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1. Introduction 
 
Wheelchair users generally have to perform 

daily and professional activities exclusively in 
their wheelchairs. Therefore, wheelchair users 
should be considered as integral with their 
chairs [1]. Visual display terminal (VDT) 
tasks are becoming increasingly common in 
modern workplaces, and, due to their work 
characteristics, they are often performed by 
wheelchair users. However, interaction be-
tween the operators (with the chair) and 
workstation components is an important issue 
when VDT tasks are operated by wheelchair 
users. The potential worker who cannot ‘fit’ 
into the workstation is significantly disadvan-
taged in workplaces in terms of employability, 
decreased productivity and increased risk of 
injury [2]. Ashworth et al. [3] considered the 
extent to which older and disabled people are 
being ‘designed out’ of workplaces. The suit-

ability of existing VDT workstation designs 
and the appropriate or best design for wheel-
chair users are interesting topics for study. 
VDT workstations have been extensively 

studied recently, with most studies focusing 
on occupational hazards such as perceived 
fatigue, visual discomfort and musculoskele-
tal stresses for normal VDT operators (e.g., 
[4-10]). Ergonomics issues for the physically 
challenged individuals, e.g., wheelchair users, 
have also been studied, as have anthropomet-
ric measurements for wheelchair users [1-2, 
11-14]. However, the interaction between 
wheelchair users and specific workstations 
has not often been considered. Feeney [15] 
conducted a survey on the reach capabilities 
of disabled people, and studied the design of 
automatic teller machines (ATMs). Tilley [16] 
demonstrated the anthropometric require-
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ments of facilities such as lavatories, drinking 
fountains, urinals, toilets and telephone 
booths for wheelchair users. 
Wheelchair users can perform VDT tasks, as 

recommended by Taiwanese governmental 
authorities and private enterprises. Many 
training courses for skills in operating com-
puters and software applications, as well as 
specific assistant devices to help physically 
challenged individuals operate computers, 
have been designed and developed [17]. 
However, VDT workstations for wheelchair 
users have rarely been systematically studied 
in Taiwan.  
Products and facilities, e.g., VDT worksta-

tions, must be tested by operators at the final 
stage of design and manufacture. Inadequate 
design may reduce work efficiency, increase 
human error and lead to awkward postures, 
resulting in poor productivity and reliability, 
and musculoskeletal disorders. However, er-
gonomics information about users cannot eas-
ily be incorporated into the design processes 
of workplaces and products, since it is often 
poorly presented and evaluated [18]. Conven-
tional methods of evaluating human-machine 
compatibility involve the use of flat cardboard 
manikins and layout drawings, or constructing 
a prototype or physical mockup with evalua-
tion by live subjects [18-19]. With the rapid 
development of information technology, 
computer-aided ergonomics offers the assis-
tance in the creation, modification, presenta-
tion and analysis of design [18, 20]. The de-
sign can be modified at an early stage once 
problems are identified. The development of 
three-dimensional computer-modelling sys-
tems to construct 3D objects/equipment and 
human models with specific anthropometric 
measurements, and to evaluate the hu-
man-machine interaction, has been frequently 
studied in the literature [15, 18-21]. 
This study presents a novel simulation sys-

tem to evaluate the effectiveness of VDT 
workstations. The objects used with 3D graph 
forms included presently available, 
widely-used models of personal computers, 

peripheral equipment, and wheelchairs. The 
study focuses on how wheelchair users per-
form their work. The adequacy, as well as the 
advantages and disadvantages of currently 
available workstations, are investigated with 
computer simulation. Moreover, the design 
and evaluation of new models of VDT work-
stations is explored, in the hope of providing a 
reference for designing and selecting work-
stations for wheelchair users. 
 
