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Abstract

SweepSticks has been primarily developed to provide alternative mouse access to people with neuro-motor disorders, especially those suffering from cerebral palsy. This tool enables the user to perform both mouse movements and clicks emulated by a software interface, which is controlled by some special hardware switches. It is also capable of adapting itself to the behavior of the user, which it does by tracing and recording the sequence of her mouse actions and subsequently providing relevant suggestions to her in future. The field experiments carried out with real users suggests that the tool may be quite effective in serving most of the computer access needs of the user.
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I. INTRODUCTION

People with neuro motor disorders - for example those suffering from cerebral palsy, often have great difficulties of communication especially due to the lack of fine motor coordination.

One possible way to communicate their thoughts, ideas, emotions as well as intellectual potential to the rest of the world is through the use of computers (Liffick, 2003; Steriadis & Constantinou, 2003). Nevertheless in order to use the computers, accessibility to its peripherals (like the keyboard, mouse, etc.) is a prime necessity. For this reason, a number of mouse alternatives have been made commercially available, which are specially equipped for this population of users. Some of these systems use infrared emitters that are attached to the head, eye, or some other part of the user’s body. In some other systems, such as the Tracker series from Madentec (http://www.madentec.com), the transmitter is placed over the monitor and an infrared reflector is attached to the forehead of the user. The movements of the user control the mouse cursor on the computer screen. Mouse clicks are usually generated by a physical switch press or a software interface. Some of the other systems that might be worth mentioning are EZKeys, CameraMouse and Gyro-HeadMouse. However, none of the systems mentioned above have a user interface that is adaptive (Hufschmidt et al., 1993; Langley, 1997; Newell & Gregor, 1997; Gervasio et al., 1998; Fisher, 2001; Zukerman & Albrecht, 2001) to the behavioral pattern of the user. To add to this, the sophistication achieved in them is through hardware enhancements, which in turn increases their maintenance cost. Customization also poses a lot of difficulty. Therefore the goal of the current work has been to develop a reliable as well as inexpensive Special Access System (SAS) (Demasco, 1992; Cook & Hussey, 1995; Angelo, 1997; Glennen & DeCoste, 1997; Beukelman & Mirenda, 1998), which tires to emulate most of the features of a mouse. The system is called SweepSticks since the movement of the mouse on the computer screen resembles the “sweeping action” of two sticks. Not only does it provide computer access to the population of disabled users but also adapts itself to their behavioral patterns. The adaptation is achieved by having a user model that constantly keeps on tracing the sequence of mouse clicks performed by the user and recording them. These recorded actions are suggested to the user in future in order to minimize her motor requirements (by reducing the navigation overhead). The recorded sequence is stored in the form of a modified binary search tree in order to facilitate faster search, and at the same time produce the most appropriate set of suggestions. The field experiments carried out with real users suggests that the tool can be quite effective in serving most of the computer access needs of the user. 
The rest of the paper is organized as follows. Section II presents a short review of the currently existing systems. Section III describes the special access mechanisms required in order to make the computer accessible to the disabled users. In section IV the functionalities of SweepSticks (including the strategy that it employs for adaptation) have been highlighted. Field test metrics and the corresponding reports have been provided in section V. The paper concludes by pointing out some of the drawbacks of SweepSticks and discusses certain special provisions that might be adopted to overcome them in future.
II. RELATED WORK

