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INTRODUCTION
More and more people choose computer generated maps over paper maps because they are easier to access and as long as you have internet access it does not cost any money making them more economical. Google© and Yahoo© both provide an interactive map service.  Another service available is map quest which is a website primarily used for looking up maps and driving directions. In summer 2007, Google launched more features such as street view, traffic, and even “my map” (personalized Google maps). All of these services are great, yet users need to be able to see in order to use them, which limit accessibility for the blind and visually impaired. The goal of our project is to make a computer map accessible to these visually impaired users while using relatively inexpensive devices. 
PREVIOUS WORK
Prior work on this project concentrated on software during the first two years. In particular, how much force should be applied was explored and dynamic forces were incorporated [1-2]. In 2006, Kee-yip updated the software to use polygons as simple maps, and Kelly did tests with 14 students in different disciplines at UCSC [3].
GOAL
The goal of this project is to use a relatively inexpensive device to help blind or visually impaired people access computer maps. The goal for the summer is to see how well people can identify and reproduce shapes displayed on a computer while blindfolded, with help from the feedback mouse and guiding programmed sounds.  Other goals were to evaluate the relationship between the time each subject spent on each test and the number of correct answers they got, as well as to test the effectiveness of each function in the program. 
DEVICE
We chose the WingMan force feedback mouse from Logitech for its:         

· 2-D haptic device with tactile effects

· Immersion Corporation provided SDK pack making the mouse simpler to program 

· Relatively inexpensive due to its original design for gaming in the late 90s 
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TEST
A total of nine sets of tests were performed: 
· 1-2 (training): Help subjects to get comfortable with the effects of the mouse and the program. They were allowed to ask as many questions as they wanted about the mouse, program, or sounds. 
· 3-9 (tests): no questions were allowed, time was recorded.
Each set of test:

· Contains one or two polygon(s) (closed plain shape or figure bordered by three or more straight line segments. EX: triangle or square). Each subject was told at the beginning of each test how many shapes were to be expected (see Figure 2 for test examples).
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· May have one shape that does not fully fit on the screen (see Figure 3).  In this case, the user is expected to move the map by holding down the left mouse key and moving the mouse around (click and drag).
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Mouse effect and sound:
· When the cursor is on the side of the shape, subject will feel the mouse is locked in grooves, there will be no sound
· When the cursor is at a vertex (corner), subject will feel the mouse pulled in to an attraction point (each vertex is numbered starting with “1” in a clockwise fashion). When there are two shapes, each shape has starting vertex at “1” 

· When the cursor is inside the shape, there will be a carpet texture, and the program will say the word “ inside”

· If the cursor falls out of the shape, there will be no effect, but a sharp and fast beeping will go off. As the subject moves the mouse further away from the shape, the beeping will slow down and the pitch will be lower. 

· If the cursor touches the edge of the screen, since the work space of the mouse corresponds to the edge of the monitor, the subject will feel the border and cannot continue to move to that direction. The program will say the word “edge” to advise the subject they are hitting the edge of the monitor.

Goal for each subject:
· Trace the perimeter of each shape by moving from vertex to vertex in a clockwise fashion.
· Be able to draw each shape with the blind fold off or on, and say how many vertices were there.

· Be able to pick out each correct shape from a list of shapes provided.

PROCEDURE 
The following steps describe the procedure followed for the test:
1. After explaining the whole program and all the effects, each subject was blindfold and told if there’s one or two shape(s), but not if any shape(s) is half off the screen.

2. Subject informed he or she should move the mouse gently with 2 or 3 fingers to find the shape.

3. Subject told to trace the perimeter of the shape by moving from vertex to vertex in a clockwise fashion.

4. Each subject was reminded during training:

a. If they fall outside of the shape, beeping gets slower and with a lower pitch as they get further away from the shape. 

b. If they feel that the shape is not fully on the screen, use click and drag to move the whole map to make the shape fit on the screen. 

5. As soon as the subject went around the shape three times in order without making any mistakes the timer was stopped, and the test was over.

