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A Survey of Physical Fatigue during Use of a Tablet LCD
Monitor

Chien-Cheng Yen

Department of Product Design, Ming Chuan University

ABSTRACT

This paper describes an investigation of the fatigue awareness of different parts of the
body and operational performance when using a tablet LCD monitor tilted at various angles. The
results showed that the shoulder, wrist, forearm, and upper arm experienced the most fatigue while the
elbow experienced the least. The fatigue awareness of the neck, back, and waist had the highest levels
when the tablet LCD monitor was placed horizontally. An angle of 25° from the horizontal was the
most comfortable for users and was the angle that users were most willing to use in the future. Gender
had no obvious effect on fatigue level, comfort level, future willingness to use, and operational
performance. However, the tilt angle of the monitor had a significant effect on fatigue level, comfort
level and future willingness to use, but had no significant effect on operational performance.

Keywords: tablet LCD monitor, tilt angle, fatigue awareness, operational performance
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I. INTRODUCTION

The advance of technology has led to the
computer becoming a very important tool in the
design process. Using computers to create
drawings not only increases the quality of the
design but also significantly reduces the time
required to complete the design. However,
despite the advanced state of computer drawing
technology, users still require input devices to
operate the computer.

The development of computer input
devices has kept pace with the general
development of technology in trying to make the
input process more direct and natural for users.
The pen-based graphics tablet (also referred to
as a digitizing tablet, graphics pad, and drawing
tablet) was invented to reduce the inconvenience
of drawing using a traditional mouse. A graphics
tablet consists of a flat surface upon which the
user may ‘“draw” an image using a pen-like
drawing device called a stylus. The image
generally does not appear on the tablet itself but
is more often displayed on a computer monitor.
The main advantage of the graphics tablet is that
it provides a much more intuitive way of
creating more natural-looking frechand graphics
than other input devices such as the mouse,
because graphics tablets simulate pen and paper.
In addition, “Graphics tablets are an excellent
alternative to the ubiquitous mouse for computer
users looking for more-precise cursor control, or
battling repetitive stress injuries” [1].

However, because the image generally does
not appear on the tablet itself during the drawing
process, users cannot see both the image and
hand movement simultancously. As a result,
users cannot move the pen directly to the desired
location quickly and precisely, making the tablet
still somewhat inconvenient [2]. This problem
has been solved by the successful development
of the tablet liquid crystal display (LCD)
monitor, sometimes referred to as the graphics
tablet/screen hybrid or the tablet/LCD hybrid. A
tablet LCD monitor is a graphics tablet that
incorporates an LCD in the tablet itself, allowing
the user to draw directly on the display surface
with a pressure-sensitive digital pen (Fig. 1) and
to see the location of the pen directly on the
image, on the screen. “Working directly with the
pen on screen allows users to work faster and
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more naturally because of the intuitive hand-eye
coordination” [3]. Therefore, drawing directly
on the screen will become increasingly
important in the design industry.

Fig. 1. Operation of a tablet LCD monitor (from the
WACOM website).

One problem with computers is the
requirement for frequent and repetitive hand
movements, especially when using traditional
input devices such as the keyboard or mouse.
Drawing for long periods with a mouse or
maintaining an inappropriate posture may cause
musculoskeletal disorders [4-6] and is harmful
to the human body. Carpal tunnel syndrome is
one of the most serious and frequent of those
musculoskeletal disorders [7-10]. That is why
much research has been conducted into posture
while using a mouse and the workload burden
placed on the human body [11-16].

The digital pen can be used to accomplish
the same tasks as the mouse, and it can be
moved as easily as the mouse [17]. “Using a
pen means that several muscles in the fingers,
hand, and arm are being used evenly; with most
mice, the same muscles in the fingers, hand, and
arm are used and then rest in the same position
for a longer time” [18]. Furthermore, pen use
results in a posture that is more neutral than that
during mouse use. Therefore, the pen appears to
be a biomechanically superior input device [19].

Hedge and Chao [20] compared the wrist
posture (ulnar/radial flexion/extension; wrist
pronation/supination) required to use two
pen-shaped mice and a conventional mouse, and
found that the pen-shaped mice reduced wrist
pronation and ulnar deviation while increasing
wrist extension, as compared to a conventional
mouse design. Kotani and Horii [21] observed
that pen-tablet usage reduced the overall
muscular load or activity of the arm and also
reduced the stress on the fingers, but did not
reduce the stress due to stabilizing the upper arm



when compared to a conventional mouse input
system. Of the four muscles evaluated in that
study, the trapezius showed the highest muscular
activity for both input devices. This implies that
the pen-based input device could not directly
reduce the postural load generated by supporting
the forearm and the wrist.

