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ABSTRACT

There are several methods for assessing the ergonomics risk of upper-limb disorders in occupational health studies.
The main objective of the present study is to determine the intra and inter-examiner reliability of three risk assessment
methods of SI, OCRA Checklist and ART in repetitive tasks. Early, nine examiners used the three methods to assess
the physical exposure level of the upper limb in workers 30 tasks with different levels of the profession for two
assessment periods. In the results obtained using ICC for inter-examiner reliability, the risk categorizations were p:
0.54 to 0.77 for SI, OCRA Checklist and ART, Also the intra-examiner reliability for the final score of the three
methods was «: 0.59 to 0.67. The reliability for risk categorizations and the final score of this method using ICC
obtained as moderate to good. However, the overall results showed that the reliability of the ART method was higher
than the two other methods. The findings demonstrated that all three methods are appropriate for assessment in
workplaces. These methods should be used based on assessment objectives, examiner skill and required duration time
for assessing the tasks.
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should be performed in a way to prevent the work

INTRODUCTION environmept harmfu] ergonomic factors [5]. _

Nowadays, upper-limb musculoskeletal ~disorders For assessing the risk of r_nusculoskeletal disorders,
(ULMSDs) are prevalent among workers in different approximately 30 observat_lonal_ assessment methods
industries, especially for repetitive and assembling have_ been devel_oped to identify and quantify the
occupations [1]. ULMSDs are also known as major physical occupatlonal exposures [6]. The pen and
factors which are resulted from working and reduced paper observational meth_odg are _of_ten used t0 evaluate
production in developed countries. In previous studies, posture gnd bas_ed on their simplicity and lack of need
the repetitive activities and risk factors associated with for special equipment, these methods are the proper
ULMSDs (such as excessive force, improper postures, replacement for direct measurement methods [7].
vibration, and psychosocial-organizational factors) [2] They can also be used in a wide range of work

are reported as the cause of carpal tunnel syndrome, environments .[8]' For the observational metho_ds,
hand and forearm muscle cramps etc.[3]. Therefore, different physical exposures such as manual loading

; ; ; ; d repetitive tasks in the upper limb are formally
ergonomics main challenge is to design the work and |
environment with the purpose to prevent the ULMSDs applicable. These methods should be selected based on
from it with no negative effects on products the need for assessment and type of exposure. Strain
production and quality [4. According to the health Index (Sl), Assessment of Repetitive Tasks (ART),

procedures and suggestions, the risk assessment and Occupa_tional Repetitive Action (OCRA) is among
the most important assessment methods that are
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widely used for physical exposure of upper limbs [6-
9]. In the earlier studies, the reliability of the ART
method is not specified by using the standard
statistical methods.

The overall study objective was to determine the inter-
examiner reliability of ART, OCRA Checklist, and SI
methods by dissimilar examiners as well as the intra-
examiner reliability of these methods by the same
examiners. The SI, OCRA Checklist, and ART
methods are based on the type of evaluated
occupations and research questions.

MATERIALS AND METHODS

In this study, data were collected from 30 occupational
tasks in industries such as poultry slaughtering,
assembling and manufacturing aluminium containers.
The researchers recorded 30 videos of tasks by a
digital camera and with focus on the upper limb on the
sagittal and frontal planes of the workers. The videos
contained at least 5 working cycles during the worker's
tasks. Data related to the duration of tasks, breaks and
work cessations were directly collected via
observation and interviews with the factory manager.
Most of the tasks were repetitive upper-limb activities
with working cycle with 4-32 sec time intervals.