2. Materials and methods 
 
2.1. Construction of a VDT computer simu-

lation system 
 
This study used the Transom JACK, which 

has a module called AutoCAD translator and 
was developed by the Ergonomics Research 
Center of University of Pennsylvania [22], to 
build an environment for VDT workstation 
simulation. A human model can be placed in 
three-dimensional images within a large vari-
ety of worksites and equipment to simulate 
the activities of the workers. Some ergonomic 
issues in the literature, such as the design of a 
space station and workstations in a bus as-
sembly plant [23-24], and activities of manual 
materials handling [25-26], were studied with 
JACK.  
Specification information about currently 

available and widely-used models of personal 
computers (PCs) and peripheral equipment 
such as CPU system units, monitors, color 
printers, scanners and desks was first col-
lected and summarized from some large PC 
supermarkets in Taiwan. Discussions and 
comparisons were then made to select some 
kinds of PC components according to their 
specification differences in order to build 
three different VDT workstation environ-
ments.  
The desktop PC components and three com-

mercial desks selected were all built as 
three-dimensional graphs using AutoCAD 
2000. The major dimensions and models of 
desktop PC components used in the study 
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were shown in Table 1. The PC components 
were then arranged to build three VDT work-
stations due to the dimensional constraints of 
PC components and desks selected. Figure 1 
shows the three VDT workstation setups, and 

Table 2 lists their major dimensions. The er-
gonomic features to access, reach and posture 
were demonstrated for these three simulated 
environments. 

 

             
 

(a) WS I                       (b) WS II                  (c) WS III 
 

Figure 1. Configuration of three VDT workstations arranged by commercial desks 
 

Table 1. The dimensions and models of PC components applied in the study 
 

Components Models 
Specifications (cm) 

(total breadth×total depth×total height)

Monitor View Sonic 17” 40.5×41.0×42 

PC case 
5.25” drive bays: 3 

3.5” drive bays: 3 
19×43×43 

Color printer HP Deskjet 640c 43.6×40.5×20 

Scanner Micro Tek 28×48×9 

Keyboard Standard 104 45×18×4 

Mouse LogiTech 6×12×3 

Speakers AS-480 10×14×25 
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Table 2. Major dimensions of the three commercial desks studied (in mm) 
 

 WS* I WS II WS III 

Total height 1175 1300 1600 

Total breadth 1080 800 660 

Total depth 600 600 450 

Desk height 740 800 745 

Surface height for keyboard 640 680 670 

Surface height for monitor 680 800 720 

*WS: workstation  
 
2.2. Virtual subjects and wheelchairs 
 
Two virtual wheelchair users were created 

for simulated VDT tasks within the JACK en-
vironment; these were a 95th percentile (i.e., 

95%ile) male, named Jack, and a 5th percen-
tile (5%ile) female, Jill. Table 3 shows the 
local anthropometric data adopted from Wang 
et. al [27] in the study and used as input to 
JACK.  

 
Table 3. Anthropometric characteristics obtained from a Taiwanese Database (Wang et al. [27], 1999) (in 

mm) 
 

Measurement 5%ile female 95%ile male 

stature 1482.26 1778.92 

weight 42.02* 81.51* 

shoulder breadth 286.23 412.79 

Sitting height 798.65 952.72 

Elbow height for sitting posture 216.43 302.20 

Shoulder height for sitting posture 521.17 641.93 

Eye height for sitting posture 685.93 834.03 

Knee height for sitting posture 430.77 560.49 

*: the unit is kg 
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The wheelchair specifications needed for 
this study were obtained from Chinese Na-
tional Standards (CNS) and some professional 
wheelchair stores in Taiwan. Comparisons for 
the wheelchair dimensions were made, and 
then two kinds of wheelchairs (large- and 
small-scale) were chosen in the study. To 
simulate the extreme conditions and meet the 

real situations, the 95%ile male subject was 
assigned to sit on large-scale wheelchair and 
the 5%ile female sat on the small wheelchair 
while VDT simulation tasks were performed 
in this study. The major dimensions of large- 
and small-scale wheelchairs used are shown 
in Fig. 2 and Table 4. 

