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A Wide Range of Activity Duration Cutoffs Provided
Unbiased Estimates of Exposure to Computer Use
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Integrative computer usage monitors have become widely
used in epidemiologic studies to investigate the exposure-
response relationship of computer-related musculoskeletal
disorders. These software programs typically estimate the
exposure duration of computer use by summing precisely
recorded durations of input device activities and durations
of inactivity periods shorter than a predetermined activity
duration cutoff value, usually 30 or 60 sec. The goal of this
study was to systematically compare the validity of a wide
range of cutoff values. Computer use activity of 20 office
workers was observed for 4 consecutive hours using both a
video camera and a usage monitor. Video recordings from the
camera were analyzed using specific observational criteria to
determine computer use duration. This observed duration then
served as the reference and was compared with 238 estimates
of computer use duration calculated from the usage monitor
data using activity duration cutoffs ranging from 3 to 240 sec
in 1-sec increments. Estimates calculated with cutoffs ranging
from 28 to 60 sec were highly correlated with the observed
duration (Spearman’s correlation 0.87 to 0.92) and had nearly
ideal linear relationships with the observed duration (slopes
and r-squares close to one, and intercepts close to zero).
For the same range of cutoff values, when the observed
and estimated durations were compared for dichotomous
exposure classification across participants, minimal exposure
misclassification was observed. It is concluded that activity
duration cutoffs ranging from 28 to 60 sec provided unbiased
estimates of computer use duration.

Keywords exposure assessment, computer use, validity, usage-
monitor software
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INTRODUCTION

he most consistently identified risk factor for computer-
related musculoskeletal disorders (MSDs) is prolonged
computer use.) Different methods have been used to assess
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exposure duration to computer use in epidemiologic studies,
and self-reports were the most widely used.>~* However,
self-reports are found to overestimate computer use durations
and might bias epidemiologic results linking computer use and
MSDs.5:6)

In the last decade, integrative computer usage monitor
software (usage-monitors) have been developed and used by
researchers’"® and commercial companies as a direct measure
to quantify computer use. Usage monitors can automatically
record temporal information of computer input device activity
over long periods of time without field instrumentation; one
needs only to load software on the worker’s existing computer.
Ease of implementation and versatility make these programs
quite suitable for data collection in large cohorts.

Although usage monitors precisely record the duration of
input device activity such as keystrokes,® pointing device
movements, and button clicks, they cannot directly measure the
user’s passive computing activity, such as viewing and reading
the visual display of the computer (i.e., computer monitor).
Capturing these passive activities is important in determining
the duration of certain exposure parameters, such as static
loading,'” posture,!" and work-rest patterns.!?)

Typically, from usage monitor data, passive computing
activities are captured as the summed duration of inactivity
periods that take place between input device activities and
are shorter than a predetermined activity duration cutoff. This
summed duration is then added with the duration of each input
device activity to estimate the total duration of exposure to
computer use. Activity duration cutoffs reported in the litera-
ture are usually either 30 or 60 sec.®!3 Although Blangsted
et al.!¥ reported a high correlation (Pearson’s correlation 0.93-
0.94) between computer use durations obtained from video
recordings and durations obtained from a usage monitor using
a 30-sec cutoff, the validity of other cutoff values has not been
investigated.

The goal of this study was to systematically examine
and compare the validity across a wide spectrum of activity
duration cutoffs used with usage monitors to estimate computer
use duration. Validity of the estimated duration was determined
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by comparisons with computer use observed from video
recordings.

METHODS

A convenience sample of 20 office workers (36 £ 9 years
old, 7 males and 13 females) was recruited through flyers
and e-mails in a university to participate in this observational
field study. Among the participants, 70% were administrative
staff and 30% were research staff. All participants reported
using their computer more than half of their normal work
hours prior to participation. Eighty-five percent and 15% of the
participants used desktop and laptop computers, respectively.
Ninety percent of the participants used an external mouse as
the pointing device, and 10% used a touch pad. For each partic-
ipant, computer use duration was measured simultaneously by
video recording and a usage monitor for 4 consecutive hours on
a typical workday. To collect enough data on computer use, a
workday was chosen when the participant anticipated not being
away from their workstation for more than 1 continuous hour,
for example, a scheduled 1-hr meeting, during the 4-hr data
collection. The study protocol was approved by the Human
Subjects Committee at the Harvard School of Public Health.