A lot of SASs have been made commercially available, which can be used as an alternative to a computer mouse. In this section, a summary of the different categories of such systems has been presented, mainly through a few representative examples. Certain drawbacks, as observed by the present authors, regarding these systems have also been discussed. 
Switch-based Mouse Emulation: These systems usually comprise of a mouse emulation software, which can be controlled by a set of special switches. The most popular example is the EZKeys, which comes from the house of Words+ (for a detailed product description see http://www.words-plus.com/website/products/soft/ezkeys.htm). In a nutshell, this is a communication software with rapid text-to-speech voice output utilizing word prediction and abbreviation expansion. The mouse can be controlled through either a single switch or Morse Code or a joystick or witch scanning or by direct selection. Nevertheless, the mouse action simulation system is relatively complex and therefore results in slow navigation. Moreover it is passive and does not learn (suggest) from (to) the user to make the navigation process reasonably faster.
Head-controlled Mouse Emulation: These devices in general require that the user should be capable of moving her head in order to carry out the mouse operations. Gyro-head mouse that comes from Advance Peripherals (http://www.advanceperipheral.com) has the mouse mounted on an ordinary baseball hat. The electronic circuitry within the hat controls the mouse pointer. The user in this case is assumed to be capable of moving her head approximately two inches in all four directions (up, down, left, and right), which is necessary for using this device. To click, the user has to use a Sip and Puff tube attached to the hat. Since the whole system is built into a hardware, maintenance is quite costly. Moreover the mouse only responds to angular motions of the user’s head. In order to move the mouse pointer vertically the user needs to move her head up or down. Similarly, to move the mouse pointer horizontally, the user has to move her head side to side. Since the process is quite cumbersome and there is no adaptation to the common movements of the user, navigation poses a lot of difficulty.
Other products in this category are the HeadMouse that comes from Origin Instruments Corporation (http://orin.com/index.htm) and the Tracker series that comes from Madentec (http://www.madentec.com). In both these products, the system operates from the top of a computer monitor and measures user’s head movements. The wireless sensing technology employs infra-red light to track a small disposable target that is placed on user’s forehead or glasses. The navigation support in this case also is non-adaptive. Therefore, users who do not have a relatively good head control find it difficult to operate this system because without adaptation they might need to once again repeat a sequence of actions (which is difficult for them) that they have already carried out in the past.
It is important to mention here that each of the devices mentioned above have their niche in which they are quite effective; the primary objective here is to come up with an adaptation mechanism that can boost their performance mostly in the realms in which they are still not very effective.
Upper Extremity-operated Devices: The most common in this category are the trackballs, which need to be operated by means of either the different finger movements or the hand/arm movements. The one that comes from Logitech (http://www.logitech.com) makes use of an optical technology in order to track the mouse movements. Though the system is portable it still requires the coordination of the fingers/arms for all its operations. Since in the experience of the present authors many users find it difficult to operate it with their fingers/arms, it would have been extremely useful to incorporate an adaptation strategy aimed at minimizing these movements.
Approaches based on Computer Vision: These systems use different techniques of computer vision to emulate mouse operations. For instance, CameraMouse that comes from CameraMouse Inc. (http://www.cameramouse.com) is a software for hands-free control of a computer, which uses a video camera to track body movements, (say head), and convert those movements into cursor movements on a computer screen. A built-in toolbar allows the user to emulate all mouse clicks and control tracking options. This system has a mandatory requirement of a USB video camera in order to track movements. Furthermore, it has no provision to keep track of the user history, which could otherwise be used to make future suggestions, thereby minimizing the effort and the navigation delay.
There are numerous other hardships that are faced by the users while operating the aforementioned pointing devices and some of these have been discussed at length in (Keates, 1997; Koester et al., 2005). 
Although there has been some previous work on adaptive mouse emulators in both mainstream (Balakrishnan, 2004) and assistive technology areas (McGill, 1990) most of these are meant for a very limited objective. For instance, (Balakrishnan, 2004) presents a strategy that helps the user to point a single target more accurately as opposed to improving performance for a chain of targets and therefore, do not generalize well to real-world interface use. On the other hand, the system developed by (McGill, 1990) was specialized for a particular group of users (people with Friedrich’s ataxia) and a particular type of impairment (tremor).
This work presents a novel strategy for user-characteristic adaptation apart from developing a mouse alternative for the disabled users. The strategy is independent of the system and can be as well plugged into any of the aforementioned tools. The rest of the paper discusses the special access mechanisms employed in SweepSticks, its functional modules along with a detailed explanation of the adaptive strategy, and the field experiments to illustrate the success rate as well as the satisfaction level of the users.
III. SPECIAL ACCESS MECHANISMS

Both hardware– as well as software–enabled mechanisms have been used to make SweepSticks accessible to its users. The software component mainly deals with the issues related to the graphical user interface of the system, whereas the hardware component deals with the development of special hardware devices that can be easily operated by the disabled users.
A. Software Component: The Scanning Mechanisms

One of the popular strategies adopted in software to facilitate special access for the neuro-motor impaired users is the scanning mechanisms (http://www.gusinc.com/scanning.html). Scanning refers to the method of either guided or periodic focusing and defocusing of screen elements. Focusing is the change in physical appearance of a screen element
 like change in background color. Defocusing is the reverse of focusing. The shifting of focus from one element to the other can be either automatic
 or guided by a switch press. This phenomenon is also known as the shift operation. With zero or more shift operations, when the focus arrives at the desired screen element it may be actually selected (in order to fire the associated event) by another switch press, popularly known as the register operation. 

