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Development and Evaluation of an
Observational Method for Assessing
Repetition in Hand Tasks

Several physical stressors, including repetitive, sustained, and forceful exertions, awkward postures,
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5 localized mechanical stress, highly dynamic movements, exposures to low temperatures, and vibration
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have been linked to increased risk of work-related musculoskeletal disorders. Repetitive exertions
The University of Michigan,
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Dept. of Industrial and
Operations Engineering,

1205 Beal Avenue, Ann Arbor,
MI 48109-2117

have been among the most widely studied of these stressors, but there is no single metric for assess-
ing exposure to repetitive work. A new methodology enables repetitive hand activity to be rated based
on observable characteristics of manual work. This method uses a series of 10-cm visual-analog scales
with verbal anchors and benchmark examples. Ratings for repetition reflect both the dynamic aspect
of hand movements and the amount of recovery or idle hand time.Trained job analysis experts rate
the jobs individually and then agree on ratings. For a group of 33 jobs, repetition ratings using this
system were compared to measurements of recovery time within the cycle, exertion counts, and cycle
time. Amount of recovery time within the job cycle was found to be significantly correlated with the
analysis ratings (*=0.58), as were the number of exertions per second (r=0.53). Cycle time was

not related to the analyst ratings. Repeated analyses using the new method were performed 1'/; to 2
years apart on the same jobs with the same group of raters. Ratings for repetition differed less than
1 point (on the 10-cm scale), on average, among the different sessions. These results indicate that the
method is sensitive to exertion level and recovery time, and that the decision criteria and benchmark
examples allow for a consistent application of these methods over a period of time. This method of
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rating repetition can be combined with similar scales for other physical stressors.

Keywords: cumulative trauma disorders, ergonomics, job analysis, repetition

arious physical stresses, including repeti-

tive, sustained, and forceful exertions, awk-

ward postures, localized mechanical stress,

highly dynamic movements, exposure to
low temperatures, and vibration have been linked
to increased risk of work-related musculoskele-
tal disorders (WRMSD).(16) Specifically, several
studies have implicated repetitive exertions as a
significant contributor to workers’ risk of devel-
oping these disorders (Table I).

There is widespread evidence to indicate that
an exposure-response relationship exists between
exposure to repetitive work and development of
disorders® (Figure 1). Although it is clear that
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risk increases as exposure increases from very low
levels to very high levels, less is known about the
exact shape of the dose-response curve, i.c., the
critical exposure levels at which a worker’s risk sig-
nificantly increases.

A major reason for this knowledge gap is the
difficulty in quantitying the level of repetitiveness
(i.e., exposure) in manual work. There is no sin-
gle metric that has been used to assess repetition.
Previous studies of repetitive work have exam-
ined repetitiveness in terms of repeated cycles or
amount of hand activity (Table I). For example,
some investigators have attempted to quantity
repetition based on production standard data,
e.g., cycle time or parts produced (see Table I).
However, such methods are difficult to apply to
certain tasks, especially those with long cycle
times or complex operations. Also, a measure of
cycle time alone does not account for how busy
the hands are during the cycle. For example, a

Copyright 1997, American Industrial Hygiene Association
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TABLE I. Selected Epidemiologic Studies that Showed a Relationship Between Repetitive Work and Upper Extremity

Musculoskeletal Disorders

Study Study Design

Population

Health Outcome

Factor(s) Considered as
Measure of Repetition

Kuorinka and cross-sectional

Koskinen” (1979)

Luopajarvi et al.® (1979)  cross-sectional

Cannon et al.¥ (1981) case-control

Punnett et al."% (1985) cross-sectional

Silverstein et al."” (1986)  cross-sectional

Armstrong et al.'? (1987)  cross-sectional

Wieslander et al.'¥ (1988) case-control

Barnhart et al." (1991) cross-sectional

Kurppa et al.™ (1991) cross-sectional

Chiang et al.® (1993) cross-sectional

Schoenmarklin et al.('”) cross-sectional

(1994)

