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Abstract. Observational methods have been applied to assess work-related mus-

culoskeletal disorders (WMSDs). The reliability of their results is a challenge. 

WMSDs remain a significant concern for workers, emphasizing the need for re-

liable observation tools. This study aimed to investigate the inter-rater reliability 

(IRR) of the Rapid Upper Limb Assessment (RULA) in assessing the posture of 

sculptors performing three tasks (sifting, kneading, and modeling). A fully 

crossed random effects model was applied to analyze IRR across thirty-nine sub-

jects, three tasks, and three raters. 2340 postures were scored individually by 

each rater.  The IRR for each pair of raters was calculated using the weighted 

Cohen’s Kappa statistic. The highest IRR values among the rater pairs were 

found in the kneading task when assessing the trunk (1-2: IRR=0.875; 95% CI 

[0.849-0.900], 1-3: IRR=0.887; 95% CI [0.878-0.896], and 2-3: IRR=0.934; 

95% CI [0.923-0.945]). The worst IRRs were obtained for the wrist assessment 

(1-2: IRR=0.168; 95% CI [0.159-0.177], 1-3: IRR=0.145; 95% CI [0.138-0.152], 

and 2-3: IRR=0.158; 95% CI [0.148-0.168]). The IRRs differed among tasks. 

Raters demonstrated higher IRR when scored upper arm, trunk, and leg postures, 

but fair reliability was observed for neck and wrist postures. Raters showed better 

IRR values when assessing postures for the sifting and modeling tasks than for 

the kneading task.  This underscores the need for proper and adequate training 

before using RULA. In addition, task complexity seems to be an important aspect 

of IRR in this study. Further studies are needed to analyze how reliability is af-

fected when analyzing different tasks. 
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1 Introduction 

Work-related musculoskeletal disorders (WMSDs) are primary contributors to injuries 

and long-term disabilities [1]. Organizations and governments have invested consider-

able resources in occupational health claims and research to develop solutions to the 

problem [2]. WMSDs are multifactorial in nature and are associated with exposure to 

specific risk factors [3,4]. A major challenge in the assessment of risk factors is their 
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reliability [5].  The Rapid Upper Limb Assessment (RULA) is a widely used observa-

tional method for assessing risk factors associated with WMSDs and has been shown 

to be highly reliable.[6]. The Center for Disease Control and Prevention in the USA 

defines reliability as the consistency of measurements for a given variable [7]. One of 

the most popular coefficients to evaluate inter-rater reliability (IRR) when using cate-

gorical data is Weighted Cohen’s kappa (WCK) [8]. The following guidelines have 

been suggested for interpreting the strength of agreement based on the kappa coeffi-

cient: 0.00 indicates poor agreement, 0.01 to 0.20 signifies slight agreement, 0.21 to 

0.40 represents fair agreement, 0.41 to 0.60 suggests moderate agreement, 0.61 to 0.80 

indicates substantial agreement, and 0.81 to 1 reflects almost perfect agreement. [9]. 

When assessing the level of agreement between two raters on ordered categorial varia-

bles with three or more categories, quadratic weighted Kappa is a commonly used [10]. 

For example, a study examining the reliability of the RULA in bakers reported excellent 

IRR. A study evaluated the reliability of the RULA in bank employees and showed an 

excellent IRR [11], similarly, excellent IRR results have been observed in studies eval-

uating manufacturing tasks [12]. WMSDs continue to be a major concern due to their 

prevalence and impact on worker health and productivity. Sculpting tasks, like manual 

activities, often involve prolonged or repetitive postures that can increase the risk of 

WMSDs. Despite the widespread use of the RULA method in various occupational 

settings, there is limited research on its reliability when applied to creative occupations 

such as sculpture, where postures are dynamic and task-specific.  While RULA has 

been validated in other fields such as banking and manufacturing, its reliability in  as-

sessing sculpting tasks remains unexplored. Sculpting often presents unique ergonomic 

challenges due to prolonged awkward postures and fine motor movements.  The con-

sistency of rating between raters is critical to ensure reliable and actionable data.  As-

sessing the IRR using weighted Cohen’s Kappa provides insight into the robustness of 

the method for analyzing specific postural risks in sculpting tasks. Accurate assessment 

of risk is essential for designing ergonomic interventions and reducing the likelihood 

of WMSDs in sculptors. This study could provide a basis for the development of tai-

lored solutions to improve occupational health in creative industries.  This research will 

fill a critical gap in the literature by evaluating the applicability and reliability of the 

RULA method in creative occupational context, thereby supporting the development of 

evidence-based ergonomic practices.  The objective of this research was to evaluate the 

