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Abstract

In this work we employ a novel approach based on fuzzy logic for predicting the most effective scanning mechanism (mainly used by people with neuro-motor disorders to access the computer) for a given GUI (Graphical User Interface). We define linguistic variables that characterize the modern GUIs of a desktop computer. In order to do such a characterization we introduce the concept of themes based on two different aspects namely the organization of the objects on the GUI and the computer access operations supported by the GUI. We outline the method of rule base generation, required for fuzzy inferencing, through simulation techniques. We also evaluate the performance of the system through field testing carried out by the children at the Indian Institute of Cerebral Palsy, Kolkata. 

1
Introduction
The population with severe neuro-motor impairments (like those suffering from cerebral palsy) depends solely on the AAC (Augmentative and Alternative Communication) techniques for their education and communication needs [1-9]. AAC strategies assist these disabled people to participate more fully in their social roles including interpersonal interaction, learning, education, community activities, employment, volunteerism, care management, and so on.  
Computer use, on the other hand, involves a lot of interaction with the GUIs, typically using a keyboard and/or a mouse. By far the most popular strategy adopted in software to facilitate special access to GUIs for the disabled users is the scanning mechanisms [16]. Scanning refers to the periodic focusing and defocusing of elements on a GUI. Currently, access of different parts of a GUI with improved scanning time and efficiency is one of the most sought of research issue [16]. 
Several lines of research show that there is no single scanning mechanism that is completely suitable for the entire pool of the present day application GUIs (required to be accessed by the motor impaired users [13]). This problem gives rise to the necessity of having a model of a suitable mapping between the available GUIs and the available scanning access mechanisms. 
In this work we employ a novel approach based on fuzzy logic for prediction of the most effective scanning mechanism for a given GUI. In order to have such an inferencing the present day GUIs need to be categorized into some basic types depending on the organization of the items present on the GUIs as well as the access pattern of these items. For this purpose we define linguistic variables that characterize the modern GUIs. In order to do such a characterization we introduce the concept of themes based on the organization of the objects on the GUI as well as the access operations supported by the GUI. We describe a method for rule base generation, required for fuzzy inferencing, based on simulation techniques. We also evaluate the performance of the inferencing system through field testing carried out by the children at the Indian Institute of Cerebral Palsy, Kolkata. 

The rest of the paper is organized as follows. In section 2 we formulate the problem as well as specify the method for categorizing the GUIs. We also specify the available scanning mechanisms in this section. In section 3 we describe the procedure for rule base generation. In section 4 we present the results of the analysis of the feedbacks obtained from the users. We conclude in section 5 by summarizing our contributions and pointing out some future directions.   
2
Problem Formulation

In order to have a mapping (f ) between a particular GUI and a suitable scanning mechanism, we define two sets, one comprising of different categories of GUIs (X) while the other comprising of different types of scanning mechanisms (Y) as shown in Figure 1. In the next two subsections we outline the method of categorizing the GUIs and the scanning mechanisms respectively.
2.1 Categorization of a GUI

In this section we define a term theme in order to categorize a particular GUI. A theme is an expression of a part of a GUI on the basis of its “look and feel” and the kind of access operations that can be performed on it. The theme of a GUI is therefore decided, based on two different aspects of the GUI. They are,

Figure1: Diagram showing the two sets X and Y, one representing the categories of GUIs and the other the scanning mechanisms (SC1, SC2, and so on). f represents the mapping between X and Y.
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Organization: This specifies the arrangement of the items within the GUI. This organization actually characterizes the look and feel of a GUI. It can be either random as shown in Figure 2, or hierarchical as shown in Figure 3 or sequential as shown in Figure 4. 
Figure 2: Figure showing the random arrangement of objects/items within a GUI. Each shaded rectangle indicates an individual object.
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Operations: This refers to the basic operations that can be performed on a theme. An operation refers to the actions taken to access a GUI through the peripheral devices like keyboard, mouse etc. 

