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a b s t r a c t

A common way to conduct practical risk assessments is to observe a job and report the observed long
term risks for musculoskeletal disorders. The aim of this study was to evaluate the inter- and intra-
observer reliability of ergonomists' risk assessments without the support of an explicit risk assess-
ment method. Twenty-one experienced ergonomists assessed the risk level (low, moderate, high risk) of
eight upper body regions, as well as the global risk of 10 video recorded work tasks. Intra-observer
reliability was assessed by having nine of the ergonomists repeat the procedure at least three weeks
after the first assessment. The ergonomists made their risk assessment based on his/her experience and
knowledge. The statistical parameters of reliability included agreement in %, kappa, linearly weighted
kappa, intraclass correlation and Kendall's coefficient of concordance. The average inter-observer
agreement of the global risk was 53% and the corresponding weighted kappa (Kw) was 0.32, indi-
cating fair reliability. The intra-observer agreement was 61% and 0.41 (Kw). This study indicates that risk
assessments of the upper body, without the use of an explicit observational method, have non-acceptable
reliability. It is therefore recommended to use systematic risk assessment methods to a higher degree.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Deficiencies in the work environment contribute to the
development of musculoskeletal disorders (MSDs), which can
have economic consequences for the individual, society and
employers. Work-related exposures such as repetitive work,
forceful exertions, awkward postures, and vibration, as well as
psychosocial and organisational factors are related to the devel-
opment of MSD (Bongers et al., 2006; Bovenzi, 2006; Lang et al.,
2012; Palmer and Smedley, 2007; Punnett and Wegman, 2004;
Putz-Anderson et al., 1997; van Rijn et al., 2009a, b; 2010). Ac-
cording to safety and health legislation and recommendations,
regular risk assessments should be carried out to identify and
prevent potentially harmful work tasks (European Council, 1989).
Risk assessment is also an important tool when planning and
prioritising work environment interventions such as changes in
the physical design of the workplace, in work technique or in
Ltd. This is an open access article u
work organisation. Sometimes these interventions can lead to an
extensive investment for the employer. After interventions, new
risk assessments may be carried out for evaluation purposes.
Furthermore, work environment authorities also uses risk as-
sessments when legislative measures are taken towards an
employer. It is therefore highly important that risk assessments
are valid and reliable.

Ergonomists employed in occupational health services (OHS)
often perform risk assessments of physical work environments.
Observational methods are described as useful for identifying and
assessing potentially harmful occupational exposures due to their
low cost and ability to present the result in a way that is easy to
understand (e.g. in different risk levels). Several observational
methods have been developed for the identification and quantifi-
cation of physical exposures at work (Dempsey et al., 2005;
Neumann, 2007; Takala et al., 2010). Inter-observer reliability
studies of different observational methods show mixed results and
comparisons between the studies are hampered by differences in
the choice of statistical methods. (David et al., 2008; Comper et al.,
2012; Spielholz et al., 2008; Stevens et al., 2004; Paulsen et al.,
2015).
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Very few observational methods have been evaluated with
regards to their predictive validity, i.e. do more adverse risk scores
predict increased incidence of MSD (Takala et al., 2010). Never-
theless, most observation methods purport to include the di-
mensions of amplitude, frequency and duration of harmful
exposure, and assume that the higher combined score, the higher
the risk of MSD.

Different observational methods assess different types of
exposure (manual handling, repetitive work etc.) and the selection
or combination of methods should be based on the need of the
assessment and the exposure type (Takala et al., 2010). In several
observational methods different exposure parameters are observed
and rated, and then those parameters are used to calculate a total
score which is then converted to different risk levels, e.g. green,
yellow or red.

