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The first objective of this paper is to compare the observation procedures
proposed to characterize physical work. The second objective is to examine
the following 3 methodological issues: reliability, observer training, and
internal validity. Seventy-two papers were reviewed, 38 of which proposed
a new or modified observation grid. The observation variables identified were
broken down into 7 categories as follows: posture, exertion, load handled,
work environment, use of feet, use of hands, and activities or tasks performed.
The review revealed the variability of existing procedures. The examination of
methodological issues showed that observation data can be reliable and can
present an adequate internal validity. However, little information about the
conditions necessary to achieve good reliability was available.
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1. INTRODUCTION

Collecting observation data is a common practice in a number of disciplines.
In ergonomics, the data first used in work andysis (Ombredane & Faverge,
1955) to characterize modus operandi and operators dStrategies is obtained
through observable events such as eye movements and direction, gestures,
sequence of operations, management of incidents, communications, and so
forth (Amalberti, de Montmollin, & Theureau, 1991; de Montmollin, 1984;
Leplat, 1993). It may even be said that the use of observation procedures—
which are mainly uninstrumented—congtitutes the key difference between
Human Factors and Ergonomics methodologies. Variables were often defined
a posteriori directly in the field. The definition of concepts rather than the
process of observation itsdf was the focus of attention, whereas the religbility
or internd vadidity of the observations received little attention. From the
1970s on, a multitude of observation grids were designed to characterize or
goot check deficient work conditions in order to set action priorities (eg.,
Regie Nationale des usines Renault, 1983; AET [Arbeitswissenschaftliches
Erhebungsverfahren zur Tétigkeitsanalyse], Rohmert & Landau, 1983). Obser-
vation variables were therefore defined a priori—the targeted user often being
an untrained ergonomist. In past years, the recognition of musculoskeletal
lesons as a mgor occupationa hedth problem led to the design of severa
new grids to characterize physical demand and identify risk conditions. In
these cases, understanding the modus operandi or strategies is usualy not an
issue. In addition, thanks to the influence of epidemiology, assessment of
exposure became a mgor issue. Punnett and Keyserling's work (1987) in the
garment industry represents one of the very firs efforts to assess exposure
through observation procedures. However, as shown in the Burdorf (19924)
review of risk factor assessment, questionnaires are sill used far more often
than observation procedures, which are recelving more atention as research
tool. Furthermore, a number of grids are now computerized and proposed as
practica tools for assessng work environments. This raises severa basc
questions: |Is there actualy a clear and rational consensus on the character-
ization of physca work activities procedures? What is the expected qudity of
data? What conditions are required to achieve a good observation performance?
The firg objective of this paper is to compare the observation procedures
proposed to characterize physicd work. The second is to examine the following
three specific methodological issues: rdiability, training of observers, and
interna  validity. The paper's generad purpose is to pinpoint areas of
consensus about the choice of observation variables and identify genera
guidelines for the development and use of an observation method.
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2. METHODOLOGY

2.1. Papers Reviewed

Seventy-two articles dealing wholly or partialy with the observation of
physcal work involving general body work, such as in handling or
construction work, published between 1975 and 1997 in eight peer-reviewed
journals were reviewed (Human Factors, Le Travail humain, International
Journal of Industrial Ergonomics, Scandinavian Journal of Work, Environment
and Health, Journal of Human Ergology, Ergonomics, Applied Ergonomics,
and Journal of Occupational and Environmental Medicine; see Appendix).
Papers focusng on dgitting posture and upper limb work were excluded.
Thirty-eight of these papers proposed a new or modified grid, whereas 27
gpplied a previoudy established grid. Seven papers discussed methodological
issues relating to observation.

The first part of this review is limited to the 38 grids proposed. Of
these, 23 were designed to assess exposure within the framework of an
epidemiological study or to document a sector; four, to benchmark specific
rik factors (e.g., exertion above a certain value or intensity), circumstances
or events viewed as risky (e.g., diding surfaces); and 11, to document the
work activities performed and the modus operandi or strategies, without
pecificaly assessing exposure or risks.