We next introduce five linguistic variables [17] each of which is representative of a particular theme. These are enumerated as follows, 

· Desktop Theme (DT)
· File Operation Theme (FOT)
· Read Operation Theme (ROT)
· Write Operation Theme (WOT)
· Window Navigation Theme (WNT)
Figure 3: Figure showing the hierarchical arrangement of objects/items within a GUI.

Figure 4: Figure showing the sequential arrangement of objects/items within a GUI.

The organization as well as the operations associated with the above themes is specified in Table 1. Figure 5 shows a snapshot of a GUI indicating some of the themes.
Figure 5: Figure showing some of the themes found in “My Computer” interface. The bold rectangle shows WNT, the double rectangle shows DT and the broken rectangle shows FOT.

Table 1:  Table illustrating the organization and operations associated with each theme. The entry X in the table indicates non-applicability
	Linguistic   Variables 
	DT
	FOT
	ROT
	WOT
	WNT

	Organization
	Random
	Sequential
	Fixed
	Random
	Hierarchical

	Operations


	Left Click

Selection of an item/object

	Left Click

Opening of a option menu / drop down menu
	Left Click

Selection of an item/object

	Left Click 
Selection of an item/object
	Left Click

Selection of an item/object

	
	Right Click

Opening of a option menu/drop down menu
	Right Click

Opening of a option menu/drop down menu
	Right Click
Opening of a option menu / drop down menu
	Right Click
Opening of a option menu / drop down menu
	Right Click
 Opening of a option menu / drop down menu

	
	Drag/Move
Change of position of an item
	Drag/Move
Change of position of an item
	Drag/Move
Change of position of an item
	Drag/Move
Change of position of an item
	Drag/Move
Change of position of an item

	
	X
	X
	Scroll
Change in position of the Reading panel
	Scroll
Change in position of the Writing panel
	Scroll
Change in position of the Navigation panel

	
	X
	X
	X
	KeyBoard Entry

Entry of Keyboard Buttons
	X


The term set [17] for each of the linguistic variables representing the above themes are,

· low,

· moderate, and,

· extensive
The universe of discourse [17] for a theme T, described in Table 1, is the percentage of area occupied by a GUI characterized by T. Hence the range of this discourse is [0,100]. The fuzzy membership for the term low can therefore be represented by a trapezium as shown in Figure 6.
Figure 6: Membership function of low
    
The membership function is assumed to be trapezoidal in shape which signifies that the membership value for low is 1 
in the discourse range [0,X] (covering a very small percentage of area) and then decreases linearly in the discourse range [X,Y] (covering the rest of the area). We conducted 
experiments with different values of X and Y. The best results were obtained for X = 20 and Y = 80.

Figure 7: Membership function of moderate


The membership function for the term moderate as shown in Figure 7, highlights the fact that in the range [X,Y] the membership value is 1 and decreases linearly on both the sides of this range. In this case we obtained best results for X = 40 and Y = 60. Similarly the membership function for the term extensive as shown in Figure 8 implies that for the range [0,X] the membership value is negligible; then it increases linearly in the range [X,Y] and finally becomes 1 in the range [Y,100]. The best results in this case emerged for X = 20 and Y = 80.
Figure 8: Membership function of extensive

Each of the above membership functions can be further modified by the standard operators [17] like very and somewhat. If A is a term set then the application of the very operator on A can be represented as,
· (very A)(x) = A(x) 2 , where x is a point in the universe of discourse.
Similarly, the application of the somewhat operator on A can be represented as,
· (somewhat A)(x) = √A(x)
Therefore the interface of “Microsoft Word” can be described in terms of the above linguistic variables as well as the modifying operators as follows, 
“moderate File Operation Theme and extensive Write Theme and moderate Read Theme and low Window Navigation Theme” 
. 
2.2 Categorization of  Scanning mechanisms
The output set Y shown in Figure 1 is the set containing all the available scanning access mechanisms. Each of this is a crisp set having a membership function as shown in Figure 9.
Figure 9: Membership function of a scanning mechanism

The output set Y in our case consists of three different scanning mechanisms namely Cartesian, Polar and Matrix [14].

