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Abstract 

 
This paper examines the reliability and validity study of the new developed observational tool, the Workplace 
Ergonomic Risk Assessment (WERA) tool for assessing the exposure risk factors of work-related musculoskeletal 
disorders (WMSDs). The reliability of WERA tool was evaluated in training session of the 33 raters/observers using 
WERA assessment on video recordings of workplace tasks. The validity of WERA tool was evaluated by 
establishing its correlation to the Body Discomfort Survey (BDS) in 130 workers performing three jobs of the 
construction industry. The results of inter-observer reliability shows that moderate agreement among the observers 
(K=0.41) while the concurrent validity shows that statistically significant for the wrist, shoulder and back regions of 
the individual WERA body part scores to the development of pain or discomfort. It shows that the WERA 
assessment provided a good indication of work related musculoskeletal disorders which might be reported as pain, 
ache or discomfort in the relevant body region. These results support that WERA tool is reliable and valid 
instrument to measure exposure risk factors of the WMSDs in industrial settings and epidemiological studies. 
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1. Introduction 
Psychometric properties is the critical element for development of the ergonomic exposure assessment tools, 
particularly for research that attempts to establish the reliability and validity of the assessment tool during the 
development process [1-3]. Reliability is the property of an instrument to come up with the same score or number 
when true value is the same while validity is the property of an instrument that involves the instrument measures 
what it is designed to measure [4-5]. Current techniques for assessing exposure to risk factors associated with work-
related musculoskeletal disorders (WMSDs) is still the observational methods, mainly because its inexpensive and 
practical for use in a wide range of workplaces where using other methods would be difficult because of the 
disruption caused [2-3, 6-8]. However, most of the observational methods have been developed are not extensively 
tested due to infrequent assessment of the reliability and validity studies [1-3]. Poor characteristic of exposures 
assessment tools due to inadequately tested on its reliability and validity studies contributes to the scepticism 
regarding the work-relatedness of musculoskeletal disorders [1-3, 6-7]. Therefore, this research paper was to 
establish the reliability and validity of the new technique of the observational assessment tool which called the 
Workplace Ergonomic Risk Assessment (WERA) tool during the development process. 
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2. Methods 
 
2.1 Workplace Ergonomic Risk Assessment (WERA) Tool 
The Workplace Ergonomic Risk Assessment (WERA) [9] was developed to provide a method of screening the 
working task quickly for exposure to the physical risk factor associated with work-related musculoskeletal disorder 
(WMSDs). The WERA assessment consists six physical risk factors including posture, repetition, forceful, 
vibration, contact stress and task duration and its involve the five main body regions (shoulder, wrist, back, neck and 
leg). It has a scoring system and action levels which provide a guide to the level of risk and need for action to 
conduct more detailed assessments. Figure 1 shows the Workplace Ergonomic Risk Assessment (WERA) tool. 
 

 

Figure 1: Workplace Ergonomic Risk Assessment (WERA) tool [9] 
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2.2 Psychometric Properties: Validity Study 
The aims of validity study was to establish whether WERA assessment provided a good indication of work related 
musculoskeletal disorders which might be reported as pain or discomfort in the relevant body region. The details 
procedures are shown as follows: 

• Subjects and Data Collection 
The application of WERA tools were evaluated in construction industry, confirming its validity in the 
workplaces. The total of 130 workers at three types of job in construction industries including wall 
plastering job (n=43), bricklaying job (n=45) and floor concreting job (n=42) were involved in this study. 
Each of job was direct observed using WERA tool. During the task duration, observation of the workplace 
was carried out by recording the job with Video Camera (Sony DCR-SX63E). Three jobs were observed 
and videotape during the task duration in order to gather a data for the WERA assessment. From the 
videotape the angle of the body segments relative to the vertical was estimated (shoulder, wrists, back, neck 
and legs). An additional measurements were made on the weight of the load and distances of walking by 
using the weight scale and measurement tape in the workplaces. During the resting time and launch time, a 
structured interview was conduct by using self-report charts (Body Discomfort Chart - which have been 
shown to provide a valid measure of body discomfort) [10] were given to all subjects for each tasks. The 
body discomfort chart consist the question about the level of pain or discomfort in terms of pain or no pain 
in the six body part including the shoulder, elbow, wrist, back, neck and leg regions. Figure 2 shows the 
three types of job in construction industries. 
 