2.2. Observation Classification

The observation variables were divided into the following seven categories:
posture, exertion, characteristics of object handled, work environment, use
of feet, use of hands, task or activities performed. The variable "object
handled" could refer to a piece of equipment, an object, or a container.
"Work environment” mainly included variables referring to the work context
or the presence of unfavorable conditions (e.g., spatia restriction, use of
vibrating tools, therma environment). "Use of feet" included variables
dedling with the position of the feet, supporting base or displacements. "Use
of hands" referred to observations describing the contact between the hand
and the object or the spatial hand position. The "task or activity” category
encompassed  observations on the work content or the breskdown of the
activity. Those grids that grouped together severa observation variables
(eg., exertion combined with the application conditions) were broken down
for classfication purposes.
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The seven observation categories were subsequently subdivided into 38
more homogeneous subcategories (posture variables excluded). The variables
proposed were either discrete (e.g., nature of exertion applied) or continuous
(e.g., back flexion). In the first instance, a series of descriptors could be
proposed, as well as a smple presence or absence notation. In this paper,
the term descriptors refers to the word or phrases used to describe a discrete
variable, whereas the term class reflects the numerica vaue divisions
proposed for continuous variables. Reference values proposed for defining
the descriptors and the breskdown of class vaues were reviewed.

2.3. Methodological Information Reviewed

Information dealing with the observation protocol was reviewed for the 72
papers covered. With respect to training procedures, information on training
modalities, such as the duration of the training, the teaching materia used,
training assessment, and trainer qualifications, was collected. Details on
inter- or intraobserver rdiability tests and the internal validity of the
observations were aso noted. In addition, information about the observation
process itsdlf, such as the definition of observation criteria or benchmarks,
was compiled.

3. RESULTS

3.1. Overview of the Grids

Almost dl the grids proposed the observation of postural elements (n = 36),
whereas the mgority included exertion (n = 28), load handled (n = 21), and
tasks or activities conducted {n = 19; see Table 1). The observation of
elements relating to the other three categories—the use of feet, the use of
hands, and the environment—were covered by about one third of the grids.
Twelve proposed observations covered at least five or more of these seven
observation categories. As can be seen from Table 2, 26 of the 38 variable
subcategories (postural variables excluded) were retained by less than 15%
of the 38 grids reviewed; only two variables (the nature of the exertion and
the weight) were retained by more than 10 grids.
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Exertion (n = 26). The nature of the exertion was the most frequent
observation proposed (n = 18), the three most common descriptors being to
lift (n = 13), to push (n = 12), and to pull (n=11), followed by the spatiad
context (n = 11; mainly the risng and lowering heights and the horizonta
distance between the load and the subject). The observation of other
elements such as the importance of the exertion, its direction or orientation,
the purpose of the exertion (eg., to roll, dide, or pivot), or the use of
externa support were marginally suggested. Very few grids proposed
reference values to set borders between descriptors (e.g., 50 cm as a limit
between near and far). In the bext case, four grids proposed a value to
define static exertion (30 s in three cases vs. 1 min).

Object handled (n = 23). Three subcategories were identified: the
weight (n = 17); the different characteristics of the object, such as the
presence or lack of handles (n = 8); and the type of load (n = 5). A minimd
value from which to assess the exposure was proposed in five cases, ranging
from 1 to 5 kg. Nine grids proposed a breskdown into three or more classes,
eight of which suggested different cut-off values. The three references
vaues proposed to define a descriptor were found to be different (e.g., the
vaues proposed for heavy lifting or effort or large force varied from 10 to
22.7 kq).

Work environment (n = 14). The mogs frequent observation variable
proposed dealt with presence or non-presence of unfavorable conditions or
events, dthough the proposals varied gredtly (e.g., spatid restriction, presence
of obstacles, diding surfaces, unexpected loads).

Use of feet (n = 10). The podition of the feet, the foot support, or the
foot displacement are the three possible types of observation proposed. The
proposads are as variable as previoudy noted. The single observation that
was retained more than once was the use of one or two feet support when
goplying an effort (n = 5). Except for one instance, no grid retained both the
observation of the foot positioning and support.

