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Differences between work methods and gender in computer mouse use
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Wahlstrom J, Svensson J, Hagberg M, Johnson PW. Differences between work methods and gender in computer
mouse use. Scand J Work Environ Health 2000;26(5):390-397.

Objectives The aim of this study was to investigate whether gender or different methods of operating a computer
mouse have an effect on pelfo~manceand lnusculoskeletal load in the use of a computer mouse.
Methods Thirty experienced computer mouse users, 15 men and 15 women, participated in the study. Electromyography (right first dorsal interossei, right extensor digitorum and right and left trapezius),a force-sensing mouse,
and subjective ratings were used to register muscular load. An electrogoniometerwas used to register the wrist
movements. The subjects worked with 3 different methods, their own, a wrist-based method and an arm-based
method. Gender comnparisons were made when the subjects used their own method.
Results The women worked with greater extension and range of motion and tended to work with a greater ulnar
deviation of the wrist. They also applied higher forces to the mouse when expressed as a percentage of a maximum
voluntary contraction and had higher muscular activity in the right extensor digitomm. When using the arm-based
method, the subjects worked with greater wrist extension, had higher muscular activity in the right and left
trapezius muscles, and had the highest ratings of perceived exertion in the neck and shoulder. The wrist-based
method resulted in higher forces being applied to the sides of the mouse and the highest ratings of perceived
exertion in the wrist and hand-fingers.
C O ~ C I U S ~Gender
O ~ S differences were found for musculoskeletal load, and for most of the measured variables the
women worked with higher loads than the men. The work method affected performance and musculoskeletal load.
Finally, subjective measures appeared to have some utility in characterizing muscular load.
Key terms electrogoniometer, electromyography, forces, gender differences, input device, subjective ratings,
video display terminal, video display unit.
There has been a rapid increase in the use of nonkeyboard computer input devices, and today the market is
filled with such devices, the most common being the
computer mouse. Several studies have suggested that an
increased prevalence of upper-extremity musculoskeletal symptoms is associated with computer mouse use (14). According to data collected in 1997 in Sweden ( 3 ,
49% of working men and 45% of working women use a
computer mouse in their profession. In a comparison of
users of visual display units (VDU), mouse users were
shown to have more extreme work postures in ulnar deviation of the wrist and outward rotation of the shoulder
than keyboard operators did (6). Studying mouse use is
of importance since more extreme work postures may
increase a computer operator's risk for developing discomfort in the neck, shoulder, elbow, and wrist. Differences between methods of using a computer mouse have
not been well documented; however, Karlqvist et a1 (7)

observed gender differences and found that women work
with more extreme shoulder postures when using the
mouse. Studies have also shown that differences in mouse
location and work with or without forearm support affect exposure and muscular load (8,9).
It is hypothesized that there may be differences in
musculoskeletal load between work methods and gender
in computer mouse use. The aim of this study was to investigate whether different methods of operating a computer mouse or gender have an effect on performance and
musculoskeletal load in computer mouse use.

Subjects and methods
Subjects
Thirty subjects, 15 men and 15 women, volunteered
to participate in the study. Subjects from various
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occupations were recruited from 2 different sections of
the Sahlgrenska University Hospital, Goteborg, Sweden,
and they participated in the experimental session during
paid worktime. The mean age was 34 (range 18-52)
years for the men and 39 (range 22-60) years for the
women. The subjects were all experienced mouse users
with a mean experience of 5 1 (range 6-144) months of
mouse use at work or at home. Prior to the study, they
were given written and verbal information on the experimental procedures and were interviewed to assure they
were in good health and free of musculoskeletal disorders. They all used their right hand to operate the computer mouse.

