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Introduction
One of the most common types of musculoskeletal disorders 

in employees are those related to work which are the main causes of 
occupational disablement [1]. Work-related musculoskeletal disorders 
(WMSDs) are resulted by inappropriate body postures during work, 
repetitive use of strength (pull, push, grape…) and doing repetitive 
tasks [2]. A repetitive task is defined as any activity which is repeated 
every 15 seconds and more than 4 times a minute or the one that takes 
up more than 50 percent of the time of a working shift [3]. Repetitive 
motion disorders occur most commonly in hands, wrists, arms, neck, 
back and shoulders and are of paramount significance for they are 
regarded as one of the most common causes of occupational injuries 
and disabilities [4]. 

There are various methods to assess occupational exposure to risk 
factors, which play a role in developing musculoskeletal disorders, 
and their analysis and evaluation [5]. The assessment of ergonomic 
risks resulted from inappropriate body positions would help predict 
the possibility of work-related musculoskeletal disorders leading to 
protection of workers’ physical health and improving productivity in 
industry [6]. Selection of the assessment method depends upon the 
nature and objective of the study as well as the accuracy of the method. 
In this regard, direct measurement techniques can provide more reliable 
information than observational methods and subjective judgments [7].

Pen and paper based observational methods are of particular 
advantage for they don’t need any special equipment and make fast 
assessment in a short time [8]. In recent years, the number of methods 
to assess upper limb disorders (or upper extremity disorders) and 
those related to repetitive tasks are increased among which ART can 
be mentioned. 

ART is a pen and paper based posture assessment method which 

was proposed in 2009 by HSE to assess the risk of jobs requiring 
repetitive movements of the upper limbs (arms and hands) [9]. In this 
method, the risk is assessed according to repetition of movements, 
strength, inappropriate body posture and the influence of other factors 
including work-rest intervals, work pace, using hand as a hammer, 
exposure to vibration, requiring precise movements of hand and finger, 
duration of work and socio psychological factors. Then, the final score 
of risk is classified into three levels of green (low level of risk), yellow 
(medium level of risk) and red (high level of risk) [10].

What distinguishes ART from other methods such as OCRA, 
RULA and HAL is that ART entails all various dimensions these 
methods consider to assess the risk of musculoskeletal disorders and 
is presented as an easier and more efficient method [9]. Moreover, it is 
attempted to reduce the level of risk through redesign of workstations 
and substitution or replacement of tools or components used in work 
environment [11]. In their study to compare the upper limb disorder 
risks associated with manual and automated tasks in pharmaceutical 
industry, McLeod et al. introduced ART as an appropriate and practical 
method to detect risk factors of musculoskeletal disorders related to 
repetitive tasks [12].
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Intra-rater and inter-rater assessment is a significant and reliable 
method to provide more correlation between the observations made 
by the rater and his\her colleagues. Angela et al. carried out a research 
to investigate the reliability of methods assessing upper limb postures 
among workers performing manufacturing tasks and reported spending 
more time on observations and having more accuracy in recording the 
data as reasons of correlation and agreement [13]. Furthermore, lack of 
a clear definition for posture, lack of sufficient training for raters and 
inappropriate identification of postures as compared with standards, 
differences in the time of recording data and observations, changes in 
workers’ body position during the observations and alternative change 
of the muscles due to fatigue were mentioned as factors causing loss of 
correlation among the results provided by raters [14,15]. 

The results of the research by Pan et al, which was aimed to 
determine intra-rater reliability and correlation in posture assessment 
via PATH method, demonstrated that combining postures and 
determining an overall index for postures were the reasons for lack 
of agreement [16]. The study by Jelena, which was intended to assess 
posture of elementary school students through photographic methods, 
showed that the acceptable difference in derived results was partly due 
to the difference in detecting markers [17].

Peregrin et al. revealed in their study that video-based posture 
assessment and video analysis of the results would lead to more 
correlation compared with other assessment methods like self-report 
and observations [18]. In order to resolve the differences and have a 
higher correlation between the results, certain recommendations have 
been proposed in some studies. In this regard, Burdorf recommended 
increasing the observation length and repeating the observations 
made by raters so as to create more correlation between the results and 
improve the accuracy of observations [19].

Hitherto, there have been no studies dedicated to measure inter-
rater and intra-rater agreement via ART method. Thus, the present study 
was carried out to investigate intra-rater and inter-rater correlation in 
ART posture assessment method in a job involving repetitive tasks 
(marquetry work). 

