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Abstract

Objectives: This study investigated the association between task-induced stress and fatigue by examining the cardiovascular re-
sponses of subjects using different mouse positions while operating a computer under time constraints. Material and Methods:
The study was participated by 16 young, healthy men and examined the use of optical mouse devices affixed to laptop comput-
ers. Two mouse positions were investigated: (1) the distal position (DP), in which the subjects place their forearms on the desk
accompanied by the abduction and flexion of their shoulder joints, and (2) the proximal position (PP), in which the subjects
place only their wrists on the desk without using an armrest. The subjects continued each task for 16 min. We assessed differ-
ences in several characteristics according to mouse position, including expired gas values, autonomic nerve activities (based
on cardiorespiratory responses), operating efficiencies (based on word counts), and fatigue levels (based on the visual ana-
log scale — VAS). Results: Oxygen consumption (VO,), the ratio of inspiration time to respiration time (T/T ), respiratory
rate (RR), minute ventilation (VE), and the ratio of expiration to inspiration (Te/T ) were significantly lower when the par-
ticipants were performing the task in the DP than those obtained in the PP. Tidal volume (VT), carbon dioxide output rates
(VCO,VE), and oxygen extraction fractions (VO,/VE) were significantly higher for the DP than they were for the PP. No sig-
nificant difference in VAS was observed between the positions; however, as the task progressed, autonomic nerve activities were
lower and operating efficiencies were significantly higher for the DP than they were for the PP. Conclusions: Our results suggest
that the DP has fewer effects on cardiorespiratory functions, causes lower levels of sympathetic nerve activity and mental stress,
and produces a higher total workload than the PP. This suggests that the DP is preferable to the PP when operating a computer.
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INTRODUCTION

Rapid advancements in information technology have in-
creased the use of computers in the corporate setting, which
has dramatically changed the characteristics of workers’ du-
ties. “The Survey on Technological Innovation and Labour
(2008)” [1] indicates that 68.6% of computer users experi-
ence some variety of physical fatigue or pain. Among the
computer users who reported fatigue or pain, eye fatigue/
pain was the most common complaint (90.8%), followed
by stiffness/pain in the neck and shoulders (74.8%), and
fatigue/pain in the lower back (26.9%). The percentage of
persons complaining about stiffness/pain in the neck and
shoulders has increased since 2003 (70.4%) [2].

Moreover, 34.8% of the workers in 2003 and 34.6%
in 2008 responded that they experienced a certain level of
mental fatigue and stress. Survey questions regarding the
daily average consecutive work hours showed that 52.1%
and 44.3% of workers reported using computers for lon-
ger than 4 hours per day in 2003 and 2008, respectively. In
both years, it was reported that the percentage of workers
who feel stressed increased as their daily or consecutive
work hours became longer.

The increasing use of computers is believed to have caused
computer-related disorders (CRDs), such as eye fatigue,
stiff shoulders, upper extremity pain, lower back pain, and
mental stress [3,4]. Factors that can contribute to these
conditions include the setting of the computer screen,
which affects working posture [5], operating the computer
for extended periods [6-8], and tasks that require repeti-
tive and monotonous motions [9-12]. Additionally, mental
stress levels are known to increase with the duration of
computer-related tasks. Mental stress affects autonomic
nerve activity [13-16] in CRDs caused by tasks that are
performed under time constraints (for example, to meet
deadlines) [17-19] or require speedy performance [16].
Although computers are operated using keyboards,
touchpads, and mouse devices, CRDs and computer arm
syndrome can even be associated with tasks involving
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the use of a mouse, which are generally considered light
work [20]. (Computer arm syndrome is a musculoskeletal
disorder that typically manifests as pain in the upper ex-
tremities and the posterior region of the neck). The side of
the upper extremity used to operate the mouse [8,21-24],
differences in mouse positions [25,26], differences in the
shape of the mouse [20,27-29], the speed of mouse use in
detailed operations [30], and differences caused by the use
of armrests [29] can all contribute to CRDs that arise from
the use of a mouse.