Video Recording

Computer use duration was observed from video recordings
of each participant’s work; this observed duration served as
the reference to determine the validity of the computer use
duration estimated with the usage monitor. A video camera
(Sony DCR TRV-103; Sony Corporation, Tokyo, Japan) was
set up on the side of the participant’s workstation such that
the view included the participant’s face, upper trunk, hands,
edge of computer visual display (to confirm its location in
the participant’s visual field), keyboard, and pointing device
as much as possible. Computer use in the video recordings
was defined by observational criteria, including typing on
keyboard; using pointing device (holding, moving, activating
buttons, scrolling or dragging); transferring hands between
input devices; poising one or both hands above any input
device; and looking toward visual display. The observed
computer use duration was defined as the total duration during
which any of the aforementioned activities was observed.
Video recordings were analyzed by a single trained analyst
blinded from the usage monitor data; test-retest reliability
was examined by intraclass correlation (ICC) on 10 1-hr
video recordings analyzed twice, separated by two weeks (i.e.,
10 pairs of data points). The video playback speed was 2.1
times as fast as the original recording speed to reduce the time
needed to analyze the video tapes.

Usage Monitor

Computer use duration was estimated from input device
activities recorded by a usage monitor installed onto each
participant’s computer. The usage monitor, programmed in
LabVIEW (v. 7.1), recorded the begin and end time of each
keystroke, pointing device movement, and button click event,
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as well as the durations of inactivity periods occurring between
activity events. Computer use duration estimates were calcu-
lated as the summed duration of all input device activities plus
the summed duration of the inactivity periods that were shorter
than a given activity duration cutoff. From each participant’s
usage monitor data, 238 estimates were calculated using 238
different values as the activity duration cutoff, ranging from
3 to 240 sec in 1-sec increments. In addition, we estimated
keyboard and pointing device use durations with the 30-sec
cutoff.! To describe the distribution of input device use
patterns, we calculated the ratio between pointing device use
duration and keyboard use duration for each participant.

Validity Analysis

Validity of the estimated computer use duration was exam-
ined by within-participant and across-participant comparisons
between the observed and estimated computer use durations.
In the within-participant comparisons, for each participant,
the observed duration was compared with each of the 238
estimates, and the activity duration cutoff that yielded the
smallest difference was identified as an individual’s specific
cutoff value.

In the across-participant comparisons, an average difference
and an average relative difference between the observed and
estimated durations was calculated for each of the 238 sets
of estimates. The difference was calculated by subtracting
the observed duration from the estimated duration for each
participant; the relative difference was calculated by dividing
the difference by the observed duration. Average difference
across participants was calculated in two ways, using the
original values and absolute values of the differences, between
which the latter prevented positive and negative values from
canceling out each other.

The Spearman’s correlation and Cohen’s Kappa coefficient
between the observed and estimated computer use durations
were calculated for each of the 238 sets of estimates. A non-
parametric correlation (the Spearman’s correlation) was used
because the estimated durations were not normally distributed
across participants (Shapiro-Wilk W test, p < 0.05). The
Kappa coefficients were calculated based on dichotomizing the
participants’ computer use durations by 2 hr of computer use.
Since 4 hr of daily computer use has been related to increased
risk of MSDs," and our data collection was roughly a half
workday long, the 2-hr cut point was designed to scale the
exposure difference between high and low risk when results
were extrapolated to a whole day. A higher Kappa coefficient
indicated better agreement between the observed and estimated
durations, thus, less exposure misclassification.

To compare the linear relationships between the observed
and estimated computer use duration across the 238 cutoff
values, a simple linear regression model was fit for each cutoff
using the least square method. The model was:

Estimated duration = Sy + f;(observed duration) + e
With each participant representing a data point in the model,

the predictor variable was the observed duration, and the
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predicted variable was the software-estimated duration. The
ideal linear relationship was considered as the slope () equal
to one, R-square equal to one and intercept (8y) equal to zero.
The Shapiro-Wilk W test was used to determine whether the
residuals of these linear models were normally distributed.
Statistical significance level was set at 0.05.

RESULTS

C omputer use durations observed from the video record-
ings ranged from 1.3 to 3.3 hr (mean 2.0 &+ S.D. 0.5 hr)
across participants during the 4-hr observational period. Test-
retest reliability of the video analysis was high (intraclass
correlation 0.97). Input device activity data suggested that
85% of the participants used the pointing device longer than
the keyboard (Figure 1) with the ratio of pointing device to
keyboard use duration ranging from 0.6 to 5.2 (mean 2.1,
standard deviation 1.1).