Although, according to the above
mentioned, it seems that pen-based input using a
tablet LCD monitor is more ergonomic than
traditional mouse input and can reduce the harm
to the wrist, problems still exist. Fatigue is
frequently cited as an undesirable side effect of
pointing over a display [22]. Fatigue can be
caused by the need to apply pressure to maintain
selections [23]. Fatigue may also occur due to
the thickness of the monitor, which makes it
impossible to place the wrist and forearm
horizontally when the monitor is horizontal.
Additionally, reflection from the monitor may
require users to adjust the monitor to a certain
angle to avoid eye strain, but this may also cause
the wrist, forearm, elbow, or even the upper arm
and shoulder to experience fatigue.

Existing literature is mostly oriented to the
medical issues related to the use of hand tools
such as pens. Even so, no reports could be found
of a general study of the effects of tablet LCD
monitor operating angle on operational
performance and level of fatigue in different
body parts. These issues should be investigated.
Such an investigation would lead to a better
understanding of the operation of tablet LCD
monitors.

The purpose of this study was to investigate
the fatigue awareness of different parts of the
body, comfort level, future willingness to use
and operational performance at different tablet
LCD monitor tilt angles in order to provide
valuable operating suggestions for designers
selecting this input device for use, and to
provide a useful reference for the future
development of tablet LCD monitors.

II. METHODS

In this study, a tablet LCD monitor was
used as the experimental device. First, the
participants were asked to complete a drawing
task by tracing a sample drawing shown on the
monitor at each test tilt angle; the time taken to
complete this task was recorded. After the
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participants completed the drawing task at each
tilt angle, they were asked to fill out a
pen-and-paper questionnaire to indicate the
fatigue levels in different parts of the body, the
overall comfort level, and the willingness to use
the monitor again at the same angle. The aim
was to determine the best angle to provide a
reference for the future use of this kind of
product.

2.1 Participants

All 32 voluntary participants were students
from the Design School at Ming Chuan
University; 16 were male and 16 were female.
Their ages were between 20 and 26 vears
(M=23.1years). They were all right-handed, in
good health, and had basic user experience with
computer hardware and software. However,
none of the participants had ever used a tablet
LCD before.

2.2 Apparatus

The Wacom Cintig 21UX Interactive Pen
Display and Corel Painter graphic software
package were used for the drawing tasks. The
Cintiq 21UX is a tablet LCD monitor with 21.3
inch diagonal size, 0.27 mm dot pitch / pixel
pitch, 1600 x 1200 pixels resolution and 1024
levels of pressure sensitivity. In addition, “the
Cintiq 21UX has a dynamically adjustable stand
that allows the user to rotate the display up to
180° in each direction, incline the display from
10° to 65°, and even remove it for comfortable
lap use™ [24].

2.3 Sample Drawing Used for the
Experiment

To ensure that the participants experienced
physical fatigue during the drawing process, the
sample drawing shown in Fig. 2 was designed to
have many lines and time-consuming patterns,
and requires the use of strokes similar to
drawing motions.
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Fig. 2. Sample drawing used for the drawing task.

2.4 Questionnaire

The questionnaire had two parts. The first
part was the subjective rating of the fatigue level
of the ten different body parts more likely
affected by the drawing task shown in Fig. 3.
The second part of the questionnaire contained
the subjective ratings of the overall comfort
level and willingness to use the device again for
cach angle. The participants marked their
evaluations on a seven-point scale where 1
indicated the least perceived fatigue, lowest
comfort level, or least willingness to use the
device again at that angle.

2.5 Experimental Protocol

Six tilt angles (Fig. 4) were tested: 0°, 10°,
25°, 40°, 55°, and 65° from the horizontal. The
participants were asked to use the experimental
device to trace the sample drawings displayed on
the monitor at cach tilt angle. After the
participants completed the drawing task, they
filled out the questionnaire rating fatigue levels
of the ten body parts, their overall level of
comfort, and their willingness to use the device
at the same angle again, all on a scale of 1-7.

The participants were informed in advance
about the purpose of the experiment and the
procedure to be used so that the experiment
would run smoothly. They were then instructed
sit down and adjust the height of the chair to a
suitable position in front of the monitor which
was placed on a 73cm high table and was about
50cm from the body. They picked up the pen in
one hand and placed their elbows on the table in
their most natural drawing posture. The time
spent completing the drawing task at each tilt
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angle was recorded; the time required to start the
software and settle down were not included.
Corel Painter was used for the drawing task with
the drawing window open to full screen size and
set to draw as a thick black pen, the same width
of the line weight in the sample drawing. The
participants were simply told to react as though
they had been given a black pen to trace the
sample drawing.