 
     

 
A 

            
                           B                                                             C 
 

Figure 2: Three types of job in construction industries including wall plastering job (A), bricklaying job (B) 
and floor concreting job (C) 
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• Data Analysis 

To establish whether WERA assessment provided a good indication of work related musculoskeletal 
disorders which might be reported as pain, ache or discomfort in the relevant body region, chi square test 
(χ2-test) was used to determine the association between the physical risk factor score defined by WERA 
tool and reported pain, ache or discomfort from body part region that based on the number of task. 
Statistical analysis was performed using SPSS for Windows (version 15.0). 

 
2.3 Psychometric Properties: Reliability Study 
The aims of reliability study was to determine the percentage of level agreement between observers, when 
completing the analysis on the same jobs/tasks using the WERA tool. The details procedures are shown as follows: 

• Subjects and Data Collection 
For the reliability study, WERA was presented as a method assessment during the training session over the 
33 participants including Occupational Safety & Health (OSH) practitioners, manager and officer. All 
participants who undertake risk assessment, were given training how to conduct a WERA assessment. This 
involved a trial assessment on a three jobs of video film to familiarize the participants with the WERA 
process, together with subsequent discussion with the researcher. Three jobs of video films were recorded 
from home building industry including wall plastering job, bricklaying jobs and floor concreting job. The 
participants acting as observers were divided into two groups including expert team and management team. 
The three recorded jobs were assessed by each group in same time during the day. Before watching the 
videos, the observers had 5-10 minutes going through a brief discussion about the purpose of the tool,  
instruction, scoring system and the terms defined in the WERA tool. After that, the video film was played 
and the observers made their assessment on each recorded of task with the WERA tool. This WERA tool 
required approximately 5-10 minute to complete for each task. The total time to complete for all 3 task 
were required 45 minute include a feedback questionnaire from participants. If any subject could not 
complete the assessment within the time given, the video film task was re-wound and re-play to make sure 
all observers could finish their assessment for that task.  

• Data Analysis 
Reliability of the WERA tool was assessed by using inter-observer reliability. For the analysis of the inter-
observer reliability of the WERA tool, Cohen’s Kappa coefficients were calculated for the assessment of 
the 33 observers (including expert team and management team) for assessing 3 recorded tasks. Cohen’s 
Kappa coefficient was used to assess the level of agreement for the nine items of the physical risk factor in 
WERA assessment. The percentage agreement was also calculated for the observers group including expert 
team and management team respectively. 

 
3. Results and Discussion 
 
3.1 Validity Testing 

• Descriptions of the Subjects 
The total mean age of the samples (n=130) were 33.17 years (SD=5.42) in the range between ages of 21 
and 44 while the total mean working experiences were 6.44 years (SD=2.16) in the range between years of 
2 and 12. The total working hours per day was range from 8 to 9 hours (mean 8.67 ± 0.58). Table 1 shows 
the demographics of the workers in home building industry.  
 

Table 1. Demographics of the workers in home building industry (n=130) 
Task Age 

(year) 
Working Experience 

(year) 
Working per day 

(hours) 
Mean SD Range Mean SD Range Mean SD Range 

Wall Plastering (n=43) 32.67 5.85 2-12 6.28 2.33 20-44  
 

8.67 

 
 

0.58 

 
 