However, these previous investigations of mouse-based
activities have primarily focused on the association be-
tween operating a computer and musculoskeletal disor-
ders and many of them have examined the relationship
between muscular activity and task-induced stress based
on electromyography data. In contrast, few studies have
examined associations between operating a computer and
task-induced stress based on cardiorespiratory responses.
Consequently, there are no reports on the nature of cardio-
respiratory responses to mouse use and position while op-
erating a computer. Accordingly, this study was designed
to investigate the association of mouse position with task-
induced stress and fatigue. In particular, we assessed how
the body is affected by the differences in mouse position
while operating a computer under time constraints. Our
analysis involved examinations of cardiorespiratory func-
tions, autonomic nerve activities, and operating efficiency.

MATERIAL AND METHODS

Subjects

The study was participated by 16 young, healthy men with an
average age of 23.2 (standard deviation—SD = 6.4) years, body
height-175.3(SD = (.1) cm, body weight -69.6 (SD = 5.7) kg,
and body mass index (BMI) - 22.7 (SD = 2.5). Each of the
subjects had experience in using personal computers, was
right-handed or used a mouse with their right hand, and
was not contraindicated for the measurement of expired gas
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levels. We excluded 7 subjects with upper extremity pain,
shoulder pain, lower back pain, disabilities that were previ-
ously sustained in these areas, vision problems (including
those that could be corrected with contact lenses), smoking
habits, and sleep disorders.

Experimental design

Computer mouse tasks were performed in the function
training room at the Department of Physical Therapy of
Nagoya Isen School Corporation Vocational College. We
placed laptop computers (HP 6720s, Hewlett-Packard,
Bellevue, USA) and optical computer mouse devices (HP
EY703AA, Hewlett-Packard) on top of the desks, which
were set at the height of the olecranon region. We used
office chairs without armrests for computer operators
(ITOKI vertebra 340; WxDXH, 55.6x47.5x71~81 cm;
Itoki Corp., Osaka, Japan). The subjects performed the
task while seated comfortably in front of a computer with
height adjustable chairs that were set to allow 90° of knee
flexion and 2 types of motion range of the shoulder joint.
The subjects were allowed to place their left arms on or
off the table according to their own style. Each personal
computer was set up at the position where the subject felt
most comfortable, using an approximately 70 cm distance
from the subject’s eyes as a reference. The room tempera-
ture was set at 24°C.

Setting the position of the mouse

The mouse devices were set up in 2 positions:

— the distal position (DP, Figure 1a), in which the sub-
jects place their shoulder joints in a neutral position
and forearms at a 15° abduction and flexion;

— the proximal position (PP, Figure 1b), in which the
subjects place their shoulder joints in a neutral posi-
tion and forearms at a 0° abduction and flexion with
the elbow joints at 90°, while leaving the olecranon area
on the body side and only resting the wrist area on the
desk, without the use of an armrest.

Shoulder Shoulder
joint joint
Flex. 15° Abd. 15°

Shoulder
joint
Flex. 0°

Shoulder
joint
Abd. 0°

Flex. — flexion; Abd. — abduction.

Fig. 1. Positions of the mouse investigated in this study:
a) distal position and b) proximal position

Task and procedure

The subjects placed both upper extremities at the sides of
their body and began the task when they were in a relaxed
state. They were instructed to write the alphabet from “a” to
“z”, using the mouse to draw each individual letter (Figure 2).
The subjects were told to write small letters only, and to re-
peat the alphabet throughout the duration of each 16-min
session of the experiment. A trial session was conducted
for 1 min prior to the beginning of the experimental proce-
dure, to train the participants in the exact nature of the task.
After the experimental procedure began, the subjects received
repeated verbal reminders to continue writing the alphabet as
thoroughly and quickly as possible. These reminders were de-
signed to place the subjects under stress, and were repeated
for the full 16-min duration of each experimental session. To
recover from fatigue, the participants were given a 10-min
break between each session of the task. Each mouse posi-
tion was maintained for the full duration of an experimental
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Fig. 2. Workload: subjects were required to continue writing
the alphabets

session, and measurements were taken for the different posi-
tions during consecutive sessions. The sequence of mouse po-
sitions (distal or proximal) was randomized for each subject
to keep their workloads balanced, and to prevent bias related
to order effects, which could otherwise arise from increasing
levels of fatigue after multiple 16-min experimental runs. Mea-
surements of expired gas and heart rate were taken for 60 s at
rest before the beginning of each task, and continued until the
task was completed.

