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Abstract. This paper described a system which could measure cursor 
movement and control site motion simultaneously. In addition to evaluate a 
client’s pointing and selecting proficiency, CAT Motor system, developed on  
the basis of the previous CAT system, was also used to detect the motion of his 
control site. This feature could provide clinical professionals more detailed 
information when comparing the difference of performance among devices. The 
CAT Motor system consisted of four basic types of mouse operating skills, 
including clicking, cursor moving, cursor moving and clicking, and dragging. 
The CAT Motor recorded the location and the response of the pointing device 
and captured the picture of the control site synchronally. Then, the system 
visualized the results of cursor moving and control site motion on the screen.  
The CAT Motor system not only provided the professionals with an objective 
mean of evaluating specific difficulties of mouse operating difficulties, but also 
allowed them to evaluate the effort of the motor control training. Besides, this 
paper had some suggestions for the research in the future. 
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1   Introduction 

With the rapid growth of computer technology, the use of computers has been an 
essential part in our daily lives. For those with physical impairment, a computer is not 
only a novel product but a necessary tool for education, occupation, communication, 
and rehabilitation. In order to satisfy the needs, researchers have participated in 
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innovative human computer interface studies, including interacting technique and 
devices. Moreover, researchers explore the behavior of human computer interaction to 
find out the specific difficulties that people with physical impairment faced and 
determine the useful interventions for them. In the past behavior studies, researchers 
analyzed the performance of the mouse operating task whatever the parameters were 
adopted [1],[2],[3],[4],[5].  

Fitts’ Law was used to explore the behavior of computer interaction widely [6]. 
Throughput had been regarded as a new standard indicator to measure the effect of 
mouse recently (ISO 9241-9). However, these indicators could show the existence of 
the difference only, rather than the reason of the difference. Therefore, in addition to 
speed and accuracy, Mackenzie, Kauppinen, and Silfverberg, (2001) brought up seven 
new parameters as new measurement indicators, including target re-entry (TRE), task 
axis crossing (TAC), movement direction change (MDC), orthogonal direction 
change (ODC), movement variability (MV), movement error (ME), movement offset 
(MO) [3]. Keates, Hwang, Langdon, and Clarkson (2002) added missed click (MC) 
and ratio of path length to task axis length (PL/TA)[2]. They tried to explore the 
reason that result to the difference between classes of device and the difference within 
classes of devices. Nevertheless, they did not investigate the motor performance of 
the client’s control site simultaneously, nor did the authors [7].  

The authors developed a computerized assessment tool for mouse proficiency, 
named as CAT, to assist the clinical rehabilitators to evaluate and select suitable 
pointing devices for their clients [7].  Although CAT was useful for the rehabilitators, 
they found some situations that could not be detected by the CAT system. Take a 
client for instance, she completed a pointing task with a grouped switches mouse 
twice in different conditions. In the first condition, she reached her fist to the mouse 
quickly but aims to the specific switch unstably when the mouse was located near her 
side. In the second condition, she needed more time to raise her arm to reach her fist 
to the mouse but can press the target switch immediately. Although the reaction times 
recorded in the two conditions were identical, the processes were totally different.  
The difference between them would not be discriminated until the performances of 
the client’s fist movement were analyzed. 

The technique of motion detection has been implemented in human computer 
interaction, especial for alternative input technology [8]. It captures the movement of 
a specific control site with sensors or video cameras and they will be translated into 
the recognizable signals. Motion detection is widely used as the key technique for 
moving object extraction from image frames. It can be utilized to measure velocity or 
track the trajectory of moving object. The technique of movement tracking may be 
used to detect the motor movement of client’s control site. It could provide 
rehabilitation professionals more detailed and useful information related to selecting 
more suitable interacting devices. Furthermore, a system which incorporates cursor 
and motion detection could let evaluators examine the improvement of a motor 
control therapy by comparing the motion trajectories. Therefore, this paper aimed to 
develop a synchro-assessment system of mouse operating proficiency which measures 
cursor and motion trajectory simultaneously. 
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2   System Development  

2.1   Idea of System Design 

Based on the aforementioned purpose, the authors tried to create a system named 
CAT Motor that could measure the movement of cursor on the screen and the motion 
of control site that generates the cursor simultaneously. As the framework shown in 
figure one, CAT Motor consists of four major modules and a database. The CAT 
Motor was designed on the basis of the clinical approach. It adopted client-based data 
management mode to create database. 

 

Fig. 1. Framework of CAT Motor system. This shows the four major program modules in the 
system. 

The client sat in front of the experiment desk. He used his control site to operate a 
pointing device. For example, he operated a trackball with his right fist. The 
evaluation tasks displayed on the screen once the evaluation started. The client was 
required to complete the tasks as correctly and quickly as he could. The motion 
detection program would request the camera to capture the picture and store them into 
the database. Meanwhile, the cursor detection program would record the cursor’s 
trajectory and the response of selection. The motions of the control site and the cursor 
were recorded synchronally until the task was completed. The clinical professional 
could use the analysis program to review the results of cursor movement and the 
motion of the control site on the screen after the evaluation was finished. 