Depending on how the screen elements are visited the method of scanning can be broadly classified into two different categories, namely,

• Co-ordinate Scanning (Polar and/or Cartesian), and,

• Matrix Scanning.

In SweepSticks both the above scanning mechanisms have been used. Co-ordinate scanning is used to navigate on the computer screen.  Every element on the screen is treated as a point. To get to a specific point, one or both of the axes of the co-ordinate systems are made to move automatically as if sweeping the entire screen area. The movement of the axes can be rotational (clockwise/anticlockwise) or translational. In the Polar or rotational scheme, the two axes can rotate automatically either in clockwise or anti-clockwise direction. To get to a particular on-screen element, first the angle corresponding to the desired location is registered. Next the axis on which the desired element lies is registered. This line is indicated by light grey color in Fig. 1. Once the axis is registered, the mouse cursor that initially resides at the origin automatically starts moving along the axis towards the direction of the element until the exact location is registered. In the Cartesian Scheme, the entire visible screen is partitioned into four quadrants. All the screen elements lie in either of these quadrants. There is a quadrant selector (denoted by the circle in Fig. 2) used for the selection of the desired quadrant. Once a quadrant is selected the x co-ordinate selector (the vertical line in Fig. 2) starts moving in the direction of the selected quadrant.
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 Fig. 1. The Polar Scheme of Co-ordinate Scanning.
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Fig. 2. The Cartesian Scheme of Co-ordinate Scanning.

As soon as it reaches the x co-ordinate corresponding to the desired on-screen element the user can register it. The mouse cursor then, starting from the point of intersection between the x and the y axis, automatically moves in the direction of the desired element along the y-axis (i.e., the x co-ordinate selector). This continues till the y co-ordinate of the desired element is reached and finally registered.

Matrix scanning has been used to navigate on the SweepSticks main interface (described in the following section). Three-dimensional scanning incorporating block, row and cell levels has been used (see Fig. 3.).  The letters A through I in Fig. 3 correspond to the various on-screen elements.
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Fig. 3. The Three Dimensional Matrix Scanning Technique.
B. Hardware Components: Access Switches

Along with the scanning mechanisms mentioned above, one needs to have a suitable hardware mechanism that allows the user to physically perform the shift and the register operations. Special hardware devices are needed to perform this task of physical selection. These devices (often called access switches) can be of various types. Among them, SweepSticks makes use of press switches (Basu et al., 2002), as shown in Fig. 4. It is important to mention here that these switches have been specifically designed for the use of people with motor impairments.
[image: image4.png]‘The Interface with the Computer

‘The Switch Emulating the  The Switch Emulating the
Shift Operation Register Operation





                                             Fig. 4. The Press Switches.
Depending on whether the scanning is automatic or guided a system might require either one or two switches. Presently, SweepSticks can be operated in the two-switch mode. These devices are of “plug and play” type, and the user does not need to have any knowledge of hardware in order to operate them. The interface is a simple micro-controller based device and can be connected to the computer through the serial port. The signals generated due to the switch presses are transmitted to the software through the serial port of the computer, which are subsequently interpreted causing the necessary event to fire.
IV. SWEEPSTICKS – THE INTELLIGENT MOUSE

Mouse events can be broadly classified into two categories, namely,
• Movement events, i.e., selecting a particular co-ordinate on the screen, and,

• Button-click events, i.e., performing an action at the selected co-ordinate. Examples are single click, double click, scroll etc.

Keeping these two design issues primarily in focus the main interface of SweepSticks has been designed as shown in Fig. 5. The rectangle, surrounding the boundary of the “Exit” module in Fig. 5, is the highlighter. A particular module gains focus when the highlighter surrounds its boundary. The shift of focus is indicated by the movement of this highlighter from one module-boundary to another. The top level process flow of SweepSticks is illustrated in Fig. 6. Each of the modules shown above in Fig. 5 and 6 have their own distinguished features, which has been described in the rest of this section.