English et al."® (1995) case-control

Schierhout et al."® (1995)  cross-sectional

workers in manual jobs

in scissors manufacturing
assembly line packers

and shop assistants

workers in aircraft
engine manufacturing

garment workers and
hospital employees

workers from six
industrial sites

workers from seven
work sites in six industries

surgical carpal tunnel
syndrome patients, other
surgical cases, and general
population

workers at a ski
assembly plant

workers in a meat-
processing factory

fish-processing workers

workers in 20 jobs in
8 industrial plants

patients attending
three orthopedic clinics

workers in 46 jobs in
11 factories

tension-neck and
muscle-tendon syndrome

tenosynovitis

carpal tunnel syndrome

persistent shoulder, wrist,
and hand pain

hand/wrist cumulative trauma
disorders (specific diagnoses

and nonspecific symptoms)
hand and wrist tendinitis

carpal tunnel syndrome

carpal tunnel syndrome

tenosynovitis,
peritendinitis,
and epicondylitis

shoulder girdle pain,
epicondylitis, and
carpal tunnel syndrome
“hand/wrist CTDs" as
reported on OSHA 200 logs

various soft-tissue diseases
of the upper limb

self-reported regional
musculoskeletal pain

number of pieces handled
per year

number of repetitive
exertions

observation of repetitive
motion tasks of the wrists

observation of repetitive
upper extremity exertions

cycle time <30 sec or
50% of cycle in same
fundamental movements

cycle time <30 sec or
50% of cycle in same
fundamental movements

presence of repetitive
wrist movements
identified by worker and
occupational hygienist

observed repeated and/or
sustained activities
involving wrist motion
and/or pinch grip

observed work “strenuous
to the muscle-tendon
structures of the upper
limbs”

cycle time <30 sec or
50% of cycle in same
fundamental movements

velocity and acceleration
of wrist movements

frequency and duration
of various upper extremity
motions

cycle time

1L12,16) would not

30-second cycle time used by some investigators!
be suitable for certain jobs, such as those involving computer key-
board use or some assembly operations in which the worker per-
forms a brief exertion and is idle for the rest of the cycle. In
situations such as these, production standard-based methods may
inaccurately estimate the true activity level of the hands. Other
methods consider hand activity more directly, by defining repe-
tition according to number of hand exertions per cycle or unit
time,7#) the velocity and acceleration of motions,!”) or the dura-
tion of micropauses.?? Potential difficulties with these methods
include difficulty in defining and identifying “exertions,” compli-
cations arising from exertion length, and the technical require-
ments of instrumentation. Other investigators have relied on
observation or worker reports to classify the repetitiveness of
jobs,HOIBIHII) byt these studies provide few details of the spe-
cific criteria used in making the classifications.

In general, existing methods for exposure assessment fall into
one of the following categories (see Table I): (1) production stan-

dard data; (2) observational methods, including checklists; and (3)
instrumentation. The system described in this article is observa-
tional, in which repetition or hand activity is characterized using a
visual-analog scale ranging from the lowest to the highest amount
imaginable. The rating system consists of a 10-cm visual-analog
scale that ranges from 0, which corresponds to no hand activity,
to 10, the most possible hand activity. Rating scales such as these
are common subjective assessment techniques often used to elicit
workers’ perception of job attributes.®!) The system includes deci-
sion rules and benchmark examples to aid in determining the mag-
nitude of the stress. This article will focus on the rating scale for
repetition/hand activity, although similar scales can be developed
for the other stressors such as force, contact stress, and awkward
postures.

The verbal anchors and decision criteria that form the foun-
dation of the rating scale have been developed through extensive
observation of a large number of jobs. These anchors and criteria
are intended to provide benchmarks against which the raters can
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FIGURE 1. Proposed exposure-response curve for work-related upper extremity
musculoskeletal disorders. Studies ** have shown higher risk at higher exposure
levels. The exact shape of the curve is not known.

compare the job being observed, promoting consistency in ratings
between analysts and jobs. The methods employed in these ratings
are similar to those used to determine performance ratings in work
measurement??) and in scoring many competitive sporting events
at both the recreational and professional level, notably diving, %%
figure skating,?* and gymnastics.®® In all these cases the outcome
of interest is not an easily quantifiable entity. The ratings are based
on professional judgment, applied by highly trained individuals,
and aided by a set of well-defined decision criteria.