In the within-participant comparisons, the individual spe-
cific activity duration cutoffs, which estimated the observed
computer use duration with the smallest difference (mean
difference 0.003 + S.D. 0.010 hr across participants), ranged
from 15 to 79 sec across participants (Figure 2).

In the across-participant comparisons, the smallest average
difference between the observed and estimated durations was
0.01 £ S.D. 0.13 hr (relative difference 0.60% =+ S.D. 7.45%)
observed at the cutoff value of 38 sec (Figure 3). When the
average differences were calculated with absolute values, the
smallest was 0.09 hr (relative difference 5.2%) and observed at
the cutoff value of 41 sec (Figure 4). The highest Spearman’s
correlation 0.92 was observed at the activity duration cutoffs of
30, 32, and 33 sec. The Kappa coefficient of dichotomizing the
computer use duration by 2 hr was one (i.e., the observed and
estimated durations in complete agreement) for cutoff values
ranging from 28 to 60 sec (Figure 4). Smaller differences,
higher Spearman’s correlation, and higher Kappa coefficient
indicated better validity.

The linear regression models suggested that the 55-sec
activity duration cutoff was associated with the slope closest
to one (0.95), and the 28-sec cutoff was associated with
the highest R-square value (0.94). The intercepts were small
(0.07 hr to 0.26 hr) and not statistically significant (p = 0.09 to
0.78) for the range of 3- to 67-sec cutoffs (Figure 5); and, the
residuals were normally distributed for this range of cutoffs
(Shapiro-Wilk W test, p = 0.27-0.98).

Overall, for the range of 28- to 60-sec activity duration
cutoffs that were associated with the Kappa coefficient of
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FIGURE 1. The estimates of keyboard and pointing device use duration calculated with the 30-sec activity duration cutoff. Each data point
represents a participant.
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—— Estimated computer use duration for a single participant
® Individual specific activity duration cutoff

Estimated computer use duration (hours)

O 3 T T
10 100 240

Activity duration cutoff (seconds)

FIGURE 2. The observed and estimated computer use durations for each participant. Each line represents a single participant and shows how
the estimates changed with the activity duration cutoff. The black dot on each line represented the observed duration (the orthogonal projection
onto the Y axis) for each participant and the associated individual specific cutoff (the orthogonal projection onto the X axis) that estimated the
observed duration with the smallest difference. The relationship between estimated computer use duration and activity duration cutoff emulated
a logarithm function, and therefore, the X axis is a base ten logarithm scale to better present the data, especially at shorter activity durations
cutoffs. (¥
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FIGURE 3. The average difference between the observed and estimated computer use durations (difference = estimated — observed) across
all participants. The x-axis (activity duration cutoff) is a base ten logarithmic scale. The 28- and 60-sec tick marks are in reference to the results
of Figure 4.
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FIGURE 4. The Spearman’s correlation, average of the absolute values of the differences between observed and estimated durations, and
Kappa coefficient. The x-axis (activity duration cutoff) is a base ten logarithmic scale. The range of 28- to 60-sec cutoffs was associated with
Kappa coefficient of one, hence, no observed exposure misclassification.

one, the Spearman’s correlation was 0.87 to 0.92, the average DISCUSSION
differences were —0.07 to 0.13 hr (relative difference —3.16%

to 7.44%), the slopes of the linear models were 0.92 to 0.95, he goal of this study was to examine and compare the
the R-square values were 0.91 to 0.94 and the intercepts were validity of a wide spectrum of activity duration cutoffs
0.10 to 0.24 hr. used with usage monitors for estimating computer use duration.
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FIGURE 5. The R-squares, slopes, and intercepts of the linear regression models fitting the estimated computer use durations as a function
of the observed durations. The ideal model was defined as the R-square equal to one, slope equal to one and intercept equal to zero. The 28-
and 60-sec tick marks are in reference to the results of Figure 4.
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For cutoff values ranging from 28 to 60 sec, the differences
between the observed and estimated durations were small, and
the correlations were high. Estimates provided by this range of
cutoffs exhibited minimal exposure misclassification and were
linearly related to the observed computer use duration with
slopes close to one, high R-square values and small intercepts.
This wide range of activity duration cutoffs is suggested to es-
timate computer use duration with good validity in this cohort.