[image: image5]
Fig. 5. The Main Interface of SweepSticks.          Fig. 6. Process Flow of SweepSticks.
a) The Homing Module: The homing or exit module is meant for quitting SweepSticks safely. When the system is invoked it enters into this module by default, and is therefore called the homing module.
b) The Co-ordinate Selection Module: Mouse movements can be simulated by either a Polar co-ordinate system or a Cartesian co-ordinate system. Both these schemes are exactly similar to those that have been discussed in section III-A. The item marked 1 in Fig. 6 corresponds to the Cartesian scheme of co-ordinate selection. On the other hand, the items 2 and 3 in Fig. 6 corresponds to the Polar anticlockwise and clockwise scheme of co-ordinate selection scheme respectively. Each of these items can be registered by the user to access the computer with the help of one of the co-ordinate selection mechanisms described earlier in section III-A.
c) The Repeat Module: The repeat module gains importance whenever a mouse button click has already been accomplished. The user is suggested, the type of coordinate selection scheme she had been previously following. This is done to minimize the number of switch presses. Note that the system always homes back into this module, after the completion of a mouse click.
d) The Adaptation Module: The adaptation module is perhaps the most important functionality of SweepSticks. It is aimed at minimizing the navigation overhead of the user both in terms of her motor efforts and the overall delay. At any instant of time this module can predict the nine most probable locations on the screen that the user may select next. The underlying assumption is that most of the users have certain spatial patterns of accessing the computer screen after they log into the machine. A very common example of such an access pattern (where the locations of the items remain almost fixed on the computer screen), which the authors have observed is as follows: “My Computer” ( “C Drive” ( “User’s Working Folder” ( “User’s Working File” ( “User’s Working Folder” ( “User’s Music Folder” ( “User’s Music Files”. Every time the user logs in she follows this pattern, which in some sense is also a common pattern of access for any computer user (either able-bodied or disabled). There can be numerous examples of such common access patterns prevalent among the users. However, the authors believe that semantic information can definitely increase the accuracy of the system and they plan to incorporate the same in future.
The items marked as A through I, in Fig. 5, point to the nine different locations on the screen. The predicted locations also appear on the computer screen as shown in Fig. 7. It is to be noted that the small boxes on the computer screen and the items A through I on SweepSticks have a one to one relationship, which is indicated by the color and the letter on each of them respectively. In Fig. 7 the broken arrows along with the circles mark these relationships. Note that these arrows and circles are not a part of the software itself and are used as a part of the illustration to indicate the aforementioned relationships. 
The predicted locations are placed on the nine cells marked A through I in the order determined by the minimum number of shift operations that is required to reach a cell. Hence, the most probable location will be predicted by cell A, the next most probable one shall be suggested by cell B, the next one by cell D and so on, following the zigzag sequence shown by the set of arrows in Fig. 8. The numbers in the cells in Fig. 8 indicate the number of shift operations necessary to reach a particular cell.
These locations change adaptively and predict the next possible selections of the user, whenever a co-ordinate point on the screen is selected by her. The history of mouse actions is stored by the system in the user profile to make this prediction. The basic data structure that has been used for the purpose of adaptation is a binary search tree (BST) along with some special attributes associated with each of its node. Initially the x co-ordinate of a point clicked by the user is used as the primary key for insertion into the BST. If there is a match in the x co-ordinates while insertion, then the y co-ordinate is used as the primary key. If both x and y co-ordinates match, insertion fails.