We used the visual analog scale (VAS) chart [31] based on
the Guideline for Clinical Evaluation of Anti-Fatigue (De-
cember 22, 2011) that was prepared by the Japanese Soci-
ety of Fatigue Science to assess subjective levels of mental
and physical fatigue. VAS evaluations were performed at
the end of the 1st 8 min of the task (the 1st half) and the
end of the 2nd 8 min of the task (the 2nd half).

Respiratory metabolism
We used a respiratory metabolism measurement device
(Aeromonitor AE-300S, Minato Medical Science, Co.,
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Ltd., Osaka, Japan) to analyze expired gas and measure
the expiratory flow rate consecutively using the breath-
by-breath method. A Dell Latitude AEC-3000 (Round
Rock, USA) was connected to the analyzer and used to
record and evaluate the measured values. After disinfect-
ing the mask that was used for the measurement with
alcohol-wetted cotton balls, we placed it firmly on the
subjects’ nose and mouth and measured their breathing at
rest for 60 s prior to the beginning of the task.

Subsequently, the subjects began the letter writing task
using a mouse. Measurements were continued through-
out the 16-min length of the task. For each mouse posi-
tion (distal and proximal), we measured minute ventila-
tion (V,), tidal volume (V), respiratory rate (RR), oxygen
consumption (VO,), the oxygen extraction ratio (VO,/V,),
the carbon dioxide output rate (VCO,/V ), the ratio of in-

spiration time to respiration time (T/T,_ ), and the ratio

total
of expiration to inspiration (T/T,).

Autonomic nerve activity

Using a heart rate monitor (RS 800, Polar Electro, Kem-
pele, Finland), we obtained the average heart rate (HR)
from beat-to-beat intervals (R-R intervals) every 60 s,
and then conducted a frequency domain analysis based
on the R-R intervals. A transmitter that measured the
heart rate was attached to each subject’s anterior chest
area (at the papilla level), which had been disinfected with
alcohol-wetted cotton balls in advance. The transmitter
itself was attached with disposable electrodes (Metz Inc.,
Tokyo, Japan).

To assess the heart rate at rest, measurements were con-
ducted for 60 s immediately before the task performance.
Subsequently, the subjects began the letter writing ses-
sion, and measurements were continued until the end of
each session. Results were used to calculate the average
ratio of low frequency (LF) components to high frequency
(HF) components. LF components are believed to reflect
sympathetic nerve functions, and high frequency (HF)
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components are believed to reflect parasympathetic nerve
functions. These derived quantities were then compared
to the autonomic nerve activity during the 1st and the 2nd
half of the task sessions.

Subjective ratings of perceived exertion

At the end of the 1st and 2nd half of the task sessions,
we used VAS to assess subjective evaluations of the de-
gree of fatigue associated with each position of the mouse.
The subjects were asked to draw a line almost 100 mm
in length, which ranged from the left end (representing
the best feeling that the participant had ever experienced
previously, when he felt almost no fatigue) to the right end
(representing the worst feeling the subject had ever expe-
rienced previously, when he felt so tired that he could not
do anything). Afterwards, we measured the length of the
line that the subject had drawn, and used this distance as
a subjective evaluation.

Workload

For each mouse position, workloads were calculated based
on the number of alphabets that the subjects had written
during the task (Figure 2).

Ethics

Permission for this investigation was received from the Na-
goya Isen School Corporation Vocational College. The
study also received approval from the Gifu Junior College
of Health Science Ethics Committee (H24-4), and was
conducted in accordance with the Declaration of Helsinki.
A written consent had been provided by all participants
before the study began.

Statistics

We used 1-way repeated measures analysis of variance
(ANOVA) to assess chronological changes in each of the
cardio-respiratory index values, according to mouse posi-
tion. Paired t-tests were used to assess the subjective VAS

evaluations of fatigue, and also the autonomic nervous
activities measured during the 1st and 2nd half of the ses-
sions. Two-way repeated measures ANOVA was employed
to assess chronological changes in each respiratory index
value, according to mouse position. IBM SPSS Statistics
Base 19 software (IBM SPSS, Chicago, USA) was used for
all statistical processing, and the level of significance was
set at p < 0.05.