IRR of the RULA method when used by three raters to assess postural risk factors in 

three specific sculpting tasks: kneading, sifting and modeling. The study aimed to de-

termine the consistency of RULA assessments across raters and to identify potential 

challenges and limitations in applying this method in the context of sculpting, a profes-

sion characterized by dynamic and tasks-specific postures. 
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2.      Methods 

 
Three ergonomists evaluated six postures using the RULA method [6], including four 

limb-specific postures (upper arm, lower arm, wrist and leg, on both the left and right 

sides) and two core postures (neck and trunk), across three sculpting tasks: kneading, 

sifting, and modeling.  
Thirty-nine sculptors from northern México participated in this study. Participants 

were selected based on specific inclusion criteria: 1) they had to be over eighteen years 

of age, 2) they had to have at least one year of experience in their current profession, 3) 

they had to work at least six hours a day, and 4) they could not be pregnant or under-

going medical treatment. Ethical approval (CEI-2022-01) was granted by the Art As-

sociation Committee. The selected sculptors (n=39) provided their consent to partici-

pate by signing an informed consent form. Demographic information was collected 

from participants. Sculpting tasks were recorded using video and digital photography 

resources (4K camcorder 10X optical zoom camera Ultra HD Wi-Fi video camera).  

Raters were provided with a posture assessment training program. One hundred and 

seventeen video frames from the three tasks were individually rated by each rater using 

the RULA method. A total of 2340 ratings were made by each rater.   All data was 

securely stored in computer files protected by passwords. A fully crossed random ef-

fects model was applied to analyze the IRR across thirty-nine subjects, three tasks, and 

three raters. Data management and statistical analysis were conducted using the IBM 

SPSS software (v24, SPSS Inc., Chicago, USA).  The WCK test was performed to as-

sess the IRR between each pair of raters. A 5% significance level was used. 

 

 

 

3.  Results 
 

Among the thirty-nine sculptors studied, 70% were male, all were right-handed, and 

their ages varied from 24 to 62 years with and average age of 37.23 ± 11.10 years. All 

raters were male, the average age was 35.8 +- 0.33 years, and they had ten years of an 

experience in ergonomics. The WCK IRR coefficients for the kneading, sifting, and 

modeling tasks are shown in Table 1 with corresponding standard deviations, 

confidence intervals (95%), and p-value<0.05.  

According to Table 1, the highest levels of IRR between pair of raters on the sifting 

task were found for the leg, lower arm, and upper arm, except for the wrist, with values 

ranging from 0.711 to 0.899. In the modeling task, the highest IRRs among pairs of 

raters (2-3) for the neck (both right and left sides) were as follows IRR=0.895; 95% CI 

[0.855-0.935] for the right side and IRR=0.881; 95% CI [0.855-0.907] for the left side, 

reflecting almost perfect in these ratings. 
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Table 1. Weighted Kappa Coefficients by Task and Body Posture. 

  
Pair 

of 
raters 

Body 

Posture 

Right side Left side 

Task K SD      CI (95%)   p-value K SD      CI (95%)   
p-

value 

                                          

K
n

e
a
d

in
g

 

1-2 Leg 0.753 0.052   [ 0.676 , 0.830 ] * 0.852 0.023   [ 0.814 , 0.890 ] * 

1-3 Leg 0.821 0.017   [ 0.794 , 0.848 ] * 0.798 0.019   [ 0.768 , 0.828 ]   

2-3 Leg 0.857 0.018   [ 0.827 , 0.887 ] * 0.789 0.025   [ 0.750 , 0.828 ] * 

1-2 Lower arm 0.561 0.018   [ 0.541 , 0.581 ] * 0.658 0.025   [ 0.626 , 0.690 ] * 

1-3 Lower arm 0.654 0.018   [ 0.631 , 0.677 ]   0.701 0.021   [ 0.672 , 0.730 ]   

2-3 Lower arm 0.598 0.013   [ 0.583 , 0.613 ] * 0.699 0.012   [ 0.683 , 0.715 ] * 

1-2 Neck 0.245 0.021   [ 0.235 , 0.255 ] * 0.168 0.021   [ 0.161 , 0.175 ]   

1-3 Neck 0.248 0.012   [ 0.242 , 0.254 ] * 0.179 0.012   [ 0.175 , 0.183 ] * 

2-3 Neck 0.248 0.011   [ 0.243 , 0.253 ]   0.183 0.011   [ 0.179 , 0.187 ]   

1-2 Trunk 0.875 0.015   [ 0.849 , 0.901 ] * 0.845 0.015   [ 0.820 , 0.870 ]   

1-3 Trunk 0.887 0.005   [ 0.878 , 0.896 ] * 0.833 0.005   [ 0.825 , 0.841 ]   

