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Abstract 

Muscular dystrophy causes severe difficulty in movement; unfortunately, this condition worsens 

with time.  The client, who has this condition, has requested a device that allows him access to 

his personal computer.  He is currently using a device fashioned by himself, but he would like an 

improved design so that he can control his computer more efficiently. 

 

The goal of this project is to create a device that accomplishes this task; it should be more 

efficient than his current design.  It should also be easier to set up, and simple to handle. 

 

Taking these specifications into account, it was decided that splitting the design into three 

components would allow more adjustable usage.  The three components consist of an arm 

support, a cursor device, and a clicking device.  The arm support will be an adjustable ramp for 

the client�s arms to rest on; the cursor device will incorporate an upside down optical mouse, and 

the clicking device will be a squeezable stick. 

 

Future work includes finalizing the design for the clicking device, then ordering the parts and 

finally constructing the prototype. 

 

Background 

Muscular dystrophy causes the progressive loss of muscle tissue and the weakening of existing 

skeletal muscle.  As a result of muscle loss and weakening, people with muscular dystrophy lose 

movement and motion as time passes.  There currently is no cure, so treatment consists of 

attempting to limit the symptoms of muscular dystrophy. 
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Our client, Richard, has muscular dystrophy.  Richard has very limited motion.  He has 

movement in two fingers in each hand, and he can slightly turn his head.  He does not, however, 

have full movement in those fingers.  He can squeeze, and hold things in his right hand.  In his 

left hand, Richard has less squeezing power and cannot hold things as well, but he can push hard 

enough to push a mouse button.  Richard cannot get out of bed because of his limited motion.  It 

is for this reason that he spends about eight hours a day using his computer.  Richard enjoys 

using his computer for email, the internet and playing games.  His computer truly is his 

connection to the world.  Richard cannot use a traditional keyboard and mouse, and this why he 

needs a computer input device. 

 

Current Design 

Richard currently uses a traditional mouse with a large trackball as an input device for his 

computer.  Richard holds a padded pencil in his right hand and uses the eraser end to move the 

trackball.  This moves the cursor around the computer screen.  To click, Richard pushes the 

mouse buttons with the pointer and middle fingers on his left hand.  The mouse buttons have 

foam pieces attached to them so that Richard can reach them.  The foam is also present so that 

pushing the buttons is easier on Richard�s skin.  Muscular dystrophy has caused Richard to have 

extremely sensitive skin.  This means that any contact point that Richard makes with the mouse, 

pencil, or any other surface must be padded.  Since Richard has both hands centered around the 

mouse, his arms must be supported and propped up so that they are stable enough for him to be 

able to use his mouse.  The current design uses multiple towels that are rolled or folded, and 

placed underneath both of Richard�s arms.  The placement of these towels allows him to 



 5

comfortably reach and use his mouse.  Figure 1 shows the current computer input device and 

support system that Richard uses. 

 

Figure 1:  Current computer 

input design.   

 

 

 

 

 

 

Problem Statement 

Richard�s current input device allows him to use his computer, but it is inefficient and time 

consuming to set-up.  On average it takes about thirty minutes to get Richard settled.  This is 

because the mouse and towels have to be in precise locations so that Richard can safely and 

successfully access his mouse.  The stability of the current design is also an issue.  Components 

of the current device often slip, and need to be readjusted.  The tape holding the foam pieces on 

the mouse buttons does not hold very well, and when the foam slips, Richard is unable to click 

until somebody readjusts his set-up.  These adjustments can take a few minutes, and they are 

needed a couple of times every hour.  Another issue that Richard has with the current design is 

the inefficiency of his trackball.  It takes Richard about six sweeps with his pencil across the 

trackball to move the cursor across the screen just once. 
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Richard needs a computer input device that is easy to use, efficient, and simple to set-up.  It has 

to be reliable, durable, and long lasting.  It also should be stable and safe, so that Richard can use 

it for long periods of time without discomfort or the need for readjustment. 