Experimental procedures
An adjustable VDU workstation was set up, and the subjects adjusted the table and chair to fit their needs. A
Macintosh computer with a 13-inch color display and a
101-key keyboard was used. Typically, the subjects adjusted the chair so that their legs were well supported
with their feet resting flat on the floor; the table was adjusted so that the mouse and keyboard were approximately at elbow level and the monitor was at a fixed height
above the work surface. The subjects were instructed by
the same person to use the following 3 methods to operate the mouse: (i) a wrist-based method (WB) with which
the forearm was fully supported on the desk and the
mouse was moved by lifting and sweeping the mouse
across the mouse-pad using the wrist, (ii) an arm-based
method (AB) with which only the wrist was supported
on the work surface and the mouse was moved using
movements initiated from the shoulder, and (iii) their own
method (own). On the day before the study, in their own
office, the subjects were instructed on how to perform
the different methods and asked to practice and familiarize themselves with them. On the day of the measurement, they practiced at the experimental worksite to familiarize themselves with the equipment and to confirm
that they performed the different work methods correctly. The subjects performed a text editing task consisting
of 8 paragraphs each containing 5 lines of 12-point Courier text. In each line, at a random location, 1 to 4 characters were highlighted using colored text. The subjects
were instructed to select the colored characters with the
mouse and then delete the characters by hitting the delete key on the keyboard with the mouse-using hand.
They all used their own work method first, after which
the sequence with the wrist-based and arm-based methods was introduced using a latin square design.

Characterizing the subjects' own work method
Three items from an ergonomic checklist were used to
characterize the subject's own work method with the
mouse. These items were (i) how the forearm or wrist
was supported (near the elbow at the proximal part of

the forearm or distally at the wrist or hand), (ii) whether
or not the computer mouse was lifted from the surface,
and (iii) the type of arm movements (whole arm or wrist
and fingers). To characterize each subject's own work
method, video recordings were made simultaneously
from 2 different angles. Two of the researchers (JW, MH)
independently characterized the subjects into 1 of 3 different groups (arm-based, wrist-based or a hybrid of the
two) as they used their own method. If the result of the
researchers differed, which occurred only 6 out of 30
times, a 3rd researcher (JS) analyzed the video recordings and made a final characterization. To be categorized
as a user of the arm-based method, a subject could not
rest the forearm on the work surface and had to use the
whole arm to move the computer mouse. To be categorized as a user of the wrist-based method, a subject had
to support the forearm on the work surface and use wrist
movements to lift and move the computer mouse repeatedly.

Forces applied to the mouse
So that the forces applied to the sides and button of the
mouse could be measured, a force-sensing Apple ADBII
mouse was used. The force-sensing mouse was fully operational and similar in weight, feel, and appearance to a
regular Apple ADBII mouse. The validity and measurement accuracy of the force-sensing mouse has been discussed elsewhere (10, 11). A portable computer instrumented with a PCMCIA data acquisition card (National
Instruments, DAQCard 700, Austin, Texas, USA) was
used to collect and store the force data. The force signals from the mouse were amplified using a portable
amplifier (model 1210, FFA, Bromma, Sweden) and
stored at 60 Hz on the hard disk of the computer. The
force data were analyzed using a program written in Labview 4.0 (National Instruments, Austin, Texas, USA).
The program identified each time the mouse was used,
called a grip episode, and kept track of idle periods,
which were defined as any period the mouse was not used
for 1 second or longer. For each grip episode the program calculated the mean force, peak force, and grip duration.

Maximum voluntary forces applied to the mouse
The maximum forces the subjects could apply to the sides
and button of the mouse were measured after the experiment. The subjects were asked to apply maximum voluntary contractions (MVC) to the sides and button of an
Apple ADBII mouse instrumented with load cells (Pinchmeter, Greenleaf Medical, Palo Alto, California, USA).
They were instructed to grip the mouse during the contractions the same way they gripped the mouse during
the experiment. The contractions applied to the sides and
button of the mouse were measured separately. Each subject applied 3 maximum voluntary contractions to the
Scand J Work Environ Health 2000, vol26, no 5
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sides and the button of the mouse, and the highest force
applied to each location was chosen as the subject's
MVC. If the difference between the highest and second
highest MVC was greater than lo%, additional data were
collected to verify the maximum.