SYSTEM DEVELOPMENT

he development and initial application of this system consisted

of three subtasks: (1) proposal of initial scale based on factors
considered in previous studies (see Table I), (2) preliminary job
selection/classification, and (3) ratings/rating system application
and enhancement (Figure 2). In the preliminary job selection and
classification stage, a team of two or more researchers conducted a
plant walk-through, during which available jobs were observed.
The goal of this job selection was to obtain examples of jobs
encompassing the full range of the possible repetition rates. Jobs
were selected based on an initial subjective assessment of repeti-
tion/hand activity. Representative workers, equipment, and job
cycles were identified, and the selected jobs were videotaped and
documented. Written documentation included production stan-
dards, job tasks, workstation layout and nominal dimensions, and
materials, tools, and equipment. The job information was then
taken back to the university lab where it was further analyzed.

The ratings/rating system enhancement was conducted at the
university by a team of four to six faculty and staff who were expe-
rienced in ergonomic analysis in general, and this technique in par-
ticular. The videotaped jobs and documentation were presented to
the team members, who independently rated the jobs for repeti-
tion/hand actvity using the 10-cm scale and written guidelines
(decision criteria and benchmark examples). Raters selected and
rated the busiest hand during the cycle. When all team members
had completed their individual ratings, the ratings were discussed
with the goal of reaching consensus. Consensus was defined as: (1)
a difference of no more than 1 point on the 10-point scale between
the lowest score the highest score, and (2) the bases of all differ-
ences had been addressed. If the individual ratings for any stressor
initially met consensus, no further discussion was necessary for that
stressor. If consensus was not initially met, the outlying raters were
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given the opportunity to briefly explain the rationale for their rat-
ings. In some cases the discrepancies were due to observational dif-
ferences: one rater simply noticed something that no one else did,
or an individual overlooked something that everyone else saw. In
these cases the affected rater(s) adjusted their ratings accordingly
and consensus was achieved (Figure 2).

Preliminary job
selection/classification
plant walk-through

initial job selection
(low, medium, high repetition)
[ectape and document obs |

Ratings/rating system
=
criteria inadequate
decision

criteria
Individual ratings

observational

ditference
Reason?,

FIGURE 2. Flow chart illustrating the steps involved in job selection and system
development and application

Occasionally, jobs were encountered for which the team was
not able to quickly reach consensus. These cases signaled an inad-
equacy in the decision criteria. In these situations the team mem-

bers discussed the repetitive activity observed relative to the
existing criteria and proposed modifications to clarify the decision
criteria. In some cases the rating guidelines were then updated to
include these enhancements (Figure 2).

Sometimes jobs were composed of two or more different tasks,
e.g., building up subassemblies and installing subassemblies, or the
workers rotated between multiple jobs on a production line or in a
work cell. In most of these cases the raters mentally integrated the
two tasks and produced a single rating; however, each task could
be rated separately and a time-weighted average (TWA) calculared.

This rating system for repetition has evolved from the assess-
ment of over 185 jobs. These jobs encompass a wide variety of
industries, including furniture manufacturing, automotive compo-
nents, appliance manufacturing, and paper products, and include
both traditional, short-cycle assembly jobs as well as long cycle-
time jobs with more task variability. The decision criteria and
benchmark examples draw from this diverse group of jobs, provid-
ing a comprehensive set of guidelines that can be generalized to a
wide variety of manufacturing jobs. Videotaped examples of the
various rating levels have been assembled from these jobs and are
maintained in a library; they are used for calibration and training
purposes. Table II lists representative jobs from the full range of
the rating scale.

