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Background Physical examination is a traditional outcome measure in epidemiological
research. Its value as a reliable measure depends, in part, on the prevalence of positive
findings. The purpose of this paper is to determine the empirical reliability of physical
examination and anthropometry in a field study of upper extremity disorders among
keyboard operators.

Methods Two experienced examiners independently performed common provocative
tests and procedures in physical examinations of the neck and upper extremity among 160
keyboard operators. Two additional examiners conducted anthropometric surveys among
137 workers. Inter-examiner reliability was assessed with observed agreement, kappa
statistics, and intra-class correlations (ICC).

Results Observed agreement was between 96% and 100% for neck and upper extremity
signs, muscle stretch reflexes, and muscle strength, however, with the exception of
provocative tests, reliability statistics were unstable. Among the provocative tests, Phalen
and Tinel tests had modest agreement after adjusting for chance (k range: 0.20—0.43).
The carpal compression test had the best reliability (x = 0.60 and k = 0.67, left and right
side, respectively). The ICCs for anthropometry ranged from 0.36—0.91.

Conclusions Results from the study showed that statistically, except for the carpal
compression test, physical examination contributed minimal reliable information. This
was attributed mainly to the low prevalence of positive findings, and generally mild
nature of upper extremity disorders in this population. The results are the best estimate of
what would be found in a field study with experienced examiners. While it may reduce
bias, separating physical examination from medical history may contribute to the poor
reliability of findings. With a shift toward reliable measures, resources can be allocated to
more effective tools, like questionnaires, in epidemiological research of upper extremity
disorders among keyboard operators. Am. J. Ind. Med. 37:423-430, 2000.
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INTRODUCTION

Physical examination is a basic diagnostic tool, and a
typical outcome measure in medical research [Gelberman
et al.,, 1983; Golding et al., 1986; Novak et al., 1992;
Toomingas et al., 1999; Feuerstein et al., 1999; Homan
et al., 1999]. As demands grow for health screenings and
examination, valid and reliable research methods are
needed to substantiate results.

Although validity and reliability are important issues,
little evidence exists on the reliability of physical examina-
tion for upper extremity disorders [Marx et al., 1999].
Clinical evaluation has found fair-to-good reliability of
physical examination of the neck between two examiners
for most findings among a group of 52 patients [Viikari-
Juntura, 1987]. Reliability among 12 patients with
suspected carpal tunnel syndrome (CTS) among six
examiners (two occupational health workers, two hand
surgeons, and two hand therapists) showed mixed reliability
among 7 tests [Marx et al., 1998]. In rating tendon reflexes,
reliability at best, was fair, among groups of two or three
physicians out of 37 physicians [Manschot et al., 1998].
Acceptable reliability was reported for the two-point
discrimination test between two examiners among 30
patients [Dellon, Mackinnon, and Crosby, 1987]. “Spec-
trum bias” [Ransohoff and Feinstein, 1978] has been
implicated as a reason for divergent results of common
clinical tests [Gerr and Letz, 1998].

In contrast to clinical research, this study was
conducted among keyboard operators with emphasis on
the utility of physical examination in field studies. In this
report, we evaluate the reliability of physical examination of
the upper extremity, describe certain drawbacks in physical
examination as currently performed, and identify key
statistical issues underlying study designs. Also, reliability
is assessed for anthropometric variables (e.g., wrist width
and depth), due to their importance as covariates of nerve
function [Stetson et al., 1992; Pierre-Jerome et al., 1997,
Salerno et al., 1998].

The fact that this study involved active workers is the
key, since the measures were tested in a “real” work
environment, rather than a clinic requiring extrapolation to
industrial medicine. As such, this study provides a more
relevant assessment of the utility of physical examination in
that it directly examines the value of physical examination
in epidemiological field research.

METHODS

As part of a large 2-stage medical survey, examiners
conducted tests of keyboard operators at a data coding
center in the midwestern United States. In Stage 1, the
survey was comprised of a physical examination of the
participants, an anthropometric survey, nerve conduction

studies, a self-administered upper extremity questionnaire,
and a functional activity questionnaire. Three weeks later,
workers returned for a slightly modified survey in Stage 2.
All participants provided informed consent that had been
approved by the University of Michigan Human Subjects
Review Committee.