[image: image1.png]-
(< i
vl




[image: image14.emf]0

10

20

30

40

50

60

70

80

90

D1 D3 D5

Sessions

% 

Success of u

4

Success

Rate of

u4

without

Adaptive

Help

[image: image15.wmf]0

10

20

30

40

50

60

70

80

90

D1

D3

D5

Sessions

% 

Success of u

3

Success

Rate of

u3

without

Adaptive

Help

Success

Rate of

u3 with

Adaptive

Help

[image: image16.wmf]0

10

20

30

40

50

60

70

80

90

D1

D3

D5

D7

D9

D11

Sessions

% 

Success of u

2

Succes

s Rate

of u2

without

Adaptiv

Succes

s Rate

of u2

with

Adaptiv

[image: image17.emf]0

10

20

30

40

50

60

70

80

90

D1D3D5D7D9D11D13

Sessions

%

 Success of u

1 

Success

Rate of

u1

without

Adaptive

Success

Rate of

u1 with

Adaptive

Help

[image: image18.emf]A B C

D E F

G H I

0 1 2

3

4 3 2

1 2

[image: image19.png]Adaptation
Module

Repeat
Module

(%

The Highlighter

C |

Repeat

Exit/ Homing
Module

Co-ordinate
Selection
Module

Button Click
‘Module



[image: image20.png]Session
Termination

Register

Shift
—
Module

‘ Shift

=
—
—

WEe | | 0] [ Rt
Shi
o8 e JBE0 oo R e
- e e Selection Module
e Module
Adaptation Tocation
Module Registered
Location
Location [BTwT Registered
Registered
Bl e

Registered




[image: image21.emf]A B C

D E F

G H I

0 1 2

3

4 3 2

1 2


[image: image6.emf]
                                   Fig. 7. The Nine Most Probable Locations.
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Fig. 8. The Zigzag Sequence

The complete adaptation strategy can be explained by the following example. An insert sequence and the corresponding changes in the BST are shown in Fig. 8. After each and every click performed by the user, the BST is updated. The point corresponding to each node is represented as (x,y), where x and y are the co-ordinates of the point. The “frequency” variable for each node stands for the number of times (x,y) has been clicked by the user and is denoted by [frequency] in Fig. 9. The broken arrows in this figure indicate a probable path that the user followed earlier and may also follow in future. Each edge in this path has a weight (= fq) which indicates the number of times the path has been followed by the user. There can be nine such paths emanating from each node of the BST corresponding to the nine location pointers A through I as shown in Fig. 7. If at any point of time, a new edge has to be created from a node that already has nine outgoing paths from it then the edge that has the least weight is replaced by the new edge.
It may be worthwhile to mention here that if a point clicked by the user falls within a square box formed by the co-ordinates (x-5,y-5), (x+5,y-5), (x-5,y+5) and (x+5,y+5) then it is mapped to the point (x,y) itself. This is done to provide the users with the flexibility to make mouse clicks in slightly different location on the same on-screen item and still get a prediction for the next location. The choice of the offset (=5) is quite arbitrary and is an interesting question for future research.
When a point is clicked by the user on the screen the BST is searched to find paths starting from the node corresponding to this point. If a path or more is available they are suggested else the point is inserted into a new node of the BST. Considering the final configuration of the BST in Fig. 9, if (15,23) is clicked then the locations suggested are (15,23) itself and (20,20) corresponding to the two broken edges emanating from the node (15,23) (Fig. 10.).
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Fig. 9. The Updation Process of the BST.
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Fig. 9. The Updation Process of the BST.
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Fig. 10. Suggestions of the System (with reference to the scenario of Fig. 10).
Note that in the above example, as soon as a node is inserted in the BST an edge is also constructed between the node and its parent; however, these edges are implicit and are therefore not shown in the hypothetical illustration presented in Fig. 9.
e) The Button Click Module: Once a point is selected either from the co-ordinate selection module or the adaptation module, the job left is to choose a mouse button event from the list of possible events like left single click, left double click, scroll etc. The system fires the selected mouse button event at the selected point. The process flow for the same is in Fig. 10.
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Fig. 11. The Process Flow of Button Click Module.           
V. TESTING AND EVALUATION OF SWEEPSTICKS

The primary goal of testing SweepSticks has been to investigate whether or not its adaptation strategy helps in enhancing the performance of the user. The performance has been measured based on the following question – given a task (involving a few mouse operations), what number of times is the user able to accomplish this task in presence as well as in the absence of the adaptation strategy. The null hypothesis is that the performance level of the user is the same both in presence and absence of the adaptation strategy. The following section presents a detailed description of the type of tasks, formally defines “accomplishment” and shows that the null hypothesis can be (most of the times) rejected with a high confidence. Usability testing (though quite preliminary) of the interface of SweepSticks has also been done along with the above.
A. The Testing Procedure