The result of this iterative process is illustrated in Figure 3.
The final observational rating method addresses repetition from
the standpoint of hand activity rather than repeated work
clements. This rating scheme draws from the studies cited in
Table I and integrates, either directly or indirectly, several of
the factors considered in those studies into a single scale. The fac-
tors directly considered in the repetition/hand activity rating
include (Figure 3) (1) duration and frequency of observed rest
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TABLE II. Representative Jobs from the Full Range of the Rating Scale

cycle. Within this framework,

Job?

ratings are discounted if there

Inspector; visual observation of passing parts; no handling

Unload plastic drum lids from molding machine; long pauses
between cycles

Load/operate press to form head liners; wait for machine to cycle

Loading automatic fabric wrapping machine; wait for machine to cycle
Load/operate trim machine for head liners; wait for machine to cycle

1-min transfer task; 6-sec cycle
Stacking large drums; wait for next drum
Connecting ground wire on dryer; attach 1 clip and drive 2 bolts

Glass inspection, manipulating glass and visually inspecting for defects

Visor silkscreen (load, activate, unload)

Feeding drum cover through glue machine and loading onto
forming machine

Hanging back panels of dryers on racks (2 jobs)

Panel upholstery (office cubicle panels)

Overhead console upholstery; load fabric and frame into press;
smooth fabric by hand

1-min transfer task; 3-sec cycle

Securing fan on dryer; position housing; drive 3 bolts and position fan
Wiring heater box on dryer; position wire harness and insert 4 connectors
Securing upper back panel on dryer; position back panel and drive 3 bolts

Securing back of console on dryer; insert 4 connectors
Securing top panel on dryer; drive 3 bolts

Mirror cutting; load etching machine and separate cut mirrors
Spray painting racks of visors and armrests
Assembling lid for armrest/center storage unit

Sewing armrest covers (2 jobs)

Assembling cupholder

Office chair upholstery; cover seats and backs

Press loading; small parts

1-min transfer task; 1.5-sec cycle

Handle assembly; riveting (2 jobs)

ingB

Industry Rating is a wide variety of different
appliance mfg 1 hand motions in the task.
fiber drum mfg 1

auto components 1 EVALUATION

auto components 2

auto components 2 he evaluation entailed exam-
laboratory 25 ining (1) how well the meth-
fiber drum mfg 25 od assessed those factors it was
appliance mfg 35 designed to assess, and (2) test-
glass/mirror mfg 4 retest results. ) Because there

auto components 4
fiber drum mfg 45

is no single, recognized defini-
tion of repetition, the ratings
were compared with character-

istics of repetitive work that
have been identified by previ-
ous researchers (Table I). The
three methods chosen for com-

appliance mfg 45
office furniture mfg 5
auto components 5

laboratory 5 parison are common observa-
appliance mfg 6 tional metrics: hand exertions
appliance mfg 6 per second, amount of recov-
appliance mfg 6 ery time, and cycle time.

appliance mfg 6.5 A subset of 33 jobs (Table
appliance mfg 6.5 II) was randomly selected
glass/mirror mfg 6.5 for this further analysis from

auto components 7
auto components b
auto components 7.5
auto components 7.5
office furniture mfg 8
fiber drum mfg
laboratory
fiber drum mfg

those which previously had
been rated by the team. This
subset represented five differ-
ent industries and one labora-
tory simulation. The team rep-
etition ratings on the jobs
ranged from 1 to 9 on the 10-
point scale, with an approxi-

O 0

AThirty-three jobs included in this study

BRatings are on a 10-point scale, and are expressed as the average of 5 raters, rounded to the nearest 0.5 point.
In all cases, the range in ratings between the five raters was less than or equal to 1 point.

mately uniform distribution
over that range. A researcher,
blinded to the team ratings,

pauses (i.e., the amount of recovery time within the task), and
(2) the speed of hand movements (i.e., how fast the fingers and
wrist move).

As the repetition rating increases, the duration and frequency of
rest pauses decreases until a rating of 10 is achieved, where rest
pauses are virtually nonexistent. Higher levels of repetition are also
characterized by faster movements of the hands. This definition of
repetition does not consider cycle time; a very long-cycle job could
have a high repetition rating if the hands are in constant, rapid
motion with no recovery time. Similarly, short-cycle time jobs may
be rated low on the scale if the worker’s hands are idle most of the

[0} 2 4 6 8 10
| | | | | |
[ [ | I I |
hands idle consistent,  slow steady steady rapid steady  rapid steady
most of the  conspicuous, motion/ motion/ motion/ motion/
time; no long pauses;  exertion; exertion; exertion; no exertion;
regular ORvery slow  frequent infrequent regular difficulty
exertions motions brief pauses pauses pauses keeping up

FIGURE 3. Visual-analog scale for rating repetition/hand activity, with
verbal anchors

performed the hand exertion
analysis, recovery time analysis,
and cycle time calculation on each of the 33 jobs. The same jobs
were rated again by the team 11/2-2 years after the initial ratings
to assess the consistency of repetition/hand activity ratings by the
same raters over time. All ratings and data collection were per-
formed from the same segments of videotape.