6. Each subject answered how many vertices were there for each shape. 

7. Each subject was asked to draw each shape with the blindfold on. Then they were asked to take the blindfold off and draw each shape on the form again.

8. Finally, they were asked to pick the shape they thought was correct from a list of shapes.

9. After each subject finished all nine set of tests, they were asked to fill out a survey and to give us feedback about their experience.  
RESULTS
There were a total of 11 subjects who took the user test. Two of the seven sets of tests contained two shapes, therefore there were a total of nine shapes total. The best result was 6 out of 9 shapes correctly identified by the users (67%). Six subjects identified over 50% of the shapes correctly. A couple of subjects were able to draw the shape correctly but could not pick the correct shape from the list, therefore the results should be slightly higher than what’s shown on figure 4 below.
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Figure 4

We originally believed that the longer each subject spent on the test, the better they would perform but Figure 5 showed an inverse correlation between correct answers and the average time.  Figure 5(a) below shows how many shapes were correctly identified by each subject for the nine shapes tested and Figure 5(b) shows the average time spent by each subject on each test for the seven tests tested. 
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Figure 5
CONCLUSION
In conclusion, most subjects found the sound effects very helpful. The feedback from each subject was really different, i.e. some loved the program and some hated it.  In general, people did better with all the functions from the program turned on.  An interesting observation is that a couple of subjects were able to pick the correct shape without the tactile effects.  However, we need to run a larger scale test to generate better results and make more conclusions. 
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Appendix A
Training #1: One Shape    
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Training #2: One Shape – Half Off
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Test #1: One Shape
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Test #2: One Shape- Half Off
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Test #3: Two Shapes –the larger one is half off
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Test #4: Two Shapes – the larger one is half off 
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Appendix B
Drawing and Feedback
User #____
Training #1:

Training #2:


Shape #1:


Shape #2:


Shape #3:

Shape #4:


Shape #5

Shape #6
     

Shape #7
    

Questionnaire:

1. Likely to fall off vertices?                                                                             _____
…1- very likely, 5- never 

2. Easy to stay in the grooves?






_____
…1- very difficult, 5- no trouble at all 

3. Helpfulness of the vertex sounds. (“1”,”2”)



_____
…1- annoying, 5- very helpful  
4. Helpfulness of the overall sounds. (“edge”,”inside”,beeping)

_____
…1- annoying, 5- very helpful  
5. Difficult to draw the shape with blindfold on?


            _____
…1- very difficult, 5- no trouble at all  
6. Difficult to draw the shape with blindfold off?



_____
…1- very difficult, 5- no trouble at all  
7. For 2 shapes, was it difficult to remember the number of vertices?        _____
…1- very difficult, 5- no trouble at all  
8. For 2 shapes, was it difficult to remember the shape?
                        _____
…1- very difficult, 5- no trouble at all  
9. Difficult to pick out the shapes from the list        


            _____

…1- very difficult, 5- no trouble at all      

10. Easy to click and drag?






_____
…1- very difficult, 5- no trouble at all      

11. Comfortable with the mouse?


 

            _____
…1- very uncomfortable, 5- very comfortable.

12. Overall experience.







_____
…1- hated it(, 5- loved it!
13. Which was the hardest part? (Vertices, grooves, sounds, picking the shape, etc.)
___________________________________________________________
___________________________________________________________
14.  Additional comments: (suggestions, complaints, liked all the sounds, what would make it easier or more comfortable for you?)
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Appendix C
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(b)
	User #
	T1*
	T2*
	1
	2
	3
	4
	5
	6
	7
	Average

	
	 
	 
	
	
	
	
	
	
	
	