2.2   Method of System Development 

Based on the previous effort CAT system [7], authors adopted the kernel of CAT 
system as the basis to develop this CAT Motor. The essential tasks for computer 
interaction which were included in the sub-assessment systems of Basic Skills (CAT-
BS) and Mouse Proficiency (CAT-MP) were used to develop the evaluation program. 
The evaluation program enables evaluators to setup the specific tasks for the 
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measurement. Moreover, when the measurement starts, the program synchronizes the 
motion detection program and the cursor detection program to record the data. 

The cursor detection program detect the location(x-coordinate and y-coordinate) of 
the cursor every deci-second that could be used to review the cursor trajectory and to 
compute some essential parameters. For example, movement time (MT), throughput, 
target re-entry (TRE), movement variability (MV). In addition, the program records 
the response of the selection which could be used to compute the accuracy of each 
evaluation task. These data were stored in the database. 

To capture the image, the web-cam had to be activated with motion detection 
program. Since there were some Active controls available, the authors selected 
VedioCap Live v2.0 Active Control to activate the web cam to capture the image of 
the client’s control site. Although VedioCAp Live could capture video, the purpose of 
this system was to detect the trajectory of control site movement. Image could be 
analyzed more easily when calculating the position of the control site.  

Therefore, VedioCap Live was integrated into the motion detection program to 
activate the web cam to capture the picture per deci-second until the client complete 
the evaluation. For reducing the loading of the processor, the size of the image was 
fixed to 320* 240.  In addition, the detection program did not analyze the image. The 
data would be dealt with the analysis program. 

Analysis program provided an interface to review the performance by generating 
data from the database. Besides displaying the result quantitatively, the program can 
synchronously display the trajectory of cursor movement and the control site as well 
as the pictures of the motion of the control site on the screen. 

A circle sticker with specific color, light green was used as an example in this 
paper, was pasted on the client’s control site which was used to access the device for 
representing the location of the control site. The central part of the sticker was used to 
represent the coordinate of the sticker. The average of the coordinate of all pixels in 
the sticker, (PX, PY), was regarded as the central part of the sticker. The formula used 
to calculate the location of the circle sticker in every image is listed below: 

PX  = (Σ Pxi) / n (1) 

Px represents the position of the circle sticker in every image. Pxi represents the x 
coordinate of the every light green pixel in the image. “n” represents the amount of 
the light green pixels in the image.  

PY  =(Σ Pyi)/ n (2) 

PY represents the Y coordinate of the circle sticker in every image. Pyi represents 
the Y coordinate of the every light green pixel in the image. “n” represents the 
amount of the light green pixels in the image.  

The program can get the central coordinate of the circle sticker in every image and 
draw the trajectory of the control site’s motion as well as the trajectory of the cursor 
movement simultaneously. 

The authors adopted C++ Builder to develop the main four program modules of 
CAT Motor, and the database was created with Microsoft Access.  
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3   Feature of System 

As the aforementioned framework, CAT Motor includes four main program modules. 
The major feature of each module will be described below:  

3.1   Evaluation Program 

The evaluation program compasses four tests: targeting, stationary clicking, targeting 
and clicking, and dragging. As the table one indicated, the evaluation tasks were 
originated from the CAT-BS and CAT-MP which were designed on the basis of the 
result of tasks analysis of essential mouse proficiency [7]. Within each test, the 
evaluator could flexibly select the target size, targeting distance, and targeting 
direction from the evaluation tasks setting menu. It allowed the professional to 
manipulate the index of difficulty (ID) for the evaluation task to compare the 
performance among different IDs. In addition, the evaluation tasks can be uniquely 
arranged depended on the client’s proficiency or purpose of the assessment. Take the 
task “targeting and clicking” for instance, a target icon with a diameter of 1cm would 
be selected and compared with the performance of the different distances, 10 cm and 
5 cm. The assessment could focus on evaluating the distance of cursor moving that a 
client can do. Conversely, the evaluator could fix the moving distance and change 
icon size if he wanted to explore the most appropriate size for a client to click the 
mouse button. Moreover, the program can synchronize the motion detection system 
and the cursor detection system by activating the start icon.   

Table 1. Descriptions tests and their evaluation tasks 

Tests Tasks 

 targeting Cursor moving 

 stationary clicking L-single, L-Double, and R-single clicking 

 targeting and clicking Cursor moving and L-single, L-Double 

 dragging Moving icon to a target area 

3.2   Motion Detection System 

As the Fig. 1 shown, motion detection system includes a web camera and a motion 
detection program. The web camera captures the picture of a client’s control site and 
translates the signal via a standard universal serial bus (USB) computer interface to 
the database. The program captured the image per deci-second and stored them into 
the database for analysis later.  

In order to capture the whole picture of the control site, the camera was fixed 
above the evaluation desk, as the Fig. 2 indicated. Furthermore, professionals can 
modify the height of camera to explore a most suitable area and capture the client’s 
motion if needed.   
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The motion detection program was executed in the background during the 
evaluation. The client who took the evaluation would not see the information so that 
he can pay his attention on the evaluation tasks.  