Hand Exertions
Methods

The hand exertion analysis consisted of counting the number
of exertions by the most active hand during several cycles of the
job and averaging over the cycles. An exertion was defined as
a conspicuous application of force by the hand, and included
using the hand to hold, manipulate, trigger, push, pull, or other-
wise handle an object.(?”) For each task at least five cycles were
observed and the exertion counts averaged. The exertion values
were divided by cycle time (vielding exertions per second) to facil-
itate comparative analysis.

Results

The results of this analysis are presented in Figure 4. The agree-
ment (r?) between the team ratings of repetition and the number
of exertions per second was 0.53 (p<0.0001).
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2.0 7
exertions/sec = 0.07 + 0.013(team rating); 2 = 0.53

1.5 1 i : .

o _ exertions/seC| a

o regression

(6]

Q

£ 1.0 1

(92}

(=

9 1

=

X 057
0.0 T T T T J

0 2 4 6 8 10
team rating of repetition/hand activity
FIGURE 4. Relationship between team ratings of repetition/hand activity and
number of exertions per second in 33 jobs
Recovery Time
Methods

Recovery or rest time was operationally defined as periods when
the hand was not holding, manipulating, triggering, pushing, pul-
ling, or otherwise handling an object, and included times when the
hand was completely idle, resting upon an object for voluntary
support, moving freely, or reaching for an object. At least five
cycles of the each task (Table II) were observed and the recorded
recovery time values averaged. These values were then divided by
cycle time to obtain the percent of recovery time within the cycle.
Figure 5 illustrates typical work/recovery profiles over time for
three levels of repetition/hand activity.

LOW (rating = 1) work
unload plastic drum lids from
molding machine; long
pauses between cycles ~ recovery

MED (rating = 5) work

panel upholstery (office
cubicle panels) recovery
HIGH (rating = 7.5) work
assembling automobile
cupholder
recovery

time ——mm

FIGURE 5. Typical work/recovery profiles for jobs at various levels of the
rating scale

Results

The results of this analysis are presented in Figure 6. The agree-
ment (r?) between the team ratings of repetition and the percent
of cycle spent in recovery was 0.58 (p<0.0001). Jobs in the low
repetition range (rating = 0-3) averaged 64% (+16%) recovery time
during the cycle. Medium repetition jobs (rating = 4-6) averaged
26% (£22%) recovery time, and high repetition jobs (rating =
7-10) averaged 12% (+12%) recovery time.

Cycle Time
Methods

All 33 jobs included in this study had regular cycles, with a consis-
tent sequence of steps being repeated throughout the work task. A
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cycle was defined as the time period during which the worker han-
dled or performed operations on one unit of product. A minimum
of five cycles of each job was observed, and average cycle time was
calculated. These cycle times were compared with the team ratings
of repetition.

1 B
00 % recovery = 74.26 - 8.6(team rating); r2 = 0.58
L]
° 4
S 80 o B percent recovery
S - — regression
g2 60 1
2
3
3 40 1
0
o
t 20 -
[7]
0
o
Q 0 ™

team rating of repetition/hand activity

FIGURE 6. Relationship between team ratings of repetition/hand activity and
percent recovery time within the task cycle for 33 jobs

Results

Cycle times for the 33 jobs in this study ranged from 1.2 sec to
214 sec. Figure 7 illustrates the cycle time and team rating of each
of the 33 jobs; there was no statistically significant relationship
between cycle time and team rating. For example, the job rated
lowest by the team (rating = 1) was an inspection task with a cycle
time of only 8 seconds. The job with the longest cycle time (214
sec) was an upholstery job that the team rated 8 on the 10-point
scale. Because a cycle time of 30 sec has been used as a cutoff point
for repetitive and nonrepetitive work, 11216 3 t-test was per-
formed to determine if there was a significant difference in the
team ratings of jobs with cycle times less than 30 seconds com-
pared with those with cycle times longer than 30 seconds. The jobs
(n=11) with cycle times greater than 30 seconds had a mean team
rating of 5.1 (£2.25), while the jobs (n=22) with cycle times less
than 30 seconds had a mean rating of 5.3 (+2.3). This difference

10 7 Team rating by cycle time

team rating

T
0 100 200 300
cycle time (s)

FIGURE 7. Plot of cycle time and team rating of repetition/hand activity for
33 jobs. There was no significant relationship.
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was not statistically significant (p>0.85).

