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Abstract

The aim was to validate measurements of the duration of computer use by a commercial software package in relation

to video-based observations. Twenty-two computer users with computer-based work tasks primarily consisting of data

entry, word-, and data processing participated in the study. During 1 h, when the subjects performed their normal work,

the duration of computer use was estimated simultaneously by the software program WorkPace and by video-based

observations. Two observers analyzed the video-recordings independently. Pearson correlation showed r-values above

0.9 for both observers in relation to the software and between the observers. A significant difference was found between

one of the observers and the software program, but judged by 95% confidence intervals and limits of agreement the

measurements of the duration of computer use based on the software WorkPace appear to be in agreement with the

video-based observations.
Relevance to industry
The software may be used as a valid tool to measure exposure in large epidemiological studies or to provide objective

feedback on time spent at the computer and the usage of keyboard and mouse to the computer user.

r 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Musculoskeletal symptoms are common among
computer users (Gerr et al., 2002; Jensen et al.,
1998, 2002a), and a variety of work-related and
personal factors may play a role in the develop-
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ment of these symptoms (Jensen, 2003; Jensen
et al., 2002b; Punnett and Bergqvist, 1997; Marcus
et al., 2002). A number of epidemiological studies
have reported an exposure–response relationship
between duration of computer use and musculos-
keletal symptoms (Jensen, 2003; Jensen et al.,
2002a; Fogleman and Lewis, 2002; Karlqvist et al.,
1996). In these studies self-reported information
has been used to gather data on the total duration
of computer use and the duration of keyboard and
d.
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mouse use. The advantage of using self-reported
information is low expense and minimal time
commitment for data collection and analysis.
However, the validity of self-reported information
can be questioned, and may be a limiting factor in
exposure assessment and the exposures relation to
health effects. Some studies have shown that self-
reported duration of computer use was reported to
be up to two times higher than objectively
measured (Faucett and Rempel, 1996; Homan
and Armstrong, 2003). In light of this, there is a
need for new low-cost methods for quantification
of computer usage, which can be used to validly
measure exposure in large epidemiological studies.
Currently, commercial software programs, e.g.

WorkPace, are available that record mouse and
keyboard use and also estimate the total duration
of computer use (including reading on the screen)
(Blangsted et al., 2003; Van den Heuvel et al.,
2003). The software package WorkPace has also
been used to estimate computer, mouse, and
keyboard use among 2148 computer users (Butch-
er et al., 2003). This study showed that the mean
self-reported hours of computer usage were more
than double the estimated hours by the software.
However, it is not known if this is partly due to the
software underestimates the duration of computer
use and therefore, it is necessary to compare the
method to more accurate methods as, e.g. video-
based observations.
As the software program is a simple and

inexpensive method to obtain an estimate of
computer use, which may be used in large-scale
epidemiological studies, the aim of the present
study was to validate software-based estimates
of the duration of computer use in relation to
video-based observations during work tasks pri-
marily consisting of data entry, word-, and data
processing.
2. Methods

2.1. Subjects

Sixteen women and 6 men from a municipal
administration and a research institute partici-
pated in the study after having provided written
informed consent. The work of all participants
consisted of office work using a computer for the
majority of the work tasks, and all subjects used a
keyboard and an ordinary PC-mouse without a
scroll button. The computer-based work tasks
were primarily data entry, word processing, and
data processing. The study was approved by the
local ethics committee (KF 01-298/00).

2.2. Procedures

The duration of computer work measured
simultaneously by a commercial software package
(WorkPace, Niche Software Ltd., New Zealand)
and video-based observations was obtained for 1 h
while the subjects performed their normal work.
The software package, WorkPace, calculated

the total duration of computer use and the default
settings of the software were used. All keystrokes,
mouse clicks, and mouse movements were re-
corded by the software, and the calculation of the
total duration of computer use was based on the
duration of the interval between the keystrokes,
mouse clicks and/or mouse movements. If the
interval was shorter than 30 s it was recorded as
time spent using the computer, while intervals of a
longer duration was recorded as breaks in the
computer use. The software was installed at the
computer of the subjects and it did not interfere
with their work. There was no financial relation-
ship between the provider of the software package
and the authors.
Simultaneously, the subjects were videotaped

using a video recorder (Panasonic S-VHS Movie
AG-455ME). The video recorder was placed next
to the subjects desk with special focus on the
computer work station at a position where it was
possible to see the screen and to observe the
subjects hands and head. Subsequently, the video-
recordings were independently analyzed by two
trained observers. The data were continuously
collected using a minicomputer and predefined
keys were pressed each time a change in the work
task was observed. Two different work tasks were
observed: 1) computer use, i.e. time spent at the
computer with or without (reading on the screen)
using the keyboard and mouse, and 2) work tasks
not involving the computer (paper work, out of
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Table 1