2-3 Trunk 0.934 0.006   [ 0.923 , 0.945 ] * 0.888 0.006   [ 0.878 , 0.898 ] * 

1-2 Upper arm 0.698 0.003   [ 0.694 , 0.702 ]   0.586 0.017   [ 0.566 , 0.606 ]   

1-3 Upper arm 0.754 0.012   [ 0.736 , 0.772 ] * 0.812 0.015   [ 0.788 , 0.836 ] * 

2-3 Upper arm 0.598 0.013   [ 0.583 , 0.613 ]   0.645 0.023   [ 0.616 , 0.674 ]   

1-2 Wrist 0.168 0.026   [ 0.159 , 0.177 ] * 0.258 0.025   [ 0.245 , 0.271 ] * 

1-3 Wrist 0.145 0.024   [ 0.138 , 0.152 ] * 0.356 0.017   [ 0.344 , 0.368 ] * 

2-3 Wrist 0.158 0.033   [ 0.148 , 0.168 ]   0.285 0.045   [ 0.260 , 0.310 ]   

S
if

ti
n
g

 

1-2 Leg 0.854 0.052   [ 0.767 , 0.941 ] * 0.752 0.025   [ 0.715 , 0.789 ] * 

1-3 Leg 0.796 0.017   [ 0.769 , 0.823 ] * 0.699 0.022   [ 0.669 , 0.729 ]   

2-3 Leg 0.899 0.017   [ 0.869 , 0.929 ] * 0.852 0.018   [ 0.822 , 0.882 ] * 

1-2 Lower arm 0.856 0.036   [ 0.796 , 0.916 ] * 0.758 0.013   [ 0.739 , 0.777 ] * 

1-3 Lower arm 0.896 0.028   [ 0.847 , 0.945 ]   0.759 0.025   [ 0.722 , 0.796 ]   

2-3 Lower arm 0.852 0.029   [ 0.804 , 0.900 ] * 0.759 0.025   [ 0.722 , 0.796 ] * 

1-2 Neck 0.759 0.017   [ 0.734 , 0.784 ]   0.725 0.017   [ 0.701 , 0.749 ] * 

1-3 Neck 0.786 0.019   [ 0.757 , 0.815 ] * 0.765 0.019   [ 0.737 , 0.793 ]   

2-3 Neck 0.774 0.027   [ 0.733 , 0.815 ] * 0.785 0.027   [ 0.743 , 0.827 ] * 

1-2 Trunk 0.785 0.017   [ 0.759 , 0.811 ]   0.774 0.017   [ 0.748 , 0.800 ] * 

1-3 Trunk 0.711 0.015   [ 0.690 , 0.732 ] * 0.715 0.015   [ 0.694 , 0.736 ] * 

2-3 Trunk 0.725 0.018   [ 0.699 , 0.751 ] * 0.716 0.018   [ 0.691 , 0.741 ]   

1-2 Upper arm 0.874 0.018   [ 0.843 , 0.905 ] * 0.698 0.015   [ 0.677 , 0.719 ]   

1-3 Upper arm 0.789 0.022   [ 0.755 , 0.823 ]   0.785 0.014   [ 0.763 , 0.807 ] * 

2-3 Upper arm 0.854 0.022   [ 0.817 , 0.891 ] * 0.856 0.016   [ 0.829 , 0.883 ] * 

1-2 Wrist 0.152 0.025   [ 0.145 , 0.159 ]   0.147 0.032   [ 0.138 , 0.156 ] * 

1-3 Wrist 0.125 0.023   [ 0.119 , 0.131 ] * 0.155 0.025   [ 0.147 , 0.163 ]   

2-3 Wrist 0.123 0.027   [ 0.116 , 0.130 ] * 0.166 0.014   [ 0.161 , 0.171 ] * 

M
o
d
e
li

n
g

 

1-2 Leg 0.795 0.045   [ 0.725 , 0.865 ] * 0.852 0.023   [ 0.814 , 0.890 ]   

1-3 Leg 0.896 0.017   [ 0.866 , 0.926 ]   0.758 0.025   [ 0.721 , 0.795 ]   

2-3 Leg 0.875 0.066   [ 0.762 , 0.988 ] * 0.752 0.028   [ 0.711 , 0.793 ] * 

1-2 Lower arm 0.897 0.032   [ 0.841 , 0.953 ] * 0.852 0.025   [ 0.810 , 0.894 ] * 

1-3 Lower arm 0.785 0.017   [ 0.759 , 0.811 ] * 0.667 0.025   [ 0.634 , 0.700 ]   

2-3 Lower arm 0.894 0.024   [ 0.852 , 0.936 ]   0.725 0.036   [ 0.674 , 0.776 ]   