The test has been carried out by four members of Indian Institute of Cerebral Palsy (IICP), Kolkata, who are affected by cerebral palsy and have various degrees of motor impairment. Out of these four members, two are adults (of age 25 and 26 respectively) and the other two, are children (of age 10 each). Both the adults have severe speech and motor disabilities; however, as reported by their instructors they have normal cognitive abilities. While one of the child has only motion and speech impairments and normal cognitive ability, the other suffers from autism and in the experience of the instructors has a low cognitive ability. All the users have some limited control of their arms, which is necessary to use the current version of SweepSticks. The testing procedure has been mainly based on measuring the success and failure rates of each of these four users while performing some task using the system. Each time a new task (may be different from an earlier one but involving some of the most common sequence of mouse operations that the user has to perform everyday) is assumed to start from the computer desktop running on top of the Microsoft Windows XP operating system. An example task in case of an adult would be to navigate through the computer desktop and open some relevant file located in their working directory. In case of a child this would be to open some game/education software located in their working directory. Most of these tasks were decided based on some of the very common sequences of mouse actions that the users performed almost everyday in the experience of their teachers.  It is important to mention here that the desktop has not always been static and with the installation of new softwares the arrangement of icons kept changing, though not very frequently. Quite interestingly, the users were found to notice this and make SweepSticks quickly adapt to the new sequence of co-ordinate locations that they were following. However, since SweepSticks does not incorporate any semantic information (an interesting direction of future research) it by itself could not track the change in the desktop environment.  The two metrics success and failure can be defined as follows,

i) Success: Each user is asked to perform a particular task (involving a few mouse operations) using SweepSticks. For instance, the user might be asked to open a specific file in a specific directory by her name. This would require the user to start from the computer desktop and then follow the sequence: “My Computer ( “Destination Disk Drive” ( “Destination Directory” ( “Destination File”. If the user is able to execute this task in the first round of attempts, with the actual number of shift and register operations that are required to open the file, then it is a success. Another possible way to measure success would have been to allow some “k” round of attempts and then consider the majority of all these attempts. This would perhaps have accounted for the failures involved during the learning and training phase of the user. The authors plan to report the same in future.
ii) Failure: If the user is unable to open the file in her first round of attempts, then it is failure.
The number of successes and failures per hour for each of the above four users have been measured, for the last three months, in a couple of sessions. Each session comprised of 8—10 different tasks spread over a time duration of one hour. The successes and failures for each task have been recorded and a cumulative success/failure per hour has been found by adding up the individual success/failure counts. This has been done both when the user has and has not taken the adaptive help of SweepSticks in order to perform the task. The template provided to the teacher for data collection is shown in Fig. 12.
[image: image10.png]‘Name: Date:

Observation
L No Adaptation

Number of successes/hour =

Number of failures/hour =
T With Adaptation

Number of successes/hour =

Number of failures/hour =





Fig. 12. The Template Provided to the Teacher.
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Thus, for each session the success percentage of a user can be calculated by the formula, #Successes × 100

#Successes  +  #Failures 
where #Successes refers to the cumulative success of the user in that session and similarly, #Failures refers to the cumulative failure of the user in that session. The results of these evaluations are presented in the following section.

For an initial level usability testing, the users have been requested to grade the interface of SweepSticks in a scale of five, over the entire period of their use. In this scale five means excellent, four means good, three means average, two means difficult and one means very difficult. The results of this gradation have also been enumerated in the next section. In this entire testing procedure, it has been assumed that each of the four users have a particular pattern of accessing the computer (like opening some important work files or music files for the adult users and opening and playing some game application in case of the children). This assumption is based on the opinion of the expert teachers.

B. Results

[image: image11]Fig. 13. Success Rate of the Four Users

The performances of the four users (u1, u2, u3, u4) in terms of the success rate are shown by the curves in Fig. 13(a), (b), (c) and (d) respectively. The user u4 has severe autism together with a very low cognitive ability. Hence for u4, only the performance in absence of the adaptive help is illustrated since he is still in the phase of learning the adaptation strategy. The performance in presence of the adaptive help is still awaited for u4. In all the curves the symbol D1 stands for the first session, D2 the second session and so on. As far as usability testing is concerned the four users have graded the interface of SweepSticks in each of their sessions as shown in Fig. 14. This grading is of the overall interface of SweepSticks including cases with and without adaptation. As stated in the previous section, the figures five, four, three, two, and one in the table refers to excellent, good, average, difficult and very difficult respectively.
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                                          Fig. 14. Usability Curve for the Four Users

