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Abstract. To know the directional efficiency of cursor moving is important for 
the purpose of guiding the rearrangement of icons and toolbars in the window 
environment. This rearrangement resolution can achieve better computer access 
especially in the clients with quadriplegia. However, the information about the 
directional efficiency of cursor movement is not clear even in the typical 
persons. Therefore, before surveying the quadriplegics, typical persons were 
researched in this study. Four typical persons simulated quadriplegics to operate 
trackball with their right dorsal hand and the kinematic parameters of cursor 
moving were measured. The single subject experimental research (SSER) with 
alternating treatments design was used to compare the effects of four cursor 
moving direction (right to left, down to up, left to right, and up to down) on the 
kinematic variables. The prior auto-correlation coefficients and Bartlett’s ratio 
values were computed to make sure there was no any series dependence 
between measuring points before conducting parametric one-way repeated 
measures ANOVAs. From analyzing the parameter of deviation from the 
straight line, velocity, movement unit and execution time, the efficiency to 
move on the horizontal direction (left to right or right to left) was better than 
move on the vertical direction (up to down or down to up). To further know the 
cursor kinematic performances in patients with quadriplegics will be important. 

1   Introduction 

Some persons with physical disabilities can not control the cursor smoothly in some 
directions even using the adaptive mouse [1-3]. Therefore, to resolve this problem 
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becomes important for achieving the goal of successful computer accessibility [1-7]. 
At the moment of developing the resolutions, to know the characteristics of typical 
persons of cursor moving performance while simulating patients is also important. 
Through this we can aware the potential troubles that the patients might have and we 
can figure out the resolution ways before helping the patients with quadriplegics [8]. 

Many computer access strategies have been proposed. However, those strategies 
did not formally emphasize the importance of knowing the performances of cursor 
action toward different directions [1-7]. Therefore, the information of directional 
effect on cursor action was then neglected while guiding computer access strategy [8]. 
In fact, some patients can not or are with difficulties to move or to drag cursor toward 
some important toolbars, menus and icons on the specific positions [8]. The problems 
related to specific directional disadvantage should be resolved.  

Few studies substantiated the effect of moving or dragging direction on cursor 
control performance. Phillips and Triggs [9] studied the kinematical characteristics of 
cursor moving task. They found moving rightward was slower than moving toward 
other three directions. Therefore, the performance of cursor moving was affected by 
the moving direction. Meng et al. [8] conducted a kinematical experiment to clarify 
the directional effects on cursor dragging movement. This was the first study to 
explore the cursor dragging movement on 2-dimensional plane. The results of 
multiple one way repeated measures ANOVAs and post hoc LSD tests demonstrated 
that the direction had effects on movement time and movement unit. Dragging 
leftward showed better efficiency than dragging upward and downward. Both 
aforementioned studies proposed that the cursor action toward left make people 
perform better than the action toward right. However, other findings were unable to 
reach the consistency between two studies.  

Moreover, the findings of aforementioned studies [8, 9] were on the quantitative 
base to neglect the individualized characteristics. The computer access is very 
individualized especially while serving the individuals with disabilities. Therefore, to 
deeply understand client’s characteristics become important. Different from other 
quantitative studies, the single subject experimental research (SSER) is usually used to 
address individualized characteristics. While considering the point of individualization 
in computer access, the SSER can be appropriately used in the study. 

2   Method 

2.1   Participants 

Four female college students participated in this study. All participants were right 
handed and ranged in age from 19 to 23 years. They all reported daily use of the 
computer operated with the standard mouse and had never used trackball mouse. Of 
course no any participant had ever used dorsal hand to operate mouse. To use the 
dorsal hand to control trackball is one possible adaptive method for the patient with 
quadriplegia. In this study, all participants acted with this way to control the trackball 
(Fig 1). 
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2.2   Experimental Design 

In this study, we used the single subject experimental research (SSER) as the research 
method. The alternating treatments design without baseline belonged to SSER was 
applied. The counterbalanced across cursor moving directions and replicated across 
four participants were assigned for controlling the possible confounded order effects 
on the result. Each of the subject performed cursor movement of all 4 directions in a 
totally counterbalanced randomized sequence for 24 sessions. 

2.3   Variables 

The direction of cursor moving was the independent variable in this study. The 
dependent variables included deviation from the straight line (Fig 2), movement unit, 
initiation time and movement time. The larger the value of each variable, the worse 
was the performance. 

2.4   Procedure 

Participants were asked to perform a cursor movement task. The task required the 
participant to move cursor on 4 directions (up to down, down to up, left to right, and 
right to left). Once the tracing line and the start icon appeared, the participant had to 
move the cursor on the tracing line as accurately and quickly as possible. The order of 
directions was counterbalanced to control for any order effect. Each participant 
controlled a trackball by right dorsal hand for moving the cursor 24 runs on each of 4 
different directions. Therefore, totally 96 trials were conducted (4 x 24 = 96). 

