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Several observational methods are available for ergonomists to evaluate the exposure to musculoskeletal
disorder (MSD) risk factors associated with work. Those methods can be used to evaluate the impact of
modifications done at a workstation on the exposure to risk factors. Three methods (QEC, OCRA and 4D
Watbak) were used to assess the exposure to MSD risk factors before and after the implementation of changes
at a saw and block opening workstation. The results from those 3 methods served to compare the methods and
evaluate their consistency. Comparisons among the methods showed positive association between QEC and
OCRA indices, and between the QEC back index and 4D Watbak.
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1. INTRODUCTION
Musculoskeletal disorders (MSDs) are an
important problem in industrialized countries,
especially for manufacturing companies. In 2008,
the USA goods-producing industries as a whole
had an injury and illness incidence rate of 4.9
cases per 100 full-time workers, while serviceproviding industries had a rate of 3.6 cases per
100 full-time workers [1]. The incidence rate for

QEC

4D Watbak

comparison

the food manufacturing industries was 6.2 per
100 full-time workers, which is one of the goodsproducing industries with the highest incidence
rate [1]. Therefore, it is particularly important to
implement workplace modifications that can help
reduce the incidence of MSDs in goods and food
producing industries.
To date, many observational methods have
been published to evaluate the exposure to MSD
risk factors and guide the appropriate corrective
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actions, e.g., RULA [2], OCRA [3] and QEC
[4]. These methods can be used for exposure
surveillance of risk factors such as awkward
joint postures, force requirements, etc., and can
be used to evaluate the reduction in the exposure
to risk factors after ergonomics modifications.
One difficulty faced by practitioners is that many
methods have been published but there is no
guideline, based on actual field testing, to inform
the selection of the appropriate one according to
the needs of the ergonomist. Dempsey, McGorry
and Maynard published a survey of tools and
methods used by certified ergonomists [5].
Their results suggested that when observational
techniques were not used it was because the
techniques were not necessary or ergonomists
were not familiar with them. To help the
practitioners become more informed about some
characteristics of different methods, Imbeau,
Nastasia and Farbos listed and categorized a
number of those [6]. Some methods take into
account a wider range of risk factors and body
parts (the so-called integrated methods) and
seem to better inform on the risk factors present
at workstations, e.g., RULA [2], PLIBEL [7] and
JSI [8]. David presented a summary and some
advantages of these methods, which are classified
as simple observation methods [9].
Knowing there are some differences in
the exposure categories and/or measurement
reliability of observational methods, a
practitioner may want to know if the different
methods yield comparable results for a given
exposure at a workstation. There are still few
studies that compare the results of different
methods and those are mainly qualitative [9, 10,
11, 12, 13, 14, 15, 16, 17, 18]. Only few other
studies quantify the differences and similarities
[19, 20, 21, 22, 23, 24]. Some of these studies
cover only exposure to the low back [16, 17, 18,
19]. However, the only comparisons between
observational methods that address exposure to
multiples body segments are between RULA and
JSI [20], QEC and RULA [21], OWAS, RULA
and REBA [22] and RULA, REBA, ACGIH
TLV, SI and OCRA [23, 24]. A gap exists
especially for comparisons of observational
methods other than RULA.
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On the basis of their individual characteristics,
OCRA and QEC are interesting methods because
they both allow comparisons before and after
modifications at a workplace and they consider
a wider range of risk factors as compared to
other methods. Also, according to the literature,
these two methods have not yet been compared.
However, since OCRA does not consider the
back, another method should be used to be able
to get an overall evaluation of the exposure.
Different methods are available to evaluate the
back exposure. Out of those, the 4D Watbak
software, developed by the University of
Waterloo, Canada [25], is interesting because
it considers both the peak exposure and the
cumulative exposure, and also because it has not
been compared to other methods.
Accordingly, the main objective of this study is
to determine the level of consistency in exposure
information across different methods in the
context of continuous improvement.

2. METHODS
2.1. Context of the Study
The study took place at a food processing plant
that specialized in the transformation of frozen
fish products for the North American market
(USA and Canada). Different continuous
improvement tools and methods had been applied
over the years at this plant and the management
wanted to incorporate ergonomics to its
improvement initiatives. This particular plant
was consequently an interesting environment
to measure the changes in levels of exposure of
MSD risk factors after successive modifications
made at a workstation during a continuous
improvement program to compare the results
from different observational techniques. The saw
and block opening (sawyer) workstation was
targeted for evaluation at three different stages
of implementation (Before, After 1 and After 2),
since it had already been targeted in the past by
CSST (the worker compensation board in the
Province of Québec, Canada) inspector due to its
high number of MSD injuries.
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2.2. Data Collection
From a total of 24 sawyers working at the
workstation, 7 (1 female and 6 males) selected
randomly were observed during their work and
were subsequently interviewed. Participants
had a mean age of 38 (range: 27–49) and had a
mean experience of 6 years at the workstation
(minimum experience of 4 years).
Because of tight work schedules, it was not
always possible to observe the same workers
repeatedly at the three stages (Before: before
intervention, After 1: after a set of intervention
changes, and After 2: after a second set of
changes). Hence, of the 7 workers observed,
one participated in all three stages and two
participated in the last two stages (After 1
and After 2). The remaining participants were
observed either before the intervention (Before)
or after the first changes were introduced
(After 1). For the Before stage, 12.5% of the
workers who would normally work at the
workstation over the three work shifts were
observed, for the After 1 stage 20.8% and for the
After 2 stage 12.5%.