RESULTS

Respiratory metabolism

Throughout the duration of the tasks, the DP was as-
sociated with significantly lower respiration rates (RR)
than the PP (p = 0.006, Figure 3a). However, highly
similar changes in respiratory responses were observed in
both DP and PP assessments; RR increased significantly
(p < 0.0001) during the 1st min after the subjects began
the task, and thereafter remained approximately constant.
For the entire duration of the task, the DP was associated
with higher V_ than the PP, although the difference was
not statistically significant (p = 0.224, Figure 3b). In both
the DP and PP assessments, V. declined significantly dur-
ing the 1st min of the task sessions (p = 0.009), and then
gradually rose towards the level observed when the sub-
jects were at rest.

Throughout the task, the DP was associated with a signifi-
cantly greater V_ than the PP (p = 0.002, Figure 3c). In both
the DP and PP assessments, V__ increased significantly during
the 1st min of the task (p < 0.001), and remained constant.
For the duration of the task, the DP was associated with
a significantly lower VO, than the PP (p = 0.027). In
both assessments, VO, increased significantly during the
Ist min of the task (p = 0.004), then declined, and finally
increased again during the 2nd half of the task.
Throughout the task, the DP was associated with a sig-
nificantly greater VO,/V_ ratio than the PP (p = 0.021,
Figure 3e). In both assessments, this ratio declined
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significantly for the task during the Ist min of the task
(p = 0.001), continued to decline for another 3 min, and
finally became approximately constant.

For the duration of the task, the DP was associated
with a significantly greater VCO,/V, ratio than the PP
(p = 0.043, Figure 3f). In both assessments, this ratio de-
clined significantly during the 1st min (p < 0.0001), and
then remained constant.

Throughout the task, the DP was associated with a sig-
ratio than the PP (p < 0.0001,
Figure 3g). In both assessments, this ratio declined sig-
nificantly during the 1st min of the task (p = 0.001), and
maintained a low value thereafter.

Finally, for the duration of the task, the DP was as-
sociated with a significantly higher T/T, than the PP
(p = 0.005, Figure 3h). In the DP assessment, T/T,
increased significantly during the Ist min of the task

nificantly lower T/T

total

(p = 0.044). In the PP assessment, however, this ratio
increased gradually.

Heart rate

The heart rate (HR) of the subjects increased as the task
progressed, and was significantly greater in the 2nd half of
the task than in the 1st half (p < 0.0001). However, no sig-
nificant difference was observed between the DP and PP
sessions (p = 0.899, Figure 4a).

Autonomic nerve activity

Mean LF/HF values reflect autonomic nerve activ-
ity during each session. For the DP assessment, the
mean LF/HF values equaled 141.03 (standard er-
ror - SE: 38.47) and 167.78 (SE: 39.36) during the 1st and
2nd half of the session, respectively. For the PP assess-
ment, the corresponding values were 162.33 (SE: 47.75)
and 202.94 (SE: 46.58). For both mouse positions, LF/
HF was significantly greater during the 2nd half of the
task than it was during the 1st half of the task (p = 0.004
for PP, p = 0.009 for DP). Furthermore, LF/HF tended
to be lower during the 2nd half of the DP assessment
than during the 2nd half of the PP assessment, although
the difference was not statistically significant (p = 0.057,
Figure 4b).

Subjective ratings of perceived exertion

The average VAS values in the DP assessments were
4.45 (SE: 0.51) cm and 5.89 (SE: 0.52) cm for the 1st and
2nd half of the sessions, respectively. The correspond-
ing values for the PP assessment were 4.20 (SE: 0.51) cm
and 6.06 (SE: 0.66) cm. In both assessments, the VAS
values increased significantly from the st to the 2nd half
of the task (p = 0.001 for PP, p = 0.001 for DP). However,
the VAS values did not differ significantly according to the
mouse position (p = 0.937, Figure 5).