 

Fig. 2. The situation of the evaluation. The height of the camera could be modified if needed. 

3.3   Cursor Detection Program 

In order to compute the speed, accuracy, trajectory, and other essential parameters 
mentioned by Mackenzie et al. [3], the cursor detection program was executed in the 
background during the evaluation. The client was not aware of the diction so that he 
could concentrate on his evaluation task. Once each evaluation task was started, the 
program detected the location of the cursor every deci-second until the task was 
completed. In addition, the response of the selecting would be recorded once a client 
pressed the button of selection. It was a signal for the CAT Motor system to terminate 
the program of evaluation, motor detection, and cursor detection simultaneously.  

3.4   Analysis Program  

Since both the cursor detection program and motion detection program recorded the 
data only during the evaluation process, the analysis program is responsible to the 
compute works. Rather analyzing a group subjects’ average performance, the analysis 
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module is designed to overview the results of each client’s performance in a single 
evaluation or the difference between two evaluations. 

The analysis program adopted some essential parameters to serve as the indicators 
for comparing the performance between different tasks, pointing devices, and 
operating environments. The parameters comprise accuracy, speed, index of difficulty 
(ID), index of performance (IP), ration of actual moving path and distance of a task 
(RPT), numbers of submovements (SM), peak of velocity (PV), movement variability 
(MV), and numbers of target reentry (TRE).  

Accuracy is the most important element when considering the performance. Since 
the analysis here is task-based, the result of the accuracy displays in “true” or “false”. 

 Speed means movement time in some analyses. However, the speed is the task 
complete time (TT) spent for accomplishing a single test item correctly in this paper. 
As the equation 3 indicated, total time consists of three parts. Reaction time (RT) is 
measured from a target displayed on the screen for selection to the time the client 
activated the pointing device to move the cursor. In other words, the duration of the 
speed of the device would be transferred from zero to non-zero. The movement time 
(MT) is the duration the cursor spent for reaching the target. The correction time (CT) 
is measured from the movement of the cursor in the target to the time the client 
activated the selection button.    

TT =  RT + MT + CT  (3) 

Index of difficulty (ID) has linear relationship with task complete time, according 
to Fitts’ Law. The equation 4 describes the function of ID. It is calculated from A, the 
distance to the target, and W, the width of the target. The diameter of the target was 
used as the width of the target in this paper. 

ID=log2(A/W +1)                  (4) 

In stead of exploring the effect of a pointing device, the CAT Motor purposed to 
analyze the result of the evaluation for each client. The author adopted index of 
performance (IP) instead of throughput (TP) to express the production [9]. As the 
equation 5 revealed, it represents the distance of the movement of the cursor per 
second.  

IP = ID / MT (5) 

Ration of actual moving path and distance of a task (RPT) was used to explore the 
efficiency of the cursor movement. The analysis program calculates the distance of 
the movement of the cursor. Then the distance will be divided with the distance of the 
task. The optimum RPT is equal to 1, or less than 1, if the cursor just moves into the 
area of the target.  

Numbers of submovements (SM) is computed within each trial. Different from the 
study of Hwang and his colleagues, they used three situations as considering the 
submovement [1], however, this paper adopted one of the criteria only. A 
submovement is counted when the speed of cursor motion changed from greater zero 
to zero within deci-second. 

Based on Mackenzie and his colleagues’ definitions [1], target re-entry (TRE) 
occurred when cursor enter the target, leaves and re-enter the target. Movement 
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variability (MV) represents the extent to which the sample cursor points lie in a 
straight line along an axis parallel to the task axis. 

  The result of those aforementioned parameters would display on the screen for 
each trail. CAT Motor system provides two options for the professionals to review the 
result. The first one is the cursor movement mode. It enables the professionals to 
compare the performance between two trails. As the Fig. 3 shown, in additional to 
displaying the quantitative results, it provides the visualized graph. The second mode 
is cursor and motor motion mode. The program will draw the trajectory of the cursor 
and the control dynamically, the images of the control sites as well. As the Fig. 4 
indicated, the professionals could review the motion of cursor and control site 
simultaneously.   

 

Fig. 3. The screen shot of the cursor movement mode 

 

Fig. 4. The screen shot of the cursor and motor motion mode 

4   Conclusions 

This paper describes the major features of a computerized mouse proficiency 
assessment tool that combines traditional cursor diction and motion detection. The 
CAT Motor system was developed by embedding the motion detection function with 
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the kernel of the previous CAT system. Through the CAT Motor system, the clinical 
professionals could not only measure a client’s computer interaction performance, but 
understand the motion of the control site. The result of the evaluation could assist the 
professional to select a suitable pointing device and the location to set the device as 
well.  

Furthermore, the clinical professionals may need to discuss with other experts 
when the client’s problem is complicated. The quantitative parameters could assist 
them to understand the performance of operating the pointing device in various tasks.  
But the experts have no idea about the impact resulted from the client’s motor control 
problem if there are no video. This integrated system could not only provide the 
quantitative parameters but the visualized process of operating the device to complete 
the task. 
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