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Executive Summary

Our mission was to design a device to enable a thirteen-year-old client with an incomplete C6 spinal cord injury to independently open a soda container safely and discreetly. The client requested a device because he has several weak muscle groups, especially his triceps, no finger movement, and no wrist flexion, making it difficult to use soda can openers already on the market. In addition to the requirements listed above, the client wanted the device to be easy to use, compatible with any soda can, and comfortable.

A main focus of our research was looking at competitive products to see how soda can openers on the market worked. Through interviewing the client and user observation, we learned why these products were not practical for the client and how to increase their usability.

On the basis of our findings, we designed three different mock-ups. One had a hook on the end and had to be pulled away from the body. Another was similar but could be pushed toward the body. A third used a slot instead of a hook to grasp the tap and is also pushed toward the body.

Based on user testing, our group came up with the Push N Pop, which consists of a slot interface connected to an elevated handle. There are three simple actions involved in using this device. First, it is engaged into the universal cuff, a band worn around the palm by people with no finger movement to hold slender objects. Then, the object is guided so the tab of the can is inserted into the slot. Finally, the handle is pushed up to pop open the soda can. 

There are several benefits to this design.

· the slot interface is compatible with all soda cam tabs 

· the elevated handle allows the user to easily rock the device in order to put it into the universal cuff. 

· The material, polycarbonate, is safe, durable, and discreet.

It is recommended that more user testing be conducted to ensure that the final prototype works for the client and that different C6 spinal cord injury patients can use the device
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Figure 1 - Picture of the Push N Pop
Introduction

Our goal in designing the Push N Pop is to create a device that would enable our 13 year old client with a C6 incomplete spinal cord injury to independently open a soda container safely and discreetly (See Appendix A). Although his other muscles, particularly the bicep, are strong, the client has no finger movement, no wrist flexion and no tricep movement. These limitations make it impossible for the client to open a soda can on his own.

There are several devices on the market designed to open soda cans easily. However, these devices have been designed for people with finger movement. For example, the most common device found in many stores is a lever with a slot on the end to fit the soda can tab. One of the drawbacks to this design is that the level is flat and wide, making it harder to place the device in the universal cuff, a band around the palm used to hold objects. It is also large and clunky, making it very conspicuous. Another available product is a J shaped soda can opener. The curved end of the J slides under the tab and the straight end is used as a lever to lift the tab. This device has similar shortcomings to the first. Although it can be “rocked” into the universal cuff, it is difficult to do so because of its width. The device is also not very discreet.

Our main goal is to enable the user to operate the device to open a soda can independently. It is also important that the device be discreet.  Finally, the device must be versatile, enabling the user to open many different types of soda cans.
This report will first discuss our final design concept. It will then explain our method for evaluating the user’s requirements and needs, and how we designed a product to meet them. Finally, it will propose next steps for developing the device.

Design Concept

This section describes how our design concept solves the problem.

	Contents of Section

i. Overview of the Design

ii. Tab Slot

iii. Handle


Overview of the Design

The Push N Pop soda can opener allows patients with C6 spinal cord injuries to independently open any soda can safety and discreetly. The soda can opener consists of two main parts: the handle and the tab slot. The handle fits into the universal cuff securely. The handle is also elevated above the slot so the user can engage the Push N Pop into the universal cuff by rocking the device. The tab slot slides around the tab and holds it firmly. The Push N Pop is portable, lightweight and has a clean look that makes it convenient to use at home and in social settings.
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Figure 2 - Picture Of The Prototype

Tab Slot

The tab slot slides under the tab easily and attaches to the soda can. The slot is compatible with many different sizes of soda cans tabs. The opening of the slot is 2 cm in width by 0.3 cm in height, which is large enough for all kinds of tabs. It is also small enough so that the tab doesn’t slip out of the slot. The inner walls of the slot are rugged to provide additional friction. The outer walls are smooth so that it can easily slide under the tab. The bottom of the slot is thin (0.15 cm) which makes it even easier to slide the slot onto the tab. However, the Push N Pop is still durable because it is made of a strong polycarbonate.
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Figure 3 - The Tab Slot

Handle

The handle of the Push N Pop soda can opener is compatible with the universal cuff. It can easily be engaged into the cuff, because the top of the handle is smooth. it stays in the cuff securely. However, surface of the handle is rugged and has a high coefficient of friction. As a result of a series of tests, the optimal dimensions of the handle were found to be 3 mm in height by 13 mm in width by 75  mm in length. These offer the user maximum comfort when engaging, operating and disengaging the device. The handle is also elevated which makes it even easier to engage in the universal cuff. In addition, the handle has an ergonomic shape so people with the use of their fingers can use it as well.
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Figure 4 - An Overview of the Push N Pop

Background Research

The background research highlights the research done to design a device for the user and how it affects later design concepts.