 

 

 
Figure 2. Draft of a wheelchair 

 
Table 4. Major dimensions of the two wheelchairs used (in mm) 

 
Measurement Large-scale* Small-scale 

Total length (l, in Fig. 2) 1200 1010 

Total height (h, in Fig. 2) 1090 910 

Total breadth (b, in Fig. 2) 700 630 

Seat height 500 480 

Seat breadth 500 430 

Armrest height 775 710 

*: obtained from Chinese National Standard 
 
2.3. Computer simulation 
 
After a VDT computer simulation system 

was constructed and virtual sub-

jects/wheelchairs were established, as de-
scribed above, JACK functions were then 
executed in the system. The basic activities 
performed by the virtual subjects included 
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detecting collision with computer desks, op-
eration with keyboard and mouse, and turning 
devices such as CPU system units, monitors 
and printers on and off. The major parameters 
such as access, reach and posture were ob-
served in the JACK environment. Moreover, 
the angles of virtual subjects’ right shoulder 
and lumbar joints were obtained to study the 
postural risks. 
A real VDT workstation was constructed in 

the laboratory as the same as Workstation I 
environment, shown in Fig. 1, to validate the 
simulation results. A female subject of 5th 
percentile stature in Taiwan (stature and 
weight of 148 cm and 45 kg, respectively) 
was recruited and sat on the small-scale 
wheelchair with the dimensions shown in Ta-
ble 4. The female subject was asked to per-
form the same activities as those shown in 
simulation system, and the behavior differ-
ences between the JACK system and lab fa-
cility were then observed. 
The Rapid Upper Limb Assessment (RULA) 

tool in JACK was used to evaluate the expo-
sure of virtual subjects to the postural risk of 
upper limb disorders for both commercial and 
new designed workstations. The RULA 
method, developed by McAtamney and Cor-
lett [28], is a validated tool that assesses pos-
tural and biomechanical loading on the upper 
limbs. The RULA scoring system generates 
the action level that indicates the degree of 
intervention needed to reduce the risk of in-
jury. The grand score of 1 or 2 denotes an ac-
ceptable human-computer level and there is 
no action required. The score of 3 or 4 pre-
sents slightly harmful posture and action is 
required in the near future. The score of 5 or 6 
shows distinctly harmful posture and action is 
required as soon as possible. For a grand 
score of 7, the posture is at a completely un-
acceptable level, indicating the need to make 
immediate improvements. The new designed 
workstations in the study were then modified 
to reduce the postural risks based on the 
RULA results. 
 

2.4. Design of VDT workstations 
 
New VDT workstations were designed and 

then simulated in JACK environment to solve 
the shortcomings that were discovered in the 
above simulation with commercial desks. The 
new design is intended to fit the workspace to 
wheelchair users, considering their restricted 
working space and the difficulty in movement 
while sitting. The main objective of this study 
was to consider the dimensions of new de-
signed workstations and functional operations, 
but not the structural issue of workstations. 
Major guidelines for the design of new com-
puter desks were introduced in the following. 
The desk surface and monitor pedestal were 

designed to be split and height-adjustable to 
meet different anthropometric requirements, 
and to keep proper neutral seated postures for 
VDT operators. The computer keyboard 
should be on a surface that is about seated el-
bow high or slightly above, and lower than 
the desk surface. Hence, the height of the 
keyboard tray, which was attached 9cm be-
neath the desk, was recommended to be in the 
range 67-77cm, based on the seated elbow 
heights of the local 95th percentile male and 
5th percentile female, which as shown in Ta-
ble 3 were about 30cm and 22cm, respectively, 
and the seat heights of large- and small-scale 
wheelchairs, which were 50cm and 48cm, re-
spectively, as shown in Table 4.  
The total height of keyboard was assumed to 

