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Abstract. Windows GUI allows user to define pointer speed and precision, 
however, the settings are fixed and not adaptive to different pointing tasks in 
real time. This study proposes a dynamic mouse speed (DMP) scheme that 
dynamically changes the pointer speed by calling SPI_SETMOUSESPEED. 
Results show that DMP setting, on average, outperformed some commonly 
used Windows built-in settings. However, the advantage of DMP setting 
occurred more significantly for longer moving distance. For short moving 
distance, the advantage was not clear. In addition, the advantage of DMP was 
not on all directions. For some directions, especially when moving distance was 
short, Windows built-in settings outperformed DMP setting. 
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1   Introduction 

The development of widespread computer technology has changed many of our daily 
practices, in which humans typically use a keyboard and a mouse as input devices. 
The performance of using a mouse and its impact to human health thus become 
important issues and being investigated for the past three decades (e.g., [1], [2], [13]). 
Many of the studies regarding performance evaluation are largely based on the Fitt’s 
Law, which states that the time to move and point to a target of width W at a distance 
A is a logarithmic function of the spatial relative error (A/W) and the term 
log2(2A/W+c) is called the index of difficulty (ID) [3]. Early work by Card et al. [2] 
comparing the positing time of a mouse and joystick for different target size and 
moving distance is one of the examples using Fitt’s law. Kantowitz and Sorkin [8] 
also indicated that while maintaining the same level of index of difficulty, increase of 
the target distance does not increase the movement time. Following this theme, other 
studies regarding the trajectory and precision control using a mouse exist, suggesting 
that different control-response ratio (C/R ratio), or, inverse of gain, affect positioning 
performance; and directions of movement and deviation angles are correlated to total 
movement time. For example, Mackenzie and Buxton [9] indicated that for a right-
handed user, moving toward 45° (upper right) takes more time than moving toward 0° 
or 90°.  



330 K.-H. Tang and Y.-H. Lee 

Phillips and Triggs [11] performed a kinematic analysis of cursor trajectories and 
outlined two possible ways in which moving to the wrong target icon could occur, 
either by uncertainties in the initial cursor trajectory or by overshooting targets. The 
study suggested that cursor trajectories controlled by the mouse were not very 
efficient, exhibiting overshooting, and large numbers of cycles of acceleration and 
deceleration. As an extension of the kinematic analysis of cursor trajectories, Tang 
[]conducted a hierarchical regression analysis and suggested that the most significant 
factor impacting cursor pointing time is overshooting, among other factors such as 
maximal velocity, total movement distance, deviation angles, etc. 

From literature, it can be concluded that factors affect cursor pointing tasks 
include: target size [4], [14], [15], target distance [4], [14], movement direction [9], 
[11], [13], C/R ratio [1], [7], [10], [14], cursor trajectory and angle deviation [5], [11], 
[12].  

As new technology introduced to improving HID (Human Interactive Devices), 
both hardware and software for mouse control have been continuously enhanced for 
the past decades. For example, the ballistic Windows XP pointer algorithm overcome 
some of the limitations and fallbacks of the ballistic algorithms in the previous 
operating systems, such as acceleration is applied separately to X-axis and Y-axis and 
thus biases the axis of greatest magnitude [16].  

The current ballistic pointer algorithm for Windows uses a transfer function that 
relates the actual velocity of the mouse to the actual velocity of the pointer on the 
screen. Then an algorithm was applied to that transfer function to calculate the 
transferred pointer data. The parent transfer function was constructed based on a 
usability study, and a family of curves is extrapolated from the parent curve to yield a 
transfer function with varying speed and acceleration properties. The parent transfer 
function is stored as a lookup table, and the points between the stored values are 
interpolated. It is possible to modify and customized the curves and allow custom 
control of the pointer ballistics to meet a wide variety of needs [16].  

2   Dynamic Mouse Speed (DMS) 

Although current Windows GUI allows user to define pointer speed and precision, 
however, the settings are fixed and not adaptive to different pointing tasks in real 
time. Since research suggests that cursor adjustment time accounts for most part of 
the total movement time [12], it is therefore possible to define a set of threshold 
values at different mouse speeds and movement stages to trigger accelerated cursor 
movement as illustrated in Figure 1.  