Use of hands (n = 13). Two basc proposas were identified: the
observation of the contact between the object and the hand and the hand
goatid pogition (generdly in reference to the worker). Neither proposal was
ever retained smultaneoudly.

Tak and activity (n = 19). The following descriptive variables—or
concepts—were identified: task, activity, action, function, and operation.
Identicd descriptors were found to be classfied under different variables.
For example, carrying, lifting, push/pull were classfied as a task, an activity
as wdl as an action. Two man observation strategies were identified. In the
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firg, attention is focused on the tasks and the observation is organized
around descriptors presenting different ways to divide the tasks and different
levels of accuracy. For instance, in the Saari and Wickstrom (1978) grid,
the structure erection work is broken down into several phases or large task
categories (e.g., sted rod preparation phase, assembling tasks), whereas in
the Damlund, Goth, and Munk (1986) grid in the same sector the work is
observed across three levels, moving from the more genera to the more
gpecific (work tasks, work function, and work operation). In the second
strategy identified, the divison is spatiotemporal. Work activities were
broken down in order to determine the exact moment or locus for recording
observation. For example, in the Drury, Law, and Pawenski (1982) grid, box
handling is divided into three phases (start, during, stop) and five steps
(pre-grip, pick up, move/carry, put down, adjust).

3.2. Posture (n = 36)

The breakdown of classes was reviewed. As shown in Table 3, no dominant
proposals were identified, whatever the articulation targeted. For instance,
18 different proposals were identified from the 32 grids dealing with sagittal
flexion. Out of the 11 grids proposng a two-class breakdown, seven were
different. Out of 10 grids proposing shoulder and neck sagittal flexion
classes, sx and seven different proposals were recorded respectively. In
respect to knee flexion, the ratio is seven out of 11. This variability was
also observed with elements more rarely observed or presenting a narrower
range. For instance, sSx grids retained the back extension, with three
different breakdowns. The relationship between the number of classes
retained and the breakdown was aso examined: More classes corresponded
mainly to a greater tota amplitude rather than smaller class breakdowns.

As several experimenta studies documented combinations of articular
deviations, we examined this aspect. In fact, about 50% of the time, the
back or neck rotation and the shoulder abduction were observed in
combination with the back or neck lateral or sagitta flexion or the shoulder
flexion. However, it is not clear whether the am was to observe the
combination itsaf or whether the choice related to observationa difficulties.

When two classes are proposed, it may be assumed that the cut-off
vaue represents a threshold value from which a postura deviation is
considered to be significant. No clear consensus could be identified. Four
grids proposed three different reference values to determine the relevance of
recording a postural events (10 s as a minima duration for a postura
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deviation, a frequency of 4 per minute or a time proportion of 50% as
minimum for repetition). Finaly, about haf (n = 19) proposed globa
posture descriptors, primarily: knedling, standing, walking, sguatting.

3.3. Methodological Data

Observation reliability. Forty-four percent provided reliability data (new or
modified grid: n = 21; edited grid: n=8; see Table 4). The agreement
percentage (Po: n = 15) was by far the most widely used ratio in assessing
reliability, followed by cdculation of the kappa coefficient (K: n = 6), which
is consdered more valuable as it discounts the proportional agreement that
is expected by chance (Burdorf, Derksen, Naaktgeboren, & Van Riel, 1992
van der Beek, van Gaden, & Frings-Dresen, 1992). As demonstrated by
data published by severa authors, a high Po might be associated with a low
K, depending on the rarity of the events observed (e.g., leg support:
Po = 91.2 vs. K =.24 [van der Beek et d., 1992]; distance from body to
externa weight: Po =77 vs. K26 [Wickstrom, Laine, Pentti, Hyytidinen,
& Saminen, 1996]). Kilbom (1994) explains kappa's limits (e.g., ingpplicable
to continuous data). We reviewed which threshold could be considered
acceptable for both datistics (n = 7). Three thresholds are suggested for Po,
80% (Buchholz, Paguet, Punnett, Lee, & Moir, 1996), 85% (Engels,
Landeweerd, & Kant, 1994a Engels et a., 1994b) and 90% (Authier,
Lortie, & Gagnon, 1995; Baril-Gingras & Lortie, 1995), whereas .5 (van der
Beek et a., 1992; Fransson-Hall, Gloria, Kilbom, & Winkel, 1995) and .6
(de Looze, Toussaint, Ensink, & Mangnus, 1994) are suggested for kappa.
Three other tests were aso marginadly used: the correlation coefficient
{n = 4), the Kendal coefficient of concordance (n = 1), and the Wilcoxon
sggned ranks test (n = 1).