be 3cm which is a normal dimension observed 
in the matket. Therefore, the adjustable height 
of desk surface ranged between 76cm and 
86cm. The mouse was placed on the same 
surface adjacent to keyboard. The breadth of 
the keyboard tray was recommended to be 
70cm, since the room for the keyboard (about 
45cm breadth), mouse (about 6cm breadth) 
and operational area should be considered to-
gether. Moreover, the depth of keyboard tray 
was set to 25cm, so that the keyboard tray 
would not keep the operator too far away 
when it was pulled out to perform VDT tasks. 
As mentioned previously, monitor pedestal 
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was recommended to be height-adjustable and 
split from the desk surface. The height of the 
monitor pedestal was designed between 64cm 
and 110cm. This range was determined as 
follows. The monitor is often recommended 
to be located below the eye level between 150 
and 250 [29-30]. This study used a viewing 
distance of 45-60cm, as recommended by the 
government unit in Taiwan [30]. The mini-
mum height of the monitor pedestal is 64cm, 
which equals 68.6cm (i.e., eye height for 
5%ile female shown in Table 3) plus 48cm 
(seat height for small-scale wheelchair) minus 
25.4cm (calculated from the viewing distance, 
60cm, and the line-of-sight angle, 25°) minus 
27cm (the distance from the center to the bot-
tom of the monitor screen). The maximum 
height, 110cm, was determined from 83.4cm 
(eye height for 95%ile male) plus 50cm (seat 
height for large-scale wheelchair) minus 
27cm (the distance from center to bottom of 
monitor screen). Some wheelchair users with 
spinal cord injury were observed to look up-
wards occasionally while sitting. Therefore, 
the third term, for the minimum height, was 
omitted here to extend the adjustable height 
range for the monitor pedestal. 
Moreover, the monitor tilt angle is generally 

recommended to be adjustable, and ranging 
between 00 and 300. The neck angle was found 
to be smaller when the tilt angle of the moni-
tor was within this range according to the 
simulation results of this study. The function 
of the adjustable tilt angle may provide a 
means to meet ergonomic demands for the 
users with different statures. The breadth and 
depth of monitor pedestal were recommended 
to be 50cm for a 17-inch CRT monitor, as 
adopted herein this study.  
The printer and scanner were designed to be 

located at the right side of the monitor, and 
the trays for each can be moved forward and 
backward. They became closer and easier to 
the users for operation as they were moved 
out by the sliding rails. The breadth and depth 
of the trays for the scanner were designed to 
be 40cm and 65cm, respectively. The height 

of scanner tray was 3cm higher than the desk 
surface, and its total height (relative to the 
ground) could be changed while the desk sur-
face height was adjusted. The height of 3cm 
mentioned above comprised the thickness of 
scanner tray and the operation space. The 
height of the printer tray was designed to be 
15cm above the scanner tray, which included 
the total height of the scanner and some space 
for operation. The depth of the printer tray 
was 15cm less than the scanner tray depth so 
that the users can be easier to use the scanner. 
The CPU system unit was placed at a surface 

that 53cm below the desk surface. The thick-
ness of the desk was assumed to be 3cm. The 
total height of CPU system unit was about 
50cm, and power switch is generally placed at 
some height above the bottom of the unit. 
Therefore, the positioning of the CPU system 
unit can still meet the requirement that the 
minimum low reach for wheelchair users be 
38cm [16]. 

 
3. Results 
 
3.1. Accessibility and reachability 
 
Table 5 shows the accessibility and reach-

ability for two virtual subjects performing in 
sitting posture at three different workstations. 
The 5%ile female easily accessed Workstation 
I (i.e., WS I). However, the 95%ile male sub-
ject’s knees would hit the keyboard tray, since 
the surface height for keyboard was lower, so 
that the subject had difficulties to access the 
operational area. For Workstations II (WS II) 
and III (WS III), both virtual subjects were 
incapable of entering the operational area, 
since the footstep of Jill’s wheelchair and 
Jack’s foot would hit the bottom of the desk. 
Turning devices on and off indicated that both 
subjects could reach all the switch positions 
of the CPU system unit and the printer except 
for the 5%ile female to operate the printer on 
Workstations II and III. Moreover, the opera-
tions for the monitor switch and the mouse 
were all reachable, and two-thirds of the op-
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erations were easy to perform with subjects’ 
erect back in sitting posture. The keyboard for 
all three VDT workstations was also found to 
be easy to use without the subjects’ trunk bent 
forward. Figure 3 shows some examples of 
simulation. 

Figure 4 shows that the observations of their 
activities yielded similar conclusions from the 
viewpoint of postures, suggesting that the use 
of simulation technique may be a valid tool 
for evaluating proposed VDT workplace de-
signs. 