 

Previous Semester�s Design 

A group of students from the Fall 2007 semester worked on designing a new computer input 

device for Richard.  They decided to try and use a joystick to move the cursor around, a new 

mouse to click, and PVC pipe with Tempur-Pedic foam as arm supports.  They focused mostly 

on the joystick in order to make moving the cursor easier for Richard.  They extended the arm of 

the joystick by attaching a spring and a plastic cylinder taken from a pen.  They attempted to 

calibrate the joystick using free software found on the internet.  By the end of the semester their 

design was not quite complete.  Software issues did not allow them to finish the cursor 

movement portion of the design.  They were having difficulties zeroing the joystick, and Richard 

had problems with the cursor drifting while using the joystick.  Set-up issues also occurred, as 

Richard was not quite able to get comfortable using the joystick [1].  Figure 2 shows last 

semester�s design (new arm supports not shown). 

 

 

Figure 2:  Previous design.  A joystick, 

which moves the cursor on the screen. 
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Arm Support 

The first component of the overall design is the arm support system.  This system should provide 

a quick and simple method to adjust the client�s arms, allowing proper use of the computer input 

device.  All three alternative designs for the arm support involve a modification of the previous 

team�s design � the arm support pipe (See Figure 3). 

 

Figure 3:  Arm support pipe, created by 

previous team. 

 

 

 

 

Arm Support Design I:  Scissors Lift 

The first alternative design for the arm support is the scissors lift.  This consists of a latticework 

of support beams connected at each end.  With the rotation of a crank, this support is able to 

adjust vertically, up and down.  Since little vertical adjustment is needed, this lift is able to rise 

only six inches.  The arm support pipe rests on the top platform, ten inches in length and four 

inches wide  (See Figure 4). 
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Figure 4:  Scissors Lift Support.  

Adjustable, but not very safe. 

 

 

 

While this may be adjustable, it has its disadvantages.  It involves a mechanically complex 

design; many components are needed with an intricate system of beams and bolts.  A design such 

as this is useful when supporting a heavy load.  However, it becomes unnecessarily complex 

when dealing with light loads that can be supported by a more efficient system. 

 

Another drawback to this design is the lack of pivotal motion.  It can be adjusted vertically, 

which is important, but it cannot be tilted.  In other words, the client�s elbow must be at the same 

elevation as the wrist.  This would be uncomfortable and impractical for the client. 

 

Also, the collapsing of the crossbeams brings up an issue of safety.  Appendages are very 

susceptible to becoming pinched in the beams. 

 

Arm Support Design II:  Dual Adjustment 

The second alternative design for the arm support component is the dual adjustment system.  

This design eliminates all of the major disadvantages of the previous design.  It consists of two 

support pipes at the front and back of the arm support pipe.  These support pipes can be raised or 
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lowered independently of each other, allowing both vertical and pivotal motion.  It is also 

simpler and safer than the scissors lift since it lacks many complex components (See Figure 5). 

 

Figure 5:  Dual Adjustment Arm 

Support.  Safer and simpler than 

scissor lift design. 

 

 

 

The support legs each are one inch diameter PVC pipes.  There are two per leg, with one fitting 

tight into the other.  This allows for sliding up and down.  The bottom of each pipe is welded 

onto a square support base, approximately four inches per side and one inch thick.  The top of 

each leg is attached to the base of the arm support pipe using hinges, which allows one side to be 

higher than the other. 

 

There is only one major drawback to this design.  The client�s elbow rests on a cushion atop his 

bed; it does not need to be raised or lowered.  Hence, the support leg under his elbow is 

completely useless, since little adjustment to the elbow is needed.  This disadvantage is taken 

care of in the next design, the adjustable ramp. 
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Arm Support Design III:  The Adjustable Ramp 

The final alternative design for the arm support component is the adjustable ramp.  This design 

basically removes the unnecessary leg from the previous design, the dual adjustment system, 

which was its only major disadvantage (See Figure 6). 

 

Figure 6:  Adjustable Ramp.  Even 

simpler than the dual adjustment system. 

 

 

 

 

 

The components to this design are identical to the dual adjustment system, save for the fact that it 

is missing one leg.  The support leg is still six inches long, composed of PVC pipe, welded to a 

base, and attached to the arm support pipe with a hinge.  Now, with this design, the client�s 

elbow rests at the legless end of the pipe, while his hand can be moved up and down. 