As for usage, a web-survey among Swedish ergonomists in 2012
revealed that knowledge about and use of different risk assessment
methods was relatively low (Eliasson et al., unpublished
manuscript). The study further indicated that ergonomists often
assess risks in the work environment solely by means of observa-
tion, based on his/her knowledge and experience, without the use
of any systematic methodology or explicit method. The results of
that study are in agreement with other studies (Wells et al., 2013;
Whysall et al., 2004). Furthermore, Whysall et al. (2004) reported
that evaluation of implemented recommendations is rare. When
risk assessments are reported back to the client is it often in the
manner of risk levels defined by a “traffic light” scale, where
red¼ high risk/immediate action is needed; yellow¼medium risk/
investigate further; or green¼ low risk/acceptable exposure, which
are the levels proposed in the Ergonomic Provisions from the SWEA
(H€agg, 2003; Koningsveld et al., 2005; Lind and Rose, 2016; SWEA,
2012). However, in contrast to when systematic observational
methods are used, these risk levels are empirically derived, and not
based on a calculated score from ratings of different exposure
parameters.

One important risk factor for MSD, especially in the neck and
upper extremities, is exposure to repetitive work (Nordander et al.,
2013; Palmer et al., 2007; Palmer and Smedley, 2007; van Rijn et al.,
2009a, b; 2010). However, movements occurring in repetitive work,
for example movement velocity, are more difficult to assess using
observation compared to assessments of exposures that include
macro-postures (Ketola et al., 2001; Lowe, 2004; Spielholz et al.,
2001; Takala et al., 2010). Consequently, seeing that risk assess-
ments of repetitive work can be difficult to perform and that as-
sessments are often made without the use of an explicit method, it
is of interest to analyse how ergonomists' own “expert”
Table 1
Characteristics of the observers (n ¼ 21).

Observer characteristics

Age, mean (range)
Women, n (%)
Years of work experience within physical ergonomics, mean (range)

Client Company Sectors, n (%)

Frequency of risk assessment assignments, n (%)

a Other sectors; e.g. the Swedish Armed Forces and different municipal sectors.
assessments of repetitive work conform between different ergon-
omists and different assessment occasions.

The overall aim of the present studywas to investigate the inter-
observer and intra-observer reliability of risk assessments per-
formed by ergonomists without the use of an explicit observational
method.

2. Method

2.1. Observers

In total, 21 OHS-ergonomists participated as observers in the
present study. They were recruited through contact with different
OHS companies and through social media posts to members of the
Swedish Ergonomist and Human Factors Society (EHSS).
Employment at an OHS (or equivalent) and at least one year of
work experience in the sector, including experience with risk
assessments, were the necessary requirements for observer
participation in the study. Details about the observers are pre-
sented in Table 1.

2.2. Video recorded work tasks

Ten different work tasks from various job sectors were selected
(i.e. grocery store shop assistant, meat cutting, industrial assembly,
cleaning, post sorting and hairdressing; Table 2). Thework postures
and movements were mainly of a repetitive character.

Each work task was recorded using two to four video cameras
from different angles to enable the best possible conditions for the
risk assessments. For each work task, the different views were
synchronised into one video with multiple frames to show the
different views of the worker with a close-up on hand and wrist
movements. Each of the finalised video recordings was two to six
minutes long.

2.3. Procedure

In the beginning of the first meeting, a 25-min introductory
lecture was given. The lecture included general information
regarding procedures for performing risk assessments. Special
emphasis was put on the quantification of work task exposure in
the dimensions of intensity, frequency and duration of work task.
The lecture also addressed the increased demands made by the
Swedish Work Environment Authority (SWEA) concerning ergo-
nomic risk assessments (SWEA, 2012), where a paragraph (x4) in
the present Ergonomic provisions has been added in comparison to
51 (40e64)
20 (95)
14 (4e26)

Industry 16 (76)
Office 15 (71)
Service and Trade 4 (19)
Healthcare 7 (33)
Othera 3 (14)

Once a week 4 (19)
Once a month 8 (38)
Once every three months 5 (23)
Once every six months 1 (5)
Once a year 2 (10)
Less than once a year 1 (5)



Table 2
Description of work tasks used in the study.