Physical Examination

Inter-examiner reliability of physical examination was
assessed for two examiners who were board certified in
physical medicine and rehabilitation (JSS), and general
surgery with fellowship training in hand surgery (KCC).
Both were members of the faculty at the University of
Michigan Medical Center.

In Stage 1, an independent standardized physical
examination was performed twice on each subject, once
by each examiner. The protocol included visual inspection
of the neck and upper extremities for signs of muscle
wasting, swelling, tenderness, redness, warmth, scars,
deformity, nodules, and ganglia. Active range of motion
(ROM) was assessed for neck flexion (0—45 degrees),
extension (0—45 degrees), rotation ( — 45-45 degrees), and
lateral bending (45 degrees to the left and right). The
shoulders were assessed for active abduction and adduc-
tion, resisted abduction and adduction, resisted internal
and external rotation, resisted flexion and extension.
Assessment was carried out for pain on palpation over
the bicipital tendon, resisted elbow flexion and extension,
and resisted forearm pronation and supination. Pain,
crepitus, and limited ROM were assessed for the elbow
and wrist during active ROM. Pain in the hand, dorsal
wrist, forearm (volar and dorsal aspects), and lateral and
medial elbow was assessed during resisted wrist exten-
sion and flexion, respectively. Pain was also assessed in
the lateral and medial elbow, and volar and dorsal
aspects of the forearm on resisted forearm pronation and
supination, and finger flexion and extension. Locking
or clicking was assessed on repeated finger flexion.
Bilateral biceps, brachioradialis, and triceps muscle
stretch reflexes were tested and scored [Hallett, 1993],
as also were bilateral muscle strength in the biceps,
triceps, deltoids, and opponens pollicis [Guarantors of
Brain, 1994].

Four provocative tests were performed.

1. Finkelstein maneuver [Hoppenfeld, 1976] was per-
formed by stabilizing the forearm, and instructing the
subject to make a fist with thumb tucked inside other
fingers. Pain proximal to the thumb on ulnar deviation
indicated strong evidence of stenosing tenosynovitis,
and was scored as ‘‘positive’” if there was no
discomfort when the maneuver was repeated with the
thumb extended.



2. Phalen wrist flexion test [Phalen, 1966] was performed
by maintaining maximal voluntary wrist flexion for a
period of one minute. The test was considered positive
if symptoms were elicited in the distribution of the
median nerve.

3. Tinel percussion test [Tinel, 1915] was performed with
percussion over the palmar aspect of the wrist. The test
was considered positive if the subject reported tingling
or pain in the distribution of the median nerve.

4. Carpal compression test [Durkan, 1991] was per-
formed by applying pressure manually with two
thumbs directly over the flexor retinaculum. The test
was considered positive if subjects reported numbness,
tingling, or dysesthesia in the distribution of the
median nerve within one minute (since both Phalen
and carpal compression tests increase intracarpal
canal pressure, the same duration of one minute was
used).

A static two-point discrimination test was conducted
with an esthesiometer to determine tactile sensibility, and
was considered abnormal if subjects were unable to perceive
two points separated by a 4-mm difference over the
fingerpad of digit II. (For logistical reasons, the two-point
discrimination test was conducted by examiners in the
anthropometric survey, described below.)

The protocol was reviewed and practiced by examiners
prior to data collection to maximize conformity. In total, the
two examiners independently rated workers on 275 items
during the physical examination, which was limited to the
neck, shoulders, and upper extremities. Examiners were
masked to results of other evaluations in the survey. In
particular, examiners were masked to symptoms and
medical history data, which were collected separately on
self-administered questionnaires. There was no physical
examination in Stage 2 of the survey.

Anthropometric Survey

Inter-examiner reliability of anthropometry was
assessed for two examiners, one of whom was trained in
occupational medicine, and the other was board certified in
internal medicine and occupational medicine.

In Stage 1, the protocol included measurement of
height, weight, finger circumference (digit II proximal
phalanx), finger length (digit II metacarpal-phalangeal joint
to the tip), wrist width and depth at the distal crease, and
right triceps skinfold thickness. Finger circumference and
length was measured with a tape measure. Wrist dimensions
and skinfold thickness were measured with calipers
(Country Technology, Gays Mills, WI).