8-9 
Bricklaying (n=42) 33.36 5.42 2-12 6.52 2.16 20-44 

Floor Concreting (n=45) 33.47 5.00 2-12 6.51 1.98 23-44 
Total (n=130) 33.17 5.42 2-12 6.44 2.16 21-44 
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• WERA Validation: Wall Plastering Job 
In wall plastering job (n=43), the relationship of the individual WERA body part scores to the development of 
pain or discomfort is statistically significant for the wrist, shoulder and back regions [11]. The wrist score for 
WERA body part was >4 in 86% of workers, while wrist pain or discomfort was reported by 86%, yielding a 
significant association between WERA body part score and self-reported pain (χ2=16.12;  p =0.000). The 
WERA body part score for the shoulder regions during wall plastering job yielded a score >4 in 93% and 
caused shoulder pain or discomfort in 91%, the association being significant (χ2 =12.58;  p =0.000). The back 
regions for WERA body part score was >4 in 91% of workers, with 98% reporting pain or discomfort in the 
back regions, with a significant association (χ2 =9.98;  p =0.002). The neck score for WERA body part was 1-3 
in 86% of workers, this score corresponds to the most neutral posture (standing position with hand below the 
waist). As neck pain or discomfort was reported by 70%, there was no association between WERA score and 
neck pain (χ2 =0.032;  p =0.858). Similarly, no association was found in leg score for WERA tool and reported 
pain or discomfort in those regions. Table 2 shows the chi square statistical analysis (χ2 -test) of WERA body-
part score and number of workers reporting pain, ache or discomfort in wall plastering job. 

 
Table 2. Chi-square statistical analysis (χ2-test) of the WERA body part scores (Low or >Medium) and the 

reported pain, ache or discomfort in wall plastering job [11] 
Body 
part 

Pain WERA score χ2 p < .05 
1-3  >4  

Shoulder No 
Yes 

2 
1 

2 
38 

12.58 0.000 

Wrist No 
Yes 

4 
2 

2 
35 

16.12 0.000 

Back No 
Yes 

1 
3 

0 
39 

9.98 0.002 

Neck No 
Yes 

11 
26 

2 
4 

0.032 0.858 

Leg No 
Yes 

12 
28 

1 
2 

0.015 0.903 

 
• WERA Validation: Bricklaying Job 

In bricklaying job (n=42), the relationship of the individual WERA body part scores to the development of 
pain or discomfort is statistically significant for the wrist, shoulder and back regions. The wrist score for 
WERA body part was >4 in 93% of workers, while wrist pain or discomfort was reported by 98%, yielding 
a significant association between WERA body part score and self-reported pain (χ2=13.32;  p =0.000). The 
WERA body part score for the shoulder regions during bricklaying job yielded a score >4 in 90% and 
caused shoulder pain or discomfort in 98%, the association being significant (χ2 =9.37;  p =0.002). The 
back regions for WERA body part score was >4 in 86% of workers, with 98% reporting pain or discomfort 
in the back regions, with a significant association (χ2 =6.15;  p =0.013). The neck score for WERA body 
part was 1-3 in 86% of workers, this score corresponds to the most neutral posture (standing position with 
hand below the waist). As neck pain or discomfort was reported by 48%, there was no association between 
WERA score and neck pain (χ2 =1.02;  p =0.313). Similarly, no association was found in leg score for 
WERA tool and reported pain or discomfort in those regions. Table 3 shows the chi square statistical 
analysis (χ2 -test) of WERA body-part score and number of workers reporting pain, ache or discomfort in 
bricklaying job. 
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Table 3. Chi-square statistical analysis (χ2-test) of the WERA body part scores (Low or >Medium) and the 
reported pain, ache or discomfort in bricklaying job. 