Test/Retest
Methods

The same 33 jobs were analyzed by the same team on two separate
occasions to determine the consistency with which a given group
was able to apply the decision criteria. Time between the two
analyses ranged from 79-118 weeks. The team analyzed several
other jobs in the interim, lowering the probability that any team
members would have remembered the exact rating they had given
the jobs originally. The 33 jobs were presented to the team in a
random order. The rating procedure on both occasions followed
that described in the System Development section.

Results

The results of this evaluation are reported graphically in Figure 8.
The two scts of ratings exhibited a good correlation (r? = 0.88). For
the 33 jobs, 66% of the ratings differed by 1 unit or less between
the two sessions. A paired t-test indicated a significant difference
between the ratings for the two sessions (p<0.05), with the ratings
from the second session being approximately 0.6 units higher than
the first session. Although this difference was statistically signifi-
cant, it was well within the 1 unit range defined as consensus.

10 1 7
a9
g
g
x 6
3
o
2
o~
-J
£
B 41
., regression through data
2 ", rating 2 = 0.9 + 0.9 (rating 1) ; r2=0.88
- = = ideal fit (perfect agreement)
4
Pl
0 T T T 1
0 2 4 6 8 10
rating 1 (week 0)
FIGURE 8. Average team ratings of repetition on two different occasions for
33 jobs (> =0.88)

DISCUSSION

Hand Exertion and Recovery Time Analysis

Both the hand exertion count (Figure 4) and the percent of recov-
cry time within the cycle (Figure 6) were significantly correlated
with the team ratings of repetition/hand activity (r* = 0.53 and
0.58, respectively). It is expected that there would be some rela-
tionship between the measures of exertion frequency and recovery
time and the repetition/hand activity ratings. A perfect relation-
ship would not be predicted, because the team rating for repeti-
tion/hand activity is an integrated score, which takes into account
the speed of hand movements as well as the amount of recovery
time within the cycle. The exertion counts and number or pieces

handled, as used by Kuorinka”) and Luopajarvi® (Table I) give an
indirect indication of speed, in that a worker can accomplish more
exertions per unit time if those exertions are rapid; however, the
exertion counts do not directly assess movement speed. Also, the

exertion counts do not account for the length of the exertions or
the amount of recovery time within the cycle, both of which are
factors that are considered by analysts using the rating method.
The raters consider the trade-off between recovery time and move-
ment speed. For example, one worker may move quickly to load a
machine, then wait while it cycles, while another may perform an
assembly operation at a steady speed throughout the task, with few
pauses. In such a case both workers could receive similar ratings on
the repetition/hand activity scale because of the interrelationship
between movement speed and recovery time.

(ycle Time

No significant relationship was observed between the team ratings
and cycle time (Figure 7). This is an important finding, because sev-
eral epidemiologic studies have used production standard-based
metrics to assess exposure to repetitive exertions (Table I). It is
possible to find high repetition, short-cycle jobs, and low repeti-
tion, long-cycle jobs (sce Figure 7). This appears to be the case for
the cited studies. This does not, however, mean cycle time can be
used to characterize repetition in all settings. Although the criteria
applied in these previous studies may have been appropriate for
those particular groups of jobs, the findings of this study suggest
that applying such criteria to a random group of jobs, which were
not selected with these criteria in mind, may not be appropriate.

Part of the reason for this poor agreement may be because the
rating system takes into account the trade-off between speed of
movements and the amount of recovery time, rather than consid-
ering cycle time directly. Based on the rating system, for a given
task, the repetition level will increase as the cycle time decreases
because movements will have to be faster or recovery time will be
shorter if the same amount of work must be accomplished in a
shorter time. However, merely calculating cycle time does not
account for the different physiological requirements in different
tasks. Similarly, counting the number of pieces handled does not
consider what the worker does while handling each piece.