Shoulder —\g ? - Neck

Upper arm " |
‘\{l‘— Back
Forearm / x Waist

Wrist
Palm

Finger

Fig. 3. Body parts rated for the level of fatigue.

Fig. 4. Monitor angle of inclination.

To ensure the consistency and reliability of
the experiment, the participants had to continue
drawing without resting until the drawing task
was complete. After completing each task, the



participants were asked to fill out the subjective
questionnaire immediately, according to their
experience in that task.

One monitor tilt angle was tested with each
participant per day, i.¢., the complete experiment
took each participant six days to complete. The
angle tested on any given day was a completely
random selection from those that had not yet
been tested. The purpose of the randomized
sequence and the prolonged time between
different angles was to increase the reliability of
the experiment and the questionnaire responses,
reducing any possible influences like being
familiar with the operation or previous
impressions. In addition, every participant sat in
the same place and used the same device to
ensure that the experimental environment was
identical and to exclude any irrelevant variables.

2.6 Statistical Analyses

Descriptive statistics were performed on the
mean duration time to complete the drawing task
(i.e., operational performance) and on the data
collected from the questionnaire at the six
different inclination angles. Difference analyses
were also performed using the r-test and
one-way ANOVA with LSD (Least Significant

Difference) post-hoc test on the data to
determine if there were any significant
differences in fatigue levels, operational

performance, overall level of comfort, and future
willingness to use due to gender and monitor tilt
angle, respectively. In addition, correlation
analysis was performed as well in an effort to
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identify the relationship among overall level of
fatigue, overall level of comfort, future
willingness to use, and operational performance.
These analyses were conducted using the SPSS
statistical software package. Significance was
noted for the probability of a false positive being
less than 5% (i.e., a=0.05).

III. RESULTS

3.1 Fatigue Levels

Table 1 shows the participants’ awareness
of the fatigue levels in different parts of their
bodies and the results of the difference analysis
according to the f-test between males and
females at the six different operating angles.
From Table 1 it can be found that female
participants tended to feel fatigue more casily
than males. However, the results of the #-test
showed that, except for the forearm at 0°, where
a significant difference was observed (p <0.05),
there was no significant difference between
males and females. This indicates that gender
had very little significant effect on fatigue
awareness.

Fig. 5 shows the distribution of the fatigue
level of the ten body parts of all participants as a
function of angle. The participants experienced
most fatigue in the shoulder, wrist, forearm, and
upper arm, more fatigue in the finger, palm, and
neck, less fatigue in the back and waist, and the
least fatigue in the elbow.
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Fig. 5. Distribution of fatigue levels of the ten body parts as a function of monitor tilt angle.
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Table 1. Mean (SD) fatigue levels* of the ten body parts at different monitor tilt angles

Inclination Gender/ Finger Palm Wrist Fore- prpow UPPST Shoulder Neck Back Waist
(deg) I-test arm

Total 266 272 275 269 197 3.06 322 309 262 262

(1.94) (1.53) (1.48) (1.40) (1.58) (129) (1.58) (L.71) (1.62) (1.72)

Male 231 238 238 219 150 269 3.44 319 250 244

0 (1.85) (1.20) (1.02) (0.98) (1.10) (130) (1.75) (1.97) (1.55) (1.63)

Female 300 306 313 319 244 344 3.00 300 275 281

(2.03) (1.77) (1.78) (1.60) (1.86) (121) (L.41) (1.46) (1.73) (1.83)

Sig. pik 0.325 0.209 0.158 0.041* 0.095 0.102 0443 0.762 0.670 0.546

Total 269 272 288 322 200 322 3.13 278 250 194

(176) (142) (131) (1.45) (1.46) (121) (1.45) (1.39) (1.39) (0.91)

Male 231 300 294 294 169 313 3.06 269 238 1388

10 (158) (141) (1.29) (129) (1.08) (120) (1.48) (1.58) (1.45) (1.02)

Female 306 244 282 350 231 331 3.19 288 263 200

(1.94) (141) (1.38) (1.59) (1.74) (125) (L.47) (1.20) (1.36) (0.82)

Sig. p 0241 0269 0793 0281 0233 0669 0812 0.708 0.619 0.705

Total 244 303 297 313 219 3.19 3.00 253 206 188

(1.58) (1.49) (1.56) (1.50) (1.51) (126) (1.48) (1.39) (1.08) (0.91)

Male 213 306 275 269 181 294 281 244 188 175

25 (131) (L44) (1.29) (0.87) (1.22) (1.12) (1.38) (1.59) (1.02) (0.86)