In Stage 2, the protocol was the same as in Stage 1
except that neither height nor weight was measured, hence
reliability for height and weight was not assessed.
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Statistical Analysis

The results of all items on physical examination were
categorized according to positive findings on provocative
testing. For the dichotomous data, reliability was assessed
by two methods: (1) the overall observed agreement, and (2)
kappa, a measure of agreement corrected for chance. The
kappa statistic [Cohen, 1960] is defined as:

K= (pObserved - pExpected)/(l - pExpecled)a

where popserved 18 the observed proportion of agreement, and
DExpected 18 the expected proportion of agreement. Weighted
kappa statistics (quadratic weights) were used to assess
ratings for muscle stretch reflexes and muscle strength.
Values of kappa >0.75 were considered excellent; values
between 0.40-0.75 were fair to good; and values <0.40
represented poor agreement beyond chance [Fleiss, 1981].

Inter-examiner reliability of the anthropometric survey
was assessed with the intraclass correlation coefficient
(ICC) as a measure of agreement. The ICC combines a
measure of correlation with a test in the difference of means
[Kramer and Feinstein, 1981]. Pearson product-moment
correlations were used as measures of association, as
observations may disagree sharply, yet still be correlated
[Miiller and Biittner, 1994]. In addition, paired z-tests were
used to see whether, overall, examiners had the same mean
measurements.

Statistical analyses were performed using Stata Statis-
tical Software: Release 5.0 [Stata Corp, 1997].

RESULTS

Of the 161 participants in Stage 1, 138 (86%) par-
ticipants returned in Stage 2 to complete the survey. Study
participants ranged in age from 20-58 years. The average
age of participants was 35 years; most were female (91%)
and right-handed (91%). Average work-tenure was 1.4 years
(0.4 years) with a range from 0.4—1.6 years. All participants
had graduated from high school, and two-thirds had formal
education beyond high school. There were no significant
demographic differences between the participants who
completed Stage 1 only and those who went on to complete
Stage 2.

Inter-examiner Reliability of Physical
Examination

Data from 160 subjects were analyzed (one subject did
not participate in both examinations) for evaluation of the
reliability of physical examination. Observed agreement
was between 96% and 100% for upper extremity signs of
muscle wasting, swelling, tenderness, redness, warmth,
scars, deformity, nodules, and ganglia; and signs of
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TABLEl. Upper Extremity Maneuvers and Provocative Tests Among Midwestern Keyboard Operators

Positive findings

Observed % Expected %

Maneuvers and tests Examiner1  Examiner2 agreement agreement Kappa 95% Gl P? P,? Pvalue®
Finkelstein maneuver

Right (n =158) 7 4 94 93 015 (0,0.30) 0.04 0.03

Left (n=158) 6 2 97 95 049 (0.36,0.62) 0.04 0.01 0.05
Phalen test

Right (n =151) 18 29 85 73 043 (0.27,0.58) 012 019 0.02

Left (n=151) 18 30 84 73 041 (0.26,0.56) 0.12 0.20 0.01
Tineltest

Right (n =159) 5 6 96 93 0.34 (0.19,0.50) 0.03 0.04

Left (n=159) 3 6 96 94 0.20 (0.06,0.35) 0.02 0.04
Carpal compression test

Right (n =159) 29 31 90 69 067 (0.52,0.83) 0.18 0.20

Left (n=159) 24 33 88 70 0.60 (0.44,0.75) 015 0.21 0.04
Phalen, Tinel or CCT®

Right (n =160) 32 40 86 65 0.61 (0.45,0.76) 0.20 0.25

Left (n =160) 27 43 85 65 0.57 (0.42,0.72) 0.17 0.27 <0.01

P, = Prevalence of condition reported by Examiner 1; P, = Prevalence of condition reported by Examiner 2.

®Unless noted, differences inthe prevalence of conditions reported by Examiner 1and Examiner 2 are not statistically significant at o = 0.05 level with the McNemar xz test forindependent proportions.

“CCT = Carpal compression test.

inflammatory arthritis (swelling, tenderness, redness, and/or
warmth), and degenerative arthritis (bony deformities) in the
wrist, metacarpophalangeal, and interphalangeal joints.
After accounting for chance agreement however, inter-
examiner reliability measured by kappa, was low. This was
attributed to the low prevalence of positive signs (at most,
7%). Examiner 1 reported more signs than Examiner 2, but
the absolute magnitudes of differences were generally
small.