The dynamic mouse speed (DMP) works in the following way. If, within the 
interval between mouse interrupts, the mouse moves by more than the number of 
pixels specified in the value of, say, Threshold 1, then this system can dynamically 
change the pointer speed by calling SPI_SETMOUSESPEED. The pvParam parameter 
in SPI_SETMOUSESPEED is an integer between 1 (slowest) and 20 (fastest). A value 
of 10 is Windows default. By using a lookup table, appropriate mouse speed can be 
set in accordance to different threshold values, which can be determined through 
usability study to enhance the speed during the beginning traveling stage and the 
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accuracy during the final adjustment stage. It can be seen from Figure 1 that threshold 
values are usually defined asymmetrically during acceleration and deceleration.  

In contrast to DMP, the Windows uses MouseSpeed, MouseThreshold1, and 
MouseThreshold2 to determine mouse speed. When the mouse moves slowly, the 
system moves the cursor at a constant rate that is directly proportional to the rate at 
which the mouse moves. But if the mouse moves faster than the value of 
MouseThreshold1 or MouseThreshold2, the system can respond by accelerating 
the movement of the cursor. If the value of MouseSpeed is 0, there is no acceleration. 
If MouseSpeed is 1, when the mouse speed reaches or exceeds the value of 
MouseThreshold1, the cursor moves at twice the normal speed. If MouseSpeed  
is 2, when the mouse speed reaches or exceeds the value of MouseThreshold1, the 
cursor moves at twice the normal speed; and when the mouse speed reaches or 
exceeds the value of MouseThreshold2, the cursor moves at four times the normal 
speed. 

 

Fig. 1. The concept of dynamic mouse speed (DMP) shows that threshold values for calling 
SPI_SETMOUSESPEED are defined differently for a mouse pointing task during acceleration 
and deceleration 

3   Experiment I 

In order to investigate whether DMP improve the performance of pointing tasks, a set 
of two experiments were conducted. The purpose of Experiment I is to evaluate 
different threshold combinations for pointing tasks under a relative well controlled 
experimental environment. The best threshold combination from the results of 
Experiment I was then used in Experiment II to compare with Windows defined 
mouse motion parameters in an environment involved real daily use of Windows 
tasks. 
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3.1   Experimental Design and Procedure 

The experiment was conducted on PCs with a 17-inch LCD monitors and a Logitech 
mouse. The testing environment was developed using Microsoft Visual Basic and 
C++. The experimental task was a simple pointing and clicking task. Eleven paid 
volunteers from the Engineering School of Feng-Chia University served as 
participants. All participants were familiar with Windows operation system and were 
right-handed. 

A 2X8X7 within-subjects design compared two levels of target distance, namely, 
NEAR (300 pixels) and FAR (900 pixels); eight levels of movement direction, from 
directly above the home position to every 45° clockwise; and seven levels of 
threshold combination (TC) shown in Table 1 for the parameter settings. The 
dependent variables were total movement time of each pointing task measured in 
milliseconds and total cursor moving distance measured in pixels. 

Each participant was tested individually for 14 test blocks. One of the fourteen 
combinations of two target distances and seven threshold combinations was presented 
for each test block. The assignment of the target distances and threshold combination 
to the participants was randomized across the experiment. Within each test block, 20 
trials for each of the eight directions were presented to a participant randomly. Thus, 
there were total 160 trials within one test block and total 2240 trials for each 
participant. 

Table 1. The 7 Threshold Combinations (TC) defined for the Experiment I. TC1 and TC2 are 
defined by Windows settings while TC3 through TC7 are defined by dynamic mouse speed 
(DMP) approach proposed by this study. 