As can be seen in Table 5, the Po obtained for the different variables
was quite variable—ranging from excellent (>90%) to farly low (56%).
Whereas the agreement computed for the back flexion was usualy around
75%, it could be over 90%. In genera, when both inter- and intra-observers
were checked, the intra-observer reliability coefficient appeared to be
dightly better. If there was a bias, it was a consstent one. The impact of
the task was aso reviewed. Analysis of data published by the seven studies
presenting reliability data for a same element observed for different tasks
indicated that the task has a mgor impact on reproducibility coefficients
(e.g., Po for sagittal trunk flexion task 1. 61%, task 2. 82%; am flexion
task 1: 78%, task 2: 99%).
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TABLE 5. Observation Reliability: Results Obtained for Different Observation

Variables

Reliability
Observation Variables Test Intra Inter Reference
Standing
Y/N* £ .83 — 3
Y/N: frequency; duration Po 92, 87; 93, 92 87, 88 32
Back sagittal flexion
<5°| 6-30° | 31-60° | 61-90C° | >90° Po; x 86; .81 81; .73 23
<15°] 15-45° | 45-75° | >75° Po; x - 79-85; .61-72 1
<15° | 15-45° 1 45-75° | >75° Po; x — 76; .68 69
<45° | 45-90° | 90-135° | >135° r 75 — 3
<20° | 20-45° | >45° Po 73 61, 82° 22
<20° | 20-45° | >45° — raw data raw data 5
>20° r =i 74 18
>60° r .91 — 24
>15% frequency; duration Po 98, 99; 90, 93 91; 94 32
>30° r A1 — 24
Hands>knee: frequency; duration Po 92, 75; 88, 76 90; 61 32
Back rotation/lateral flexion
Y/N r 97 — 24
Y/N Po; x — 94-96; .48-.59 11
Y/N Po; x 84; .60 56; .24 23
>20° - raw data raw data 5
Shoulder flexion/abduction
<45° | 45-90 | >90° - raw data raw data 5
<60° | >60° Po; x — 90-93; .51-.65 11
<60° | >60° Po; x — 90; .79 69
>60° r .83 .89 18
Elbow versus shoulder height Po 97 78, 99° 22

Notes. Po—percentage agreement, r—correlation coefficient, x—kappa coefficient, a—Yes/No
notation, b—two different jobs.

Impact of observer training. A single study had been designed to
examine this question specificaly. Furthermore, few studies tested the same
variables; different tasks were used, and the level of grid complexity varied.
Nevertheless, some trends were noted.

Of the 29 papers mentioning this issue, 13 provided some information
on training modalities and nine specified the duration of the training or
practice. None of the studies using a published grid provided data on
observer training. The training could range from one hour to several days.
Additional practice sessons could last up to one month. The distinction
between each format was not aways easy to determine and longer training
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periods probably included practice sessions. In general, more extensive
training or practice sessions were linked to the use of more complex grids.
As shown in Table 6, no substantial benefits were noted in relation to
practice sessions over training sessions or longer training sessions. For
example, in the case of the saggital flexion, the reliability appeared to be
about the same for both after one hour and after a few days of training
(Corlett, Madeley, & Manenica, 1979; van der Beek et al., 1992). van der
Beek et al. (1992) reported a small yet consistent (up to 6%) improvement
between the sessions. However, this improvement was attributed to better
criteria definitions. Experienced and inexperienced observers showed about
the same level of reliability (Fransson-Hall et al., 1995). Nonetheless, goals
other than improving the reliability itsdf, such as improving skills (better
recording speed, improving memory), reducing of the effect of tiredness,
and so forth, were pursued while planning longer training or practice
periods.