Likewise, for range of motion, there was very low
prevalence (less than 5%) for most tests with few
exceptions: for neck extension, Examiner 1 reported none
while, Examiner 2 reported 14 subjects with limited
ROM; for pain in the neck on lateral bending, Examiner 1
reported 9 subjects with positive findings, while, Examiner 2
reported none.

Similar to the upper extremity signs, the observed
agreement for upper extremity muscle stretch reflexes was
excellent (99% agreement), but due to low variance of
findings, kappa indicated a low level of agreement after
correcting for chance. Both examiners rated all reflexes as
normal.

There was also excellent agreement in rating muscle
strength. Both examiners rated bilateral biceps and triceps
strength as normal power (grade 5). For the deltoids and
opponens pollicis, except for ratings in the left thumb of one
subject and right deltoids of three subjects that Examiner 1
rated as grade 4, both examiners rated muscle strength as
normal power.

In general, there was excellent agreement for the pro-
vocative maneuvers and tests, with examiners demonstrat-
ing 84%—-97% agreement (Table I). But again, kappa values
were low, which was mainly attributed to the low prevalence
of abnormalities (e.g., the Finkelstein maneuver and Tinel
test had at most, 4% prevalence). The kappa value was
highest for the carpal compression test (kK = 0.67, right side).
There was higher prevalence of abnormal results on the
Phalen test (between 12%—20%) and carpal compression
test (between 15%-21%). For the combined results of
Phalen, Tinel, and carpal compression tests, kappa values
were 0.61 and 0.57, right and left sides, respectively. The
low prevalence of abnormal findings on the two-point
discrimination test produced unstable reliability, measured
by the kappa statistic.

Inter-examiner Reliability of
Anthropometric Survey

In the anthropometric survey, analyses of reliability
were limited by those subjects who were measured in both
Stages 1 and 2 (n=137). Except for wrist ratio, all ICC
values were in the good to excellent range (Table II). The
finger circumference had the best reliability (ICC =0.91).

DISCUSSION

The reliability of physical examination in epidemiolo-
gical research depends, in part, on statistical issues. For
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TABLE II. Inter-examiner Reliability of Anthropometry Among Midwestern Keyboard Operators
Examiner1 Examiner 2 Paired t-test Intra-class

Measurement (n =137) Mean (SD)[Range] Mean (SD) [Range] Pearson correlation (Pvalue) correlation
Finger circumference (mm)

Right (n =136) 66 (5) [55—82] 65(5) [54—79] 093 <0.01 091

Left 65(5) [55-81] 64 (6) [53—80] 092 <0.01 0.88
Finger length (mm)

Right 88(5)[72—104] 90 (6) [79—-112] 0.88 <0.01 0.78

Left 88 (5) [75—104] 90(5) [79—110] 090 <001 0.85
Wrist width (mm)

Right 53 (4) [47—-65] 56 (4) [48—70] 0.89 <0.01 0.76

Left 53 (4) [45—-66] 56 (4) [47-69] 0.89 <0.01 0.69
Wrist depth (mm)

Right 37(3)[32-47] 39(3)[33-49] 0.80 <0.01 063

Left 37(3)[31-48] 39(3)[33-50] 0.80 <0.01 0.65
Wrist ratio (depth/width)

Right 0.70(0.04) [0.60-0.78] 0.70(0.03)[0.62—0.80] 0.39 0.01 0.36

Left 0.70(0.03)[0.61—0.80] 0.70(0.03) [0.62—0.78] 043 041 043
Right triceps skinfold (mm) (n=113) (n=113)

Average® 34(12)[5-62] 43 (12) [14—65] 0.82 <0.01 0.75

*Summary statistics for average skinfold do not include subjects (n = 24) who were off the scale in Stage 1or Stage 2.

instance, the power to generate reliable results presupposes
a sizeable prevalence of positive findings. Initially our goal
was to test the reliability of physical examination among
keyboard workers, yet a discussion on reliability would be
remiss without emphasizing that we are answering another,
more practical question that is related to the value of
physical examination in epidemiological field research.

Notable concerns have been found in reviews of
reliability [Koran, 1975a, 1975b], with fair to good inter-
examiner agreement of physical signs (k range: 0.51-0.74).
Typically, the studies under review had a small number of
subjects, but a variable number of examiners (range: 2—10),
unlike the present study with a large number of subjects and
two examiners.