1-2 Neck 0.895 0.023   [ 0.855 , 0.935 ] * 0.785 0.023   [ 0.750 , 0.820 ] * 

1-3 Neck 0.862 0.051   [ 0.776 , 0.948 ]   0.799 0.051   [ 0.719 , 0.879 ]   

2-3 Neck 0.887 0.015   [ 0.861 , 0.913 ] * 0.881 0.015   [ 0.855 , 0.907 ] * 

1-2 Trunk 0.789 0.034   [ 0.736 , 0.842 ]   0.699 0.034   [ 0.652 , 0.746 ]   

1-3 Trunk 0.759 0.029   [ 0.716 , 0.802 ] * 0.723 0.029   [ 0.682 , 0.764 ]   

2-3 Trunk 0.698 0.029   [ 0.658 , 0.738 ] * 0.675 0.029   [ 0.637 , 0.713 ] * 

1-2 Upper arm 0.881 0.025   [ 0.838 , 0.924 ] * 0.725 0.026   [ 0.688 , 0.762 ]   

1-3 Upper arm 0.845 0.026   [ 0.802 , 0.888 ]   0.715 0.017   [ 0.691 , 0.739 ] * 

2-3 Upper arm 0.822 0.037   [ 0.762 , 0.882 ] * 0.736 0.018   [ 0.710 , 0.762 ] * 

1-2 Wrist 0.168 0.052   [ 0.151 , 0.185 ] * 0.215 0.047   [ 0.195 , 0.235 ] * 

1-3 Wrist 0.158 0.017   [ 0.153 , 0.163 ]   0.189 0.015   [ 0.183 , 0.195 ] * 

2-3 Wrist 0.154 0.06   [ 0.136 , 0.172 ] * 0.178 0.008   [ 0.175 , 0.181 ] * 

                                          

* p-value < 0.05 

 

 

On the other hand, the lowest IRR values were observed for the kneading task, where 

IRR values of 0.245 (95% CI [0.235-0.255] and 0.248 95% CI [0.242-0.254] indicated 

fair reliability. These lower IRR values suggest that there may have been more varia-

bility in the scores for this task, possibly due to the subjective nature of assessing knead-

ing techniques or differences in rater interpretation. This contrast in reliability between 

tasks highlights the importance of task-specific training and clearer guidelines for raters 

to improve consistency in scoring. 
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4.  Discussion 

 
According to results, the kneading task showed the lowest IRR values for the wrist and 

neck postures. The assessment of these two specific postures had two limitations: one 

related to clothing obstructions and the other related to hair. Fair reliability due to 

smaller joint movements has been discussed as a contributing factor in other studies 

[13,14]. A study examining posture in children using a computer [6] found that the IRR 

was higher for the trunk and legs. Another study reported RULA had high reliability 

when used by therapists to assess adults [12]. Another study examining the interob-

server repeatability found moderate to good reliability [15].  These reliability values 

were significantly lower than those found in the current study, although a direct com-

parison is difficult due to differences in the types of data analyzed (ordinal versus con-

tinuous). Additional factors may include differences in the observational methods used; 

this study used video recordings, whereas other research has relied on direct observa-

tion of work tasks. In this study, potential sources of error could contribute to variability 

in the data. The design of the study, such as camera angles and lighting conditions in 

which the sculptors worked, could affect the accuracy of posture assessments. Poor 

visibility or obstructions could bias measurements. Finally, certain modeling tasks may 

inherently lead to more difficult or less consistent judgements. For example, dynamics 

movements such as wrist and neck postures may be more difficult to reliably observe 

than static postures, which could lead to errors. The results suggest that when using the 

RULA method to assess sculpting tasks, inter-rater reliability between pairs of raters 

differs depending on the task assessed.  

 

5.  Conclusions 

 
This study evaluated the IRR of the RULA method for assessing postures during sculpt-

ing tasks.  Challenges in assessing wrist and neck postures, influenced by factors such 

as clothing obstructions and hair, highlight the complexity of assessing small joint  

movements and dynamic postures.  The results of this study are consistent with previ-

ous research showing that the trunk and leg postures are easier to assess than upper limb 

postures.  While RULA demonstrated moderate reliability, the study highlights the im-

portance of methodological considerations, such as camera positioning and task char-

acteristics, in achieving accurate assessments. This study provides a foundation for im-

proving observational methods in posture assessment, particularly for tasks involving 

complex or constrained postural variations. Given the challenges in assessing postures, 

future research should explore complementary methods, such as wearable sensor or 

three-dimensional motion capture, to enhance the accuracy of posture assessments, es-

pecially for small joint movements. Further research should explore the applicability of 

the RULA method across various populations and tasks involving complex or con-

strained movements. 
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