 MouseThreshold1 MouseThreshold2 MouseSpeed  
(Acceleration Multiplier) 

TC1  0 0 0 
TC2 6 10 1 

 

 
 Threshold 1 Threshold 2 Threshold 3 Threshold 4 

Mouse speed 
(pixels/second) 500 1000 800 300 TC3 

pvParam 14 16 14 12 
Mouse speed 

(pixels/second) 500 1000 800 300 
TC4 

pvParam 14 16 12 10 
Mouse speed 

(pixels/second) 500 1000 800 300 TC5 
pvParam 14 18 14 12 

Mouse speed 
(pixels/second) 500 1500 800 300 TC6 

pvParam 12 14 12 8 
Mouse speed 

(pixels/second) 800 1500 1000 300 TC7 
pvParam 14 16 12 10 
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3.2   Results 

For total movement time, a three-way ANOVA was used to analyze collected data 
and revealed three significant main effects: target distance, F(1, 24039)=9408.74, 
p<0.001; movement direction as shown in Figure 2, F(7, 24039)=17.50, p<0.001; and 
threshold combination as shown in Figure 3, F(6, 24039)=131.86, p<0.001. There 
were two significant two-way interaction terms: target distance and movement 
direction, F(7, 24039)=16.68, p<0.001; and target distance and threshold combination, 
F(6,24039)=38.25, p<0.001. None of the higher-order interaction terms were 
significant. A Tukey test with α=0.05 on the threshold combination factor revealed 
that the TC3 had the shortest movement time. 

  
 

Fig. 2. The total movement time in milliseconds for 
seven threshold combinations 

Fig. 3. The total movement time in 
milliseconds for eight movement 
direction 

For total moving distance, ANOVA analysis revealed three significant main 
effects: target distance, F(1,24039)=684484.89, p<0.001; movement direction as 
shown in Figure 4, F(7,24039)=37.61, p<0.001; and threshold combination as shown 
in Figure 5, F(6,24039)=104.32, p<0.001. There were also two significant two-way 
interaction terms: target distance and movement direction, F(7,24039)=4.857, 
p<0.001; and target distance and threshold combination, F(6,24039)=25.426, 
p<0.001. None of the higher-order interaction terms were significant. A Tukey test 
with α=0.05 on the threshold combination factor revealed that the TC1 had the 
shortest movement time.  

The findings from Experiment are consistent to those of Phillips and Triggs [11] 
that leftward movements are faster than rightward movements, among others. The 
results also suggest that TC3 and TC5 are both faster than Windows built-in settings 
(TC1 and TC2). It is worth noting that this comparison, however, is more significant 
when target distance is large. 
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Fig. 4. The total cursor moving distance in pixels for 
seven threshold combinations 

Fig. 5. The total cursor moving 
distance in pixels for eight 
movement direction 

4   Experiment II 

Upon the completion of Experiment I, the best DMS threshold combination, namely, 
TC3, was adopted for further evaluation in Experiment II, where a more realistic 
computer using environment was applied to compare TC2 (Windows built-in setting) 
and TC3 in terms of pointing performance.  

4.1   Experimental Design and Procedure 

For Experiment II, a program running at system background was developed to collect 
all mouse movement related information such as cursor position, system time, and 
mouse event type, etc. All these collection processes did not interfere with 
participant’s normal use of a computer. In other words, this data collection program 
was transparent to the participants. One can image that such a program may generate 
a lot of data from using a computer. However, since the use of a mouse in Windows 
may involve many types of mouse event (e.g., clicking, double clicking, and 
dragging) and the time collected may reflect not only travel time and adjustment time 
of a mouse but also other time such as search time and think time. Thus, all collected 
data need to be filtered and transformed into well defined mouse movement.  

The participants of Experiment II were the same as those in Experiment I. 
Participants were asked to perform their normal computer work instead of specific 
experimental task to provide a higher validity. For each participant, 300,000 data 
points were collected during a prolonged period of time. Among them, 150,000 data 
points were from TC2 and150,000 data points were from TC3.  

For further analyze collected mouse movements, two more independent variables 
were defined in addition to threshold combination, namely, cursor moving distance 
and movement direction. There were nine levels for cursor moving distance from 0 to 
900 pixels, each level represents a range of distance covering 100 pixels. Thus, if the 
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cursor moving distance for a mouse movement equals to 552, then the level is set to 6. 
There were eight levels of movement direction. Each level represents movement 
direction within a range of 45°. The dependent variable was total movement time of 
each mouse movement measured in milliseconds. 