2.5   Materials 

The devices used in this experiment were a trackball Mouse (Fig 1) and a portable 
computer. The parameters of kinematics of cursor moving were measured and 
collected by a computer program developed by us. After finishing to move the cursor, 
the trajectory of cursor moving could be exhibited on the monitor’s screen (Fig 2). The 
serial cursor positions relative to X- and Y-axis in the 2- dimension plane were 
recorded every 100ms (on the left side of Fig 2). For the further analysis, then the data 
were transformed to the other variables (ex. velocity, path distance, acceleration, et al). 

 

Fig. 1. The trackball mouse operated by the right dorsal hand 
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2.6   Statistics 

The repeated-measures one way ANOVA followed by post hoc multiple paired t-tests 
were conducted to substantiate the effect of cursor moving direction on four 
kinematic variables (deviation from the straight line, movement unit, initiation time 
and movement time. Before conducting ANOVAs, the prior auto-correlation 
coefficients and Bartlett’s values were computed to make sure the series dependence 
between measuring points did not exist before conducting ANOVAs. 

3   Results 

The detailed major results are listed on the table 1. Before conducting the repeated-
measures one-way ANOVAs, we made sure that there was no any series dependency 
between measuring points through calculating the auto-correlation coefficients and 
Bartelett’s values (table 2). The repeated-measures one way ANOVA indicated that 
the direction in the “down to up” condition had significantly better velocity in  
subject 1 than when she was in the “up to down” and “right to left” condition (Table 1 
and Fig 3). Similarly, subject 2 performed significantly more stable (fewer movement 
units) in the direction of “left to right” as compared to “up to down” direction  
(Table 1 and Fig 4). For subject 3, the direction of “left to right” was significantly 
more stable as compared to each of other three directions. The deviation from the 
straight line in the direction of “left to right” or “right to left” was smaller (more 
accurate) than the direction of “up to bottom” or “bottom to up” respectively (Table 1 
and Fig 5). Subject 4 performed significantly more accurate in the direction of “right 
to left” as compared to “up to down” direction. The velocity in the direction of “left to 
right” and “right to left” was significantly better than each of other directions (Table 1 
and Fig 6). 

 

Fig. 2. An example of the cursor moving trajectory depicted by our assessment tool. The 
vertical line means the parameter of “deviation from the straight line”. 

4   Discussion 

Results showed that kinematic variables are related to the direction of cursor moving. 
The efficiency to move on the horizontal direction (left to right or right to left) was 
better than move on the vertical direction (up to down or down to up) in each subject 
except subject 1. The horizontal efficiency was also found by Meng et al. [8]. 
Although Phillips & Triggs [9] did not find specific directional advantage, their study 
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showed the efficiency toward left was efficient as the two vertical directions. 
However, Phillips & Triggs [9] did not support the better efficiency could be achieved 
while moving from left to right. In this present study, the four subjects were novel 
users to control the unfamiliar trackball with their dorsal hand. Differently,  
the tasks were moving and dragging typical mouse in the study of .Phillips &  
Triggs [9] and Meng et al. [8] respectively. Therefore, the task difference might be the 
possible reason resulting in the difference among the results. It is necessary to further 
substantiate this issue in the future. 

Hwang et al. [10] found disabled persons showed more sub-movements while 
moving cursor. This phenomenon resulted from patients’ disadvantaged motor 
efficiency. Although they have to make mouse keep going, they could not move 
cursor to the target directly and smoothly. Therefore, they have to stop mouse and 
initiate mouse again. This cycle (initiate-stop-initiate) was repeated many times 
during the whole action process. In our present study, the less sub-movements can 
reflect the smooth operation process even handling the unfamiliar trackball mouse in 
the normal subjects. 

Even the typical person showed the directional effect on cursor moving 
performance. 

This alerts us to notice that patients may get troubles while controlling cursor on 
one or more specific directions. For example, if they can’t move the cursor from left 
to right side, we might consider arrange the toolbars or blocks on the left side. 
Therefore, to aware and manage this issue are important [8,11,12,13]. 
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Appendix 

Table 1.  