[JOMEH 2014;27(4)
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Fig. 6. Workload according to mouse position

Workload

The average workloads (the average number of alpha-
bets written by the participants) were 724.72 (SE: 62.88)
and 604.27 (SE: 45.11) for the DP and PP assessments, re-
spectively. Accordingly, the average workload for the DP
was approximately 19.9% higher than that for the PP, which
constituted a significant difference (p = 0.041, Figure 6).

DISCUSSION

The present study aimed to examine the association of
computer mouse position with task-induced stress and fa-
tigue. We measured cardiorespiratory responses and auto-
nomic nerve activities while the subjects were performing
simple consecutive, time-constrained computer tasks using
different mouse positions. Throughout this experiment,

[JOMEH 2014;27(4)

we sought to obtain information that could motivate im-
provements to the computer work environment.

Notably, we found that operating a computer under time
constraints caused changes to the respiratory function im-
mediately after the task began, and that the level of men-
tal stress increased as the subjects continued their tasks.
Grossman [32] has stated that changes in respiratory pat-
terns provide a good indicator of anxiety and stress, be-
cause respiratory functions are believed to be accelerated
by stress-related stimuli, in addition to other factors such
as physical exertion and exercise.

We further found that respiratory responses changed
as soon as the tasks began. V., VO/V_, VCO,/V,, and
Ti/T,, declined, while RR, V., VO,, and T/T, increased.
These results suggest that increased RR may compen-
sate for declines in V,, VO,/V_, and VCO,/V_. Moreover,
declines in T/T,_  and high T/T, values indicate that the
subjects’ respiration transitioned to shallow, fast brea-

total

total

thing with an inspiration time that was short in compari-
son with the expiration time. We believe that this shows
changes in respiration patterns that were caused by accel-
eration of the inspiratory flow, to increase oxygen intake
as soon as the task began.

Similar responses were observed for both mouse positions
that were examined, and they can be considered as a typi-
cal example of respiratory response patterns in simple
computer-based tasks that require the use of a mouse un-
der time constraints. Moreover, comparing the mouse po-
sitions showed that V., VO,, T/T, VO,/V , and VCO,/V
were significantly lower for the PP assessments than for
the DP assessments, while T/T
cantly higher for the PP assessments.

o @0d RR were signifi-
Some studies have reported that tasks performed under
mental stress (such as arithmetic calculations and cold
temperature stimuli) affect autonomic nerve activity. In
turn, changes in autonomic nerve activity are reflected
by cardiorespiratory responses, most specifically in-
creased heart and respiratory rates in many cases [33].
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These studies have noted significant increases in RR,
Ve,
tasks, which have been particularly strong for V, and

and inspiratory flow during memory recollection

inspiratory flow [34]. Furthermore, these studies have
demonstrated that HR, RR, and VO, increase when the
subjects are overwhelmed with tasks involving calcula-
tions [35,36]. In the present study, the declines in V.,
VOV, VCO,/V, and T/T _  as well as the increases
in RR, V, VO,, and T/T, are believed to occur due
to cardiorespiratory responses to task-induced stress.
Moreover, our results suggest that tasks performed
in the PP caused more stress than those performed in
the DP. It is particularly interesting that the differences
in respiratory functions are evident even with changes
in mouse position. Based on our results, we believe
that the simple, continuous task of writing the alpha-
bet (which involved clicking and dragging operations)
caused measurable mental stress.

The results also show that HR increased gradually as
soon as the subjects began the task. This study used
a general method because evaluation of autonomic nerve
activity based on the frequency analysis of heart rate
variability is both simple and non-invasive [37]. Our fre-
quency analysis of heart rate variability determined that
the LF/HF ratio was high throughout the task, particu-
larly during its 2nd half. This indicates that the subjects
experienced sympathetic nerve activation as the task
progressed. Indeed, we believe that the simple computer
task under time constraints leads to autonomic nerve ac-
tivation, and particularly sympathetic nerve activation.
This response was observed for both mouse positions,
and sympathetic nerve activity was greater in the 2nd half
of the PP assessment than it was during the 2nd half of
the DP assessment.