	Contents of Section

i. Methods

ii. Findings

iii. Implication for Alternatives


Methods

Web Research

There were several useful websites for this project. The first is apparelyzed.com spinal cord peer support group, which offers information on spinal cord injury patients. The Wikipedia web encyclopedia provides an overview of spinal injuries and physical aspects of the soda can. Finally, the Abledata website, by Macro International and the Sammons Prestons online catalog has numerous products to assist those with disabilities.

Client Meeting

On October 4th, we met with Sara Clark from the Rehabilitation Institute of Chicago for the first client meeting (See Appendix B for questions asked during the meeting)

On October 10th, we met with Sara Clark at the Rehabilitation Institute of Chicago (RIC) with Billy, our 13 year old client (See Appendix D for data collected).

User Observation

On November 1st, we observed the client with mockups at RIC (See Appendix F for questions asked, Appendix G for the data collected).

Findings

User Physical Limitations/Abilities

Muscle Groups

Because of the client’s incomplete C6 spinal injury, he has the following disabilities:

· No finger movement

· No wrist flexion

· No tricep movement

The C6 spinal injury did not affect other areas of the arm and the rehabilitation has strengthened muscles such as:

· Wrist Extension (including tenodesis)

· Deltoid, Pectorals and the Rotator Cuff

· Biceps

Other areas researched include:

· Good head and neck movement

· Low trunk movement

User Preferences

Low Profile/Discreet

The user would like a small object that does not draw attention to him.

Portable/Light weight

The device must be portable and lightweight so the device can be used in multiple locations.

Easy to engage/disengage quickly

The user would like to use the device effortlessly at any time.  Large handles or a high friction surface would allow him to place the device in the universal cuff with ease and keep the device secure.

Adaptable

This device should be compatible with a variety of soda cans.

Products

Our device can be modeled after many existing products for spinal cord injury patients such as:

The typing tool

This tool has a clip that fits on the side of the palm to allow the user to type.  This tool can bruise the user after prolonged use.

The universal cuff

The universal cuff is a cuff with a slot opening on the side that can fit slender objects and is secured with a plastic ring.

The writing instrument

This instrument is similar to the universal cuff but is placed in a position for writing.  

The wheelchair gloves

His special wheelchair gloves have a high-friction surface so the user can easily grip and push his wheelchair.

The vertical palm self handle

This is a clip that attaches to the palm to hold writing instruments normal to the palm.

Soda can openers – Flat lever

A variety of products that assist users with limited finger movements are on the market today.  Most involve lengthening the tab with the use of a lever.  The tab interface can be a clip or a slot that attaches to the tab.

Soda can openers – J shaped

The J shaped can opener works by mimicking the finger movements of a can in one direction.  By pressing down on the top of the J shape, the object forced the soda can open.

Physical Aspects of a Soda Can

Soda cans have the following physical aspects*

	Volume
	355ml

	Weight
	15g (empty)/ 390g (full)

	Materials
	98% aluminum

1% manganese 

1% magnesium

	Diameter
	6.6 cm

	Height
	12.1 cm

	Tab length
	1 inch

	Tab clearance from edge
	3/8 inch

	Tab width
	3/4 inch


*Other soda cans may vary

Table 1 - Physical Aspects of a Soda Can

Implication for Alternatives 

The background research led us to consider these design implications while developing alternative designs. 

Safety

Patients with spinal cord injuries do not have complete feeling in their hands so they can injure themselves without feeling it. Therefore, the device should be made of materials such as leather, plastic or other non-abrasive materials. Metal parts with sharp edges should be strictly avoided. All parts should have rounded edges to ensure the safety of the client. 

Discreet

Interpretation of the data collected in the client meeting shows that the device should be discreet rather than cool. Therefore, the device should be small and low-profile. Therefore the color of materials is an important consideration. 

Compatible

The client reported that he drinks a variety of drinks from different companies. Therefore, our device had to be one that is compatible with most soda cans in the North American market. Because the client utilizes the universal cuff in many situations where a soda can might be requested, the device should also be compatible with the universal cuff.

Easy to Engage

The device we designed has to be used quickly and easily. Therefore, we avoided a flat design so the device is easily engaged into the universal cuff. There is one opener on the market which could have been useful.  However, as it is flat, the client finds it hard to attach it to the universal cuff. 