	1
	44.8
	136.6
	100.0
	207.1
	312.0
	297.0
	231.4
	294.1
	314.8
	250.9

	2
	370.7
	195.3
	90.0
	324.0
	421.0
	210.0
	280.0
	88.9
	194.0
	229.7

	3
	151.5
	302.5
	67.0
	112.7
	196.7
	193.0
	129.0
	215.2
	300.0
	173.4

	4
	63.6
	108.5
	169.5
	48.5
	145.8
	155.4
	61.8
	83.8
	294.0
	137.0

	5
	104.7
	66.9
	161.6
	62.6
	77.8
	144.7
	52.8
	41.8
	193.8
	105.0

	6
	85.3
	264.7
	69.8
	93.2
	78.5
	198.4
	27.0
	389.0
	300.0
	165.1

	7
	133.8
	74.1
	141.1
	68.0
	80.4
	151.0
	189.6
	197.0
	191.2
	145.5

	8
	126.4
	320.2
	90.3
	61.2
	122.0
	271.1
	207.8
	330.3
	160.6
	177.6

	9
	109.3
	333.6
	109.2
	236.0
	553.7
	330.7
	82.6
	306.7
	277.0
	270.8

	10
	53.5
	593.3
	187.5
	212.6
	380.9
	292.0
	155.0
	582.0
	300.0
	301.4

	11
	89.5
	224.5
	97.2
	80.2
	420.7
	354.8
	89.4
	122.8
	214.2
	197.0

	Average
	121.2
	238.2
	116.7
	136.9
	253.6
	236.2
	136.9
	241.1
	249.1
	


* Blue color were information from training section, it was not included for drawing result.
(c)
	User #
	Question #

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	2
	4
	5
	4
	2
	4
	3
	3
	3
	5
	2
	3

	2
	1
	3
	3
	1
	1
	1
	1
	1
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	5
	3
	2

	3
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	4
	5
	4
	4
	5
	5
	3
	3
	4
	4
	5

	4
	2
	4
	5
	5
	1
	3
	3
	1
	3
	5
	4
	6

	5
	3
	4
	5
	4
	2
	4
	3
	2
	2
	2
	4
	4

	6
	4
	3
	5
	5
	3
	5
	5
	3
	4
	4
	3
	4

	7
	4
	5
	5
	3
	1
	4
	4
	5
	4
	5
	5
	4

	8
	2
	4
	5
	5
	3
	4
	5
	2
	3
	2
	2
	4

	9
	1
	3
	5
	4
	2
	2
	1
	1
	3
	3
	4
	3

	10
	2
	4
	5
	2
	3
	3
	4
	3
	3
	1
	1
	2

	11
	3
	3
	5
	5
	1
	5
	1
	1
	4
	1
	2
	2


Unlike a regular mouse, this mouse is attached to the base, which delivers all the force feedback effects. 
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    Figure3 








Please draw the figure(s) you felt on the screen to the best of your ability:


























Number of vertices: ____                          Time: ____                            Shape #: ____


							























Test #5: One Shape – No Vertex Sounds
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Test #6: One Shape – No Sounds
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Test #7: One Shape -- with Regular Mouse
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Please draw the figure(s) you felt on the screen to the best of your ability:























Number of vertices: ____                          Time: ____                              Shape #: ____





























Please draw the figure(s) you felt on the screen to the best of your ability:





























Number of vertices: ____                         Time: ____                             Shape #: ____























Please draw the figure(s) you felt on the screen to the best of your ability:
































Number of vertices: ____                         Time: ____                             Shape #: ____


























Please draw the figure(s) you felt on the screen to the best of your ability:
































Number of vertices: ____    ____            Time: ____                         Shape #: ____    ____


























Please draw the figure(s) you felt on the screen to the best of your ability:





























Number of vertices: ____    ____            Time: ____                         Shape #: ____    ____


























Please draw the figure(s) you felt on the screen to the best of your ability:
































Number of vertices: ____                         Time: ____                             Shape #: ____




















Please draw the figure(s) you felt on the screen to the best of your ability:
































Number of vertices: ____                         Time: ____                             Shape #: ____























Please draw the figure(s) you felt on the screen to the best of your ability:



































Number of vertices: ____                         Time: ____                             Shape #: ____


