While the activity duration cutoff associated with the best
validity at individual level varied over a wide range across
participants, using a single cutoff value to estimate everyone’s
computer use duration resulted in only minimal exposure
misclassification. The small differences (i.e., errors) between
the observed and estimated durations did not compromise
the classification of individuals’ exposure levels. Due to the
small sample size and short observational period of our
study, the exposure misclassification was examined only with
the fewest levels (two levels) of exposure duration using a
cutoff suggested by the literature.!") The potential exposure
misclassification in a large epidemiologic study should be
determined by the distribution of the data and how exposure is
classified.

As demonstrated in the regression models between the
observed and estimated durations, strong one-to-one linear
relationships further confirmed that usage monitors are capable
of providing unbiased estimates as well as comparisons
among different levels of computer use duration. Although
the intercepts of these models within the recommended range
of 28- to 60-sec cutoffs were not the smallest across the whole
spectrum of cutoff values, they remained small (0.10-0.24 hr)
yet statistically insignificant. In addition, intercepts were
constant offsets that did not vary with changes in computer
use duration and, therefore, would not bias the differences
among individuals’ computer use durations estimated with
usage monitors.

It was difficult to select a single value as the most valid
activity duration cutoff because different comparison statistics
suggested slightly different cutoff values that maximized the
performance of a given statistic. Whereas the performance of
the suggested range (28 to 60 sec) was similarly high (Figures
3-5), using a cutoff value smaller than 38 sec might result in
slightly more underestimation, and a cutoff value larger than
38 sec might result in slightly more overestimation (Figure 3).
Hence, the conclusion of the 28- to 60-sec cutoffs was based
on minimal exposure misclassification and, more importantly,
emphasize the similarity in the validity for this wide range.

The commonly used 30- and 60-sec cutoffs exhibited
similar validity; however, caution should be taken when
directly comparing duration data collected in different studies
using different activity duration cutoffs. Increasing the activity
duration cutoff increases the estimate of computer use duration
by including more estimated passive computing activities. In
our study, when the activity duration cutoff was increased from
30 sec to 60 sec, software-estimated computer use duration
increased correspondingly by 4% to 30% across participants.

Journal of Occupational and Environmental Hygiene

A given value of computer use duration estimated using
a 30 sec cutoff in a study might indicate a true exposure
different from the same value estimated using a 60 sec cutoff
in another study, making direct comparisons across studies
complicated due to the different cutoffs.!*) Using a unified
activity duration cutoff in future studies will help improve the
comparability across past and future studies. Therefore, we
suggest researchers use a 30-sec cutoff because it has been used
in several studies®!? and is associated with slightly higher
correlation between the observed and estimated durations.

In our study, computer use duration observed from the video
recordings was the reference to evaluate the validity of the
estimates, and it should be noted that the video analysis was
based on criteria of observation but not physical exposure
(e.g., posture, force, muscle activity, etc.). Similarly, usage
monitor does not provide information about how actual phys-
ical exposure varies during computer use. Although physical
exposures such as posture have been related to MSDs, ! it
is still unclear how variability in physical exposures is related
to the risk of MSDs. With the exposure duration measured by
usage monitor, additional information about physical exposure
might be needed to construct a comprehensive exposure
profile when studying MSDs.'> Furthermore, integrating
usage monitors with task-based exposure estimates'!® may
provide information to determine what type of physical factors
(e.g., dynamic vs. static loading) is important.

The homogeneity of the study participants’ occupations
might limit the generalizability of our results. The potential
differences in computer use patterns and tasks of different
occupations might alter the validity of estimating computer
use duration.'¥ For example, the computer use pattern of a
financial manager who spends most work time reading finan-
cial reports on the visual display may be different from that of
a graphic designer who constantly interacts with the pointing
device during computer use. The activity duration cutoff that
accurately estimates the financial manager’s computer use
duration may be longer than the cutoff for the graphic designer.

In addition, the graphic designer’s computer use may
involve more pointing device use and less keyboard use when
compared with the financial manager. However, a wide range
of individual specific cutoffs and a wide range of input device
use patterns were observed in our study cohort, suggesting that
our findings were based on a variety of different computer use
patterns.