Some investigators have attempted to address this issue by add-
ing additional constraints to the cycle time criterion. For exam-
ple, Silverstein et al.'" and Armstrong et al.1?) identified “funda-
mental cycles” within the work cycles as a sequence of steps that
were repeated within the cycle. “High repetitive” jobs were de-
fined as having a cycle time less than 30 seconds or performing the
same type of fundamental cycles more than 50% of the cycle time,
while “low repetitive” jobs had a cycle time greater than 30 sec-
onds and less than 50% of the cycle time involving the same
type of fundamental cycles. These criteria have been used in sev-
eral subsequent studies by other researchers. While increasing the
sensitivity of the cycle time metric, these additional conditions
require more detailed analysis and analyst training. Although this
definition of repetitiveness can be used to categorize certain jobs
for epidemiologic purposes, there are some limitations to its use.
One is the difficulty in expanding it beyond a dichotomous
characterization. Because the exposure is defined both in terms of
cycle time and fundamental cycles, it is unclear how similar criteria
could be developed to divide exposures into three or more levels.
For example, three conditions of a laboratory simulation were
included in this study: a 1-m transter at 1.5-sec, 3-sec, and 6-sec in-
tervals (sce Table IT). Each transfer took approximately 1.2 second,
allowing 20, 60, and 80% recovery time, respectively. By the Sil-
verstein/Armstrong! ' !2) criteria, all of these conditions would be
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classified as high repetitive. Extending this example, the same trans-
fer task performed once every 29 seconds would also be catego-
rized as high repetitive, and the worker would be able to rest nearly
28 sec of every cycle. Clearly the 1.5-sec, 3-sec, 6-sec, and 29-sec
cycles differ in their exposure to repetitive exertions, but the exist-
ing metric does not allow differentiation between them.

Other investigators have provided fewer details of the criteria by
which they judged work to be repetitive or nonrepetitive. Criteria
such as occupations requiring “repetitive motion tasks involving
the wrists,”?) observation of repetitive upper extremity exer-
tions, ') observed “repeated and /or sustained activities” involving
wrist motion or pinch grip,'*¥ and observed tasks “strenuous to
the muscle-tendon structures of the upper limbs™ "> have been
used to describe these exposure assessments. Although observation
can be a powerful tool in assessing repetition, and these classifica-
tion methods may have been adequate for the particular study for
which they were employed, the descriptions provided by the inves-
tigators do not provide a framework that can be used to relate the
results of their studies to other jobs and types of work.

There is evidence to indicate that both movement speed and
recovery time are important parameters related to risk of
WRMSDs. Schoenmarklin et al.'”) found both acceleration and
velocity of the wrist to be associated with Occupational Safety and
Health Administration reportable disorders associated with repe-
titive motion among their study population, with the highest
predictive power exerted by acceleration in wrist flexion/extension
(OR = 5.03). Bystrom et al.®® suggest load and work/rest ratio
acceptability limits for continuous and intermittent isometric
contractions, based on a number of physiological indicators of
localized muscle fatigue. In a laboratory study of cadaver hands,
Goldstein et al.?”) found that cumulative tendon strain was relat-
ed to the load placed on the tendon, and increased as the ratio of
tendon loading time/nonloading time increased. These findings
suggest that both the contraction intensity and the exer-
tion/recovery patterns are significant in predicting physiolog-
ical signs of muscle fatigue and tendon strain. This suggests that
consideration of recovery time is important in determining the
physiological burden of work from the standpoint of repetition.
We suspect that there is a high correlation among velocity, accel-
eration, and muscle force for work tasks. There is a need for fur-
ther laboratory and field studies combining electromyography and
goniometers to clarify this relationship.

This observational system has some advantages over traditional
methods for rating repetition in manual work. By relying on deci-
sion rules and verbal anchors, it considers the dynamic nature of
the hand motion, rather than just the number of motions or the
amount of idle time. Distinct advantages of this method are:

e application time is relatively short (repetition/hand activity can
be rated in less than 5 minutes)

* no instrumentation is required

e team members can be trained to rate repetition/hand activity in
approximately 1 hour

e the system can be applied by a team using videotape and writ-
ten job documentation, or by a single investigator on site during a
walk-through survey (although spot checks by a group of raters are
recommended).