Methodology 
The ART method was designed to help assess the activities with 

repetitive tasks so as to detect common risk factors leading to upper 
limb disorders. In this method, the tasks which involve considerable 
risks are identified to be the center of concentration for corrective 
measures. 

This assessment method can be applied if the work involves 
repetitive motions of upper limbs alternatively repeated every couple 
of minutes and the person does the work at least 1-2 hours per day. It 
is worth mentioning that this tool is not intended to assess the tasks of 
those working with display screen equipment (DSE). 

In this method, the frequency and repetition of arm movements 
(A1, A2), the level of force exerted (B), the posture of neck, arm, back, 
wrist and fingers (C1-C5), breaks, work pace and other factors (D1-
D3) including use of gloves, use of hands to strike and as a hammer, 
requirement to fine precise movements of the hand and fingers, 
exposure to vibration or cold tools and inadequate lighting levels are 
considered. The scores of these items are added together to calculate 
task score. Then, task score is multiplied by the task duration multiplier 
to calculate the final assessment score which is classified in three levels 
of risk as low (the score 0-11), medium (12-21) and high (22 or more) 
(Appendix 1). 

If the duration of a task is less than 2 hours in a typical day or shift, 
the duration multiplier will be 0.5. If it is 2 hours to less than 4 hours, 
the duration multiplier will be 0.75. For 4 hours to 8 hours duration 
of task, 1 will be the duration multiplier and for task duration of more 
than 8 hours, the duration multiplier will be 1.5. 

In the present study, first, the marquetry work was analyzed by 
hierarchical task analysis method (HTA) and 6 performances as well as 
14 tasks were identified for it. Then, two M.S. students in occupational 
health were trained to use ART method. In order to entirely know how 
to use this method and resolve the probable ambiguities, they assessed 
some tasks with this method as a trial. In the next stage, the students 
visited the workplace to observe and get familiar with marquetry work 
where they also compared the HTA results available to them. 

Each student assessed 14 tasks of marquetry work for the first time. 
After a week, each of them reassessed the same 14 tasks. They plotted 
Bland Altman graph using Excel software and determined ICC index 
via SPSS 11 software.

Bland Altman graph assesses the agreement between two quantitative 
variables. In this graph, the difference between the measurements of the 
two raters is displayed on the y-axis and the average of the two raters 
is shown on the x-axis. The number of points on the graph represents 
the number of assessments via ART method (28 assessments). The 
dispersion along the x-axis shows the dispersion in assessment scores 
and dispersion along the y-axis reveals the comparison of performances 
of both raters in assessing each task. The optimal agreement on points 
along the y-axis occurs when the difference in measurements is zero 
and both raters determine the same score for the assessed task. In this 
way, all numbers are set around x-axis with minimum distance from it. 

The intra-class correlation coefficient (ICC) can be used to describe 
the relative extent to which two continuous measurements taken by 
different people or two measurements taken by the same person on 
different occasions are related. The advantage of ICC is that, unlike 
Pearson’s correlation, a value of unity is only obtained when the two 
measurements are identical to one another. A high value of ICC of 
0.95 indicates that 95% of the variance in the measurement is due to 
the true variance between the participants and 5% of the variance is 
due to measurement error or the variance within the participants or 
the observers [20]. A generic definition of an intra-class correlation 
coefficient r is: 

 'True Variance'/ 'Observed Variance'

Where: ‘True Variance’=the variability between the targets

 ‘Observed Variance’=the total variance-true variance plus other 
variance 

 In many cases, but not always, intra-class correlation coefficients 
(ICC) are reliability coefficients(R) [21]. The values for the reliability 
coefficient ranged from 0 to 1 and are evaluated based on (Table 1) [22].

Results 
The value of ICC was calculated in SPSS 11 using two-way mixed 

effects model. For rater 1, the value of ICC was 0.84 and for rater 2 it 
was 0.99. Inter-rater ICC value in the first assessment was 0.87 and in 
the second one, after a week, was 0.75. The results indicated that intra-
rater agreement for rater 2 was better than that of rater 1 and inter-rater 
agreement was acceptable according to the ICC values. 

As it is evident from Figure 1, rater 1 reported the difference of 
assessment values in the first and second assessments with ART 
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method in a way that most assessment values were less in the second 
assessment than in the first one. The maximum difference was detected 
for assessing F with 8 scores less in the second assessment than in the 
first one.

According to Figure 2 and as per the reported ICC value, rater 2 
indicated more agreement in two consecutive assessments. In the 
same way as rater 1, rater 2 reported assessment scores in the second 
assessment slightly less than the first one.

