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SUMMARY 

This study investigates the influence of effort level and joint 

position on the subjective effort level perception when 

performing voluntary tasks. Ten young male subjects 

participated in the experiment. They were asked to perform 

isometric elbow flexion efforts for different elbow flexion 

angles and different elbow flexion effort levels. After each 

trial, the subjects rated the effort level they produced using 

Borg’s scale. Statistical analysis showed that the real effort 

level had a significant and linear influence on the perceived 

effort (p<0.001), whereas the elbow flexion angle had no 

significant effect (p=0.58). 

 

INTRODUCTION 
Digital Human Models (DHMs) are a promising tool for 

ergonomic design of products, because they allow 

incorporating ergonomics in the early phases of product 

conception. One of the main challenges is the definition of 

discomfort criteria, allowing DHMs to assess the ease-of-use 

of a product based on kinematical and/or dynamical 

parameters of a task. However, only a few attempts have been 

performed to associate subjective effort perception with 

dynamical parameters [1]. 

 

This study therefore focuses on the influence of kinematic 

(joint angles) and dynamic (joint moments) parameters of a 

task on the related perceived effort. More specifically, the 

authors were interested in elbow flexion-extension efforts and 

the associated effort perception, in order to establish possible 

discomfort evaluation laws based on both kinematic and 

dynamic parameters of the movement. 

 

METHODS 

Ten right-handed male voluntary subjects (28±5 years, 

1748±48 mm, 73.1±5.5 kg) participated in the experiment. All 

were exempt from any neural or musculoskeletal disorders of 

the upper limb. 14 retro-reflective markers were placed on the 

subject’s torso and right upper limb, to allow position 

recording using the VICON™ 524 motion capture system.  

 

The subjects were then asked to sit in the experimental device 

presented in Figure 1. Seat height and backrest position were 

adjustable. The subject’s right elbow was resting on a rigid 

support fixed to the device frame (1). The effort was applied 

on a handle attached to a wheel (2). A 1-D force sensor (4) 

was used to record the exerted effort. 

 

Two variables were controlled: normalized elbow flexion 

effort EN and normalized elbow flexion angle θN. After a 

warm-up, the subject’s right elbow flexion-extension range of 

motion (RoM) was recorded. From the maximal elbow flexion 

and extension angles, three values for θN, named EXT, SEXT 

and SFLEX were determined as percentages of the total RoM, 

corresponding to 86%, 62% and 38% of the subject’s total 

RoM, respectively (0% and 100% corresponding to the fully 

flexed and fully extended position, respectively). Then the 

subject’s Maximal Voluntary isometric Force (MVF) for 

elbow flexion was recorded using the plateau method with 

duration of five seconds [2] for each of the three selected 

positions. Three values for effort level EN were then defined, 

corresponding to 20%, 50% and 80% of the subject’s MVF for 

a given position. In total 9 configurations were tested, 

corresponding to the 3 effort levels for each of the 3 chosen 

positions. 

 
 

 

For each configuration, the subject was orally instructed by 

the experimenter to increase his effort level until the desired 

level was reached, then to maintain his effort for five seconds. 

The experimenter was provided with visual feedback of the 

effort to ensure that the desired effort level was reached. After 

each trial, the subject evaluated the effort level he exerted 

using Borg’s CR10 scale [3]. The subject’s position during 

each trial was reconstructed and the joint angles were 

calculated according to ISB recommendations [4]. Joint angles 

and effort level were then averaged over the trial duration. 

 

To allow comparison between subjects, the centered and 

reduced perception ratings PCR were defined as: 
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where P indicates the perception rating for a given trial, P  the 

mean and 
Pσ

 the standard deviation of ratings for the 

considered subject. 

 

In order to determine if the effort level and joint position had a 

significant effect on perception ratings, a Generalized Linear 

Model was used, in which the joint position θN was considered 

a qualitative variable with 3 levels, and the effort level EN a 

quantitative variable. 

 

 

  

Top zéro 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Figure 1: Experimental setup. 
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RESULTS AND DISCUSSION 

Table 1 shows the results of the Generalized Linear Model. 

Results indicate that the normalized effort level EN had a 

significant influence on the perceived effort PCR (p<0.001). On 

the contrary, joint position θN had no significant effect 

(p=0.58). 

 

Table 1: generalized linear model results for PCR=f(θN,EN). 

 
Source DoF mean square F p 

θN 2 0.115 0.54 0.58 

EN 1 68.58 322.52 0.00 

θN . EN 2 0.21 1.00 0.37 

 

Figure 2 shows the normalized perception ratings PCR (mean ± 

1 SD for the 10 subjects) as a function of normalized effort 

levels EN, for each normalized joint position θN. 

 

 
Figure 2: Normalized effort perception ratings PCR (mean ± 

1SD) vs. normalized effort level EN for each joint position. 

 

Because the effort level EN seemed to have a linear effect on 

the perception rating PCR, coefficients of the linear regression 

of the form PCR = a1.EN + a2 have been calculated for each 

position θN. The results are summarized in Table 2 below. 

 

Table 2: parameters and correlation coefficient for linear 

regression law PCR = a1.EN + a2. 

 

θN 
PCR = a1.EN + a2 

r
2 

a1 a2 

EXT 0.041 -2.10 0.88 

SEXT 0.043 -1.93 0.84 

SFLE 0.36 -1.78 0.73 

 

Table 2 shows a good linearity of the relation between effort 

level and effort perception, with a minimum correlation 

coefficient r
2 
of 0.73 for the most flexed elbow position. 

These results tend to indicate that effort perception only 

depends on the relative effort level, irrespective of joint 

position. However, it must be remembered that in this study, 

the effort level was expressed as a fraction of the subject’s 

MVF for a given position. Yet the MVF is highly dependent 

on joint position (see e.g. [5]). Therefore, it is necessary to 

account for variation of MVF with joint position when 

establishing such perception laws. The integration of force-

position relationships into DHMs seems one of the primary 

objectives when trying to integrate discomfort evaluation in 

those DHMs. The use of musculoskeletal models could be one 

way to achieve this.  

 

One must also keep in mind that these results apply to 

isometric tasks; further studies should focus on other tasks 

involving motion (non-static) to determine if the conclusions 

hold true in such cases. Finally, this work should be extended 

to the study of other joints, in order to establish whole-body 

perception laws based on the perception laws established for 

each individual joint. 

 

CONCLUSIONS 

The present study showed that effort perception during an 

isometric task is determined only by the actual level of effort 

exerted. The effort perception grows linearly with the level of 

normalized effort applied. Although joint position had no 

significant influence on perceived effort, it indirectly 

influences the normalized level of effort. Future work should 

include the study of other body parts as well as non-isometric 

tasks, in order to set up global discomfort perception laws. 
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