Female 275 300 319 3565 256 344 3.19 262 225 200

(1.81) (1.59) (1.80) (1.86) (1.71) (136) (L.60) (1.20) (1.13) (0.97)

Sig. p 0272 0908 0435 0.103 0.165 0267 0483 0.710 0.332 0.445

Total 2838 338 350 347 216 3.69 3.09 228 203 197

(1.93) (1.81) (1.78) (1.65) (1.46) (131) (L.57) (L11) (1.15) (1.18)

Male 294 338 313 356 200 3.56 3.06 225 188 1.56

40 (1.88) (1.54) (1.15) (1.41) (1.26) (1.09) (1.53) (1.29) (1.20) (0.81)

Female 281 338 3838 338 231 382 3.13 231 219 238

2.04) (2.09) (2.22) (1.89) (1.66) (1.52) (L.67) (0.95) (1.11) (1.36)

Sig. p 0.858 1.000 0242 0.753 0.554 0596 0913 0.877 0.451 0.051

Total 294 319 403 425 241 428 3.63 266 222 219

(1.68) (1.93) (1.67) (1.32) (1.58) (130) (1.43) (1.10) (1.31) (1.40)

Male 281 319 381 444 231 438 3.44 269 206 194

55 (1.60) (1.68) (1.47) (126) (1.45) (1.45) (L41) (1.25) (1.18) (1.18)

Female 306 319 425 406 250 419 381 263 238 244

(1.81) (2.20) (1.88) (1.39) (1.75) (1.17) (L.47) (0.96) (1.45) (1.59)

Sig. p 0.682 1.000 0469 0431 0.744 0.690 0468 0.875 0510 0.321

Total 325 331 416 416 247 434 3.72 275 244 257

(1.87) (1.73) (151) (1.42) (187) (1.62) (1.49) (1.59) (1.54) (1.78)

Male 313 369 400 425 238 444 3.63 275 238 244

65 (1.86) (1.92) (1.41) (139) (1.67) (1.67) (L.15) (L.53) (1.41) (1.67)

Female 338 294 431 406 256 425 381 275 250 269

(1.93) (148) (1.62) (1.48) (2.10) (1.61) (1.80) (1.69) (1.71) (1.92)

Sig. p 0711 0226 0566 0715 0781 0749 0.727 1.000 0.823 0.697

*Rated on a scale of 1-7.
* To determine if there were significant differences between males and females; two-tailed.
* Denotes a significant difference at p < 0.05.

Fig. 6 shows the distribution of the fatigue
levels of the ten body parts at six different tilt
angles for the males alone, the females alone,
and all the participants together. The figures
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show that the fatigue level of the finger
decreased slowly with increasing tilt angle; it
reached a minimum value at about 25° and then
began to increase with increasing tilt angle. The
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Fig. 6. Fatigue level of the ten body parts for different monitor tilt angles.
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fatigue levels of the palm, wrist, forearm, and
upper arm increased gradually with increasing
tilt angle but started to increase more sharply
beyond 25°. The fatigue level of the elbow
increased slightly with increasing tilt angle over
the whole range. The fatigue levels of the
shoulder, neck, back, and waist decreased with
increasing tilt angle and reached a minimum
value at about 25°-40°, and then increased with
increasing tilt angle. However the fatigue levels
of the neck, back, and waist were maximum at
0°.

In summary, although the fatigue levels of
the different body parts varied with the monitor
tilt angle, the following tendencies were
observed and supported by ANOVAs (as shown
in Table 2). The fatigue levels were not
significantly affected by the tilt angle of the
monitor below 25°; however, the fatigue levels
of the body parts increased with increasing tilt
angle above 25° and, in this range, the tilt angle
had a significant effect on the fatigue levels of
the wrist (p<0.001), forearm (p<0.001), and
upper arm (p<0.001). Multiple comparisons with
the least significant difference (LSD) method
showed that the fatigue levels at 0°, 10° and 25°
were significant lower than those at 55° and
65° for the wrist, forearm and upper arm, and
0° was also significant lower than 40° for the
forearm (as shown in Table 2).

Table 2. ANOVA for mean fatigue levels at different
monitor tilt angles

operating angles and the results of the difference
analysis according to the r-test between males
and females. From Table 3 it can be found that
the angle with the best overall level of comfort
was 25° (M = 5.53), and the worst was 65° (M =
2.63). The results for males and females were
not significantly different according to the #-test.

