore, that the individuals  effort perception after performing a fatigu- 
ing contraction may be changed and confound their 
ability to estimate force (Enoka and Stuart 1992). 
The aims of the present study therefore, using mag- 
nitude production, were to (1) investigate the submaxi- 
mal perceptual response range prior to experiencing 
maximal force production as an anchor, (2) compare the 
absolute force to the target force production of varying 
relative intensities of MVC, and (3) examine the effect of 
prior fatiguing isometric exercise on the subsequent 
perceptual range and ability to replicate isometric force 
guided by perceptual feelings of exertion. 

170.4±7.5 cm. The study was approved by the  Ethics 
and Research Committee of the Faculty of Health Sci- 
ences, University of Cape Town. All subjects provided 
informed consent prior to participation. 
All subjects were physically active at least three times a 
week and performed a mean of 9 ± 6 h/week physical 
activity. Exclusion criteria included any history or cur- 
rent signs of knee pathology that would influence exer- 
cise performance or be negatively affected by the 
exercise. Subjects were required to complete a ques- 
tionnaire to establish age, training history and current 
training status, and previous and current injuries. 

 
Experimental design 

 

Subjects were required  to visit the laboratory on five different occasions each separated by a rest day. The first 
visit followed a standard protocol (first visit was stan- 
dard for all subjects), while the following fours visits were 
randomised. During all tests the subjects were blinded to 
the absolute force they were producing as this knowledge 
may have influenced their performance. This was 
achieved by placing a cover over the Kin-Com isokinetic 
dynamometer monitor displaying the force data. 
A standardized warm up consisting of three stretches 
was performed before each test. The stretches were held 
for 30 s and included a standing quadriceps, hamstring 
and gastrocnemius stretch. Subjects  isometric force was 
assessed on the lower right limb using a Kin-Com is- 
okinetic dynamometer  (Chattanooga Group, Inc., 
Chattanooga, USA). Their hips and upper bodies were firmly strapped to the seat. The arm position for each 
test was standardized with each subject crossing his or 
her arms over the chest. All isometric tests were con- 
ducted at 60 knee flexion, with 0 being the limb in full 
extension. The angle of 60 flexion has been shown to be 
the angle of maximal isometric force generation (Tihanyi 
et al. 1982). Each subject performed four warm up iso- 
metric contractions of the knee extensors, at a voluntary 
force output below their maximum, for 5 s each sepa- 
rated by 10 s intervals. The same investigator performed 
all testing procedures for all the subjects, as well as the 
verbal encouragement. 
The absolute peak isometric force in Newtons (N) for 
each required contraction intensity was measured on the 
Kin-Com isokinetic dynamometer which was calibrated 
before each day of testing. Peak force was the highest 
isometric force measured over 5 s. The relative peak 
isometric force expressed as a percentage was the abso- 

     lute  value  normalised  to  the  MVC  at  each  perceived 

Methodology 
 

Subject selection 
 

Thirty healthy, active individuals (15 male and 15 
female) were recruited to participate in the study. The 
subjects were  young  adults  with  a  mean  age  of 
24±3 year, mean weight of 66.7±12.1 kg and height of 

contraction intensity. 

 
Experimental protocol 

 

Standard naı¨ve test 

 

For the standard naı̈  ve test, by design, subjects were 
not initially  exposed  to  a  maximal  voluntary   
contraction 
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(MVC), but were required to  perform three voluntary 
isometric contractions at intensities of 25%, 50% and 
75% corresponding to their naı̈  ve perception (no  
prior exposure) of a MVC. For example, subjects were  
asked to contract their muscles at an intensity they  
felt was 25% of their MVC . The order of the three 
contraction intensities was randomised. The fourth  
voluntary iso- metric contraction was a maximal  
contraction  (100% MVC).  The  investigator  used  
verbal encouragement to facilitate the 100% MVC 
during the standard naı̈  ve test, and during the test days 
that followed. Each contraction was 5 s separated by 10  
s intervals, or more if additional rest time was  
requested. 

 
Control tests 1 and 2 

 

Subjects were required to perform voluntary isometric 
contractions at the following perceptual intensities: 
25%, 50%, 75% and 100% MVC. For example, subjects 
were asked to contract their muscles at an intensity 
they felt was 25% of their MVC . The order of all 
contraction intensities was randomised. Each contrac- 
tion was 5 s separated by 10 s intervals, or more if 
additional rest time was requested. 