3
Rule Base Generation

In this section we describe the rule base generation mecha-
nism employed in our system. We have assumed that the rules for similar categories of GUIs are similar since all of them would essentially map to the same scanning mechanism. Thus each rule is a representation of the class of GUIs having same description in terms of the five previously defined themes.

The antecedent of a rule is formulated as follows,

· Several domain experts are asked to categorize a particular GUI
 (say G).
· A majority voting [18] technique is used to obtain the final category for G and this category constitutes the antecedent of the rule
The consequent of the rule is obtained as follows,

· Each available scanning mechanism is run G
· The scanning mechanism which results in minimum average access time is chosen to be the consequent of the rule
For instance, the antecedent of the rule in case of a GUI similar to Microsoft Word is “moderate File Operation Theme and extensive Write Theme and moderate Read Theme and low Window Navigation Theme” as already specified in section 2.1. Similarly, the consequent of the rule for such a Microsoft Word like GUI should be Polar as indicated by the results noted in Table 2. 
Table 2: Table showing the time to access the Microsoft Word interface for different scanning mechanisms.
	Access Mechanism
	Cartesian
	Polar


	Matrix



	Time Taken (in seconds)
	26.65
	20.42
	32.25

	
	25.65
	26.28
	35.74

	
	24.21
	19.61
	46.56

	
	20.18
	28.77
	42.56

	
	25.80
	14.56
	48.59

	
	35.26
	19.34
	24.56

	
	38.24
	25.74
	28.56

	
	18.60
	20.00
	37.56

	
	20.00
	22.57
	39.00

	
	27.48
	26.18
	35.00

	
	35.18
	22.26
	48.23

	
	15.26
	26.58
	51.26

	
	30.25
	28.65
	57.40

	
	17.45
	26.54
	54.89

	
	29.00
	21.02
	42.12

	
	20.10
	30.25
	28.56

	
	14.87
	22.00
	29.65

	
	15.65
	26.36
	42.60

	Average Time (in seconds)
	24.44
	23.72
	40.28


Hence the rule corresponding to this GUI should be “if moderate File Operation Theme and extensive Write Theme and moderate Read Theme and low Window Navigation Theme then Polar.

In this way we have generated inferencing rules for some standard set of GUIs which are usually accessed by the motor-impaired users. The inferencing is done by the application of the Mamdani operator [17]. Since the output set Y is crisp, maximum membership [17] is used for the purpose of defuzzification. 
4
Performance Evaluation 
In order to evaluate the performance of the system, we asked the users at the Indian Institute of Cerebral Palsy, Kolkata, to provide feedbacks about the inferences made by the system. We have taken these feedbacks on a scale of 0 to 10, where 0 indicates complete disagreement with the inference made by our system and 10 indicates complete agreement. The results of the analysis these feedbacks are shown in Figure 10.
Figure 10: Results of the Analysis of the Feedbacks.

From the above histogram it is evident that about 68 % of the users have given a rating that is more than 6 which show that they considerably agree with the inferences made by the system. 
5 Conclusions and Future Directions
In this paper we have proposed a novel idea of categorization of the GUIs on the basis of some human comprehensive terms expressed as linguistic variables. Our categorization procedure rests on two important information about the GUI; one pertaining to its look and feel whereas the other pertaining to the types of operations supported by it. We have also described a method for generating the rule base for the purpose of fuzzy inferencing. The analysis of the feedbacks obtained from the users show that around 70% of them considerably agree with the kind of inferences made by the system.

The system can be further improved by making the entire model adaptive to the need of the user. In this regard the model can be extended to incorporate a supplementary module that uses an error-back-propagation technique to learn new rules based on the number of errors committed by the user while using a scanning mechanism suggested by the system. We look forward to do the same as a part of our future work.
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� Note that an operation might associate itself with different meanings based on a particular theme that it characterizes.


� As judged by several domain experts.


� The GUIs that are usually accessed by the motor impaired users