Duration of computer use (% time) for the 22 subjects

estimated by video-based observation of the two observers

and by the software WorkPace

Subject Video-based observations WorkPace

Observer no. 1 Observer no. 2

1 63 62 69

2 86 83 84

3 63 66 59

4 83 73 70

5 90 89 70

6 84 83 87

7 33 32 30

8 15 15 19

9 100 100 100

10 55 54 32

11 44 31 36

12 55 38 39

13 72 71 77

14 78 73 75

15 51 46 49

16 75 63 59

17 62 59 60

18 60 60 58

19 67 64 59

20 56 54 57

21 88 82 81

22 99 90 90

Mean 67.2 63.2 61.8

SD 21.2 21.4 21.3
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office, etc.). Thus, both active use of the keyboard
and mouse and reading from the computer screen
was registered as ‘‘computer work’’. No effort was
done to distinguish the duration of ‘‘active’’ use of
input devices from ‘‘passive’’ reading as the active
movement of input devices was directly measured
by the software and was a priori considered
correct. The observers were not aware of the
method by which WorkPace was estimating the
duration of computer work.
For both methods the recorded periods of

computer use were subsequently summed up and
converted to percentage of the total recoded work
time of 1 h.

2.3. Statistics

In order to evaluate the duration of computer
use measured by either video-based observations
of two observers or the software, WorkPace,
different statistical methods were used as sug-
gested by Bland and Altman (1986). Pearson
correlation was calculated to give information
about the association between the two methods.
The paired t-test was used to test for significant
differences between the video-based observations
and the estimate provided by the software. Finally,
95% confidence intervals and limits of agreement
for differences were calculated in order to evaluate
the degree of agreement between the two methods
(Bland and Altman, 1986). The confidence inter-
vals represent the degree of agreement on group
level, and the limits of agreement make it possible
to interpret on individual basis.
Fig. 1. Estimated work time at the computer by video-based

observation of the two observers and by the software Work-

Pace, registering keying, mouse clicking, and mouse move-

ments. The two solid lines illustrate the best fit of observer no. 1

and observer no. 2, respectively, while the dotted line represents

the line of equality.
3. Results

The duration of computer use measured by the
software, WorkPace, and by video-based observa-
tions analyzed independently by two observers is
shown in Table 1 and Fig. 1. Pearson correlation
coefficients showed high r-values for both obser-
vers in relation to the measurements of the
software (r ¼ 0:94 and 0:93) as well as between
the two observers (r ¼ 0:97). No significant
difference was found between observer no. 1 and
the software (p ¼ 0:386), while there was a
significant difference between observer no. 2 and
the software measurements (p ¼ 0:005) and be-
tween the two observers (p ¼ 0:001). The 95%
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confidence interval and limits of agreement were
(�1.8% to 4.5)% time and (�12.9% to 15.6)%
time for observer no. 1 and the software; (1.8–
8.9)% time and (�10.6% to 21.3)% time for
observer no. 2 and the software, and (1.7–6.3)%
time and (�6.2% to 14.2)% time, respectively, for
observer no. 1 and observer no. 2.
4. Discussion

The measurement of the duration of computer
use based on a software program that uses the
duration of the interval between active events (i.e.
keying, mouse clicking, or mouse movements) to
estimate the total time at the computer seemed in
agreement with the video-based observations.
The Pearson correlation coefficients of above

0.9 showed that the video-based observations and
the estimates by the software were linearly related.
However, the Pearson correlation does not show
bias or systematic difference and therefore, paired
t-tests were performed. The paired t-tests showed
significant difference between observer no. 1 and
the software and between the two observers,
showing that observer no. 1 systematically ob-
served the duration of computer use to be longer
compared to the estimates by the software and by
observer no. 2. Even though systematical differ-
ences were found in the present study, the 95%
confidence intervals and the limits of agreement
give the possibility to take the systematic error into
account as a co-variant whenever using the soft-
ware for estimating the duration of computer use.
Judged from the confidence intervals the software
is quite accurate on group levels, where the mean
differences between the software and the video-
based observations are below 5–10%. On the
individual level, the software is less accurate, and
the individual differences between the two meth-
ods could be up to 15–20%. According to these
results, the degree of agreement between the
software and the video-based observations seemed
acceptable for work tasks, where the computer-
based tasks consists of data entry, word proces-
sing, and data processing.
The software program used an interval thresh-

old of 30 s to discriminate between use and non-
use of the computer. Obviously, the computer user
may perform other work tasks during 30 s where
the keyboard or mouse is not activated, but
reading on the computer screen may on the other
hand sometimes take longer than 30 s. Thus, on
average the total time working at the computer
including active keying, mouse clicking, mouse
movements, and reading on the screen, was
reasonably well estimated by this method when
assessing work periods of at least 1 h. However,
from the video-based observation data in this
study the software seemed to slightly underesti-
mate the duration of computer usage and there-
fore, the ideal interval threshold should possibly be
higher than 30 s.
As the software may be used to collect data for

almost indefinite time periods, this way of
measuring exposure during computer work has
far reaching potentials. In research it may be used
as a valid tool to measure exposure in large
epidemiological studies with only little extra effort
in data collection. It may also be used as a
practical tool for the computer user to provide
objective feedback on time spent at the computer
and the usage of keyboard and mouse at the
individual level.
In conclusion, measurements of the duration of

computer use based on the software, WorkPace,
appear to be in agreement with the video-based
observations.
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