In Figure 3, the difference in assessment values determined by rater 
2 and rater 1 in the first assessment is presented. As it is obvious, most 
assessments are above the axis which demonstrates that rater 1 reported 
higher values. 

According to Figures 3 and 4, which depict the difference in 
assessments by rater 2 and rater 1 in Bland Altman graph, in most cases, 
rater 2 reported higher values in both the first and second assessments. 

As per Figure 3, the maximum difference was detected for assessing 
task J with 7.5 scores, which was related to final filing and in both 
assessments, rater 1 estimated less than rater 2. According to Figure 4, 
the maximum difference between rater 2 and rater 1 was detected as 8.5 
for assessing the cutting task. 

Accordingly, the difference in the scores reported by the two raters 
was investigated concerning its influence on level or risk. In other 
words, it was analyzed that up to how many scores of difference would 
not lead to a change in final level or risk. According to Table 2, for rater 
1 (intra-rater) only in one case, with reducing 8 scores in task F, the level 
of risk changed from level 2 to level 1. For rater 2, the analysis of intra-
rater agreement showed that in F' and H', with adding 1 score in both 
tasks, level of risk changed from level 1 to level 2. 

Regarding inter-rater comparison (between rater 1 and rater 2) in 
the first assessment, rater 1 reported the values in H, I, J and F' tasks in 
level 1 and rater 2 reported them with 2 more scores in level 2 (Table 2). 
The comparison made between rater 1 and rater 2 (inter-rater) in the 
second assessment, showed similar difference in the abovementioned 

tasks. Moreover, it revealed that rater 1 reported the assessment values 
in task I' in level 1 while rater 2 reported them in level 2. 

Discussions and Conclusions 
The present study was aimed at investigating the intra-rater and 

inter-rater agreement by means of ART ergonomic assessment method 
in marquetry work. The degree of agreement was calculated via intra-
class correlation coefficient (ICC) and revealed a strong intra-rater and 
inter-rater correlation in both assessments. Moreover, Bland Altman 
graph was utilized to show the difference in assessment scores for 
each task which demonstrated that in the first assessment, maximum 
difference was detected as 8.5 scores (rater 1 estimated 8.5 scores more 
than rater 2 for final filing or task J). In the second assessment, the 
maximum difference in assessment scores was again 8.5 scores (for 
rater 2 more than for rater 1). The results indicated that the scores 
made by raters were less in the second assessment than those in the 
first stage. It seems that factors like more accuracy and concentration 
or more mastery over the method in the second assessment led to 
reporting lower scores in assessment. This question, however, is posed 
that whether the overestimation occurred in the first assessment or the 
under estimation took place in the second. To answer this question, it 
is necessary to compare the results reported by rater 1 and rater 2 with 

ICC value Degrees of agreement (reliability) beyond chance
0 None

>0 to <0.2 Slight

0.2 to < 0.4 Fair

0.4 to < 0.6 Moderate

0.6 to < 0.8 Substantial

0.8 to 1.0 Almost perfect

Table 1: Qualitative classification of inter-class correlation (ICC) values as degrees 
of agreement beyond chance [22].

 

Figure 1: The difference in assessment values in the first and second 
assessments by rater 1 (on the right N-A) (on the left from A' to N').

 

Figure 2: The difference in assessment values in the first and second 
assessments by rater 2 (on the right N-A) (on the left from A' to N').

Figure 3: The difference in assessment values by rater 1 and rater 2 in the 
first assessment (on the right N-A) (on the left from A' to N').
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Figure 4: The difference in assessment values by rater 1 and rater 2 in the 
second assessment (on the right N-A) (on the left from A' to N').
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those of a skilled rater. It is also possible to carry out a third assessment 
in which both raters consult and provide reasons in the presence of 
the skilled rater so as to detect the probable errors and deficiencies 
resulting in the differences in assessments in addition to mastering this 
assessment method. This is proposed for further research. 

Figures 3 and 4 show the subtle difference between the raters. The 
reasons for this are the differences in scoring, distinguishing posture 
angles of the workers, doing measurements in different working times 
and etc. This result was compatible with the results of the study by 
Stetson et al. since they proved that one reason for differences between 
the raters was the difficulty of distinguishing body posture angles of 
the subjects [23]. Angela et al. also demonstrated that distinguishing 
particular postures of the subject with change in body position during 
the work is difficult and leads to differences in the derived results [13].