Task activity Hours per
workday

Weight of handled
goods (kg)

Environment,
physical factors

Ratings of discomfort
(BORG-scale)

Work demands
and controla

Unpack groceries to shelves in a
supermarket store

just over 4 2 Good 3 Partly autonomy

Put nets around roasts at a
slaughterhouse

just over 4 2.5e4.5 Cold, wet, noisy 4 Autonomy group

Throw small boxes into containers
(postal sorting work)

just over 2 3 Cold during winter, warm during summer, noisy,
difficulty concentrating

3e4 Controlled

Put bundles of letters into boxes
(postal sorting work)

6 2 Cold during winter, warm during summer,noisy,
difficulty concentrating

3e4 Controlled

Deboning meat at a slaughterhouse 7 3e4 Cold, wet, noisy,sharp knives 3e4 Autonomy group
Engine assembly just under 3 2 Good 2.5 Controlled
Hair cutting just over 4 1 Good 3 Autonomy
Lavatory cleaning 5 1 Good 2 Partly autonomy
Supermarket cashier work 7 1e5 Good 3 Controlled
Cleaning stairs just under 4 1 Usually good, sometimes cold 3 Partly autonomy

a Partly autonomy: The worker controls the work task, but is limited in time and by obligations of other work tasks included in the work. Autonomy group: a group of
employees control and divide work tasks within the group. Controlled: The work task is completely controlled in time by work instructions and in space by the physical design
of the workplace. Autonomy: The worker controls the work himself/herself as if self-employed.
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the previous version, emphasizing the employers' responsibility to
perform risk assessments of the work environment with regards to
work postures and movements, manual handling and repetitive
work, taking into account the duration, frequency and amplitude of
the different exposures.

During the risk assessments, the observers watched the video
recordings on individual laptop computers and were allowed to
pause or repeat the playback as needed. Documents with comple-
mentary information about the different work tasks, such as
duration of work task during the work day, pause and rest sched-
ules, weight of handled goods, other physical factors, and ratings of
discomfort on Borg's CR10-scale (Borg, 1998), as well as work de-
mands and control were provided for each work task (Table 2). The
maximum assessment time for each work task was set at 20 min.

Using a separate protocol for eachwork task, the observers rated
the risk for MSD in eight specific body regions: neck, lower back,
right and left shoulders, arms/elbows, and wrists/hands. Finally
they rated the global risk of the whole work task.

Risk was rated using a three-stage scale: red (high risk), yellow
(moderate risk), and green (low risk). Instructions were given using
the wording in the Ergonomics Provisions from the SWEA, where a
red rating is to be given when the exposure in the work task is
judged as unacceptable, all or almost all workers will likely develop
MSDs, and immediate action needs to be taken. Ayellow rating bare
themeaning that several workers may developMSDs, and the work
task needs to be investigated further, and a green rating corre-
sponds to an acceptable exposure (SWEA, 2012) where none or
sporadic individuals may develop MSDs. These instructions were
chosen taking into consideration that all the ergonomists were
familiar with the SWEA provisions.

In contrast to when systematic observational methods are used,
the risk levels that the ergonomists rated were not based on a
calculated score from ratings of different exposure parameters. The
observers made their observational risk assessment solely based on
his/her experience and knowledge regarding work-related expo-
sures and risk for MSD, without using an explicit method.

Intra-observer reliability was assessed by having nine of the
ergonomists carry out the whole procedure a second time within a
minimal three week interval.

2.4. Statistical analysis

Calculation of inter-observer reliability was based on assess-
ments of the 21 observers' initial assessments. Calculation of intra-
observer reliability was based on the first and second ratings of the
nine observers who repeated their assessments. Statistics for each
of the 10 work tasks regarding the eight body regions, as well as for
the total risk assessment, was calculated.