Additionally, the total workload was significantly higher
for tasks performed in the DP than for those performed in
the PP. The VAS values were significantly elevated for both
mouse positions. However, VAS did not differ significantly

between the DP and PP. This suggests that there is a di-
vergence between subjective fatigue and the physiological
response of the body. It also remains possible that VAS
was affected by the subjects’ relative unfamiliarity with the
task, or that the subjects failed to adequately represent
their physiological and mental fatigue. Further investiga-
tion would be needed to fully resolve these issues. Based
on the results described above, it appears that the DP has
fewer effects on cardiorespiratory functions, causes low-
er levels of sympathetic nerve activity and mental stress,
and produces a higher total workload than the PP. This
suggests that the distal configuration is preferable to the
proximal configuration when operating a computer.
Using a muscular activity analysis, Karlgvist et al. [3§]
have reported that task-induced fatigue varies accord-
ing to the body type and mouse position when operating
a computer. Indeed, they observed significantly more fre-
quent muscular activity among persons who have a short
stature with narrow shoulders. Regarding the mouse posi-
tion, the authors stated that a 10-12° shoulder joint flexion
and a 21-33° abduction position is the most comfortable
configuration when performing tasks. This configuration
is similar to the DP that we investigated.

In the present study, the majority of the participants us-
ing the distal configuration positioned their forearms on
the desk or used armrests. Karlgvist et al. also found that
the level of muscular activity is the greatest in the position
with 34° of abduction, suggesting that this position is not
preferable. Moreover, it was also demonstrated that plac-
ing forearms on a desk or using armrests is associated with
a lower level of shoulder muscle activity than not using
armrests or the desktop for forearm support. Therefore,
the differences that we observed in cardiorespiratory re-
sponses according to mouse position indicate that there
is a connection between background and muscle activi-
ties, suggesting that this is an important topic for future
research. As mentioned previously, our results suggest
that respiratory responses are not only caused by tasks or

[JOMEH 2014;27(4)
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exercise, but also the configuration of the environment in
which the task or exercise is completed, for example, the
position of the mouse while operating a computer.

For tasks performed under time constraints, our results indi-
cated that cardiopulmonary function and task-induced stress
vary according to mouse position. Although the present study
was performed in a limited laboratory environment, our
results provide evidence that could lead to more desirable
configurations of work environments, such as more optimal
selection of mouse position in consideration of task-induced
stress and fatigue during computer operation.

Limitations of the study

The significant results that were obtained in this study
highlight that cardiorespiratory responses vary according
to mouse position during simple, continuous operation
of a computer under time constraints. However, it is es-
sential to conduct future investigations on the underlying
explanation of these respiratory responses.

Muscular activity is believed to be one of the many fac-
tors that contribute to stress when operating a computer.
Therefore, it remains necessary to examine how muscle
activity levels and patterns required may vary according
to the type of mouse that is used. While a standard opti-
cal mouse was used for this study, other types of mouse
devices should be investigated for reference.

In this study, we obtained consistent results by designing
a simple task: continuously writing the alphabet. However,
it remains necessary to investigate the validity of the task
set up for this study, as well as other types of tasks that
reflect different aspects of computer use.

Additionally, this study was performed in a laboratory over
a short period of time (16 min), and had a limited number
of subjects, all of whom were young and male. Therefore,
it remains essential to examine different task durations
and a wider range of subjects who use computers in pro-
fessional settings. These limitations have prompted us to
design more effective studies in the future.
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CONCLUSIONS

The position of the mouse is one of the important condi-
tions when operating a computer. In the present study, we
examined whether mouse position could increase operating
efficiency by assessing cardiorespiratory functions, auto-
nomic nerve activity, and operating efficiency while the par-
ticipants were operating a computer under time constraints.
In particular, we focused on physiological responses to the
computer operators’ mental and physical activities.

Our results showed increased levels of task-induced stress
while using a mouse, as evidenced by an increase in car-
diorespiratory responses (RR, Vi, VO, and HR) and by
accelerated sympathetic nerve activity. We found that car-
diorespiratory responses, work capacity, and stress condi-
tions varied according to mouse position. Our results in-
dicate that the DP, in which the forearms are placed on
the desk, is preferable to the PP, in which only the wrist
area is placed on the desk, without using an armrest. Our
findings suggest that the position of the mouse affects the
cardiopulmonary function and work place stress. There-
fore, paying greater attention to mouse position could
lead to an improved work environment.
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