Independent

The client wants to be able to use the device independently. This need was very important in our design process because it satisfies emotional needs as well as physical needs. 

Portable

The client stated that he drinks soda very frequently. Consequently, our device had to be portable. Considering this need, we designed a device that can fit into a pocket. Moreover, the device had to be small and lightweight.   

Low-Cost

Bearing in mind our limited budget, we designed a low cost device that does not contain complex mechanisms.

Alternatives

This section of the report will describe the concepts, testing and evaluation of each of our alternatives.

	Contents of Section:

i. Concepts

ii. Testing

iii. Evaluation


Concepts

Introduction

After the brainstorming exercise, we decided to construct three mock-ups based on ideas our class generated. These mock-ups were used to answer the following questions about the user’s abilities and our design concept (See Appendix C for the clustered brainstorming ideas and Appendix E for a visual organization of how the alternatives meet the requirements).

· Which action (pulling away or pulling towards the body) would better suit the client?

· What is the easiest way to place the device on the can?

Alternative One – The slot opener
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Figure 5 - Isometric CAD of the slot opener
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Figure 6 - The Slot Opener
This concept uses an already existing product and adapts it to the universal cuff by taping two stacked popsicle sticks to the end. The product itself has a slot on the front as the tab interface.  A soda can tab was able to fit inside this slot so that when the user slid the device around the tab, the tab would be secured. This device is used by pulling the handle towards the body to lift the tab and open the soda can.
This alternative was designed to answer the following questions (as well as the ones in the introduction):

· Does the client have enough dexterity to place the slot around the tab?

· How long should the handle of the device be?

Alternative Two – The pull hook
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Figure 7 - The Pull Hook

This alternative has a curved design used to guide the user to lift the tab via the use of a small hook. This alternative looks like the letter J.  The curved end of the device meets the soda can tab by slipping under the tab. The hand pulls in a motion parallel to the ground to open the soda can.

This alternative was designed to answer the following questions (as well as the ones in the introduction):

· Is the hook a good tab interface?

· Does the pulling motion take advantage of the client's strength?
Alternative Three – Pull towards or push away hook with pivot leg
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Figure 8 - The Push Away Hook with Pivot Leg
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Figure 9 - The Pull Towards Hook with Pivot Leg
This alternative is slid under the tab in a similar fashion to alternative two. However, it has a raised handle so the user can put it in the universal cuff more easily. It also has a pivot leg, a metal bar extending out of the handle over the hook. The pivot leg attaches to the can near the rim and is used to stabilize the user and the can.

This design branched into two designs. One branch of this alternative allowed the user to pull towards the body and the other branch allowed the user to push away from the body.

This alternative was designed to answer the following questions (as well as the ones in the introduction)::

· Is it easier for the user to push away or pull towards the body?
· Is the pivot leg useful for stabilizing the device?
Testing
Summary of Test Methods

We did testing with our client at the Rehabilitation Institute of Chicago on November 4, 2006. The purpose of these tests was to evaluate four different designs: slot opener, pull hook, pivot leg push away and pivot leg pull towards. To do so, the user was asked to place the mock-up in the universal cuff, guide the mock-up so it was under the tab and apply a force in the correct direction to open the can. If the user needed assistance at any point in these directions, he was given help.

These tasks allowed us to:

· Test if the device "rocked" enough to be placed in the universal cuff in the correct orientation

· Determine the best method for securing the mock-up to the can

· Determine the best direction to apply the force on the tab

· Determine the ideal weight of the device

· Observe the safety hazards of each device

Test Results

This table is the summary of User Comments and Suggestions Table, highlighting the issues that arose during testing and suggestions to improve on such issues.

	Alternatives
	Comments
	Suggestions

	Raymond
	easy to put in the tab
	

	
	too flat to rock into universal cuff
	add a fulcrum to the bottom of the device

	
	heavy
	make it less bulky to use less material and use a lighter material (i.e. aluminum)

	
	cannot totally open the soda can - a smaller lever would help
	make the lever shorter

	Hannah
	comfortable in universal cuff
	

	
	hard to slide the device under the tab
	make the device thinner so it can slide under the tab

	
	too flat to rock into Universal cuff
	add a fulcrum to the bottom of the device

	Ozgur One
	flips into the universal cuff easily
	

	
	doesn't have wrist strength to push the device down with the necessary force
	change device so it does not depend on the wrist or so it is not necessary to push it down (i.e. push it away from the body)

	Ozgur Two
	width of handle should be bigger
	increase width of handle - use knife handle as guide

	
	the hook which slides under the tab should be thinner
	decrease the thickness of the hook so it can slide under the tab


Table 2 - Summary of User Comments and Suggestions Table

This table is the User's Ratings of the Four Mockups.  This table was quantified by the user during testing (See Appendix G for the full table).