Several statistics for reliability were calculated to enable com-
parisons with other studies. Agreement (%) was calculated as the
number of rating pairs in agreement divided by the total number of
rating pairs. To take the agreement due to chance into account,
percent agreement will always be presented together with other
parameters, for example, kappa statistics (Cohen, 1960). For the
intra-observer reliability, Cohen's kappa was calculated for each of
the nine observers, and then the mean value of these kappa values
was used (Cohen, 1960). Since Cohen's kappa is only applicable
when two raters are used or when testeretest reliability is evalu-
ated, a kappa that was pairwise averaged over all pairs was calcu-
lated for the inter-observer reliability. This was done in the way
suggested by Davies and Fleiss (1982), where the expected agree-
ment, Pe, in Cohen's kappa formula for each pairwise comparison,
k ¼ (Po-Pe)/(1-Pe), is substituted with the average Pe of all pairs.
Since the risk ratings representordinal data (low,moderate andhigh
risk) and Cohen's unweighted kappa does not distinguish minor
from major discrepancies in ratings, the linearly weighted kappa
(Cohen, 1968; Warrens, 2012) was also computed and averaged in
the same way as the unweighted kappa (Davies and Fleiss, 1982;
Hallgren, 2012; Sawa and Morikawa, 2007). The intraclass correla-
tion (ICC), two-way absolute agreement method 2.1, according to
Shrout and Fleiss (1979), was also computed to facilitate compari-
sons with other studies (Comper et al., 2012; David et al., 2008;
Paulsen et al., 2015; Spielholz et al., 2008; Stephens et al., 2006).
ICC is mostly applicable for continuous data but has been used in
these reliability studies on ordinal data. Also Kendall's coefficient of
concordance (KCC) was computed. KCC is a non-parametric relative
to ICC that is applicable with ordinal data (McDowell, 2006).

Landis and Koch's (1977) table was used for interpretation of
kappa. A kappa value higher than or equal to 0.41, which indicates
at least moderate agreement, was considered as indicating
acceptable reliability.

The statistical computations were carried out using scripts
written in MATLAB version 8.5 (MathWorks Inc., Natick, MA, USA),
the output parameters of which, for small samples, were compared
and found to agree with corresponding parameters of the statistical
software R or SPSS. MATLAB was used in order to obtain time
effective analyses; since therewere no functions for multi-observer
linearly weighted kappa in R or SPSS.
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3. Results

3.1. Inter-observer reliability

Altogether, 1680 body part risk assessments (21 ergonomists,
eight body regions, 10 work tasks) were made (Fig. 1), whereof 404
assessments (21%) were rated as high risk (red), 857 (45%) mod-
erate risk (yellow) and 629 (33%) low risk (green). Of the 210 global
risk assessments, 76 (36%) were rated as high risk, 98 (47%) as
moderate risk, and 36 (17%) as low risk.

Both high and low risk ratings of the global risk were present in
seven out of ten work tasks. The body regions where both high and
low risk ratings were least frequent were the lower back, followed
by the left shoulder. For the lower back, five out of 10 work tasks
were classified as both high and low risk, while the same was true
for six out of 10 work tasks for left shoulder. For the other body
regions, at least seven of ten work tasks were classified with both
high and low risk ratings (Fig. 1). All ergonomists rated “engine
assembly” as low ormoderate risk for all body regions. That was the
only work task with no high risk rating for any of the eight body
regions.

The average weighted kappa for the inter-observer reliability
was between 0.12 and 0.32 for the different body regions and 0.31
for the global risk. The body regions with the highest reliability
scores were the left shoulder, neck and low back (Table 3).

3.2. Intra-observer reliability

The intra-observer reliability parameters representing assess-
ments from the nine ergonomists who performed a second
assessment are presented in Table 4. The agreement of the global
risk assessments was 61% (weighted kappa 0.41).

4. Discussion

In this study, the inter-observer reliability of risk estimates for
the eight body regions showed weighted kappas of 0.12e0.32.
Hence, the reliability risk estimates of all body regions were in the
range of slight-to-fair, and all fell below the ‘moderate reliability’
criteria of 0.41 that Landis and Koch (1977) suggested. The inter-
rater reliability regarding the global risk (weighted kappa ¼ 0.32)
indicated a fair reliability according to the same criteria (weighted
kappa 0.21e0.41). As expected, the intra-observer reliability was
somewhat higher 0.62 for low back, 0.23e0.4 for the other body
regions, and 0.41 for the global risk.