Observed agreement between examiners in the present
study was between 96—100% for upper extremity signs,
muscle stretch reflexes, and muscle strength. However,
kappa statistics, accounting for chance agreement, were
generally unstable.

The instability of kappa was attributed to the low
prevalence of positive findings in this population. When
prevalence is very low (i.e., <10%), the value of kappa
approaches zero, and likewise when prevalence is very high
(i-e., >90%) [Thompson and Walter, 1988]. For instance,
signs of upper extremity conditions were reported at most
among 7% of the study cohort.

Not surprisingly, in the study among patients referred
for neurosurgical evaluation [Viikari-Juntura, 1987], the
prevalence of positive findings was higher (between 12—
20%) than in the present study among active workers. Most

kappa values were between 0.24-0.56 for tenderness to
palpation in the neck and shoulder. Kappa values for tests
related to muscle atrophy and strength ranged from 0.32—
0.81 with most prevalences above 10%. Even among a
patient group with more severe disease status than active
workers, low prevalence of positive findings precluded
calculation of some kappa statistics. A standardized
protocol and patient cooperation were cited as important
factors affecting reliability in the study. In the present study,
given the low prevalence of positive findings in this worker
population, greater standardization of tests may not have
substantially improved the reliability of physical examina-
tion.

One concern, particularly with the upper extremity
tests, is that participants learned a response due to
prompting from the first examiner. This issue was not
addressed in the present study since the examination
sequence was not recorded, however, there was no known
systematic bias in the order of examination. Viikari-Juntura
[1987] did test whether a recent examination had any effect
on the findings of the second examination by having two
raters examine patients in mixed order, and found that
although there was often more pain on the second test,
the difference was not statistically significant. A related
concern is that of median nerve irritation, from one test
to the next. However, Marx et al. [1999] found that the order
in which tests were conducted was not significant. Only
one of their 12 patients, who had a negative Phalen test
when first examined, reported a positive test at the time of
reexamination.
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Common Upper Extremity Tests

Among the provocative tests, the carpal compression
test (k=0.67 and k¥ =0.60, right and left hands, respec-
tively) had the best reliability, indicating that it may be
the test of choice for evaluating CTS. Phalen and Tinel
tests, showed overall high agreement, but poor reliability
(x range: 0.20-0.43).

Variability in the Phalen, Tinel, and carpal compression
tests may be attributed, in part, to the nature of these tests.
The Phalen test relies on wrist flexion to increase intracarpal
canal pressure, the Tinel test relies on mechanical deforma-
tion of the nerve, while the carpal compression test uses
direct contact pressure to raise intracarpal canal pressure.
Increasing intracarpal canal pressure can create local
ischemia resulting in a conduction block associated with
numbness and tingling in the distribution of the median
nerve. Direct compression more effectively raises intracar-
pal canal pressure, whereas the flexion in the Phalen test
causes only mild elevation in intracarpal canal pressure
[Werner, Bir, and Armstrong, 1994]. The success of these
tests depends on the technical acumen of the examiner as
well as the ability of the examiner to engage patient
cooperation, and the physical condition of the wrist,
particularly with the Phalen test where pain or pathology
may prevent full flexion [Paley and McMurtry, 1985].

Inter-examiner Reliability of
Anthropometry

In the anthropometric survey, inter-examiner reliability
was rated generally good to excellent, as expected (fingers
and wrists were not likely to change in dimension during the
3-week study interval). Wrist width and depth had good
reliability (ICC range: 0.63—0.76) in comparison to the
wrist ratio (depth/width) (ICC =0.36 and ICC = 0.43, right
and left ratio, respectively). One rationale for the poor
reliability of the ratio is that the variance of a ratio may
greatly exceed the variances of individual components.
Another explanation is that there was actually poor
agreement between examiners for the wrist ratio.

While most paired r-test results were statistically
significant, none was practically important. For example,
finger circumference was statistically different between
examiners (Table II), but comparison of means revealed
only a I mm difference. This was attributed to the power of
the test to detect small differences given the large sample
size, and illustrates the importance of tempering statistical
significance with practicality.