In point of fact, results tend to show that attention paid to the definition
of observation criteria or to the training method (e.g., use of visua
supports) has more impact on the reliability than the length of training.
Overall, trained observers were shown to be able to efficiently manage
complex grids and achieve reliability coefficients superior to 90% (Karhu,
Kansi, & Kuorinka, 1977; Keyserling, 1986; St-Vincent, Tellier, & Lortie,
1989).

Internal validity. Eleven studies provided such data, essentially on
postural variables (mainly saggital flexion). Observations were compared
with a direct measurement from a picture or a video tape, or from the
participant (inclinometer/goniometer or optoelectronic recording). Two elements
were checked: the frequency or proportion attributed to the different classes
and the accuracy of the observation. As different class breakdowns and
different methods were used, the results cannot be directly collated. As
previously indicated, a broad range of results was obtained (see Table 7).
However, it was noted that observation internal validity could be excellent.
For example, van der Beek et al. (1992) reported a correlation coefficient of
.98 and a mean absolute error below 5° for a sagittal flexion breakdown in
four classes. The only other study documenting observer accuracy capacity
showed less impressive results, with an average error of 9° for the shoulder
flexion (Genaidy, Simmons, Guo, & Hidalgo, 1993).

The reliability and validity for both frequency and duration were also
assessed in three studies (Buchholz et al., 1996; Fransson-Hall et al., 1995;
Karlgvist, Winkel, & Wiktorin, 1994). Results show that when the frequency
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of an event is under-evaluated, its duration may instead be over-evauated
because the two different events are considered as only one.

In generd, little information could be gathered on the observation
problems, apart from some comments about difficulties related to using
two-dimenssional video supports in observing dynamic work.

4. DISCUSSION

4.1. Observation Proposals

The observation proposals were considerably more varied than expected.
About 60% of the papers reviewed presented their own observation grid.
Except for posture, few observation variables were retained by a mgjority of
grids. In the case of the posture, observations were sddom defined in the
same way: the number of classes, breakdown, and reference vaues varied
and the choices were rardly explained. There is an urgent need to define
clearly formulated and supported observation procedures, at least for frequently
ussd observation variables.

Despite this variability, the scope of the proposals nevertheless appears
to be narrow. For example, the purpose of the mgority of the grids was to
asess exposure or to benchmark musculoskeletd risks. However, several
elements documented or suspected in the literature as risk factors were
missing or rarely retained. Some examples of these are eccentric contraction
(eg., Armgtrong, Warren, & Warren, 1991; Edwards, 1988), baance problems
(eg., Manning, Ayers, Jones, Bruce, & Cohen, 1988; Oddsson, 1990),
asymmetry (e.g., Adams, 1980; Gunzburg, Hutton, & Fraser, 1991; Shirazi-
Adl, 1989), tempora loading frameworks (e.g., Hagg, Oster, & Bystrom,
1997), datism (e.g., Van Dieén & Oude Vridink, 1994; Winke & Westgaard,
1996), space redtrictions (eg., Drury, 19858 Kumar, Mital, Garand, & Persad,
1993), presence of obstacles, sudden exertions (e.g., Lavender et a., 1989),
presence of hard-to-control materid (e.g., Imbeau, Montpetit, Degardins,
Rid, & James, 1998). Difficulties encountered in clearly linking posture and
exertions with musculoskeletal problems are therefore not surprising. The
experimental research results seem to be only partidly integrated in fied
studies.