 

       
(a)                             (b) 

         
(c)                             (d) 

    

(e)                                 (f) 

 
Figure 3. Some simulation examples: (a) 5%ile female in WS I (easy to access desk); (b) 95%ile male in 

WS I (hitting the keyboard tray); (c) 5%ile female in WS II (hard to operate the printer); (d) 
95%ile male in WS II (reachable to the printer), and (e) and (f) the reach envelope of 5%ile and 
95%ile subjects with normal upright posture in WS III, respectively. 
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(a)                             (b) 

     

(c)                             (d) 

 
Figure 4. Comparison of simulation system and lab setup for WS I: (a) and (b) reach of printer, (c) and (d) 

turning the CPU system unit on and off 
 

Table 5. Accessibility and reachability of subjects operating at three workstations 
 

 WS I WS II WS III 

Workstation elements 95%ile 
male 

5%ile fe-
male 

95%ile 
male 

5%ile fe-
male 

95%ile 
male 

5%ile fe-
male 

Desk*       
CPU system unit       

Printer       
Monitor       
Mouse       

Keyboard       
*: easy to access to VDT workstation (i.e. without desk-hitting) 

: easy to reach (i.e., performing with erect back in sitting posture) 
: reachable 
: incapable of reach 
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3.2. Comparison of shoulder and lumbar 
joint angles 

 
Table 6 shows the angles of subjects’ right 

shoulder and lumbar joints when the subjects 
performed VDT tasks at three different work-
stations. The positive (negative) directions (x, 
y, z) of right shoulder joint coordination sys-
tem in Table 6 denote abduction (adduction), 
flexion (extension) and medial rotation (lat-
eral rotation), respectively. For lumbar joints, 
the positive (negative) directions (x, y, z) de-
note right bending (left bending), flexion (ex-
tension) and right rotation (left rotation), re-
spectively.  
The right shoulder and lumbar joints for the 

operations in Table 6 indicated larger flexion 
(i.e., y-direction) in Workstation III than in the 
Workstations I and II, for both male and fe-
male subjects. The main reason was that 
Workstation III had very little access to the 
desk, and the locations of some PC compo-
nents were far away from the subjects, which 
are shown in Table 5. For turning the printer 
on and off, larger flexion angles of the right 
shoulder and lumbar joints were also encoun-
tered in Workstation II, since the female sub-
ject was incapable of reaching the printer and 
the male needed to flex forcefully to operate. 
The female’s right shoulder and lumbar angle 
values for the keyboard operation were found 
to be small at all workstations, since the sur-
face heights of the keyboard tray (64, 68, and 
67 cm, respectively, in Table 2) were appro-
priate for the 5%ile female. 
Some shortcomings were found for all three 

commercial workstations. The major diffi-
culty was generally that the subjects could not 
access to the desk due to low keyboard tray 
height of Workstation I and the poor bottom 
design and narrowness of the desks in Work-
stations II and III, respectively. The location 
of the CPU system unit was low in all three 
workstations, forcing the subjects to bend 
their trunks. The keyboard tray was too nar-
row to place both keyboard and mouse on the 
same surface. In addition, the location of 

printer was high so that the female subject 
could not reach it. 
 

3.3. New VDT workstation design 
 

Two new computer desks were designed as 
shown in Fig. 5 to solve the shortcomings of 
commercial desks and to meet the major 
guidelines described in Section 2.4. The main 
difference between these two new designed 
desks was in the desk space. The desk in Fig. 
5a is suitable for restricted space in the office, 
and that in Fig. 5b is appropriate spare space 
for some other documentation tasks.  
The total breadth and depth of the desk were 

120cm and 65cm, respectively, for the Type I 
workstation shown in Fig. 5a. The breadth 
beneath the desk surface was 80cm. The 
comfortable reach of a 5%ile female wheel-
chair user is about 41cm for one side [31], i.e., 
82cm for both sides, and the shoulder breadth 
of a 5%ile female is about 29 cm. Therefore, a 
desk breadth of 120cm was then suggested, 
while some operational area was also consid-
ered. Since the forward comfortable reach and 
maximum reach for 5%ile female wheelchair 
users were 53cm and 76cm [31], respectively, 
the desk depth was determined as 65cm. Two 
factors were considered to determine the 
breadth beneath the desk of 80 cm. The 
breadth of large-scale wheelchair was about 
70cm shown in Table 4. Additionally, Tilley 
[16] recommended a minimum clear space 
requirement for wheelchair movement of 
76.2cm. 
The desk for Type II workstation was de-