Fig. 7 shows that the overall level of
comfort increased with increasing tilt angle from
0°, reached a maximum at about 25°, and then
decreased with increasing tilt angle greater than
25°. The results of the difference analysis
according to the ANOVA (as shown in Table 4)
for the six different operating angles showed that
the overall level of comfort was significantly
affected by the tilt angle of the monitor
(»<0.001). Multiple comparisons with the LSD
method showed that the comfort levels at 0°, 10°
and 25° were significant higher than those at
55° and 65°, 10° and 25°were significant higher
than 40°, and 25° was also significant higher
than 0° (as shown in Table 4). This shows that
participants did not feel more comfortable when
the monitor was closer to the horizontal or
vertical positions.

Table 3. Overall level of comfort®
monitor tilt angles

at different

Fvalue P value L.SD post-hoc test
Finger  0.770 0.573 —
Palm 0.958 0.445 —

Wrist 4.908 0.000%* 0°, 10°, 25°<55°, 65°

Forearm  4.908 0.000* 0°<40°, 55°, 65° ; 10°, 25°<55°, 65

Elbow  0.537 0.748 —

Upper arm  5.809 0.000* 0°, 10°, 25°<55°, 65°
Shoulder 1278 0.275 —
Neck 1.204 0.309 —
Back 1.029 0.402 —
Waist 1.865 0.102 —

o

S

Inclination Male (n=16) 1;?211361;3 (E:;azl) (5jiiﬁd)
@) Mean SD Mean SD Mean SD
0 444 167 494 134 469 151 0358
10 513 115 494 118 503 115 0652
25 575 058 531 130 553 1.02 0233
40 438 102 394 118 416 111 0272
55 319 122 275 139 297 131 0352
65 225 124 300 146 2.63 139 0.128

*Significant at 0.001 level.

3.2 Overall Level of Comfort, Future
Willingness to Use, and Operational
Performance

3.2.1 Overall Level of Comfort

Table 3 shows the participants’ awareness
of the overall level of comfort at the six different
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* Rated on a scale of 1-7.
* To determine if there were significant differences between males
and females.
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Fig. 7. Overall level of comfort for different
monitor tilt angles.

Table 4. ANOVA for mean comfort levels, future
willingness to wuse and operational
performance at different monitor tilt angles
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Table 5. Future willingness to use* in relation to
different monitor tilt angles

Inclination Male (n=16) Female (n=16) Total (n=32) (iiiﬁ: il)

(92)  Nemr SD Mean SD Mean SD

0 425 188 475 144 450 167 0405
10 488 141 469 166 478 152 0733
25 538 089 519 117 528 1.02 0612
40 425 144 419 156 422 148 0.907
55 281 138 244 163 263 150 0488
65 1.88 131 244 126 216 130 0226

Fvalue P value L.SD post-hoc test
Level of o 0°<25°,0°>55°,65°
comfort 27.053  0.000 10°, 25°40°.55°. 65°
Future
willingness to . 0°,10°,40°>55°, 65°
use 24516 0.000 25950° 40° 55°, 65°
Operational 1318 0258 -
performance

*Significant at 0.001 level.
3.2.2 Future Willingness to Use

Table 5 shows that future willingness to use
the device was the highest for an angle of 25°
(M = 5.28) and lowest for 65° (M = 2.16). The
results for male and female participants were
similar, and the r-test revealed no significant
difference between them. Fig. 8 shows that
future willingness to use increased as the tilt
angle increased from 0°, reached a peak at about
25°, and then decrecased as the tilt angle
increased even further. The results of the
difference analysis according to the ANOVA (as
shown in Table 4) for the six different operating
angles showed that future willingness to use was
significantly affected by the tilt angle of the
monitor (p<0.001). Multiple comparisons with
the LSD method showed that the future
willingness to use at 0°, 10°, 25° and 40° were
significant higher than that at 55° and 65°, and
25° was also significant higher than 0° and 40°
(as shown in Table 4). This shows that
participants prefer not to draw with the monitor
placed closer to the wvertical or horizontal
positions and, more especially, not the former.
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* Rated on a scale of 1-7.
% To determine if there were significant differences between
males and females.

Future willingness to use
I~

0° 10° 257 407 55" 65°
Inclination of the monitor
Fig. 8. Future willingness to use in relation to different
monitor tilt angles.

3.2.3 Operational Performance

The operational performance was defined
as the time required to complete the drawing
task. The more the time required, the less the
operational performance is. The results in
Table 6 show that for all the participants, the
most time-consuming angle was 65° (1059 s)
and the least time-consuming was 0° (908 s). Fig.
9 shows that the operational performance
decreased with increasing tilt angle starting from
0°. The difference of time increase was small
between 0° and 40°, and larger for angles greater
than 40°. The time required by female
participants increased as the tilt angle increased.
This was slightly different for males, who
required the least time at 25°. However, the #-test
showed that these differences were not
significant (Table 6). In addition, the results of
the difference analysis according to the ANOVA
(as shown in Table 4) for the six different
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operating angles also showed that operational
performance was not significantly affected by
the tilt angle of the monitor (p>0.05).