Practical Implications

Performing a good physical examination takes time,
and is an important part of medical practice. Like most

clinician-based methods, physical examination has an
important role in clinical settings, and in epidemiological
studies of populations with a high prevalence of disorders.
However, the low prevalence and generally mild nature of
upper extremity disorders in certain work settings could
justify elimination of physical examination from epidemio-
logical study protocols, with concomitant time and cost
savings. Other methods in occupational research, such as
questionnaires, are more expedient and reliable than
physical examination, but questionnaires may underesti-
mate problems in the neck, elbows, and hands. This was
found in a study among 165 women employed in repetitive
industrial or varied work tasks [Ohlsson et al., 1994].
Similar to the present study, the protocol involved masking
of data collected from questionnaires. Unlike the present
study, the examiner solicited symptom data, and if
symptoms were reported, a detailed examination was
performed in the relevant region. While the severity of
symptoms could have differed, 94 (57%) of the women
reported neck or upper extremity symptoms on the
questionnaire, whereas 140 (85%) of the workers had
physical findings, and 75 (45%) were given clinical
diagnoses. The researchers concluded that detailed physical
examination was imperative for accurate assessment of
upper extremity disorders.

In contrast, the present study had few findings on
physical examination, yet 61% of participants in the medical
survey reported symptoms on the self-administered ques-
tionnaire. The striking difference in physical examination
findings between work populations (i.e., keyboard operators
vs. workers in industrial or varied work tasks) illustrates the
limit of generalizability among active workers, and the
importance of symptom data. In fact, self-administered
measures of upper extremity conditions, such as question-
naires, may be more reliable than physical examination in a
population of active workers [Franzblau et al., 1997].

Medical History

In an effort to reduce the subjective element of
examination, the physical examination protocol prohibited
examiners from soliciting medical history in this study,
which effectively restricted a critical piece of clinical
information. This feature may have adversely affected
examiners’ capacity to perform reliably since medical
history is an important part of clinical examination,
although knowledge of medical history may bias the results
[Elmore et al., 1997].

Strengths and Limitations
In any reliability assessment of examiners, their

training and experience is crucial. This study benefited
from seasoned examiners, including a hand surgeon and a



physiatrist. Thus, results represent a best-case scenario with
highly trained, experienced examiners. Reliability may be
worse among clinicians who do not possess similar training
and experience. Also, the study design reflected actual
clinical practice with two examiners performing indepen-
dent evaluations among a series of subjects.

Paradoxically, the strength of this study limits its
generalizability. The study is subject to potential bias due to
the number of examiners (n =2) in the assessments. While
results may not be representative of large samples from a
population of clinicians, findings may be best estimates of
what can be found among clinicians trained in a standar-
dized methodology.

The most significant limitation is the low prevalence of
abnormalities on physical examination. This finding limits
the generalizability of results on reliability to all clinical
settings, but nevertheless, has important implications for
epidemiological field research of upper extremity disorders
among keyboard operators. If repeated study corroborates
these findings among keyboard operators, especially among
those with longer tenure in the industry, other, more valuable
methods, such as questionnaires, should be employed to
quantify morbidity in the study of keyboard workers.

CONCLUSIONS

Reliability affects the degree of confidence we have in
key results. Results from this study showed that observed
agreement was high, yet when accounting for chance, inter-
examiner reliability of physical examination was poor or
modest for the majority of tests. These findings are the best
estimate of what would be found among highly trained,
experienced examiners. Among the provocative tests, the
carpal compression test was most reliable, suggesting it may
be the best test for evaluating CTS among workers. Inter-
examiner reliability of anthropometry was rated generally
good to excellent.

The key point was that low prevalence of positive
findings on physical examination led to unstable reliability.
Given the low prevalence, statistically, it is unlikely that
greater standardization of techniques would increase
reliability. This presents a serious challenge to the use of
standard physical examination in epidemiological studies
among keyboard workers. For this reason, elimination or
reduction of physical examination could be justified, with
the realization that an important feature of the present study
design was the separation of physical examination and
medical history review. A tailored examination in concert
with a review of medical history may be needed for reliable
results, although this may bias the examination results.

Physical examination is an essential component of
clinical medicine, and an important part of establishing and
maintaining the physician-patient relationship. However,
physical examination, as currently performed, has not been
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shown to be an effective screening procedure for use in
occupational research with largely asymptomatic or mildly
symptomatic keyboard operators. Suitable measures, such
as questionnaires, designed and tested specifically for active
workers, have been shown to be more reliable in such
settings.
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