signed as an L shape, and the heights of the 
desk surface, keyboard tray, monitor pedestal 
and tilt angle of monitor were all adjustable 
within the same ranges as the Type I work-
station. The total dimensions for the desk sur-
face were 185cm, 155cm and 65cm, as shown 
in Fig. 5b, mainly due to the need for turning 
space for a wheelchair. Tilley [16] recom-
mended that the diameter for wheelchair 
turning should be about 152.5cm. The printer 
and CPU system unit were arranged on the 
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desk surface as shown in Figs. 5b and 6b. The 
scanner tray was designed beneath the desk 
surface at 15cm, and could be moved forward 

and backward. Some non-VDT tasks, e.g. 
documentation work, could be performed in 
spare desk space. 

 

 
 

(a) Type I 
 

 
 

(b) Type II 
 

Figure 5. (a) Type I VDT workstation, where: 
A: working desk with adjustable height; 
B: tray for monitor with adjustable height and angle 
C: tray for printer (forward and backward) 
D: tray for scanner (forward and backward) 
E: location for desktop case 
F: tray for keyboard (forward and backward) 
G: six columns for support (the height is adjustable);  
(b) Type II, the letters shown in the figure represent the same 

components as in Type I, and H denotes a room for free use. 
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3.4. Simulation of new designed VDT work-
stations 

 
Before the simulation was performed, the 

CPU system unit and peripheral equipment 
were arranged as shown in Fig. 6 for two 
newly designed workstations. Two virtual 
subjects, Jack and Jill, were again required to 
sit on large- and small-scale wheelchairs, re-

spectively, and to perform some VDT activi-
ties as simulated previously for commercial 
workstations. Simulation results reveal that 
they could easily touch all the components to 
perform VDT tasks without moving their 
trunks, except with the Type I workstation, in 
which the subjects had to bend forward at 
small angles to operate the CPU system unit. 
These results can be examined in Table 6. 

 

 
 

(a) Type I 
 

 
 

(b) Type II 
 

Fig.ure 6. Two new designed VDT workstations where the major dimensions are shown in Figure 5 
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3.5. RULA postural analysis 
 
Table 7 shows the grand scores of the RULA 

analysis, revealing that the scores obtained 
from newly designed workstations were lower 
than those from the three commercial work-
stations. These results imply that the com-
mercial workstations would result in more 
dangerous postures than the designed work-
stations. Most of the grand scores of the new 
designed workstations were around 2-3. 
However, the operation of turning the CPU 
system unit on and off on the Type I work-

station obtained scores of 4 for male and 6 for 
female, representing high postural risks. Table 
8 summarizes the RULA analysis of Groups A 
and B for current design, where the total 
scores were 4 in both Groups for 95th percen-
tile male, and 4 in Group A and 7 in Group B 
for the 5th percentile female. The neck flexion 
was found to be larger than 20° and trunk 
flexion was between 20° and 60° for 95th 
percentile male. The reason for the highest 
score in Group B for the female subject was 
the neck extension and truck flexion, where 
the flexion angle was larger than 60°. 

 
Table 7. Grand scores of RULA analysis for commercial and new designed desks 

 
Commercial desks New designed desks 

WS I WS II WS III Type I Type II Workstation 
elements 

Male Female Male Female Male Female Male Fe-
male Male Female

Monitor 3 3 4 3 6 7 3 3 3 3 
Printer 6 7 7 7 7 7 3 3 3 3 

Keyboard 3 3 3 3 3 3 2 2 2 2 
Mouse 4 3 4 7 7 7 3 3 3 3 

CPU system 
unit 6 6 6 6 7 7 4 6 3 3 

 
Table 8. RULA scores for turning the CPU system unit on and off at current and modification stages 