4.2   Results 

Among all 3,300,000 collected date points, upon filtering and transforming, a total of 
96,482 mouse movements were defined. These included clicking, double clicking, 
dragging and many other types of mouse movement. For these mouse movements, the 
average highest speed occurred at the 31.1% of the movement time. However, upon 
excluding those movements with unreasonably long movement time and those 
movements changing directions for more than twice, 54,009 mouse movements were 
further selected and considered as more typical and meaningful mouse operation. For 
these mouse movements, the average highest speed occurred at the 24.8% of the 
movement time, and the average of the highest speed was 1,742 pixels per second.  

Among 96,482 mouse movements, left button events account for 91,615 mouse 
movements (95.0%) while right button events account for 2.3% of total mouse 
movements. Further analysis shows that click account for 71.0% of left button events 
and double click 14.3%. Figure 6 shows the distribution of different types of left 
button mouse movement. 
 

 

Fig. 6. The frequencies of different types of left button mouse movement 

For total movement time, ANOVA analysis revealed three significant main effects: 
cursor moving distance, F(8, 53865)=1279.189, p<0.001; movement direction as 
shown in Figure 7, F(7, 53865)=25.486, p<0.001; and threshold combination as 
shown in Figure 8, F(1, 53865)=4.526, p<0.01.  

There were two significant two-way interaction terms: cursor moving distance and 
movement direction, F(56, 53865)=11.945, p<0.001; and movement direction and 
threshold combination, F(7,53865)=5.498, p<0.001. There was also one significant 
three-way interaction term: movement direction, cursor moving distance and 
threshold combination, F(56,53865)=11.945, p<0.001.  
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Fig. 7. The total movement time in milliseconds 
for eight levels of cursor moving distance 

Fig. 8. The total movement time in 
milliseconds for eight movement 
direction 

Although the results from main effect show that TC3 outperformed TC2 by about 
13 milliseconds on average, however, A Tukey test with α=0.05 shows that TC3 
outperformed TC2 only for those mouse movements moving toward upper-left and 
right while TC2 actually performed better for movements toward lower-right. The 
advantage of TC3 was more significant for longer moving distance, while the 
advantage is not as clear for short moving distance (α=0.05). Further analysis on the 
three-way interaction term suggests that for longer moving distance, TC3 performed 
significantly better than TC2 on all directions except downward and leftward 
movements, while this advantage is not statistically significant for short moving 
distance (α=0.05).  

5   Discussion 

These two experiments investigated the performance of dynamic mouse speed 
(DMS). The general results regarding moving distance, movement direction and 
movement time from this study are consistent to previous related studies. More 
importantly, the results seem to suggest that some of the selected DMS settings 
outperformed some commonly used Windows built-in settings to a certain extent. At 
the least the results show that DMS is potentially effective and encourage further 
investigation of DMS usability.  

The key factors to have a good DMS performance are to determine a set of 
threshold values and corresponding pvParam settings for SPI_SETMOUSESPEED. In 
this study, five levels of threshold combinations were investigated. The choosing of 
these five settings was based on a series of pilot tests not reported here. The 
experiences show that better performance generally obtained when threshold values 
and pvParam settings for acceleration are greater than those for deceleration, as 
shown in Figure 1. For example, for TC3, (Threshold1=500) > (Threshold4=300) and 
(Threshold2=1000) > (Threshold3=800); also, (pvParam for Threshold1=14) > 
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(pvParam for Threshold4=12) and (pvParam for Threshold2=16) > (pvParam for 
Threshold3=14). Most likely, the current TC3 setting is not the best possible threshold 
combination given that a systematic approach to determine threshold combination is 
not yet available. This also implies that the underlying knowledge regarding how 
dynamic change of pvParam setting affects pointing tasks and the trajectories is yet to 
be explored. 

An adaptable interface allows users to customize the application to suit their needs 
whereas an adaptive interface performs the adaptation for the users. Users generally 
customize very little, likely because customization facilities are often powerful and 
complex in their own right and therefore require time both for learning and for doing 
the customization. This is a primary argument for an adaptive interface [6]. With the 
design concept of DMS, the settings for the threshold values are possible designed in 
an adaptive way in the future research. 
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