Wrist movements
A 2-axis electrogoniometer (Model XM65, Penny &
Giles Biornetrics, Blackwood, Wales) and a data logger
(Model DL 1001, Penny & Giles Biornetrics, Blackwood,
Wales) were used for recording flexion and extension and
the radial and ulnar deviation angles of the right wrist.
The sampling frequency was 20 Hz. The reference (zero)
position of the goniometer system was recorded when the
subject sat at the workstation with the arm fully pronated in front and the hand flat in a neutral radial and ulnar
position on the work surface (12). Goniometry data were
analyzed using a program written in Labview 4.0. The
program calculated the mean angles, mean velocities,
mean power frequency, and the range of motion for both
flexion-extension and radial-ulnar deviation. The mean
power frequency was defined as the center of gravity for
the power spectrum, and it has earlier been used as a
measure for repetitiveness (13). The range of motion was
defined as the difference between the 95th and the 5th
percentile of the wrist angles (13).

Muscular load
Muscle activity from 4 separate muscles was recorded at
1 kHz using a commercial electromyographic (EMG) system (model ME3000P, Mega Electronics Ltd, Kuopio,
Finland). The muscles examined were the right first interossei, the right extensor digitorum, and the pars descendent of the right and left trapezius muscles. The electrodes for the first interossei and the extensor digitorum
were placed as recommended by Perotto et a1 (14), and
those for the trapezius were positioned as recommended
by Mathiassen et a1 (15). Self-adhesive surface electrodes
(M-00-S, Medicotest AS, Copenhagen, Denmark) were
placed in pairs with a 35-mm interelectrode distance. For
the first interossei muscle, the electrodes were modified
(cut) and resulted in an interelectrode distance of 25 mm.
Before the electrodes were attached, the skin was dry
shaved and cleaned with alcohol. At the beginning of the
recordings the subjects performed standardized maximum
voluntary contractions to obtain the maximal voluntary
electrical activity of the first interossei and the extensor
digitorum muscles. Voluntary electrical activity in the
first interossei and the extensor digitorum muscles were
set with maximum static contraction against manual resistance for a minimum of 3 seconds. The reference voluntary electrical activity in the pars descendent of the
right and left trapezius muscles was set with arms flexed
90 degrees, thumbs up, and a 1-kg dumbbell in each hand
for a minimum of 3 seconds. A 3-second sampling
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window was used to calculate the average electrical activity du~ingthe maximal and reference contractions. The
raw data were recorded online using a portable computer and monitored in real-time for quality control. The
EMG signal was smoothed using a root mean square
(rms) procedure with an averaging moving window of
100 ms. Data were analyzed using ME3000P software,
version 1.5 (Mega Electronics Ltd, Kuopio, Finland), and
the median EMG signal was calculated for each subject.

Subjective ratings
Before the experiment, the subjects rated perceived exertion using a modified Borg scale ranging from 0 to 14
(16) for the following 5 body regions: neck-shoulder
(scapular), right shoulder (upper arm), right forearm, right
wrist, and right hand-fingers. After the use of each work
method, they rated their perceived exertion again. The
ratings of perceived exertion (difference between perceived exertion after the 3 different conditions and before the experiment) were compared between work methods and between genders.
Besides the perceived exertion ratings, the subjects
also rated their overall comfort with each work method
on a scale graded from -4 (poor comfort) to +4 (excellent comfort).

Productivity
The total time and numbers of errors were used as a measure of productivity when the subjects used each of the
different work methods. The total time was defined as
the time it took the subject to complete the task from beginning to end. Errors were defined as any occursence
where the subject failed to highlight the text that was to
be deleted. Errors were manually recorded by having one
of the experimenters unobtrusively observe the subjects
from behind and record each time an ersor occurred.