2.3. Workstation and Task Description
At the beginning of the study (Before), the
targeted workstation had four distinct work
tasks: (a) open the box containing three blocks
of frozen fish (task A), (b) take off the protective
cardboard of each block (task B), (c) cut one
slice of fish using a saw (task C) and (d) cut the
entire block into smaller blocks, which were fed
into the multi-saw (task D). The workstation
had two long tables that could accommodate
28 fish blocks and fed two saws. At the second
stage (After 1), the only modifications observed
were changes in the configuration of the
workstation, i.e., the tables were modified to
avoid accumulation of fish blocks (maximum
six blocks per table) that could result in quality
problems, and workers only had to lift a block
at a time instead of multiples in task B, C and
D. Finally, at the last stage (After 2), task C
was eliminated due to a new method of cutting
the fish in task D. Task A was also modified
to only unstuck the side of the blocks since the
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fish blocks (raw material) were delivered as
individual blocks on a pallet instead of boxes
containing three blocks.

2.4. MSD Risk Factors Assessment
Methods Used
For the purpose of this study three methods were
used: OCRA, QEC and 4D Watbak. The choice
of methods was based on the body parts that
were suspected to be affected by the changes at
the workstation, but also to verify how other
body parts would be affected. OCRA was chosen
because it takes into account a wide array of
risk factors, such as repetition, frequency, force,
posture (hands, wrists, elbows and shoulders),
and movement, recovery and additional factors
(precision, mechanical pressure, rapid movement,
etc.) [3]. OCRA considers the impact of all
tasks in a work shift and separates the right and
left sides of the body in two indices [3]. For
this method, both the regular and the shoulderspecific indices were calculated [3]. QEC
was chosen because it also includes a wide
variety of risk factors, such as posture (back,
shoulders and arms, wrist and hand, and neck),
frequency, force, length, visual demand, and
additional factors (driving a vehicle, vibrating
tools, work pace and stress level) [4]. QEC was
created to be used in continuous improvement
situations, which corresponded with the context
of this study environment; it considers each task
separately and provides task-specific indices.
It also provides unique indices by body part on
the basis of the side of the body that yields the
highest score [26]. For this method, both the
indices by body part and a general index were
used [21, 26]. The third method used was 4D
Watbak, which gives the possibility to have an
overview of the back exposure for a complete
workday (all tasks) giving an overall score (low
back pain reporting index, LBPRI), the peak load
and the cumulative load (low back pain reporting,
LBPR) at L4–L5 for all tasks combined [25].
The risk factors considered by 4D Watbak are
posture, force, repetition and time [25]. Since
4D Watbak considers only the back and OCRA
only considers the upper extremities, the results
from 4D Watbak also make it possible to have
JOSE 2011, Vol. 17, No. 2

142 C. JOSEPH, D. IMBEAU & I. NASTASIA
an overview of MSD risk factors present at the
workstation when combined with the results from
OCRA.

2.5. Analysis
The results from the three methods were
compared to identify if they provided similar
results. For details on the differences in exposure
between stages After 1 and After 2, please refer to
Joseph, Imbeau and Nastasia [27].