Body 
part 

Pain WERA score χ2 p < .05 
1-3  >4  

Shoulder No 
Yes 

1 
3 

0 
38 

9.73 0.002 

Wrist No 
Yes 

1 
2 

0 
39 

13.32 0.000 

Back No 
Yes 

1 
5 

0 
36 

6.15 0.013 

Neck No 
Yes 

20 
16 

2 
4 

1.02 0.313 

Leg No 
Yes 

15 
21 

2 
4 

0.15 0.700 

 
• WERA Validation: Floor Concreting Job 

In floor concreting job, the relationship of the individual WERA body part scores to the development of 
pain or discomfort is statistically significant for the shoulder, back and wrist regions. The shoulder score 
for WERA body part was >4 in 87% of workers, while shoulder pain or discomfort was reported by 84%, 
yielding a significant association between WERA body part score and self-reported pain (χ2=13.77;  p 
=0.000). The WERA body part score for the back regions during floor concreting job yielded a score >4 in 
80% and caused back pain or discomfort in 91%, the association being significant (χ2 =11.81;  p =0.001). 
The wrist regions for WERA body part score was >4 in 84% of workers, with 82% reporting pain or 
discomfort in the wrist regions, with a significant association (χ2=11.32;  p =0.001). The neck score for 
WERA body part was 1-3 in 84% of workers, this score corresponds to the most neutral posture (standing 
position with hand below the waist). As neck pain or discomfort was reported by 73%, there was no 
association between WERA score and neck pain (χ2 =0.015;  p =0.901). Similarly, no association was found 
in leg score for WERA tool and reported pain or discomfort in those regions. Table 4 shows the chi square 
statistical analysis (χ2-test) of WERA body-part score and number of workers reporting pain, ache or 
discomfort in floor concreting job. 
 
Table 4. Chi-square statistical analysis (χ2-test) of the WERA body part scores (Low or >Medium) and the 

reported pain, ache or discomfort in floor concreting job. 
Body part Pain WERA score χ2 p < .05 

1-3  >4  

Shoulder No 
Yes 

4 
2 

2 
36 

13.77 0.000 

Wrist No 
Yes 

4 
2 

4 
35 

11.32 0.001 

Back No 
Yes 

3 
4 

1 
37 

11.81 0,001 

Neck No 
Yes 

10 
28 

2 
5 

0.015 0.901 

Leg No 
Yes 

14 
25 

2 
4 

0.015 0.903 
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3.2 Reliability Testing 
• Descriptions of the Observers 

The total mean age of the observers (n=33) were 32.72 years (SD=4.13) in the range between ages of 22 
and 41 while the total mean working experiences were 4.57 years (SD=1.26) in the range between years of 
2 and 9. Management team includes the manager and officer while expert team include OSH practitioners. 
Table 5 shows the demographics of the observers involved in training session. 
 

Table 5. Demographics of the observers in training session (n=33) 

Group of Observers Age 
(year) 

Working Experience 
(year) 

Mean SD Range Mean SD Range 
Management team 
(n=23) 

33.04 5.00 22-41 5.35 1.61 3-9 

Expert team (n=10) 32.40 3.27 27-37 3.80 0.92 2-5 
Total (n=33) 32.72 4.13 22-41 4.57 1.26 2-9 

 
• Inter-Observer Reliability 

The test results for the inter-observer reliability of the prototype of WERA assessment are shown in Table 6 
[12]. When considering the assessment results of all 33 observers assessing all three tasks, their agreement 
on the assessment items were low as evaluated by kappa analysis, ranging between K=0.30-0.34 (for the 
shoulder, wrist, back, neck and leg items). According to Altman [13], the strength of agreement for all 
these assessment items can be regarded as “fair agreement” (K=0.21-0.40). This is because the observers 
found that difficult to observe and defined angular ranges when assessing the posture of five body parts 
including shoulder, wrist, back, neck and legs regions. The 33 observers assessment on forceful score, 
vibration and contact stress items were resulted in a higher kappa value (K=0.49-0.51) suggesting a 
“moderate agreement” among the observers. And the overall assessments of the task duration item was 
resulted in a higher kappa value (K=0.60) suggesting a “good agreement”. The value of kappa between 
0.81 and 1.00 were considered ‘very good’, 0.61–0.80 ‘good’, 0.41–0.60 ‘moderate’, 0.21–0.40 ‘fair’, and 
less than 0.20 ‘poor’ [13]. 
  