 

Unfortunately, with the hinge, the arm support pipe, and the arm that it holds up, this design may 

be somewhat top-heavy.  This may lead to tipping, so the base must be heavy to counteract this 

imbalance. 
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Arm Support Design Matrix 

In order to evaluate each alternative design quantitatively, a design matrix is constructed.  Ease 

of use is the most important factor in the matrix, since the main goal of this project is to make it 

easier for the client to use his computer.  Durability is important; if the parts should wear down 

or break, the client has few alternatives to turn to.  Safety is also key, taking into account the 

client�s sensitive skin and inability to move should he need to in an emergency situation.  

Complexity, or ease of assembly, is acknowledged;  a simpler design is often a better one.  

Finally, cost is considered (See Table 1). 

Design 
Ease of Use 

(30) 

Durability 

(20) 

Safety 

(20) 

Ease of Assembly 

(20) 
Cost (10) Total 

Ramp 30 15 20 15 5 85 

Scissors 

Lift 
15 10 10 15 5 55 

Dual 

Adjustment 
25 15 20 10 5 75 

Table 1:  Arm Support Design Matrix.  The adjustable ramp was chosen based on the different 

weighted criteria. 

 

Because of the ramp�s efficiency and safety, as well as its edge over the dual adjustment system, 

it is chosen as the final design. 

 

 

 



 12

Cursor Control 

The second component of the overall design is the cursor control.  The goal of this system is to 

provide the client with an easy method of maneuvering the cursor across the computer screen. 

 

Cursor Control Design I:  Graphics Tablet 

A graphics tablet is a device that moves the on-screen cursor by tracking the strokes of a stylus 

across its surface  (See Figure 7).  The setup of such a device would consist of the actual tablet 

itself, and the stylus that must be moved across it.  Graphics tablets are readily available through 

companies such as Dell or directly through their manufacturer, Wacom. 

 

Figure 7:  Graphics tablet [2].  Effective, easy to control 

cursor, but expensive 

 

 

 

 

The advantage of this design lies in its simplicity and its similarity to the client�s current setup.  

The only day-to-day setup involved with this device would be to place the tablet in front of him 

and plug it into a USB port on his computer.  Like his current design, he would move the cursor 

with a series of small, stroking motions. 

 

The major disadvantages to this design, however, are the cost of the device and the modifications 

that would be necessary for the client to effectively use this device.  Prices of these devices start 
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around $60 to $80, a significant portion of the project budget.  Also, the device is normally 

configured for an individual who can make long, sweeping motions to move the cursor.  

Modifications would be necessary to �shrink down� the active area on the tablet to roughly the 

size of a nickel.  The manufacturers of these devices stated that the smallest area that the tablet�s 

active area can be shrunk down to is about the size of a credit card, which is far too large for the 

client.  Therefore, extensive modifications may be necessary to make this device useable for our 

client. 

 

Cursor Control Design II:  Joystick 

Readily available and inexpensive, a joystick could be modified to fit the client�s needs.  Last 

semester�s team developed a prototype from a standard gaming joystick (seen in Figure 8), 

which required very little motion from the client�s wrist and arm to move the cursor.  All 

unnecessary components were removed from the device, and a long plastic rod was added to the 

joystick to give the client leverage (thereby making it easier for him to move the joystick). 

 

Figure 8:  Joystick controller.  Works well, but difficult 

to position hand adequately 

  

 

 

The difficulties in this design, however, are in the fact that it is very different from the client�s 

current setup.  The client would essentially need to re-learn the movements necessary to move 
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the on-screen cursor.  Instead of using small strokes to slowly move the mouse across the screen, 

the client would have to push the joystick in the direction he wanted the mouse to go. 

 

Another difficulty is that this design would not be easy to setup.  The client�s arms would have to 

be positioned in a particular, precise position each day, and if his hand or the joystick slips, he 

would then have to be repositioned.   

 

Cursor Control Design III: Reverse Optical Mouse 

Many new models of computer mice use optical devices for tracking movement instead of rubber 

trackballs.  If the mouse is turned upside down so that the optical device is facing upwards, 

anything to cross in front of this device will cause the on-screen cursor to move (Figure 9).   

 

Figure 9:  Reverse optical mouse design.  Very sensitive, 

and easy to adjust. 