The review aso indicates a lack of consensus for defining an exposure
threshold for risk assessment or intervention level, which seems to reflect
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the lack of operational data on which a decison could be based. This is
hardly surprisng as several biomechanica and physiologica studies lead to
controversial results or conclusions regarding the importance or relevance of
certain risk factors. For example, there is no clear consensus regarding
torson (e.g., Adams & Hutton, 1981; God et a., 1986; Schultz et a., 1982),
lumbar extenson (e.g., Adams & Hutton, 1983; Burton, Tillotson, & Boocock,
1994; Jackson, 1992) or acceleration of the load (e.g., Bush-Joseph,
Schipplein, Andersson, & Andriacchi, 1988; Delide & Gagnon, 1995;
McGill & Norman, 1985). Some studies even point out the advantages of
adopting so-called risk (e.g., Adams, 1996, Manas & Mirka, 1989; Grave,
Gagnon, Plamondon, & Degardins, 1992).

Severa dtudies were intended to characterize modus operandi or strategies.
In these cases, it was often hard to establish a link between the observations
proposed and scientific literature. For instance, the supports and the position
of the feat @ the time of the effort were observed in many studies. The position
of the feet is effectively recognized as having an impact on the lumbar
congtraint (e.g., Anderson & Chaffin, 1986; Delide, Gagnon, & Degardins,
1998). However, it is very difficult to identify experimental studies that
would help interpret these observation data, which reflects what people are
redly doing. In this case, experimental research appears to have difficulty
integrating field research data. In genera, this points up important problems
inherent in linking experimental and field data research.

4.2. Methodological |ssues

This review shows that a good rdiability level can be achieved—as
concluded by Kilbom (1994) from her review of 19 grids—as wdl as
adequate interna validity. Nevertheless, rdiability is not an automatically
transmittable result. It was striking to see how observer training procedures
or reliability control tests were rardly mentioned in studies using an edited
grid.

The review reveds that there is insufficient data to answer the following
basic questions about good observer performance: What training process
should be put in place? How experienced should the observer be? What
problems can be expected? What are the observer's limits? Nevertheless, it
does demonstrate that training has an important impact on reliability,
although few basic rules or guidance about training modalities or duration
could be identified. In fact, most proposed grids provided no guidelines
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about the training procedures to be followed by subsequent users. Attention
is currently being focused on computerizing grids to facilitate data treatment
and to expand their use in industry. It may be time to be more concerned
about the subsequent quality of data

Perhaps we are too easily assuming that experienced observers are
competent observers. This premise should be reconsidered. For instance, it
has been shown, through the studies on "time and motion" speed assess-
ment that observers needed periodic retraining (Barnes, 1950). Fransson-
Hall et al. (1995) found that post-trained new observers could perform as
well as experienced ones. They also noted that extending practice sessions
seemed to have little effect on observation reliability per se, without
discarding other potential positive impacts such as on recording speed,
memory, or skilfulness in the use of recording equipment. On the whole, it
is clear that the quality of the training rather than its duration or practice
sessions is the key issue.

The problems encountered by both users and designers of the observation
grids were rarely mentioned. Few indications were provided about the
difficulties encountered by the observers. It is reasonable to assume that the
low reliability coefficient reported in some cases resulted more from
a definition problem than from limited observational capability. The definition
of observation constitutes a key issue that is rarely discussed. Without accurate
observation criteria, a grid can not be used with reliability. Unfortunately,
there is usually no space in edited papers to present these criteria.

Finally, this review shows that the characteristics of the tasks observed
have a major impact on observer performance. For example, the more a task
presents a high proportion of elements at the borderline between two
classes, the higher the risk of misclassification. As observers seem to
display specific trends, misclassification may be important when only one
observer is used. Strategies to assess the material difficulty need to be
developed. As studies show that observers are quite good at assessing an
angle, they probably know when they are in the border zone. This skill
could be taken advantage of.

5. CONCLUSION

The review shows an actual lack of consensus about the observation
procedures. Few choices in the breakdown of variables were motivated. In
spite of the variability of the proposals, several aspects the literature defines
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as relevant were scarcely, or not a al, covered by the grids. There is ill
much to be developed. However, enough evidence was provided to consider
observation data as potentially reliable. Nonetheless, the large range of
reliability results obtained indicate the importance of the training procedures
adopted and of the accuracy of the observation criteria, for which very few
guidelines exist. Methodological issues relating to the development and use
of observation methods need to be more thoroughly addressed in the future.
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