In the present study, the ergonomists' risk assessment was
based on their own knowledge and experience. One would assume
that when ergonomists use specific, more elaborate methods, it
will probably lead to a higher level of reliability. Takala et al.
(2010) wrote in their evaluation of 30 observational methods
that information regarding the methods' reliability was limited.
However, there are some reported reliability studies in the liter-
ature. Table 5 shows the results of such studies, but the various
studies used different statistics methods, making a comparison
hard to perform.

The reliability found in the present study is generally lower
than in the tabulated observational methods. In the present study,
the aim was to mimic the way in which risk assessments often are
performed by ergonomists in the OHS, which e as stated in the
introduction e often is done solely by means of observation, based
on the ergonomist's knowledge and experience, without the use of
an explicit method. This was done using a three level green-
yellow-red scale, where the scale steps are equivalent to low e

medium e high risk of MSD, as they are described in the Swedish
Ergonomic Provisions from SWEA (2012). This “traffic-light” model
is well known to Swedish ergonomists (Eliasson et al.,
unpublished manuscript). This model is also used with similar
definitions, for risk indexes in several widely spread observational
methods, such as; Assessment of Repetitive Tasks of the upper
limbs (the ART tool) (Ferreira et al., 2009), Hand Activity Level
(HAL) (Armstrong, 2006), and the hand-arm risk assessment
method (HARM) (Douwes and de Kraker, 2009, 2014). Differences
between the observers' perception of the body postures and
movements, and in their transformation to risk estimates
contribute, of course, to the differences in assessed risks. These
differences in perception of risk can be reduced by using sys-
tematic risk assessment methods, were the risk level is defined
based on a calculated score from ratings of different exposure
parameters.

There are several additional possibly contributing explanations
for the low levels of reliability. One other possible reason for both
the low inter- and intra-observer reliability could be that the ob-
servers concentrated and based their assessment on different as-
pects and time periods within the two-to-six minute long video
recordings. Additional explanations may be found in the differ-
ences in experience in risk assessment among the observers and
also in their experience of different work sectors. A further possible
contributing factor could be the difficulty in assessing postures and
movements from video recordings in comparison with live obser-
vations (Leskinen et al., 1997). However, Mathiassen et al. (2013)
found that posture assessments conducted using observation
should be based on video recordings because this permits repeated
ratings of the same work sequence. In the present study, several
synchronised views were used to create a realistic situation. This
enabled the observers to analyse the work postures and move-
ments from different angles, which gave a more comprehensive
picture of the work situation.

General difficulties in the assessment of postures and move-
ments can contribute to divergent risk assessments. Earlier studies
indicated that small body movements, such as hand and wrist ac-
tivities, are harder to assess using observation than are larger body
part movements, such as movements of the back (Takala et al.,
2010), as seen in this study.

Many different parameters of reliability have been used in
studies of observational methods.We included themost commonly
used ones, in order to be able to compare with previous studies
(Table 5). In addition to the linearly weighted kappa, which is
considered the most suitable one (Warrens, 2012), Cohen's un-
weighted kappa (Cohen, 1968) can be used, but is most suitable for
nominal data and it does not differ between one- and two-category
differences, while with the linearly weighted kappa, a two-category
difference is given double the weight of a one-category difference.
ICC (Shrout and Fleiss, 1979) is very similar to a quadratically
weighted kappa (Fleiss and Cohen, 1973; Hallgren, 2012), and it
often recommended for use in multi-observer comparisons since it
is included in all statistical packages. However, we consider both
ICC and quadratically weighted kappas to weight one-category
differences too low. In this study, a difference between, for
example, moderate and high risk was weighted to 0.25 with ICC
and 0.5 with linearly weighted kappa, which we consider more
reasonable. Another advantage of a linearly weighted kappa is that
scales with different steps can be “fairly” compared, which can
hardly be done with quadratically weighted or unweighted kappas
(Brenner and Kliebsch, 1996; Warrens, 2012).

A strength of the present study is that there were as many as 21
observers (for the inter-reliability part), and all were experienced
ergonomists. It is common in reliability studies that fewer ob-
servers than this participate (Comper et al., 2012; David et al., 2008;
Paulsen et al., 2015; Spielholz et al., 2008).