 
Post 20% MVC test 

 

Prior to this testing session, the contraction intensity was 
calculated at 20% of each subject s 100% MVC per- 
formed during the standard test. Subjects then per- 
formed a voluntary isometric contraction at 20% of 
their MVC and were instructed to watch  the  monitor 
and maintain the isometric contraction at the indicated 
level on the monitor until volitional fatigue. Subjects 
were blinded to the absolute force they were generating 
during the fatiguing contraction. Subjects  rested  for 
10 min thereafter before completing the same protocol 
used in the control tests. 

 
Post 100% MVC test 

 

Subjects performed a voluntary isometric contraction at 
100% MVC until  fatigued. For example, subjects were 
instructed to contract their muscles maximally for as 

long as they could until volitional fatigue . Thereafter 
subjects rested for 10 min before completing the same 
protocol used in the control tests. 

 
Statistical analysis 

 

The statistical software package Statistica 6.1 (StatSoft, 
Inc., Tulsa, OK, USA) was used to analyse the data. All 
data are presented as means±standard deviations. A 
two-way analysis of variance (ANOVA) with repeated 
measures was used to compare absolute and relative 
force output, as well as absolute and relative force er- 
rors, at the different perceptual intensities between the 
various experimental conditions, and to assess signifi- 
cant main effects and interactions. Where significant differences occurred, a Tukey s HSD post hoc analysis 
was used to examine the differences. Statistical signifi- 
cance was accepted when P<0.05. 

 
 

Results 
 

Absolute peak force 
 

The results demonstrate that absolute peak force in- 
creased with increasing contraction intensities at 25%, 
50%, 75% and 100% MVC (P<0.001) during the 
standard naı̈  ve test, both control tests and the post 
20% and 100% MVC tests. Absolute force at 25% and  
50% MVC was consistently lower during the standard  
naı̈  ve test where 100% MVC was the final intensity 
(P=0.009) compared to control test 2, post 20%  MVC  
and 100% MVC tests. At 75% MVC, force was also  significantly lower (P<0.001) during the  standard  naı̈  
ve test com- pared to the post 100% MVC test. 
Maximum isometric force (100% MVC) was  not  different between experi- mental conditions (Table 1). 

 

Relative peak force 
 

The relative peak force was significantly lower during 
the standard naı̈  ve test, compared to control tests 1 
and 2, and both the post 20% MVC and 100% MVC 
tests, at all contraction intensities (P<0.001) (Table 2). 

 

Table 1  The absolute peak force produced during the standard naı̈  ve test, control tests 1 and 2, post 20% MVC test and post 100% MVC 
test of the experimental sample (N=30) 

 

Contraction 
intensity (%) 

Standard naı  ̈ve 
test (Force in N) 

Control test 1 
(Force in N) 

Control test 2 
(Force in N) 

Post 20%  MVC  test 
(Force in N) 

Post 100% MVC test 
(Force in N) 

25 152 ± 93a
 197 ± 122 209 ± 100b

 230 ± 101c
 226 ± 87c

 

50 236 ± 131
a

 279 ± 133 294 ± 111
b

 308 ± 129
c

 315 ± 109
c

 

75 324 ± 141a
 351 ± 128 351 ± 133 366 ± 145 391 ± 129c

 

100 587 ± 148 599 ± 172 608 ± 172 587 ± 191 604 ± 173 

All values are expressed as mean ± SD 
Absolute Peak Force is reported in Newton s (N) 
Main effects, intensity: P = 0.00001 
Main effects, trial: P = 0.0005 
Interaction effect: P = 0.009 

a    vs    b  Indicates  a  significant  (P<0.01)  difference  between  the 
standard naı  ̈ve test and control test 2 
a   vs   c  Indicates  a  significant  (P<0.001)  difference  between  the 
standard naı  ̈ve test, the post 20% MVC test and the post  
100% MVC  test 
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Fig. 1 The errors of the a 
absolute peak isometric force 
(N) and the b relative peak 
isometric force (%) at the target 
contraction intensities of 25, 50 
and 75% MVC during all 
experimental conditions of the 
experimental sample. All values 
are expressed as mean±SD. * 
P<0.001 standard naı  ̈ve test 
vs. control test 2, post 20%  
MVC and  100%  MVC  tests  at  
all intensities (absolute peak 
isometric force) # P<0.001 
standard naı  ̈ve test vs. control 
tests 1 and 2, post 20% MVC 
and 100% MVC tests at all 
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Peak force errors 
 

Comparisons were made between the target contraction 
intensities and the subjects  absolute and relative peak 
isometric force, and the errors were then calculated 
(Fig. 1a, b). The absolute peak force errors of the 
standard     naı¨ ve     test     were     significantly     different (P<0.001) from control  test  2,  post  20%  

MVC and 100% MVC tests, at all intensities (Fig. 1a). 
The relative peak force errors of the standard naı¨ ve  
test was signifi- cantly  different  (P<0.001)  from  

control  tests  1  and  2, post  20%  MVC  and  100%  
MVC tests at all intensities (Fig. 1b). Subjects  
consistently over produced isometric force (perceptually  
underestimated) at 25% MVC, ex- cept  during the  
standard naı̈  ve test. Isometric force at 50% and 75%   
MVC intensities was lower on most occasions than  
equivalent percent values of the target contraction     
intensities  (perceptual   overestimation). Subjects 
tended to be less accurate at matching absolute force  
with the target contraction intensities at extreme ends 
of the force domain and the most accurate at 50% 
MVC  (Table  3). 