 

 

Computer mice are sold at nearly every computer store and are inexpensive.  Also, the optics in a 

computer mouse are highly sensitive, so the user would not need a large range of motion to move 

the cursor across the screen.  If a small stylus of sorts could be made, the client could simply 

move this apparatus around near the optics of the upside down mouse, thus allowing him to 

efficiently move the cursor around on the screen. 
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This design could, however, require extensive day-to-day setup.  It would also require extensive 

testing with the client to determine at what angle the mouse should be kept at, what kind of 

stylus (pointer) works best, etc. 

 

Cursor Control Design Matrix 

Table 2 is the design matrix for the cursor control component of the design. 

Design Ease of 
Use  
(30) 

Durability 
(20) 

Safety 
(20) 

Ease of 
Setup 
(20) 

Cost 
(10) 

Total 
 

Tablet 5 20 20 20 0 65 
Joystick 10 15 20 15 10 70 
Reverse 
Optical 
Mouse 

30 15 20 15 5 85 

Table 2.  Design matrix for cursor control devices.  The reverse optical mouse was chosen 

because of its overall high marks is nearly every category. 

 

The �winner� was the Reverse Optical Mouse.  The Tablet�s cost and concerns about how easy it 

would be for the client to use it, caused it to score the lowest.  The Joystick from last semester 

scored lower than the Reverse Optical Mouse because it too had �Ease of Use� concerns.  

Therefore, the Reverse Optical Mouse design will be the design that is developed for the 

remainder of the semester.    

 

Clicking Device 

The third component of the overall design is the clicking device.  This design should allow the 

client to right click, left click, and double click with ease.  It should also be easy to set up. 
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Clicking Device Design I:  Speech Recognition Software 

The idea for this design is to install a program onto the client�s computer that will use verbal 

prompts from the client to click the mouse; that is, saying the word �click� will execute a click 

command and saying �double click� will execute a double click command.  Programs that have 

this capability, while difficult to program, are readily available for purchase or download over 

the internet.  The client has a microphone set up like the one in Figure 10 for vocally interfacing 

with the computer.  The vocal option is desirable because it eliminates the use of the client�s 

weaker left hand completely, thusly making the overall input device more reliable.  It would also 

cut down on the amount of time required to set up the interface.   

 

Figure 10:  Headset for speech recognition software [3].  

Serves many different functions, but unreliable. 

 

 

 

 

The software that was chosen was a free internet download called e-Speaking Voice and Speech 

Recognition.  This program has the ability to turn verbal prompts into on-screen responses; 

everything from saying �click� for a left click to �open excel� to open Microsoft excel is 

possible.  However, the software is easily confused.  When given to the client, it would read 

background noises such as the client�s ventilator as commands.  The client also had trouble using 

the software for quick tasks.  For example, when trying to type on screen, the software had an 

undesirable refractor period between clicks.  Overall, the ease of use of this particular software 



 17

was too poor for it to be considered as a good alternative to the current design.  It is still possible 

that a speech recognition software would work; however, it would be need to be a much more 

sophisticated program that will most likely be to expensive for the current budget. 

 

Clicking Device Design II:  Finger Guides 

The idea behind this design is to modify the client�s existing set up to prevent his fingers from 

slipping off the mouse buttons.  Having guides for his fingers would also decrease set up time.  

The guides would consist of two small ledges, most likely made out of plastic, that would be 

attached via epoxy or other kind of adhesive to the mouse buttons.  The plastic would be covered 

with foam so the client�s skin wouldn�t be irritated.  The client�s fingers would rest on these 

ledges, and he would click the same way he does with the current set up.   A rough example of 

this design can be seen in Figure 10. 

 

Figure 10:  Finger guide design.  Attaches to the buttons 

on a mouse. 

 

 

 

 

This design has two main drawbacks.  The first is the safety of the design.  While every 

precaution would be made to be sure that no harm would be done to the client, there is no way to 

know for sure how the skin on his fingers would hold up with constant contact with something.  

The fingers on the client�s left hand are especially sensitive, so it is possible that even with any 
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safety measures taken with the design it would still cause pain.  The second drawback is the 

difficulty in placing the guides.  The fingers on the client�s left hand are not straight; rather, they 

are curved slightly away from each other.  In order to place guides that would most effectively 

hold his fingers in place, they would need to be placed closer to the sides of the mouse.  This 

would decrease the contact area between the guides and the mouse, which would lead to a 

weaker bond between the guides and the mouse, and ultimately a device more prone to failure.  