Fig. 1. Risk assessment of 10 different work tasks. The bars represent the number of observers' risk assessments for specific body regions, and, in the rightmost column, the global
risk. Only the observers' initial assessments are included.
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Table 3
Inter-observer reliability of the risk assessments in terms of agreement (%), Cohens
kappa (к), weighted kappa averaged over pairs (кw), intraclass correlation (ICC) and
Kendall's coefficient of concordance (KCC) (n ¼ 21).

Inter-observer reliability*

% к к w ICC KCC

Neck 56 0.24 0.27 0.33 0.43
Right shoulder 44 0.13 0.18 0.27 0.36
Left shoulder 51 0.23 0.32 0.43 0.50
Right elbow 40 0.07 0.12 0.19 0.30
Left elbow 43 0.09 0.15 0.24 0.38
Right wrist 44 0.11 0.16 0.24 0.32
Left wrist 44 0.12 0.18 0.28 0.41
Low back 52 0.19 0.26 0.37 0.40
Global risk 53 0.25 0.31 0.43 0.50

*The ergonomists' initial assessments.

Table 4
Intra-observer reliability of the risk assessments in terms of agreement (%), mean
Cohens kappa (к), weighted kappa (кw), intraclass correlation (ICC) and Kendall's
coefficient of concordance (KCC) (n ¼ 9).

Intra-observer reliability

% к кw ICC KCC

Neck 59 0.28 0.35 0.45 0.77
Right shoulder 53 0.21 0.30 0.43 0.73
Left shoulder 57 0.29 0.38 0.51 0.75
Right elbow 50 0.17 0.23 0.31 0.66
Left elbow 64 0.36 0.40 0.48 0.73
Right wrist 51 0.13 0.20 0.29 0.67
Left wrist 54 0.23 0.28 0.36 0.71
Low back 76 0.58 0.62 0.69 0.86
Global risk 61 0.32 0.41 0.54 0.77
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4.1. Limitations of the study

In real situations, the ergonomists interview employees while
on site at the workplace. This limitation in the present study was
addressed by supplying the observers with written information on
the different work tasks. In general, reliability is dependent on the
heterogeneity of the study sample (de Vet et al., 2006). The
included work tasks were selected due to their heterogeneity and
represent different levels of risk for MSD, as well as differences in
handled weights, cycle times, and level of standardisation. For
practical reasons, there were not more than 10 different tasks
included. The ergonomists agreed to different degrees in the
various work tasks, so the results may have been somewhat
different if other or more tasks were included. The engine assembly
task was the one of most “green” ratings, and it had the most
agreement. If more work tasks were “very green” or “very red”, the
global risk reliability would have been higher.
Table 5
Overview of inter-observer reliability studies of methods used mainly for the assessment
with Cohen kappa (к), Kendall's coefficient of concordance (KCC), intraclass correlation (

Observational method Inter-observer reliability

Quick Exposure Check (QEC)
Phase 1

к 0.17e0.42

Quick Exposure Check (QEC)
Phase 2

KCC 0.6e0.76

Quick Exposure Check (QEC)
BrazilianePortuguese version

ICC 0.62e0.86

Hand Activity Level (HAL) кw 0.34a

Strain Index score (SI) кw 0.41a

Strain Index (SI) ICC 0.56
OCRA checklist score ICC 0.59
OCRA checklist risk ICC 0.54

a Probably the quadratically weighed kappa was used. Quadratically weighted kappa
In theory, the assessments of a group of observers may be per-
formed with perfect reliability but with low validity, i.e. if all ob-
servers do the same but incorrect assessments. However when
there is a low reliability (low agreement), there cannot be a high
validity, since a high reliability is a necessary but not sufficient
condition for high validity (American Educational Research
Association, 1985). In the present study we could not analyse val-
idity. Since it was not possible to form any “correct” risk estimates
(gold standards). However, according to the theory described
above, andwith the low reliability, if there had been away to obtain
a gold standard, the concurrent validity would also be low. To
investigate the predictive validity longitudinal data and large co-
horts are required (Mokkink et al., 2010), but again with the low
reliability in this study, also the predictive validity would be low.