In some cases, despite the subtle difference between the raters, 
changes in level of risk and corrective measures were observed. As 
depicted in Table 2, in the first assessment, rater 1 reported the values 
of task H (sanding with sandpaper), I (sanding with metal file), J (final 
filing) and F' (cutting) in risk level 1 while rater 2 reported all of them 
with a higher score in risk level 2. 

Furthermore, the comparison of the second assessment made by 

rater 1 and rater 2 showed that in addition to the abovementioned tasks 
and the same differences, rater 1 reported the values of task I' (sanding 
with metal file) in level 1 whereas rater 2 reported it in level 2. The 
justification for this discrepancy is that the mentioned task (sanding 
with metal file) was one of the most important and repetitive tasks in 
marquetry which made it difficult to score and resulted in the difference 
in the assessment scores given by raters. In fact, according to having 
the same assessment conditions including time and working situation 
for all tasks, if there was a difference in the task scores, it might have 
been observed in other tasks too and would have led to changes in level 
of risk. Moreover, it seems as if the assiduity or negligence of raters in 
observing the tasks was one of the causes of difference in the provided 
results. In this regard, the study by Ketola et al. showed that difference 
in data analysis, task observation type (direct or video-based) and 
raters’ negligence and their lack of due attention to details during the 
assessment would lead to the differences in final results [24,25]. 

The present study indicated the difference in measurements and 
discrepancies between the raters compatible with previous studies. 
This factor has always been regarded as inevitable human error and 
the differences between raters or even intra-rater differences have 
always been expected to exist. It has nothing to do with raters’ skills 
and abilities since scoring tasks and distinguishing body postures 

Task

Rater 1 Rater 2 Did the difference in assessment scores lead to 
change in final level of risk?

First assessment Second 
assessment

First 
assessment

Second 
assessment

(intra-rater 
1)

(intra-rater 
2)

(inter-rater) (inter-rater)
First 

assessment
First 

assessment
A Cutting the design 5.5 5.5 6.5 7 ˟
B Gluing the design 5 5.5 6 6
C Pasting the design on wood 5 5.5 4.5 3.5
D Preparing the mounting board 3 1.5 3.5 4
E Preparing the hacksaw 3 1.5 3.5 3.5

F cutting 18 10 18.5 18.5 
G soaping 3 0.5 4.5 5

H Sanding with sandpaper 10.5 9 16.5 16  
I Sanding with metal file 10.5 9 15 14.5  
J Final filing 6 6.5 14.5 12.5  
K Creativity and setting the pieces 2 2.5 4.5 5
L Pasting the pieces on the base wood 2 2.5 5.5 5
M Doing polyester with brush 6 5.5 10 9.5
N Doing polyester with spray 6.5 2 7 7.5
A' Cutting the design 1.5 2 4 4
B' Gluing the design 1.5 2 2 1.5
C' Pasting the design on wood 1.5 2 1.5 1.5
D' Preparing the mounting board 3.5 1.5 2 1.5
E' Preparing the hacksaw 3.5 3.5 3.5 1

F' cutting 9 8 11 12   
G' soaping 4 3 2.5 2.5
H' Sanding with sandpaper 7.5 6 10.5 10

I' Sanding with metal file 7.5 7 11 12  
J' Final filing 6 6.5 8 8
K' Creativity and setting the pieces 2 2.5 2 2
L' Pasting the pieces on the base wood 2 2.5 3 3.5
M' Doing polyester with brush 1.5 2 3 2.5
N' Doing polyester with spray 2.5 2 2 2

 Difference in assessment scores 
Table 2: Investigation of the difference in assessment scores of both raters and its influence on level of risk.
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depend upon rater’s subjective interpretation. Accordingly, Lundell 
et al. and Bytzer et al. proved in their studies that there are always 
certain differences in assessment results even those made by skilled and 
experienced raters [26,27]. One of the most efficient ways to provide a 
better assessment and reduce the differences in assessments is taking 
videos and photographs of body postures and positions during the 
work. Correspondingly, Pandolfino et al. and Rath et al. demonstrated 
that video-based analysis of the results would lead to more correlation 
and agreement between the raters [28,29]. 

Despite their simplicity, observational methods are influenced by 
work pace particularly in repetitive tasks with high pace for the raters 
are not able to quickly distinguish and score tasks. According to the 
inevitability of differences between the raters, in order to provide a 
reasonable solution and help distinguish the errors and the causes of 
differences in studies, it is recommended that raters do the assessments 
in the presence of each other in a determined time. At the same time, 
they take photographs of the subject’s posture so as to be able to come 
to better results relying on the photographs and consultation with each 
other in case of any more differences. 
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