A failure in the guides would be extremely dangerous for the client, which makes this design 

unfavorable.   

 

Clicking Device Design III:  Squeeze Stick 

The idea for this design is to create a clicking device that would be easier for the client to use and 

would eliminate the problems with the current device.  To make it easier for the client to use, the 

clicking would be done by the significantly stronger right hand.  Since the right hand is also used 

for directing the cursor, the clicking device would need to be mounted onto the stylus being used 

to maneuver the cursor around the screen.  An existing mouse would be rewired to a small switch 

located on the stylus.  When the client wanted to click on something, he would simply squeeze 

the switch, completing the circuit in the mouse and sending the left click command to the 

computer.  There are surgical probes that are similar to the proposed design, as seen in Figure 11.  

A right click would be performed by a click of a similar device for the left hand, which could be 

mounted into his arm support to avoid having to hold a switch all day. 

 

Figure 11:  Squeeze stick.  Clicks with the push of a 

button. 
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This design has a slightly higher degree of difficulty than the other two.  In order to rewire the 

mouse, it would need to dismantled, and the existing clicking switches permanently turned on.  

This can be accomplished by any means from soldering the wires together to applying constant 

pressure to the buttons.  Also, the switch would need to be mounted on the stylus in such a way 

that it would put the majority of the weight towards the bottom (the side that is used to control 

the cursor).  If the weighting is correct, it is possible the client will not be able to use the device 

for the full time he would like.  Drawbacks aside, this design provides the safest, most reliable 

design alternative to the current set up. 

 

Clicking Device Design Matrix 

The design matrix (Table 3) shows that the squeeze stick is by far the best alternative for the 

clicking device design.  The biggest advantage comes from the ease of use category. The squeeze 

stick was the only one that scored all thirty points, followed by the finger guide at twenty five 

and the voice software at fifteen.  The squeeze pen distances itself further from the other two in 

the safety category (the finger guide was the only design that did not get all twenty points) and 

the ease of set up category (the squeeze stick was the only design that received all twenty points 

in this category).  Overall, the squeeze stick only lost ten points, while the other two designs lost 

an average of eighteen, making it the superior design. 
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Table 3:  Design matrix for clicking device design.  The squeeze stick was chosen based on its 

ease of use and assembly. 

 

Future Work 

The most pressing project for the rest of the semester is finalizing the design for the squeeze 

stick.  The basic theory behind the design is known; however, we�re not exactly sure how we are 

going to change the wiring of the existing mouse to accommodate the new clicking device.  Also, 

we need to come up with a design that will incorporate the switch into a stylus that will be usable 

by the client.  The prototype for the squeeze stick can not be built until the design is finished, so 

finishing the design is priority number one. 

  

The next step will be building a prototype.  Materials will need to be selected for the arm rest 

that will not irritate the client�s skin.  Most likely PVC pipe will be used as the actual support, 

with memory foam lining it to protect the client�s skin.  The base will be made of two lengths of 

pipe (either aluminum or plastic), one hollowed out to allow the other to fit into it.  The hollow 

pipe will be fixed to a base via epoxy.  The base support will be fixed to a hinge will be screwed 

75 5 15 15 15 25 Finger 

Guide 

90 5 20 20 15 30 Squeeze 

70 10 10 20 15 15 Voice 

Total Cost (10) Ease of 
Assembly 

 (20) 

Safety 
(20) 

Durability 
(20) 

Ease of 
Use (30) 

Design 
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to the pipe near the top.  The foam will make it so the bolt holding the support in place does not 

irritate the client�s skin. 