Table 6. Mean time for completing the drawing task
at different monitor tilt angles

Y %
e A S LT
1\1/1[1?2125) E/Inelzn(s) S E/Inelzn(s) S
0 929 268 888 2064 908 263 0.667
10 934 239 920 278 927 255 0.878
25 914 213 948 311 931 263 0.721
40 940 232 955 295 948 261 0.878
55 993 262 990 316 992 286 0.979
65 1079 306 1038 329 1059 310 0.709

* To determine if there were significant differences between males
and females.

1100

1050

—_
(=3
(=3
(=]

Mean time (sec)
\0
3

0° 10° 25° 40° 55° 65°

Inclination of the monitor
Fig. 9. Mean time for completing the drawing task at
different monitor tilt angles.

IV. DISCUSSION

The tablet LCD monitor is a new input
device on which one can draw directly with a
digital pen, very much like traditional drawing.
It is more convenient for designers to draw and
communicate ideas in a natural comfortable way,
and results in output products closer to the
original design. The tablet LCD monitor has
many advantages over other input devices. The
tablet LCD monitor has been used by an
increasing number of designers and companies,
following the trend of paperless design. It is a
device with a promising future.

The shoulder, wrist, forecarm, and upper
arm were the four parts of the body with the
highest levels of fatigue awareness, after
drawing at all the angles tested. This result is
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consistent with the study by Kotani and Horii
[21], which showed that the trapezius
experienced the highest muscular load when
using the pen-tablet input device. This indicates
that pen-based input devices cannot directly
reduce the postural load generated by supporting
the forearm and the wrist. Furthermore, the
clbow experienced the lowest level of fatigue.
However, the fatigue awareness of the neck,
back, and waist had the highest levels when the
tablet LCD monitor was placed horizontally.

We might think that having the monitor in a
horizontal position, to emulate the actual use of
pen and paper, would be the preferred position.
However, although the results showed that the
operational performance using the horizontal
monitor was better than that of the other tilt
angles, the highest levels of overall comfort and
future willingness to use occurred at 25°, not 0°,
and were significantly higher than those at 0°.
This means that users prefer angles other than
the horizontal. This result is also consistent with
the study by Schiildt et al. [25], which showed
that a tilted work surface was preferable to one
that is vertical or horizontal. The reason why 0°
is not the most preferred angle can be explained
by the fatigue awareness of the body at different
tilt angles. At 0°, the palm, wrist, forearm, elbow,
and upper arm had the lowest fatigue levels
while the neck, back, and waist had the highest
fatigue levels. At 25° however, the finger,
shoulder, and waist had the lowest fatigue levels
of all the angles, and no other body part
experienced its highest fatigue level at this
angle.

From the results mentioned earlier and
summarized in Table 7, it is clear that the trend
distributions of overall level of comfort and
future willingness to use at different tilt angles
were similar, and a significant positive
correlation exists (as shown in Table 8).
However, these two trends appeared in the
opposite direction to that of the fatigue levels of
the body parts, ie, a significant negative
correlation exists (as shown in Table 8). This
result is consistent with the general recognition
that a lower fatigue level means a greater level
of overall comfort and a greater willingness to
use the device in the future. This indicates that
the results of this study are highly consistent. In
addition, the trend of the time required to
complete the drawing task, which increased with



increasing tilt angle, was different from that of
the overall average fatigue level of the body
parts, which decreased with increasing tilt angles
between 0° and 25°, but they were the same after
25° (Table 7). This discrepancy exists because
angles less than 25° caused fatigue to increase
only in the shoulder, neck, back, and waist,
which have minor effects on drawing speed.
Under the same conditions, the fatigue levels of
most parts of the hand appeared to decrease (Fig.
6).

Table 7. Summary of results

Mean

Inclination Ave_rage Mean willingness M can
(dee) fat;gue comfort i use time (s)
level *(n=32) level (n=32) (n=32) (n=32)
0 2.74 4.69 4.50 908
10 2.71 5.03 4.78 927
25 2.64 5.53 5.28 931
40 2.84 4.16 422 948
55 3.18 2.97 2.63 992
65 3.32 2.63 2.16 1059

* Average value of the fatigue levels of the ten body parts.