Statistics
Before the statistical tests, the data were tested for normality. They were analyzed using repeated-measures
analyses of variance (JMP 3.2,SAS Institute Inc, Cary,
North Carolina, USA). Descriptive data have been presented as means with the standard error of the mean
(SEM). The comparisons between the work methods
were performed using Tukey-adjusted t-tests (paired observations), and likewise-adjusted 95% confidence intervals (95% CI) of the differences between the means were
calculated. Gender comparisons were made using t-tests
(2 independent groups) and were only performed on the
data when subjects used their own work method. Due to
technical problems, the results of 1 man were excluded
from the analysis of wrist postures, and the results of another were excluded from the analysis of muscular load.
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Results
The gender comparisons are presented in table 1, and the
method comparisons can be found in table 2.

applied to the button and sides of the mouse was 60.4
(SEM 3.86) N and 98.6 (SEM 5.72) N, respectively. The
mean maximum force the
was 41.4 (SEM
1.73) N and 64.4 (SEM 2.54) N, respectively.

Differences between methods
Differences between genders
The women applied almost twice the force of the men to
the button of the mouse, when expressed as the percentage of the MVC (%MVC). No gender differences were
found when the forces were expressed as newtons. When
operating the mouse, the women worked with greater extension and greater ulnar deviation and had a greater
range of motion in the wrist when compared with the
men. The women also had higher wrist velocities, but the
men's wrist movements had a higher mean power frequency, the greatest differences occurring in flexion-extension. There were gender differences in muscular activity in the first interossei and extensor digitorum muscles, the women working with higher muscular activity
than the men. The gender differences for the pars descendent of the left and right trapezius muscles were inconsistent, although there was a tendency for the men to
have higher muscular activity (as percentage of the reference voluntary electrical activity) in the shoulder than
the women. Small differences were found in the perceived exertion, although the women tended to rate it
higher. The women were prone to have more essors and
performed the task slightly faster, but these differences
were negligible. When comfort was rated, no gender differences were found. The mean maximum force the men

When using the wrist-based method, the subjects applied
more force to the sides of the mouse than with the other
methods, but the differences were smaller when the forces applied to the button of the mouse were compared.
Differences between the methods were found for all the
goniometric variables, the largest being for greater extension of the wrist and less range of motion, in radialulnar deviation, with the arm-based method and higher
velocities with the wrist-based method. Muscular activity in the pars descendent of the right and left trapezius
muscles was dependent on the work method, the highest
occurring when the subjects worked with the arm-based
method and the lowest being measured with the wristbased method. Only small differences in the first interossei and the extensor digitorum muscles were found
between the work methods. Differences in perceived exertion were found between the work methods for all the
body regions studied. After the wrist-based method, the
perceived exertion was rated highest for the forearm,
wrist, and hand-fingers, and after the arm-based method
the highest ratings were given to the neck-shoulder,
shoulder, and forearm. The subjects rated their own work
method as the most comfortable, and the arm-based method as the least comfortable. With the wrist-based method the duration to complete the task was longer than with

Table 1. Gender differences in applied forces (N=15 men and 15 women),wrist position data (N=14 men and 15 women) and muscular
activity (N=14 men and 15 women),including the mean differences and 95% confidence intervals (95% CI) of the differences. (SEM =
standard error of the mean, MVC = maximal voluntary contraction, ROM = range of motion, MPF = mean power frequency, FDI = right
first interossei muscle, MVE = maximal voluntary electrical activity, ED = right extensor digitorum muscle, RTRAP = pars descendent of
the right trapezius msucle, LTRAP = par descendent of the left trapezius muscle, RVE = reference voluntary electrical activity)
Variable

Men
Mean

Women
SEM

Mean

Differences
SEM

Mean

95% CI

Side mean force (%MVC)
Side peak force (%MVC)
Button mean force (%MVC)
Button peak force (%MVC)
Position (degrees), flexion-extensiona
ROM(degrees), flexion-extension
Velocity (degreesls), flexion-extension
MPF (Hz), flexion-extension
Position (degrees),deviationa
ROM(degrees),deviation
Velocity (degreesls), deviation
MPF (Hz), deviation
FDI (%MVE)
ED (%MVE)
RTRAP (%RVE)
LTRAP (%RVE)
a