C. Inferences

A number of inferences can be drawn from the above analysis both in terms of success rate and usability. Some of them are summarized as follows,

i) Inferences from success rate analysis: A closer observation of the success rate graphs for all the users clearly shows that in all the sessions the performance level of the users (u1, u2 and u3) is much better in presence of the adaptive help of SweepSticks. In fact, a two sample t-test reveals that the null hypothesis can be rejected with 99.90%, 99.98% and 85.57% confidence for the three users u1, u2 and u3 respectively. These results at least to some extent imply the effectiveness of the adaptation strategy built into SweepSticks. However, a more rigorous testing of the system with larger number of users and over a larger number of sessions is required to corroborate the conclusion drawn from these initial results.

Another interesting phenomenon reflected in all the curves, showing the success rate in presence of the adaptive help, is one or more local maxima/minima. This actually indicates the stage when the user is in a process of learning the adaptation strategy, sometimes doing extremely well and sometimes performing poorly. Nevertheless, as the experience of the user with the system increases, the curves start exhibiting a steady growth. 
Another fact that is revealed when the success rate of the four users are compared is that the curves for u1 and u3 are considerably smoother than that for u2. The underlying reason is that u1 and u3 are very fast learners and have a higher cognitive ability (to retain back whatever they have learnt) in general as reported by the instructors. Since the definition of success presented earlier is strict in the sense that it is based on only the first attempt so for any slow learner like u2 (who tends to frequently forget the ways of using the system especially in the initial sessions) one can observe a large number of dips in the success rate curve as in Fig. 13(b).  Instead, if the results are accumulated as a majority of some fixed number of attempts (which would give the user more time to recall the ways to use the system in the beginning of a session) then perhaps the curve would have been smoother than the one illustrated in Fig. 13(b).
ii) Inferences from usability analysis: The usability analysis curves not only reflect the degree of usefulness of the SweepSticks interface but also speak about various further expectations of the user. As far as u1 is concerned, the interface seems to be very useful for her there is almost no modification that she expects. This is the reason why the usability curve for her stabilizes at 5. Though the same conclusion is too early to draw for u3, since his test span is only of six sessions, yet the trend seems to be quite similar. 

User u2 on the other hand, has a few expectations from the tool. Consequently the usability curve for her stabilizes at 4. According to her, facilities like minimization and maximization of the interface need to be incorporated in the system. Indeed at present this facility is not available in the system. Nevertheless, SweepSticks can be very easily extended to incorporate this facility in future. It is quite difficult to analyze the expectations of u4 and consequently the refinements in the interface that he may require in future. A few more sessions of use may be able to throw some light on this matter. The results of these sessions are being awaited.
VI. CONCLUSION

This paper described the various useful features of the adaptive mouse emulator namely, SweepSticks. The functional objectives that SweepSticks has currently achieved are,
• To find the patterns in the mouse actions performed by the users, and, 
• On this basis, provide relevant future suggestions to the users in order to boost up their performance level. 

However, SweepSticks also has some limitations. For instance, in the present version it is unable to handle the pop-up boxes, which sometimes appear in windowed interfaces, in the sense that it cannot generate mouse clicks on them. This is because the underlying operating system always puts the pop-up boxes on the top of the stack of displayed windows as and when they appear and as soon as another window (like SweepSticks) is activated by some user or some application, the pop-up box disappears (i.e., gets removed from the stack). Hence, it is only the operating system that has a record of the activation of the pop-up box and this information needs to be passed to SweepSticks for instantiating the mouse clicks on them. Special features like window maximization/minimization of the main interface of SweepSticks also need to be incorporated; a requirement that has directly come from the user feedbacks. Furthermore, the adaptation strategy may be made more useful by incorporating semantic information. Another issue that calls for further investigation is that whether nine different suggestions are actually necessary and if so what is the cognitive load associated with the same. The authors look forward to accomplish these tasks as a part of their future work.
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�A screen element is a generic term and can refer to either a block of items, a row of items or a single item.





� If the focus shifts automatically from one screen element to the other with a given time delay (periodically), the process is termed auto-scanning.
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