Although differences between males and
females were observed in the fatigue level, the
overall level of comfort, the future willingness
to use, and the time required to complete the
assigned drawing task, the only statistically
significant difference existed for the upper arm
at 0° (p is only 0.041, so it could be by chance).
This indicates that gender had no obvious effect
on fatigue level, overall level of comfort, future
willingness to use, and operational performance.
However, according to the above mentioned
results, the tilt angle of the monitor had a
significant effect on fatigue level, comfort level
and future willingness to use, but had no
significant effect on operational performance.

Table 8. Pearson correlation analysis results

Ave_rage Comfort Willingness Time requlred
Fatigue (Operational
level to use
level performance)
Average
Fatigue 1.00
level
Comfort _ggsex 1 00
level
Willingness _ggges ggpe 1.00
to use
Bme o gpex_gg4r g0 1.00
required

*Significant at 0.05 level (two-tailed).
**Significant at 0.01 level (two-tailed).
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V. CONCLUSION

An angle of about 25° was the most
preferred drawing angle, based on the overall
level of comfort and the future willingness to
use. The operational performance at this angle
was not much different than that at 0°. Therefore,
adjusting the tablet LCD monitor to about 25°
would be the best choice, taking into account
both the level of overall comfort and the
operational performance. In addition, when the
monitor was used between 0° and 25°, the
operational performance, overall level of
comfort, and the future willingness to use were
also good. An angle between 25° and 40° was
tolerable, but angles greater than 40° should be
avoided for long-term use.

The tablet LCD monitor is an increasingly
popular product. There are still many ergonomic
issues, such as monitor brightness, depth, and
the arrangement of buttons around the monitor,
that merit further study. In addition, this study
examined the effect of only a small number of
tilt angles; this could be expanded in future
studies.

ACKNOWLEDGMENTS

I would like to thank Mr. Chung-Gong Chi
for his help in the experimental work of this
study. I would also like to thank the volunteer
participants for their time and helpful comments.

REFERENCES

[1] O'Reilly, D., “New Products : Intuos2 Goes
Platinum,”  (Accessed on 2010-08-23)
http://www.pcworld.idg.com.au/article/599
94/intuos2_goes_platinum/, 2003.

[2] Grotta, S. W., “A Graphics Tablet with a
View” , PC Magazine, Vol. 19, No. 20, p.
49, 2000.

[3] Wacom, “Record Sales Allow Wacom®
to Crop Prices on Cintig® Interactive Pen
Displays,”  (Accessed on 2010-09-20)
http://www.wacom.com/pressinfo/press_rel
case.php?id=94, 2010.

[4] Wigaeus Hjelm, E., Karlgvist, L., Hagberg,
M., Hansson Risberg, E., Isaksson, A., and
Toomingas, A., “Working Conditions and
Musculoskeletal Complaints in Computer



Chien-Cheng Yen
A Survey of Physical Fatigue during Use of a Tablet LCD Monitor

Users, in  Prevention of Muscle
Disorders in Computer Users: Scientific
Basis and Recommendations, SandjJ, L.
and Kadefors, R., Ed., The 2nd PROCID
Symposium, GUOteborg, Sweden,
Copenhagen: National Institute for Working
Life/West, pp. 12-17, 2001.

Hagberg, M., Tomngqvist, E. W. and
Toomingas, A., “Self-reported Reduced
Productivity Due to Musculoskeletal
Symptom: Associations with Workplace
and Individual Factors among White-Collar
Computer Users,” Journal of Occupational
Rehabilitation, Vol. 12, pp. 151-162, 2002.
Jensen, C., “Development of Neck and
Hand-Wrist Symptoms in Relation to
Duration of Computer Use at Work,”
Scandinavian Journal of Work,
Environment and Health, Vol. 29, pp.
197-205, 2003.

Katz, R. T., “Carpal Tunnel Syndrome: A
Practical Review,”  American Family
Physician, Vol. 49, pp. 1371-1379, 1994.
Rempel, D., Bach, J. M., Gordon, L., and
Levinsohn, D. G., “Effects of Forearm
Pronation/Supination on Carpal Tunnel
Pressure,” Journal of Hand Surgery, Vol.
23A, pp. 38-42, 1998.

Karlgvist, L., Bernmark, E., Ekenvall, L.,
Hagberg, M., Isaksson, A., and Rosto, T,

[5]

[6]

[7]

[8]

1]

“Computer Mouse and Trackball Operation:

Similaritiecs and Differences in Posture,
Muscular Load and Perceived Exertion,”
International ~ Journal  of  Industrial
Ergonomics, Vol. 23, pp. 157-169, 1999.

[10] Keir, P., Bach, J., and Rempel, D., “Effect
of Computer Mouse Design and Task on
Carpal Tunnel Pressure,” Ergonomics,
Vol. 42, pp. 1350-1360, 1999.