2.5.1. Between methods analyses: QEC
versus OCRA
The results from QEC and OCRA were
compared for all stages confounded. Since both
methods consider similar risk factors, such as
posture, force, repetition/frequency and duration,
and similar body parts (shoulders and arms, wrist
and hand) [3, 4], both methods can be compared.
Because the two methods do not provide the
same kind of indices, the OCRA indices were
split per task to make comparisons with QEC
possible. Also, because OCRA gives two indices,
left and right, only the higher of those was
considered in the comparisons. To accommodate
these characteristics of the methods, the
following indices were used: QEC general index,
QEC shoulders/arms index, QEC wrists/hands
index, OCRA general index and OCRA shoulder
index. The OCRA general index was compared
to all three QEC indices and both shoulder
indices (OCRA and QEC) were compared with
each other. To verify whether the two methods
had similar tendencies, two types of analyses
were done: parallel-forms reliability [28] on
the numeral indices (Spearman r correlation
coefficients with a = .05) and nonparametric
correlation on the ordinal (ranked categories)
indices (Kendall’s tb with a = .05). In addition
to these comparisons, the percentage differences
between stages were compared to see whether
the sensitivity of both methods was comparable.
Also, the way that the different risk factors were
taken into account was compared.
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2.5.2. Between methods analyses: QEC
versus 4D Watbak
The results from QEC and 4D Watbak were also
compared. Since both methods consider similar
risk factors, such as posture, force, repetition
and time, and both consider the back [4, 25],
both methods can be compared. Because the two
methods do not use the same kind of indices, the
4D Watbak indices were split per task, as done
with OCRA. Also, since 4D Watbak uses many
indices, only the LBPRI was taken into account
in the comparisons. Thus, to accommodate these
characteristics of the methods, the QEC back
index and the 4D Watbak LBRPI were used.
Parallel-forms reliability was verified using
Spearman r with a = .05. Since 4D Watbak
does not categorize the index level to facilitate
interpretation of the result, the nonparametric
correlation was not done. In addition to that
comparison, the percentage differences between
stages were compared to see whether sensitivity
of both methods was comparable. Also, the way
that the different risk factors were taken into
account was compared.

3. RESULTS
3.1. QEC versus OCRA
Of the pairs of indices compared, only one pair
had a statistically significant correlation, the
QEC wrists/hands index and OCRA general
index (r = .287, p = .040). However, even if
the association was statistically significant, it
was a weak positive association. This weak
association can be explained by the presence of
three outliers from task A in the After 2 stage.
This task at that specific stage was considered
an outlier because it had a very short cycle time
which both methods seemed not to be able to
take into account similarly. After removing this
task from the data, all correlation coefficients
were statistically significant (Table 1) and the
positive associations were stronger, but still weak
(Spearman r < .6).
Table 2 shows the results from the
nonparametric correlations on the ordinal (ranked
categories) indices both for the entire set of
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agreed a little less than half of the time, but
the results did not always follow the expected
trend. Also, in general, the OCRA indices
showed greater percentage difference than
the QEC indices. An example of that was the
percentage difference for the indices of task D
between After 1 and After 2 stages. In that case
the difference in the task was that the worker
needed to flip the block. The indices would have
been expected to either increase or stay still, not
to decrease, as found. Also, in that example, the
OCRA indices were more than two times greater
than the QEC indices.

data and for the set of data without the outliers
identified in the previous correlation analyses.
The results show that in both cases, with and
without outliers, the only statistically significant
correlations were found between the QEC
shoulders/arms and the OCRA indices. Similarly
to the Spearman r correlation coefficients found
when using the continuous scale score, Kendall’s
tb coefficients had positive but weak association
(Kendall’s tb < .6). The trend of the results for
the data with and without the outliers was the
same except that the correlation coefficients
increased when the outliers were removed.
Also, when the percentage differences were
examined (Table 3), we saw that both methods

TABLE 1. QEC [4] and OCRA [3] Spearman ρ Correlation Coefficient With Outliers Removed
Method
OCRA general

QEC General

QEC Shoulders/Arms

QEC Wrists/Hands

r = .563, p = .001

r = .588, p = .001

r = .427, p = .021

OCRA shoulder

r = .481, p = .008

TABLE 2. QEC [4] and OCRA [3] Nonparametric Correlation on the Ordinal (Ranked Categories)
Indices Results
Method
OCRA general

QEC General

QEC Shoulders/Arms

QEC Wrists/Hands

τb = .168, p = .327

τb = .456, p = .007*

τb = .180, p = .309

τb = .441, p = .010*

OCRA shoulder
OCRA general (without outliers)

τb = .282, p = .125

τb = .509, p = .004*

τb = .204, p = .273

τb = .543, p = .002*

OCRA shoulder (without outliers)
Notes. *p < .05.

TABLE 3. Percentage Difference of the Means Between Stages for QEC [4] and OCRA [3]
Difference (%)
Stages
Before–After 1

Before–After 2

After 1–After 2

Task
A

QEC
QEC
QEC
Wrist/Hand Shoulder/Arm General
6.7

1.0

0.8

OCRA
–2.5

OCRA
Shoulder

Expected Results

49.3

should stay the same

B

–0.7

–20.9

–15.2

32.4

22.9

should decrease (–)

C

–7.7

–25.9

–20.1

–14.4

–16.5

should decrease (–)

A

–6.7

–41.7

–34.4

44.5

76.1

less weight but more awkward
posture and short cycles

B

–1.1

–15.6

–14.9

–32.5

–42.0

should decrease (–)

A

–12.5

–42.3

–35.0

48.3

18.0

less weight but more awkward
posture and short cycles

B

–0.5

6.7

0.3

–49.0

–52.8

stay the same or slightly
decrease (–)