The usage monitor in this study did not record the activity
of the scroll wheel on the pointing device, and we anticipate
that not recording scrolling activities resulted in only a small
underestimation of computer use duration. As long as scrolling
was bounded by other types of input device activities within
the duration of the activity cutoff, it had been included in the
estimate of computer use duration. A few events might have
been overlooked if they occurred during inactivity periods
longer than the activity duration cutoff; however, such error
is expected to be small. To completely avoid this shortcoming,
future studies are suggested to record scrolling activities.
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In conclusion, a wide range of activity duration cutoffs,
between 28 and 60 sec, provided unbiased estimates of
computer use duration in good agreement and high correlation
with the duration observed from video recordings. Further,
exposure misclassification associated with the estimates was
minimal. Usage monitors are suggested to estimate computer
use durations with good validity, thus they are unlikely to bias
epidemiologic findings.

ACKNOWLEDGMENTS

his study was supported by National Institute of Occupa-

tional Safety and Health (NIOSH)/Centers for Disease
Control and Prevention (CDC) grant (ROl OH003997) at
Harvard University. NIOSH support should not be considered
as an official endorsement of the content or a statement of
NIOSH policy. The authors would like to thank Drs. Ellen
Eisen and Jeffrey Katz for their consultation during the data
analysis process.

REFERENCES

1. Gerr, F,, M. Marcus, and C. Monteilh: Epidemiology of muscu-
loskeletal disorders among computer users: Lesson learned from the
role of posture and keyboard use. J. Electromyogr. Kinesiol. 14(1):25-31
(2004).

2. Hamilton, A.G., K. Jacobs, and G. Orsmond: The prevalence of
computer-related musculoskeletal complaints in female college students.
Work 24(4):387-394 (2005).

3. Schlossberg, E.B., S. Morrow, A.E. Llosa, et al.: Upper extremity pain
and computer use among engineering graduate students. Am. J. Ind. Med.
46(3):297-303 (2004).

796 Journal of Occupational and Environmental Hygiene

10.

11.

12.

13.

14.

15.

16.

. Gerr, F., M. Marcus, C. Ensor, et al.: A prospective study of computer

users: I. Study design and incidence of musculoskeletal symptoms and
disorders. Am. J. Ind. Med. 41(4):221-235 (2002).

. Homan, M.M., and T.J. Armstrong: Evaluation of three methodologies

for assessing work activity during computer use. AIHA J. 64(1):48-55
(2003).

. Mikkelsen, S., I. Vilstrup, C.F. Lassen, et al.: Validity of questionnaire

self-reports on computer, mouse and keyboard usage during a four-week
period. Occup. Environ. Med. 64(8):541-547 (2007).

. Lassen, C.F., S. Mikkelsen, A.I. Kryger, and J.H. Andersen: Risk

factors for persistent elbow, forearm and hand pain among computer
workers. Scand. J. Work, Environ. Health 31(2):122—-131 (2005).

. Chang, C.H., B.C. Amick III, C.C. Menendez, et al.: Daily computer

usage correlated with undergraduate students’ musculoskeletal symptoms.
Am. J. Ind. Med. 50(6):481-488 (2007).

. Chang, C.H., J.D. Wang, and Y.H. Hwang: Development of a monitor-

ing system for keyboard users’ performance. Ergonomics 47(14):1571—
1581 (2004).

Lee, D., H. McLoone, and J. Dennerlein: Observed finger behaviour
during computer mouse use. Appl. Ergon. 39(1):107-113 (2008).

Gerr, F., C.P. Monteilh, and M. Marcus: Keyboard use and muscu-
loskeletal outcomes among computer users. J. Occup. Rehabil. 16(3):265—
277 (2006).

Balci, R., and F. Aghazadeh: The effect of work-rest schedules and type
of task on the discomfort and performance of VDT users. Ergonomics
46(5):455-465 (2003).

Blangsted, A.K., K. Hansen, and C. Jensen: Validation of a commercial
software package for quantification of computer use. Int. J. Ind. Ergon.
34:237-241 (2004).

Richter, J.M., H.P. Slijper, E.A. Over, and M.A. Frens: Computer work
duration and its dependence on the used pause definition. Appl. Ergon.
39(6):772-778 (2008).

Hagberg, M.: Exposure variables in ergonomic epidemiology. Am. J. Ind.
Med. 21(1):91-100 (1992).

Dennerlein, J.T., and P.W. Johnson: Different computer tasks affect the
exposure of the upper extremity to biomechanical risk factors. Ergonomics
49(1):45-61 (20006).

December 2008