In sum, 9 raters with the background of at least 2 years
of ergonomic risk assessment participated in this
study. Three of them were men and 6 were women
who were graduated students of occupational health
and ergonomics. Because of different expertise levels
of the raters participating in this study, the training
courses for three methods of Strain Index, OCRA
Checklist and ART were held separately for them. The
training sections were developed based on the
principles and procedures of each method with
practical exercises. The training continued until the
raters reached the desired competency level. Next, 30
Microsoft Excel files were prepared and distributed
between them. The SI worksheet was developed based
on Moor and Gray's [10] main procedure, OCRA
Checklist worksheet was developed based on the
updated method by Colombini et al. [11] and ART
worksheet was based on Ferreira et al. [12] procedure.
The assessments were separately performed for the
activity of the right and left upper-limb was
asymmetric in the 30 tasks of the workers. The results
were assessed separately for each hand. In total, 60
assessments were carried out by the examiner for the
three methods of OCRA Checklist, SI and ART
individually and without communication or access to
the results of others. After finishing the assessments,
the results were sent to the research team in the form
of digital files. The examiner performed their
assessments in two periods and four weeks apart. Both
evaluation processes performed on the selection of
similar videos. The assessed task variables belonging
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to the SI method were as follows: intensity of exertion,
efforts per minute, hand/wrist postures, duration of
exertion and speed of work; the task variables of
OCRA Checklist were: awkward posture/movement
status frequency, force exertion, lack of recovery time,
work duration and additional factors; and task
variables of the ART method were: force,
frequency/repetition movement, additional factors and
awkward posture. The Borg-CR-10 scale [13] was
used for the homogeneity and coordination in
approximating the intensity of efforts in the methods.
Thus, all the estimates of exertion intensity were
performed based on observing the videos of tasks and
changes in the facial expression of the workers without
any direct measurement. Previous studies showed that
the estimation of the applied force by experts is more
accurate than the self-reporting estimation by the
workers [14]. The data of task duration variable in the
daytime and lack of retrieval time were given to the
examiners and all the points considered for these
variables were similar. The risk categorizations
criteria have three levels for Sl [15] and ART [12]
methods. In order to compare these instruments with
the OCRA Checklist method, the cut-off of this
method was condensed and moderated from 5 to 3
levels. In Table 1, the risk categorizations criteria
(risk-level cut-off) in this study are mentioned, which
is similar to the studies on other methods (SI, OCRA
Checklist, and ART) [16].

Several statistical methods have been conducted to
calculate reliability in other studies. Intra-examiner
reliability was considered based on the outcomes of 60
first assessments. Inter-examiner reliability is
determined based on the first and second scores of 9
examiners. A statistical test which is often used for
reliability is Cohen's Kappa coefficient [17]. One of
the problems with this method is its application for
class data; Kappa only considers the overall
agreement. In order to solve this problem, weighted
Kappa, which is used for ordinal data, was used in this
study. Other conventional methods are intra-class
correlation coefficient (ICC) and mutual absolute
agreement method (1, 2), studied by Shroutard Fleiy
[18]. In order to interpret the Kappa coefficient,
Landis and Kochs’ [19] suggestion of 0.21-0.41 as
poor, 0.41-0.6 as a medium, 0.6-0.8 as considerable
and 0.8-1.0 as almost complete was employed. For
ICC, the verbal change was used based on Steven's
(2005) recommendation: (p <0.4) poor reliability,
(0.40 < p <0.75) medium-good reliability and (p>
0.75) excellent reliability. The statistical tests were
implemented in R (v.3.02) and SPSS (v.20) software.



HSE
A

Iranian Journal of Health, Safety & Environment, Vol.6, No.2, pp.1267-1271

Table 1: Parameters of SI, OCRA checklist and ART risk
categorizations criteria

Risk level Risk index
Sl OCRA ART
1 <3 <7.6 <11.9
2 3-6.9 7.6-14 12-21.9
3 >7 >14.1 >22
RESULTS

The results of this investigation showed that the inter-
examiner reliability with ICC categorizations obtained
for SI and OCRA Checklist methods equal to (p =0.54,
95%Cl: 0.49-0.61) and (p =0.72, 95%CI: 0.69-0.79),
as well as (p =0.77, 95%CI: 0.70-0.81) for ART. In
Table 2, the calculation of ICC and Kappa coefficient
for OCRA Checklist, SI and ART are presented for
risk categorizations, final score and task variables.
Among the variables of three methods, the minimum
inter-examiner reliability with ICC statistical factor
was related to the hand/wrist posture (p =0.42) for SI,
awkward posture/ movement (p =0.56) for OCRA
Checklist and additional factors (p =0.58) for ART.

In Table 3, the intra-examiner reliability parameter
with the ICC, intra-examiner Kappa coefficient for
risk categorization, final score, and exposure variables
are presented for the three methods. The reliability for
the final score of OCRA Checklist, SI and ART was
equal to (k = 0.72), (x = 0.68) and (x = 0.76),
respectively. The maximum agreement and reliability
in the exposure variables were frequency/repetitive
movement (k=0.85) for the ART method and working
speed (k = 0.82) and frequency of technical movement
(x = 0.84) for the SI and OCRA Checklist.