 
Modification Current design 

A B C RULA score 
Male Female Male Male Female 

Group A      
Upper arm 3 4 3 3 3 
Lower arm 3 3 3 3 3 

Wrist 1 1 1 1 1 
Wrist Twist 1 1 1 1 1 

Total 4 4 4 4 4 
Group B      

Neck 3 4 3 1 3 
Truck 3 4 2 3 2 
Total 4 7 3 3 3 

Grand Score 4 6 3 3 3 
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Some simulations were performed to reduce 
the high RULA scores. Three recommenda-
tions were made: for the 95%ile male, the 
CPU system unit needed to be raised 5cm (i.e., 
Modification A in Table 8), or the subject was 
advised to turn the CPU system unit on and 
off without watching it (Modification B), and 
for the 5%ile female the unit case was raised 
5cm and the subject was advised to operate it 
without watching (Modification C). The grand 
scores then became 3 for all three modifica-
tions, as shown in Table 8. This implied that 
the postural risks of VDT workstations could 
be examined and suggested to reduce from the 
more critical levels to mild levels with the ap-
plication of the RULA method. 
 

4. Discussion 
 
The anthropometric data shown in Table 3 

and used in the study were obtained from 
Wang et al. [27]. The database was recently 
completed with a large-scale anthropometry 
survey in Taiwan, comprising of 1200 normal 
worker subjects (735 males and 465 females 
with ages ranging from 18 to 65). Few an-
thropometry surveys of local disabled people 
with small- and medium-scale in Taiwan have 
been performed recently, some of these do not 
even include female subjects. One fairly large 
survey [32] in the literature involved 132 
male and 57 female spinal cord injury (SCI) 
subjects, however, some measurements, e.g. 
the elbow and shoulder heights in the sitting 
position required for VDT simulation, were 
not investigated. Current measurements ob-
tained from handicapped population still had 
to be further verified. Additionally, compari-
sons were made at the beginning of the study, 
indicating that anthropometric differences 
between normal and current disabled subjects 
were small. Therefore, the anthropometric 
database from Wang et al. [27] was applied in 
the study. However, the effects of subjects’ 
dimension bias on the results of the study 
would exist but might be weak. 
Postural stress is a major risk factor for cu-

mulative trauma disorders, and many studies 
have recommended reducing it. The new de-
signed VDT workstations in the study were 
demonstrated to be easily performed by 
wheelchair users almost without bending their 
trunks. The new design of VDT workstations 
can reduce the angles of right shoulder and 
lumbar joints, which may result in some cu-
mulative trauma disorders, especially while 
VDT tasks were performed for long periods 
of time. 
Some recently developed computer simula-

tion methods provide functions to assess pos-
tural stress. This study indicates that the de-
sign of VDT workstation for wheelchair users 
can be improved through postural evaluation 
tools such as RULA, even though the original 
design was obtained by ergonomics principles. 
However, a prototype or large-scale physical 
mockup may still be recommended for further 
assessment to complete design process for 
new products.  
Previous sections of this study consider 

some design guidelines and postural evalua-
tion for the design of new computer worksta-
tions. Ergonomics play a prominent role in 
determining the workstation dimension and 
layout decisions in current workstation design. 
Therefore, these guidelines and evaluations 
should provide general rules for designing 
VDT workstations for specific purposes. 
Moreover, the 3D graphs of peripheral 
equipment were stored in a database, and can 
be further developed in the future. Once er-
gonomics evaluation is needed, the analytical 
process developed herein this study can be 
followed, and the equipment database can be 
applied, to help people access VDT worksta-
tions at the design stage. 

 
5. Conclusion 
 
Three VDT workstations have been simu-

lated and assessed with selected commercial 
desks in this study. It has been found that the 
commercial workstations have some draw-
backs - the work space and reach are insuffi-
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cient, and working postures become awkward 
and have to be redesigned, when wheelchair 
users perform VDT tasks. Two new computer 
desks have been designed and obtained to 
solve the above shortcomings of three com-
mercial desks and to meet the design guide-
lines proposed in the study. With the applica-
tion of the RULA method, the commercial 
and newly designed workstations have been 
examined for subjects’ postural risks. It has 
been shown that the postural risks of the 
modified workstations can be reduced to a 
mild level. The simulation technology applied 
in the study indeed offers the assistance in the 
creation, modification, presentation and 
analysis of VDT workstation design before 
the prototype is manufactured and evaluated. 
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