[11] Jensen, B. R., Lauresen, B., and
Ratkevictus, A., “Forcarm Muscular
Fatigue during 4 Hours of Intensive
Computer Mouse Work - Relation to
Age,” in Human-Computer Interaction:
Ergonomics and User Interfaces, Bullinger,
H. J. and Ziegler, J., Ed., Proceedings of

HCI, International ‘99 (The 8th
International Conference on
Human-Computer Interaction), Munich,

Germany, Volume 1 (London: Lawrence
Erlbaum Associates, Publishers), pp. 93-96,

60

1999,

[12] Finsen, L., Seggaard, K., and Christensen,
H., “Influence of Memory Demand and
Contra Lateral Activity on Muscle
Activity,” Journal of Electromyography
and Kinesiology, Vol. 11, pp. 373-380,
2001.

[13] Aaras, A., and Ro, O., “Will Supporting the
Forearm in a Neutral Position Reduce the
Musculoskeletal Discomfort for Computer
Workers? — A Review of Laboratory and
Field Studies,” in Prevention of Muscle
Disorders in Computer Users: Scientific
Basis and Recommendations, Sandj], L.
and Kadefors, R., Ed., The 2nd PROCID
Symposium, GUOteborg, Sweden,
Copenhagen:  National Institute  for
Working Life/West, pp. 101-104, 2002.

[14]Juel-Kristensen, B., Lauresen, B., Pilegaard,
M., and Jensen, B.R., “Physical Workload
during Use of Speech Recognition and
Traditional Computer Input Devices,”
Ergonomics, Vol. 47, No. 2, pp. 119-133,
2004.

[15] Dennerlein, J. T., and Johnson, P. W,
“Changes in Upper Extremity
Biomechanics across Different Mouse
Positions in a Computer Workstation,”
Ergonomics, Vol. 49, pp. 1456-1469, 2006.

[16] Brown, N. A, Albert, W. J, and Croll, J.,
“A New Input Device: Comparison to
Three Commercially Available Mouse,”
Ergonomics, Vol. 50, pp. 208-227, 2007.

[17]Po, B., Fisher, B., and Booth, K.,
“Comparing Cursor Orientations for Mouse,
Pointer and Pen Interaction,” Proceedings
of the ACM Conference on Human Factors
in  Computing Systems (CHI 2005),
Portland, Oregon, pp. 291-300, 2005.

[18] Wacom, “The Ergonomic Way to Use
Your  Computer,” (Accessed  on
2010-09-21)

http://www.wacom.eu/index2.asp?pid=186,
2010.

[19] Mannan, M. S., Comparison of Postures
from Pen and Mouse Use, Global
Ergonomic Technologies, Inc., 1998.

[20] Hedge, A., and Chao, C. C., “Evaluation of
Pen-Shaped and Conventional Mouse
Designs,”  Proceedings of the Human
Factors and Ergonomics Socicty 48th




Annual Meeting, New Orleans, Santa
Monica, pp. 818-822, 2004.

[21] Kotani, K., and Horii, K., “An Analysis of
Muscular Load and Performance in Using a
Pen-Tablet ~ System,” Journal  of
Physiological Anthropology and Applied
Human Science, Vol. 22, No. 2, pp. 89-95,
2003.

[22] Shneiderman, B., Designing the User
Interface: Strategies ~ for  Effective
Human-Computer Interaction, Reading,
MA, Addison-Wesley, 1998.

[23] Greenstein, J. S., and Amaut, L. Y., “Input
Devices,” In Handbook of
Human-Computer Interaction, Helander,
M., Ed., Amsterdam, Elsevier, pp. 495-519,
1988.

[24] Wacom, “Wacom Cintiq 21UX 21.3" TFT
LCD Pen Display,” (Accessed on
2010-09-2 Dhttp://www.warcom.com.au/co
mputer-hardware/input-devices/Graphic-Ta
blets/4657 on-special-wacom-cintiq-2 lux-
213-tft-lcd-pen-display 7ps_session=14b637
ca2afc6a0f14a98820cb2f997a, 2010.

[25] Schiildt, K., Ekholm, J., Harms-Ringdahl,
K., Nemeth, G., and Arborelius, U. P,
“Effects of Arm Support or Suspension on
Neck and Shoulder Muscle Activity during
Sedentary Work,” Scandinavian Journal
of Rehabilitation Medicine, Vol. 19, No. 2,
pp. 77-84, 1987.

61

PEASR Fwts £—8 KB 1005
JOURNAL OF C.C.LT, VOL. 40, NO. 1, MAY, 2011