D

–13.3

–10.4

–9.8

–46.4

–29.9

should increase (+) or stay
the same
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TABLE 4. Percentage Difference of the Means Between Stages for QEC [4] and 4D Watbak [25]
Difference (%)
Stages
Before–After 1

Before–After 2
After 1–After 2

Task

QEC Back

A

–4.9

4D Watbak LBPRI
17.0

Expected Results
should stay the same

B

–28.8

–9.3

should decrease (–)

C

–29.4

–24.1

should decrease (–)

A

–57.1

–11.0

should decrease (–)

B

–33.3

–33.0

should decrease (–)

A

–54.9

–24.0

should decrease (–)

B

–6.4

–26.1

stay the same or slightly decrease (–)

D

–7.1

–8.4

should increase (+) or stay the same

3.2. QEC versus 4D Watbak
When the entire data set was used, there was
no statistically significant correlation between
the QEC and 4D Watbak indices. However, if
task A of the After 2 stage was removed, as in
the comparison between the OCRA and QEC
indices, we found both indices significantly
correlated (r = .613, p = .002). The association
between QEC back index and the 4D Watbak
LBPRI was then positive.
The percentage differences (Table 4) showed
agreement between both methods, but these
results did not always follow the expected
trend. As in the case of the comparison between
QEC and OCRA, an example of this was the
percentage difference of task D between After 1
and After 2 stages. As in the previous case, an
increase or stability in the indices was expected
not a decrease, as found.

4. DISCUSSION
The main goal of this study was to compare the
results obtained with the different methods. The
two analyses, parallel-forms reliability on the
numeral indices (Spearman r) and nonparametric
correlation on the ordinal (ranked categories)
indices (Kendall’s tb), showed a trend in the
same direction, indicating a positive association
between the results of OCRA and QEC methods
when the outliers were removed. This association
was at its highest between the OCRA general
index and the QEC shoulders/arms index. This
can be due to the fact that the OCRA general
index took into account the movement of the
JOSE 2011, Vol. 17, No. 2

elbow and that the QEC shoulders/arms index
considered both shoulders and arms together
while sharing similar risk factors such as force
exerted and the time at the task. However, the
way those risk factors were taken into account
was different and OCRA also took into account
additional risk factors. For both methods,
intervals were used to characterize the different
risk factors which were later combined to get
overall indices [26, 29]. The addition of certain
risk factors for OCRA compared to QEC can
then explain the differences between the results.
Secondly, for the comparison of QEC and
4D Watbak, results (parallel-forms reliability
analyses only) similar to the comparisons
between OCRA and QEC indices were found,
which was a positive association between back
indices when the outliers were removed. Both
methods (QEC and 4D Watbak) considered back
posture, force exerted and the time at the task.
However, the way those risk factors were taken
into account was different. QEC considered
intervals for all the different risk factors which
were later combined to get overall back results
[26]. In the case of 4D Watbak, the software
considered the exact posture input, the duration
the posture was held in the cycle, the amount
of time the task was done during a day and the
force at the hands. The different postures of the
worker for the task then needed to be input in the
software and the software combined the results
of all postures to give an overall back index. The
latter should then be closer to the reality if the
information input in the software were accurate.
In the parallel-forms reliability analyses, when
considering that task A at the last stage (After 2)
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changed the level of correlation for the different
comparisons, the unexpected high correlations
between some of the indices might be related to
the presence of multiples tasks and comparison
of the methods by task might be necessary.
This was not done in the current study because
of the small sample size. A larger sample size
might also help minimize the influence of the
difference between tasks or at least know if
differences between tasks really existed. The
difference in the results might be related to the
way the risk factors, e.g., task length and task
pace, were taken into account by the methods but
also to the risk factors that were considered. The
comparison results added to the results already
present in the literature where only RULA was
compared to other methods (JSI: Drinkaus,
Sesek, Bloswick, et al. [20], QEC: Brown and
Li [21], OWAS and REBA: Kee and Karwowski
[22], REBA, ACGIH TLV, SI and OCRA: Jones
and Kumar [23, 24]). With this study we added
the comparison between OCRA and QEC. This
study also added quantitative information on the
comparison of methods to evaluate the back as
compared to the previous literature [19]. Finally,
since the results from the different methods
were generally similar, QEC might be a method
to prefer when evaluating modifications to
workstations because its results were more often
in the expected direction and this method seemed
to react more effectively than the other methods
especially for the back index. In addition, QEC
was easier to use than the other methods.

5. CONCLUSION
From our results, we found that different
methods such as OCRA, QEC and 4D Watbak
seemed to be fairly consistent in describing
exposure to risk factors for the kind of tasks
done at this workstation. However, the fact that
outliers in the data influenced that trend should
indicate that further comparisons for those same
methods should be done for different kinds
of tasks, but also with a larger sample. The
sensitivity of the methods to characterize some
risk factors can then influence those results.
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