 
 

 

Discussion 
 

The most important finding of the present study  was 
that  isometric  force,  preceding  a  maximal  voluntary 

contraction (used as an anchor), was most accurate at 
the low perceptual intensity and significantly under 
produced (perceptually overestimated) at higher per- 
ceptual intensities. Subsequent exposure to a 100% 
MVC resulted in a better judgement of force during 
voluntary contractions at 50%  and  75%  MVC  guided 
by the subjects  perceptual feelings of exertion. Match- 
ing isometric force with target contraction intensities 
tended to be less accurate at opposite ends of the force 
domain (25% and 75% MVC) during all five experi- 
mental conditions. In addition, the prior submaximal 
and maximal fatiguing isometric exercise did not affect 
the subjects  subsequent perceptual response range. 

Absolute force produced during the standard naı̈  ve 
test, where the maximal  voluntary  contraction  (100% 
MVC) was performed last, was  the  most  accurate  at 
25%  MVC  but  significantly  lower  than  the isometric 
force produced at the 50% and 75%  contraction inten- 
sities during the other four test  days. It is unclear 
why subjects were able to accurately  judge force at 
the low contraction intensity (25%   MVC). These 
results do however suggest, that a   perceptual range at 
higher contraction intensities was not established with 
no prior knowledge of one s  maximal force generating 
capacity and therefore a  dissociation exists between effort per- ception and  force output resulting in an 
under produc- tion of force (perceptual overestimation) 
at submaximal contraction intensities (50% and 75% 
MVC). Horstman 

A
b

s
o

lu
te

 P
e
a
k

 F
o

rc
e

 

e
rr

o
r 

(N
) 

R
e

la
ti

v
e
 P

e
a

k
 F

o
rc

e
 

e
rr

o
r 

(%
) 



541 

Table 2 The relative peak isometric force at the target contraction intensities during the standard naı  ̈ve test, control tests 1 and 2, post 
20% MVC test and post 100% MVC test of the experimental sample (N=30) 

 

Contraction Standard Control Control Post 20% Post 100% 
intensity (%) naı  ̈ve  

test (%) 
test 1 
(%) 

test 2 
(%) 

MVC  test 
(%) 

MVC  test 
(%) 

25 24.9±12.1 31.6±15.3 34.5±14.5 39.1±12.0 37.6±12.2 
50 39.1±16.2 45.0±13.6 48.1±12.4 53.0±15.4 52.7±13.4 
75 54.3±16.0 62.0±23.4 56.6±20.6 62.0±14.3 65.3±14.2 

All values are expressed as mean ± SD 
Relative peak force is reported as a percentage (%) of the absolute 
peak force at each perceived contraction intensity 

Main effects, intensity: P = 0.00001 
Main effects, trial: P = 0.00001 

 

et al. (1979c) suggest that although pre-exercise warm 
up may not influence the results, previous experience of 
the exercise may be necessary to accurately judge effort 
perception. In contrast, Hutton et al. (1984) proposed 
that transient postcontractile potentiation of spinal re- flex pathways may summate with previously set motor 
commands or act independently to produce errors in effort perception. 
The ability to accurately judge force based on per- 
ceptual feelings of exertion had a tendency to be poorer 
at opposite ends of the force domain where force was 
over produced at 25% MVC and consistently under  
produced at 75%  MVC. The  most  accurate judgement 
of isometric force occurred at 50% MVC. The present finding is in agreement with previous research by Jones 
and Hunter (1982) who showed that forces under 40% 
MVC were consistently over produced, forces above 
60% MVC under produced and the most accurate oc- 
curred around the middle of the force domain. Similar 
results were also found by Kumar and Simmonds (1994) 
who used a pinch grip, power grip and stoop lifting 
activity to measure accuracy and the reliability of effort 
perception during these activities. This study found a 
systematic bias at all submaximal force contractions 
except at 40% MVC. The force at 60% and 80% MVC 
was lower whereas at 20% MVC was higher than the 
objective values based on the MVC. Jackson and 
Dishman (2000) measured perceived submaximal force 
production using a chest press exercise in the order of 
25%, 50%, 75% of maximum and a final MVC, and 
reported an over production of force at 25% MVC and 
lower  forces  produced  at  both  50%  and  75%  MVC 