Positive values were used for extension and ulnar deviation.
Scand J Work Environ Health 2000, "0126, no 5
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Table 2. Method differences in applied forces (N=30), wrist position data (N=29), muscular activity (N=29), and ratings of perceived
exertion (RPE) (N=30) including the mean differences and the 95% confidence intervals (95% GI) of the differences. (SEM = standard
error of the mean, ROM = range of motion, MPF = mean power frequency, FDI = right first interossei muscle, MVE = maximal voluntary
electrical activity, ED = right extensor digitorum muscle, RTRAP = pars descendent of the right trapezius muscle, LTRAP = par descendent of the left trapezius muscle, RVE = reference voluntary electrical activity)
Variable

Method
Own
Mean

SEM

Comparison

AB
Mean

WB
SEM

Side mean force (N)
Side peak force (N)
Button mean force (N)
Button peak force (N)
Position (degrees), flexion-extensiona
ROM (degrees), flexion-extension
Velocity (degreesls), flexion-extension
MPF (Hz), flexion-extension
Position (degrees), deviationa
ROM (degrees), deviation
Velocity (degreesls), deviation
MPF (Hz), deviation
FDI (%MVE)
ED (%MVE)
RTRAP (%RVE)
LTRAP (%RVE)
Neck-shoulder (RPE, scale step)
Shoulder (RPE, scale step)
Forearm (RPE, scale step)
Wrist (RPE, scale step)
Hand-fingers (RPE, scale step)

a

Positive values were used for extension and ulnar deviation.
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Mean

Methods
SEM

Difference
Mean

Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based
Own - wrist-based
Own - arm-based
Wrist-based - arm-based

95% CI
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the other 2 methods. According to the video observations
used to characterize each subject's own work method, 9
subjects used an arm-based method, 7 used a wrist-based
method, and 14 used a hybrid method (primarily a wristbased method where the mouse was not lifted off the
mouse pad).

Discussion
Differences between genders
The main finding of this study was the gender differences in work with the computer mouse. Women worked
with greater wrist extension, greater ulnar deviation, and
a greater range of motion and had higher wrist velocities. The smaller stature of the women and the fixed size
of the devices used may explain part of this difference.
The fixed size of the keyboard may have caused more
outward rotation of the shoulder and ulnar deviation of
the wrist, and the fixed height of the mouse could have
resulted in more wrist extension among the women than
among the men. The only variable for which the men's
wrist movements exceeded the women's was the mean
power frequency in flextion-extension. This difference
could be explained by the smaller range of motion that
the men worked with in that it resulted in a greater frequency of repetitive movements about the wrist. Women also operated the mouse with higher muscular activity in the extensor digitorum muscle and tended to have
higher muscle activity in the first interossei muscle. They
also applied higher forces to the computer mouse when
expressed as the percentage of the MVC. Similar results
for muscular activity (7,8) and forces (17, 18) have been
reported by other researchers. These finding may be related to the lower muscular strength of women and anthropometric differences, which influence biomechanical loads. Fixed button actuation forces in combination
with strength differences is a possible explanation for
why women applied more relative (%MVC) force than
the men. Another reason could be that women have
smaller hands, which result in higher relative exertion
needed to grip the mouse.
In a review of epidemiologic findings, Punett &
Bergqvist (19) stated that a woman "appears to be consistently associated with higher occurrences of several
upper extremity and neck muscle discomforts among
VDU users" [p 1201. No definite explanations were found
in the reviewed studies, but constitutional and work situation differences were mentioned as possibilities. Titriranonda and her co-workers (20) suggested that "small
anthropometric dimensions (i.e., hand and height) may
cause women to work in postures or at higher relative
muscle forces, which cause greater mechanical stresses,
than men" [p 331. Finally, it is worth noting that the

gender differences observed were consistent across all 3
methods of operating the mouse.