Table 6. Inter-observer reliability on assessment items as specified in the WERA [12] 
WERA Items Inter-observer agreement (33 observers) 

 
K*  Overall K*  

 
Percentage 
agreement 

(%) Task 1 Task 2 Task 3 Task 1-3 
Shoulder 0.33  0.32  0.37  0.34   63.6 
Wrist 0.24  0.27  0.38  0.30   63.6 
Back 0.27  0.34  0.31  0.31  60.6 
Neck 0.27  0.33  0.35  0.32  63.6 
Leg 0.32  0.32  0.30  0.31  63.6 
Forceful 0.54  0.45  0.48  0.49  84.8 
Vibration 0.48  0.45  0.53  0.49  87.9 
Contact Stress 0.48  0.54  0.51  0.51  81.8 
Task Duration 0.68  0.58 0.53  0.60 84.8 
Total Agreement (K*) 0.40 0.40  0.42 0.41  72.1 
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• Usability of WERA Tool 
From the feedback questionnaire survey about the usability of WERA tool, all participants (n=33) includes 
expert teams and management team were ratings (1=strongly disagree, 5=strongly agree) indicated that the 
prototype of WERA tool was easy to use (mean 3.94 ± 0.93), quick to use (mean 3.88 ± 1.02), applicable to 
workplace assessment (mean 3.64 ± 1.11), applicable in wide range of job/task (mean 3.58 ± 1.06) and 
valuable at work (mean 3.85 ± 1.06) [12]. The observes confirmed that no need training required to do 
WERA assessment when they rating in strongly disagree (mean 2.36 ± 1.58) for the item of training 
required to do assessment. This because the WERA tool provided a quick and easy to used among the 
observers. In WERA tool for the scoring system item, they confirmed that the scoring system was useful 
for determine the risk level (mean 4.03 ± 0.68) color coding was useful for risk level (mean 3.88 ± 0.65) 
and final score and action level was useful (mean 3.82 ± 0.85). Table 7 shows the observers ratings of 
feedback questionnaire of usability of the WERA tool. 

 
Table 7. Observers ratings of feedback survey of WERA tool [12] 

Questions Rating scores 
 

Total score 
 

1 2 3 4 5 Mean (SD) 
1. Easy to use/straightforward 1 3 - 22 7 3.94 (0.93) 
2. Quick to use 1 4 1 19 8 3.88 (1.02) 
3. Applicable to workplace assessment 2 5 1 20 5 3.64 (1.11) 
4. Applicable in wide range of job/task 2 5 1 22 3 3.58 (1.06) 
5. Valuable at work (cost effective) 1 2 1 26 3 3.85 (0.79) 
6. Need training required to do assessment 17 3 - 10 3 2.36 (1.58) 
7. Scoring System  

(Ratings- Low, Medium ,High)  
- 2 1 24 6 4.03 (0.68) 

8. Scoring System  
(Colour- Green, Yellow, Red)  

- 3 - 28 2 3.88 (0.65) 

9. Scoring System  
(Final Score- Low, Medium, High)  

1 3 - 26 3 3.82 (0.85) 

Notes: Ratings scale range from 1=strongly disagree to 5= strongly agree. 
 
 
4. Conclusion 
The Workplace Ergonomic Risk Assessment (WERA) was develop to provide a method of screening the working 
task quickly for exposure to the physical risk factor associated with work-related musculoskeletal disorder 
(WMSDs). In the validity studies, the relationship of the individual WERA body part scores to the development of 
pain or discomfort is statistically significant for the wrist, shoulder and back regions. It shows that the WERA 
assessment provided a good indication of work related musculoskeletal disorders which might be reported as pain, 
ache or discomfort in the relevant body region. In the reliability studies, the results of inter-observer reliability 
shows that moderate agreement among the observers (K=0.41) while from the feedback questionnaire survey about 
the usability of WERA tool, all participants includes expert and management teams were agree that the prototype of 
WERA tool was easy and quick to use, applicable to workplace assessment for the wide range of job/task and 
valuable at work. The observes confirmed that no need training required to do WERA assessment. Therefore, the 
evaluation of the reliability and validity studies on the WERA tool were shown to have good psychometric qualities 
and to be reliable when assessing the exposure risk factors of the WMSDs in industrial settings and epidemiological 
studies. 
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