 

 
Table 3 The absolute and relative peak force errors during all five 
experimental conditions at the target contraction intensities of the 
experimental sample (N=30) 

when  compared   to   the   expected   force   production. 
It appears that the consistency of this result occurs 
whether the contraction intensities are presented in ei- 
ther a linear fashion (Jackson and Dishman 2000) or in a 
randomised manner (Jones and Hunter 1982;  Kumar 
and Simmonds 1994; Pincivero et al. 2003a). 
The reason for this perceptual over-and-underesti- 
mation is not immediately clear. It is possible that since 
the large musculature of the leg extension is more 
commonly involved in gross movements relating to 
power, it is relatively insensitive in identifying and per- 
forming the lower levels of force such as those required 
in fine movements thus resulting in perceptual underes- 
timation (Jones and Hunter 1982). The reason for 
perceptual overestimation may be a teleological one, in 
that subjects subconsciously under produce force at 
higher intensities as a protective mechanism, in order to 
maintain a reserve capacity and therefore prevent 
mechanical and metabolic damage which may occur 
from maximal force generation. Another explanation for 
the perceptual inaccuracies may be the absence of an 
anchoring process, which allows the subjects to cogni- 
tively establish a perceptual range by a low and a high 
reference (Pincivero et al. 2003a, 2003b) 
In the present study we introduced two different 
fatiguing protocols, a  maximal  100% MVC  and  a sub- 
maximal 20% MVC fatigue test. Central and peripheral 
fatigue has been shown to develop during maximal and 
submaximal sustained voluntary muscle contractions 
(Bigland-Ritchie et al. 1983). Isometric exercise was 
used during the fatigue test to be consistent with the test 
protocol that followed. It has previously been found that 
muscle fatigue impairs the ability of subjects to make 
judgements of force (Gandevia and McCloskey 1978; 
Jones and Hunter 1983a), as well as increases effort 
perception (Jones and Hunter 1983b). Our results how- 
ever, suggest that a previous bout of fatiguing isometric 

Contraction 
intensity (%) 

Absolute peak 
force error 
(Force in N) 

Relative peak 
force error 
(Force as a %) 

exercise did not impair the subjects  subsequent ability 
to match isometric force with target contraction inten- 
sities. 
A  possible  explanation  for  the  contradiction  in  re- 

25 53.68 8.54 
50 12.06 2.42 
75 91.20 14.98 

sults  may  be  the  difference  in  the  methodology  with 
regard to the fatigue tests. A 10 min rest interval was 

     given to subjects in the present study after the fatiguing 
+ represents underestimation of force   represents overestimation 
of force 

isometric exercise before performing the test protocol. 
Rest  intervals  of  40 s  compared  to  160 s  (Pincivero 
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et al. 1999), as well as 1–3 min (Woods et al. 2004)  between exercise bouts have shown  no effect  on per- ceived 
exertion, and therefore demonstrates, that per- ceived exertion may not be affected by the rest interval  length, or 
may not be a sensitive indicator of muscle recovery. It has been concluded however, that rest intervals of 2 – 4 
min are adequate for minimising  muscle fatigue (Pincivero et al. 1999). The length of recovery time in the present 
study  was therefore too long for the physical effects of the fatigue tests to have  an affect on the perceptual range. 
In addition, the prior experience of the fatigue did not have an affect on the ability to match absolute force to the 
target contraction intensities in the present study. 

 
In conclusion, subjects were most accurate at the low perceptual intensity but under-produced (perceptually  
overestimated) isometric force  during the higher con- traction intensities preceding a maximal voluntary con-  
traction (100% MVC). Subsequent exposure to a  maximal voluntary contraction enabled subjects to establish an 
improved perceptual range during voluntary  contractions at 50% and 75% MVC that resulted in a  better 
judgement of force guided by perceptual feelings  of exertion. The ability of subjects to match absolute force with 
target contraction intensities during all five  testing conditions was most accurate at 50% MVC and had a 
tendency to be poorer at opposites ends of the force domain. Furthermore, it was clearly observed that prior 
fatiguing isometric exercise did not change the subjects subsequent perceptual response range, irre- spective of 
whether it was submaximal or maximal fatiguing exercise. Further work however, is required to investigate the 
cause of perceptual overestimation at the higher contraction intensities and the acute effects of fatigue on perceived 
exertion using the magnitude pro- duction method. 
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