Differences between methods
Two basic elements characterize work technique, the
method or systems of methods used to carry out a task
(21) and the individual motor performance of the task
(22). The "method" in our study was represented by the
3 different ways of operating the mouse. "Individual performance" focuses on the individual variations in how a
given "method" is executed. There were interindividual
differences in all the measured variables, and this variation can be explained by differences in anthropometry,
strength, and motivational factors (23).
The trapezius muscle was the most sensitive muscle
for detecting differences in muscular activity between
methods. When looking for the extremes in the variables
measured, the arm-based method was distinguished from
the other 2 methods, as the subjects worked with higher
muscular activity in the right trapezius muscle. The other muscles showed little differences in the comparison
of methods, at least at the group level of muscular activity. Previous studies have shown that operating the computer mouse without support of the forearm increases the
load on the trapezius muscle (24,25).
The velocity of the wrist (flexion-extension and radial-ulnar deviation) was higher when the subjects used
the wrist-based method. Only small differences were
found in mean power frequency between the methods,
and it varied from 0.43 to 0.45 Hz in radial-ulnar deviation and from 0.56 to 0.68 Hz in flexion-extension. In a
study by Karlqvist et a1 (25), with computer mouse operators, the mean power frequency was between 0.23 and
0.28 Hz in flexion-extension and between 0.21 and 0.24
Hz in radial-ulnar deviation. The specific task in the
present study resulted in higher mean power frequencies
(ie, higher repetitiveness) when compared with the corresponding values of the Karlqvist et al study (25). This
difference may have been due to fewer pauses or the repetitive nature of the task.
The forces applied to the sides of the mouse formed
the most sensitive force variable for detecting differences between the methods. In a study by Johnson et a1 (17),
whose subjects performed a similar text editing task, the
forces applied to the sides of the mouse were found to
be highly correlated with those of regular work (r=0.89).
Whether these low forces are risk factors for developing
symptoms is unknown, but the combination of high repetitiveness and long duration could be a plausible factor in the development of musculoskeletal symptoms.
Changes in subjective ratings, after a short duration
of physical exposure, appear to be of some value for detecting differences in perceived exertion between the different methods of operating the mouse. When the 3 methods were compared, the greatest increases in perceived
Scand J Work Environ Health 2000, vol26, no 5
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exertion occurred in the neck-shoulder and shoulder regions after the use of the am-based method. After the
wrist-based method the greatest increases in perceived
exertion were reported for the wrist and hand-fingers. The
subjective ratings of perceived exertion often mirrored
the trends observed in the objective physical findings, and
similar trends have previously been reported (7).
The differences between the methods could, in part,
be due either to a difference between the number of men
and women who use each method as their "own" method or to the distribution of arm-based and wrist-based
users; however, the distribution in both cases was relatively balanced so the differences were probably attributable to differences between the methods themselves.

Limitations of fhe study
The subjects were instructed to use work methods that
they did not use in their regular work. We tried to limit
the effect of unfamiliar motion patterns with training sessions before the test. The data collection for each method was made during approximately 3 4 minutes, which
may be a short time, but all the subjects were experienced
computer mouse operators and should have had few, if
any, initial difficulties in performing the task. The task
performed was text editing, and the generalizability to
other worktasks is limited. However, it has been shown
that the forces applied to the computer mouse during text
editing tasks are highly correlated with regular worktask
forces (17). Finally, only 1 type of mouse was tested in
this study, and it would be of interest to determine whether the same trends occur with other mice.

Concluding remarks
Gender differences were found for musculoskeletal load,
and, for most of the measured variables, the women
worked with higher loads than the men. The work method affected performance and musculoskeletal load. Finally, subjective measures appear to have some utility in
characterizing muscular load.
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