Table 2: Parameters of inter-examiner reliability for SI,
OCRA Checklist and ART.

Risk score and task Kappagw 1CC,(95% CI)
variable

Sl risk classification 0.52 0.54 (0.49-0.61)
Strain Index Score 0.44 0.46 (0.33-0.59)
Intensity of exertion 0.39 0.44 (0.34-0.48)
Duration of exertion 0.50 0.53 (0.47-0.60)
Efforts per minute 0.51 0.55 (0.46-0.62)
Hand/wrist posture 0.37 0.42 (0.37-0.45)
Speed of work 0.46 0.50 (0.45-0.54)
OCRA risk classification 0.68 0.72 (0.69-0.79)
OCRA checklist score 0.62 0.66 (0.50-0.71)
Frequency of technical 0.70 0.73 (0.58-0.80)
actions

Force exertion 0.60 0.63 (0.53-0.69)
Awkward 0.52 0.56 (0.47-0.61)
posture/movement

Additional factors 0.65 0.68 (0.63-0.74)
ART risk classification 0.72 0.77 (0.70-0.82)
ART score 0.67 0.73 (0.65-0.78)
Frequency/Repetition 0.79 0.84 (0.76-0.88)
movement

Force 0.71 0.76 (0.71-0.83)
Awkward postures 0.64 0.70 (0.65-0.74)
Additional factor 0.47 0.58 (0.51-0.65)
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Table 3: Parameters of intra-examiner reliability for SI,
OCRA Checklist and ART.

Risk score and task Kappagw) 1CC,(95% CI)
variable
Sl risk classification 0.76 0.82 (0.77-0.87)
Strain Index Score 0.72 0.65 (0.58-0.71)
Intensity of exertion 0.71 0.83 (0.76-0.88)
Duration of exertion 0.80 0.86 (0.81-0.90)
Efforts per minute 0.78 0.85 (0.80-0.89)
Hand/wrist posture 0.77 0.72 (0.67-0.78)
Speed of work 0.82 0.86 (0.78 -0.90)
OCRA risk classification 0.79 0.85 (0.79-0.89)
OCRA checklist score 0.68 0.76 (0.67-0.83)
Frequency of technical 0.84 0.90 (0.86-0.93)
actions
Force exertion 0.70 0.74 (0.69-0.78)
Awkward 0.74 0.80 (0.75-0.82)
posture/movement
Additional factors 0.82 0.88 (0.82-0.91)
ART risk classification 0.82 0.90 (0.85-0.94)
ART score 0.76 0.81 (0.77-0.85)
Frequency/Repetition 0.85 0.92 (0.86-0.95)
movement
Force 0.81 0.86 (0.81-0.89)
Awkward postures 0.77 0.80 (0.75-0.86)
Additional factor 0.75 0.78 (0.71-0.85)
DISCUSSION
There are several conventional methods for