As similar scales are included for the other physical stressors
(force, contact stress, and posture stress), it is predicted that train-
ing raters can be accomplished in approximately 1 day, while a
thorough analysis of a job, evaluating all of the stressors, will be
possible in between 30 and 60 minutes.

There is a need for a consistent method of exposure assessment
that can be applied by different people. The ultimate goal of epi-
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demiologic research is to provide guidelines for safe exposure lim-
its, to minimize workers’ risk of WRMSDs while maximizing pro-
ductivity. For this goal to be reached, it is necessary to use
exposure assessment techniques that are applicable in a wide vari-
cty of job settings and that will eventually allow the generalization
from these studies to the working world in general. The method
described in this article is one such possible technique.

CONCLUSIONS/FUTURE WORK

his work indicates that the proposed rating system is sensitive

to the parameters of movement frequency and recovery time
in hand intensive tasks. The method can easily be applied, requir-
ing no instrumentation and a minimum amount of training.
Experienced raters are able to consistently apply this method at
points in time.

The decision criteria will continue to be enhanced with the
addition of benchmark examples from different types of work, ¢.g.,
office, assembly, meat processing, etc. This repetition scale can be
used in combination with similar scales for the other physical stres-
sors associated with risk of WRMSDs (e.g., force, localized contact
stress, and posture stress) to provide a comprehensive exposure
assessment.

With regard to this method, there are several application and
validity issues that need further study.

Inter- and Intrarater Reliability

It is important to evaluate the consistency with which this, or any,
method can be applied by various analysts. Future studies are
planned that compare the ratings of the same group of jobs by sev-
eral groups of analysts, thus assessing the intergroup reliability.
Studies are also planned that will examine the difference in indi-
vidual versus group ratings, to determine the amount of consis-
tency that can be obtained without the benefit of the consensus
procedure. It is predicted that the method can be satisfactorily
applied by individuals, although with some increase in the variabil-
ity in the ratings.

Training/Analyst Experience

Experts were chosen as a starting point for evaluation because they
represent a best case situation. Consistent expert ratings justify
tuture studies of nonexperts. Because it is recognized that it is not
always possible or feasible to have raters of the same level of exper-
tise as those in this study, an important future consideration is the
level of background knowledge necessary to adequately apply the
decision criteria. The authors foresee a tool such as this being use-
ful to a wide variety of users, including employee-based plant
ergonomic teams. Trials with users of this type of background are
planned. It is necessary to determine the amount of method-spe-
cific training that is required for analysts (both expert and non-
expert) to be able to effectively apply this technique. In addition,
an evaluation of the “learning curve” by examining the length of
time to rate and achieve consensus and the amount of variability
in initial ratings, is planned.

Comparison with Instrumental Methods

Although there is no singular measure that all investigators have
agreed on for assessing “repetition” (see Table I), instrumenta-
tion such as electromyography and clectrogoniometry can provide
information on patterns of muscle activity and movement. Studies
comparing data from this instrumentation with ratings of the same
tasks will be conducted to examine the relationships.
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Evaluation of Similar Scales for Other Physical Stressors

While repetition is an important factor in the development of
WRMSDs, several other factors, including forceful exertions, local-
ized mechanical stresses, and awkward postures are also important.
Similar observational scales can be used to assess exposure to these
other stressors, giving a comprehensive system for exposure assess-
ment. As these other scales are completed, reliability and validity
analyses similar to those discussed above will be necessary.

Establishment of Exposure-Response Relationship

One of the original goals in the development of this method was
the establishment of an exposure assessment tool to be used in epi-
demiologic research. As previously stated, the ultimate goal in epi-
demiologic research is to provide guidelines for safe exposure
limits, to minimize workers’ risk of WRMSDs while maintaining
necessary levels of production. To more fully determine these rela-
tionships, more epidemiologic studies arc needed that quantita-
tively compare workers’ exposure with their health status.
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