 

After the full interface prototype is complete, it needs to be tested with by the client.  We will 

show his attendants how to set up the interface and show him how to use it.  We will then allow 

him a week to get used to the new set up and form an opinion of what he likes and dislikes about 

it.  We will use his feedback to make a final product to his liking. 
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Appendix 

Product Design Specifications: 
Computer Input Device 
 
Revised: 
March 10, 2008 
March 11, 2008 
 
Team Roles: 
Team Leader: Steve Welch 
Communications: Andrew Bertram 
BWIG: Matt Parlato 
BSAC: Joe Decker 
 
Function: The device must assist the client in accessing his personal computer.  He is currently 
using a modified trackball mouse, but this device is difficult for him to use and requires a large 
amount of time to set up each day.  Our goal will be to design a device that not only replaces the 
current �trackball-setup� but one that can also be setup quickly and efficiently.  An arm support 
system will also be designed to hold the client�s arms in a position that will allow him to easily 
access his computer input device.   
 
Client Requirements: 

• Input device must allow him to have full access to his computer with minimal physical 
movement 

• Arm supports must be very stable 
• Input device must require less continuous adjustments than current trackball-setup 
• Input device and arm supports must be able to handle continuous use of at least eight 

hours per day 

 
Design Requirements: 

• Input device and arm supports cannot irritate the client�s skin 
• Both the arm supports and the input device must be easy to setup and take down on a 

daily basis 

• Input device must require little technical expertise to setup each day (preferably, it would 
plug into his computer�s USB port) 

• Device must not require an extensive amount of effort from the client 

 
1. Physical and Operational Characteristics 

a. Performance Requirements: The input device must allow the client full access to 
his computer for at least eight hours each day.  It must allow require minimal physical 
movement on his part.  The arm supports must be able to comfortably support his 
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arms for at least eight hours each day.  Neither of these devices can allow the client�s 
arms and hands to slip into a position from which he cannot access his computer.  
Finally, both the arm supports and the input device must function well on a regular 
basis without requiring frequent adjustments throughout the day. 

b. Safety: The primary safety concern with the input device and arm supports is that 
they cannot irritate the client�s skin.  For instance, a surface as smooth as that of 
finished wood or smooth plastic would be far too rough for the client�s skin.  Also, 
the client lacks significant feeling in his skin, so he would be unable to tell if his skin 
is being damaged.  Therefore, extra care must taken to ensure that all surfaces he 
touches are extremely soft/forgiving and will not damage his skin in any way.   

 

c.  Accuracy and Reliability:  The device should be precise enough to move the cursor 
exactly where the client desires with extreme sensitivity.  The range of motion is only 
up to three centimeters, so extreme reliability is needed. 

 

d.  Shelf Life:  The device will be used and stored in a standard apartment home.  It must 
have a shelf life of about the average computer mouse. 

 

e.  Operating Environment:  As stated in part d, this device will be used in a standard 
apartment home.  These are ideal conditions with room temperature ranges.  Dust 
may be a concern, as it might enter the device and cause malfunction. 

 

f.  Ergonomics:  The arm support device must have adjustable height.  The wrist should 
be adjustable from zero to six inches above the table; the arm should be able to adjust 
laterally.  The client�s fingers can move in circular motion, approximately three 
centimeters in diameter. 

 

h.  Size: The mouse interface must fit into the client�s hand, and the arm support must fit 
on his computer desk 

 
i. Weight: Interface should not has excessive weight where the client can�t hold it up for 

8 hours 
 
j. Materials:  All materials that come in contact with the client�s skin must be soft 

enough to not cause damage.  All other materials must be durable enough to sustain 
general wear from use 
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k. Aesthetics, Appearance, and Finish: Appearance and aesthetics are not of main 

concern, and finish should be fit for comfortable use 
 

2. Product Characteristics 
a.  Quantity: One unit will be needed. 
 
b.  Production Cost:  The budget is $200.  Since one unit is needed, no production cost 

limit other than the budget is required. 
 

3. Miscellaneous 
a.   Standards and Specifications: Our device must meet or exceed the efficiency of the 

current computer input device.  Our device must also meet or exceed the speed of set-
up time of the current device. 

 
b.   Customer: The user of our computer input device is an individual with muscular 

dystrophy.  Other individuals with limited arm, hand, and finger movement could also 
use our device. 

 
c.   Competition: Our competition is the current device, which consists of a mouse with a 

large trackball, foam attached to the mouse buttons, and towels as arm supports.  
Other competition for computer input devices for people with disabilities includes 
speech recognition computing and optical devices (head movement moves cursor, eye 
blinks click the mouse).  

 

 

 