quantifying reliability rate of measurement results of
observational methods; agreement ratio of weighted
Kappa and ICC (1, 2) were used in this study. The
overall results showed higher ART reliability than the
two other methods. Inter-examiner reliability for risk
categorizations and a final score of ART method using
ICC was moderate to good and, using Kappa was
moderate to considerable. The results of reliability for
both OCRA and SI methods using ICC were moderate
to good and, using Kappa, were moderate to
considerable for OCRA Checklist and moderate for SI.
The difference in evaluation methods and scoring
scales in three methods can explain a difference in the
finding of the reliability coefficient. Comprehensively,
in all three methods, assessment of exposure to
awkward postures of biomechanics is used based on
the posture criteria. The intensity of force is evaluated
using a similar verbal interpretation (CR-Borg scale).
Exposure duration is also evaluated based on the
percentage of the task cycle. Nevertheless, ART, SI,
and OCRA Checklist methods have different
structures for measuring repetitive activities, posture,
and work and rest cycle. Since ART is the developed
method of OCRA, the physical exposure variables of
both methods are similar in structure, but the number
of scoring levels is different. For example, the scoring
of the retrieval time variable has 5 levels in OCRA
Checklist and 4 levels in ART. The ART method, in
contrast to OCRA Checklist, considers awkward
postures of the head, neck and back in the assessment.
In the structure of SI method, compared to ART and
OCRA Checklist, the shoulder posture and additional
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risk factors (MSDs) such as hand and arm vibration,
contact stress, and cold workplace are not considered.
General nature of the OCRA Checklist and ART
structures leads to further complexity of scoring scales
and an increase in the range of scores. As a result, the
measurement of reliability is also affected. So, it is
expected that tools and assessment methods of the
complexity risk require more time for training and,
also, the required time for assessing each occupational
task is longer. In the present study, this issue is
observed.
The finding of inter-examiner reliability of task
variables in SI method, compared to OCRA Checklist
and ART methods, are lower at the moderate level (p
>(.42) and (x>0.31). This is one of the causes of low-
reliability results is the low number of assessment
tasks. In addition, the low scoring scale can reduce
ICC. An increase in scoring scale distribution for the
variables can improve the reliability coefficients.
Stevens et al. [20], ICC (1, 2) used to determine
the inter-examiner reliability of the SI method. In the
mentioned study, 15 examiners were selected and 73
tasks purposefully chosen among the occupations
within  homogenous physical exposure. The task
variables of SI were obtained in the range of 0.77 to
0.81, except for hand/wrist posture with medium to
good reliability (p = 0.60). In the present study, if the
samples were selected purposefully for the
assessment, the ICC of task variables could be
improved, but the samples were randomly selected
from several industries. However, in the present
research, the ICC for the final score of SI (p = 0.45,
ClI=0.33-0.59) was similar to the studies by Stevens et
al. (p =0.43) and Paulsen et al. (p =0.59) [21]. The
inter-examiner  reliability in  semi-quantitative
assessments might be higher when scoring is done
based on videos, compared to the assessment on the
site and workplace. For example, Spielholz [14]
assessed the intra-examiner reliability of SI method in
125 tasks by 3 experts and 1 novice. The assessment
of tasks was performed on the site without any videos.
The Sl scores of task variables were poor to moderate
using the Kappa coefficient (0.31< k < 0.44). The
results of task variables of OCRA Checklist for the
inter-examiner reliability (p =0.74) were medium. In
another study, 320 tasks were determined using ICC
[12], reliability between OCRA checklist and SI. The
Sl score of task variables was obtained poor to
moderate in the range of 0.16-0.60, except for the
exertion variable. In the research by Rhéna et al. [22]
on 11 examiners with 10 recorded videos of tasks, the
inter-examiner reliability of OCRA Checklist was
obtained for risk categorizations and task variables
with poor to moderate by Kappa (0.58 < k < 0.63).
Also, the results of Rhéna et al. were consistent with
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the findings of this study for the inter-examiner
reliability.

In sum, the results of previous studies on risk
assessment methods showed higher inter-examiner
reliability than the repeatability of the methods. For
example, in another part of Rhéna et al., the results of
examiners were obtained in two parts with 6-week
intervals. The Kappa coefficient for risk
categorizations and task variables of OCRA Checklist
was moderate to considerable. In the present study, the
intra-examiner reliability with the between of 0.68< «
<0.82 was obtained, also in the previous works, the
level of scores was lower than this study. Intra-
examiner reliability and repeatability of the SI method
were examined by Stephens et al. [23]. The risk
categorizations and task variables with ICC were in
the range of 0.81< p <0.95. In previous works, the
intra-examiner reliability of risk categorizations of the
S| method was excellent estimated, which is similar to
the present study.

Results of inter-examiner reliability of ART method
for the final score and risk categorizations using 1ICC
were p=0.73 and p =0.77, and, using Kappa, they were
k =0.67 and « =0.72, respectively. The intra-examiner
reliability of ART was calculated using Kappa for the
final score (x=0.76), and using ICC for risk
categorizations (p=0.82). The intra- and inter-
examiner reliability of ART was evaluated very well,
which was consistent with the results by Roodbandi et
al. [24], who estimated proper reliability for ART
method.

CONCLUSION

Generally, inter- and intra-examiner reliability of ART
was higher than OCRA checklist and Sl, but the results
obtained of this research showed that three methods
were proper for assessment in the different
workplaces. The OCRA Checklist and ART for the
research cases or workplaces should be used based on
assessment objectives, researcher's questions, details
of assessment, reliability, and validity. Also, the time
required for training the people and assessing the tasks
should be considered. The ART method and OCRA
Checklist require more time than the SI.
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