There are some examples of observational methods that have
been evaluated regarding predictive validity. These methods are
mainly focused on exposures towards the hand and lower arms
(Takala et al., 2010). Both index from ACGIH TLV for hand activity
and Strain index has been associated with MSD's in the distal part
of the upper extremities. (Bonfiglioli et al., 2013; Kapellusch et al.,
2014; Spielholz et al., 2008).

4.2. Practical implications

As the results of this study show, to just observe and assess risk
assessment of repetitive work without any systematic methodol-
ogy is likely to give unreliable results. Even when comparisons are
madewith previous assessments made by the same ergonomist the
reliability are likely to be rather low. Although there are also reports
of limited reliability for systematic observational methods (Takala
et al., 2010) and different methods may show different levels of
risk (Chiasson et al., 2012), generally, systematic methods show a
higher level of reliability. Since earlier studies have discussed
(Takala et al., 2010; Eliasson et al., unpublished manuscript) that
there is a lack of use of systematic observational methods among
ergonomists, there is a continuing need for education in this
important topic, and also a need for work regarding the dissemi-
nation of knowledge concerning risk assessment. Reports may be
consulted with for decisions regarding risk assessment methods
suitable for the particular exposure type (Neumann, 2007; Takala
et al., 2010; Palm et al., 2014). Technical measurements can also
be used in risk assessments. Development of cheap and feasible
techniques, such as accelerometers, enable practitioners to perform
technical measurements of movements and postures (Dahlqvist
et al., 2016) in combination with observational methods. In terms
of precision, inclinometers were more cost-efficient regarding
assessment of trunk and upper arm inclination compared with
observation (Trask et al., 2014). Today, there are recommendations
for wrist angular velocities (Nordander et al., 2013), in addition to
of upper extremity risks and comparisonwith the present study. Statistics presented
ICC) and weighted kappa (кw).

Present study Reference

к 0.09e0.25 David et al. (2008)

KCC 0.32e0.5 David et al. (2008)

ICC 0.29e0.69 Comper et al. (2012)

кw 0.31 (global)ICC 0.43 Spielholz et al. (2008)
кw 0.31 (global)ICC 0.43 Spielholz et al. (2008)
ICC 0.43 Stephens et al. (2006)
ICC 0.43 Paulsen et al. (2015)
ICC 0.43 Paulsen et al. (2015)

is more comparable with ICC compared to with linearly weighted kappas.
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ongoing longitudinal research exploring dose-response relation-
ships for arm and back postures. There is, however, still a lack of
reference values and threshold limits to guide the practitioner in
the interpretation of data in a risk assessment. Technical mea-
surements have a high reliability and may be used to compare the
exposure between workplaces or assess the effect on the exposure
before and after an intervention.

Ergonomists often make risk assessments by themselves. To
increase the reliability of the risk estimate, one approach could be
to use several observers and to use the mean value of their as-
sessments, or to let the project leading ergonomist be consulted for
assessment of her/his colleagues (as it may be hard to average three
category ratings). Mathiassen et al. (2012) found that in the
assessment of arm postures, it is more cost effective to use a higher
number of observers as compared to having one observer view
more videos.Within an OHS organisation, this could be achieved by
having several ergonomists observe video recordings of the work
task to be assessed.

In future research, it might be of interest to explore the possi-
bility to include other types of information in the risk assessment.
Such additional information could include statistics on MSD in-
cidents the workplace and at other workplaces with similar levels
of exposure. However, this kind of information can be precarious to
evaluate due to healthyworker effects, meaning that in aworkplace
with harmful exposures, workers with symptoms typically have
already quit due to health reasons (Shah, 2009). This needs to be
investigated further.

5. Conclusion

Assessments of risks for MSDs using observation without an
explicit method have low, non-acceptable levels of reliability. It is
therefore recommended to use systematic risk assessment
methods to a higher degree.
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