Means of 4 directions 
Subjects & 
Parameters UD

(Up to 
Down)

DU
(Down 
to Up)

RL
(Right 
to Left)

LR
(Left to 
Right)

F p Eta2

Posthoc 
multiple 
comparison  
(t-tests) 

Subject 1        

Velocity 
(pixels/ms) 

.23±.0
4

.27±.0
7

.23±.0
6

.26±.0
6

F(3,69
) = 

3.19 
.029 .12 

UD<DU:
t(23) =-
2.79;p=.010 
DU>RL: 
t(23) = 2.96; 
p=.007 

Subject 2         

Movement 
Unit

19.25
± 7.41 

16.96
± 6.83 

16.46
±

5.41 

13.83
± 4.26 

F(3,69
) = 

4.17 
.009 .15 

UD>LR: 
t(23) = 3.12; 
p=.005 

End
Time(ms) 

5119.
05± 

1455.
20

4447.
62± 

1449.
35

4466.
67± 

937.1
9

3852.
38± 

1303.
69

F(3,60
) = 

4.30 
.008 .18 

UD>RL: 
t(23) = 2.48; 
p=.021  
UD>LR: 
t(20) = 3.78; 
p=.001 

Subject 3         
Deviation 
from the 
straight 
line  

(pixel
s)

802.5
8± 

1043.
95

396.5
4± 

282.4
2

106.4
6± 

149.0
8

72.17
±

96.65 

F(1.16
,

26.60) 
= 9.41 

.004 .29 UD>RL: 
t(23) = 3.17; 
p=.004   
UD>LR: 
t(23) = 3.42; 
p=.002  
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Table 1. (continued) 

Means of 4 directions 
Subjects & 
Parameters UD

(Up to 
Down)

DU
(Down 
to Up)

RL
(Right 
to Left)

LR
(Left to 
Right)

F p Eta2

Posthoc 
multiple 
comparison  
(t-tests) 

DU>RL: 
t(23) = 4.38; 
p=.000   
DU>LR: 
t(23) = 5.71; 
p=.000 

Movement 
Unit

28.22
± 6.63  

27.74
± 6.01  

23.91
±

6.78 

20.87
± 6.35 

F(3,66
) = 

11.19 

.000 .34 UD>RL: 
t(22) = 2.85; 
p=.009  
UD>LR: 
t(22) = 4.88; 
p=.000  
DU>RL: 
t(22) = 2.33; 
p=.030  
DU>LR: 
t(23) = 5.48; 
p=.000  
RL>LR: 
t(22) = 2.18; 
p=.040 

Subject 4         
Deviation 
from the 
straight 
line 
(pixels) 

802.5
8± 

1043.
95

396.5
4± 

281.7
4

145.9
6± 

170.7
6

190.2
5± 

179.3
6

F(1.16
,

26.70) 
= 6.97 

.011 .23 UD>RL: 
t(23) = 2.93; 
p=.008  
DU>RL: 
t(23) = 4.22; 
p=.000  
DU>LR: 
t(23) = 3.74; 
p=.001 

Velocity 
(pixels/ms) 

.19
±.07 

.16
±.04 

.22
±.08 

.23±.1
3

F(2.14
,

49.13) 
= 5.40 

.007 .19 UD>DU: 
t(23) = 2.73; 
p=.012 
UD<LR: 
t(23) =-2.08; 
p=.049  
DU<RL: 
t(23) =-3.63; 
p=.001  
DU<LR: 
t(23) =-3.44; 
p=.002 

 
Note. 1.Only the statistically significant parameters in the ANOVA tests are retained in the 
table.2.Each subject showed the pattern that was different from others. 
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Fig. 3. Subject 1 performed significantly faster in the direction of “down to up” as compared to 
the direction of “right to left” and “up to bottom”. Other variables did not reach any significant 
difference among four directions (the figures were not showed). 

 

Fig. 4. Subject 2 performed significantly more stable during the cursor moving process (fewer 
movement units) in the direction of “left to right” as compared to “up to down” direction. The 
total time spent in the direction of “up to down” was more significantly more than the direction 
of “left to right” and “right to left” (the figures were not showed). 
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Fig. 5. Subject 3 performed significantly more stable during the cursor moving process (fewer 
movement units) in the direction of “left to right” as compared to each of other three directions. 
The cursor movement in the direction of “right to left” was also performed more stable as 
compared to the directions of “up to bottom” and “bottom to up”. The displacement in the 
direction of “up to bottom” or “bottom to up” was larger (less accurate) as respectively 
compared to the direction of “left to right” or “right to left”. 

 

Fig. 6. Subject 4 performed significantly more accurate (fewer deviation from the straight line) 
in the direction of “right to left” as compared to “up to down” direction 
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Table 2. Autocorrelations and Bartelett’s value 

 Subject 1 Subject 2 Subject 3 Subject 4 
Velocity     

Downward -0.2190    
Upward -0.1663    
Leftward 0.4475    
Rightward -0.1045    

Instability     
Downward  -0.2031 0.0388  
Upward  0.0081 0.0288  
Leftward  0.1985 0.3914  
Rightward  0.4728 0.1079  

Deviation     
Downward    0.2966 
Upward    -0.1073 
Leftward    0.0327 
Rightward    0.3629 

Note. There was no auto-correlation in ach cell. Therefore, the parametric one way repeated 
measures ANOVAs could be conducted in the single subject experimental research. 
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