	Alternatives
	On a scale from 1 to 5, how easy is it to attach the device to the can
	On a scale from 1 to 5, how easy is it to place the device in the universal cuff
	On a scale from 1 to 5, how stable is the device in the universal cuff
	On a scale from 1 to 5, how comfortable is the device?

	Slot Opener
	5
	1
	3
	4

	Pull Hook
	1
	1
	3
	4

	Push Away Hook with Pivot Leg
	2
	5
	2
	4

	Pull Towards Hook with Pivot Leg
	2
	5
	2
	4

	Alternatives
	On a scale from 1 to 5, how easy was this device to use?
	On a scale from 1 to 5, how discreet is this device?

	Slot Opener
	2
	1

	Pull Hook
	1
	3

	Push Away Hook with Pivot Leg
	2
	5

	Pull Towards Hook with Pivot Leg
	5
	5


Table 3 - User Ratings of the Four Mockups
These were the average times to place the item in the cuff and open the soda can.

	Alternatives
	How long does it take to open the soda can (seconds)

	Slot Opener
	28

	Pull Hook
	Couldn’t open

	Push Away Hook with Pivot Leg
	Couldn’t open

	Pull Towards Hook with Pivot Leg
	46


Table 4 -Average Time to Open a Soda Can
See Appendix E for Alternatives Matrix

Evaluation

Considering the results we obtained from the user testing, we have decided to merge two ideas into one. “Hook with Pivot Leg” and “Slot Opener” had considerable success in testing so we decided to combine the advantageous aspects of those two designs to come up with a better final design. Our decision was based on the comments and suggestions of the user, and the data table for the user interview. 

The decision matrix for the aforementioned mockups was created as a result of user testing.

	
	Hook with a Pivot Leg
	Super Slot Opener

	Speed of engaging the device to the universal cuff
	+++
	-

	Easiness of attaching the device to the can
	+
	+++

	Stability of the device in the universal cuff
	++
	++

	Comfort
	++
	++

	Easiness of opening the soda can
	++
	+

	Safety
	+++
	+++

	Discreet
	+++
	-

	Durability
	+++
	+++

	Overall
	++
	++

	TOTAL
	21+
	14+


+++ 
= Extremely good

++
= Good

+
= Moderate

-
= Doesn’t satisfy needs

Table 5 - Decision Matrix

“Hook with Pivot Leg” has a higher cumulative score than the other alternative.  It is very easy to engage in the universal cuff. The user likes it very much because it is very discreet.

However, “Slot Opener” excels in one the most important categories: “Easiness of attaching the device to the can.” The tester easily inserted the tab into the slot. Therefore, as both designs have strengths in different areas, it is most reasonable to fuse both designs into one to get the best result in the final design.

Summary

The mockup “hook with a pivot leg” received a higher cumulative score than the slot opener. This difference in results was based on the fact the former is easier to engage in the universal cuff and is very discreet. However, the slot opener excels in its ease of attaching to the can. Therefore, we have decided to fuse the designs to achieve the best result in the final design.

Next Steps

After the design review, we have identified some issues that we will need to address in the next mockups (See Appendix H for the design review questionnaire and suggestions from peers).

	Contents of Section

i. Force

ii. Safety

iii. Tab Interface

iv. Length


Next Steps

Force

The force of the device was a large issue when the client was trying to open the soda can.  The slot opener was rather large, but opened the can well.  The push up hook with pivot leg did not open the can quite well, but was discreet.  Questions to consider include:

· Can the push up hook with pivot leg be lengthened to help with the force?

· Can the slot opener be in a more compact design without reducing the force needed to open the can?

Safety

The safety of the user is one of the highest priorities.  Although the push up hook with pivot leg was deburred, the device from did not look safe. 
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Figure 10 - An Early Push Hook Mockup

In the photo, the device is not sharp, but the uneven surface and the metallic material portray a different story.

 Questions to consider include:

· Will other materials provide the same force without looking sharp?

· Can the device be made without looking sharp?

Tab Interface

Both hook and slot opened the can so that the user could drink the beverage.  However, the final design can only use one interface.  Questions to consider include:

· Which interface can the client use the best?

· With which interface is it easier to open the soda can?

Length

The length of the object is an issue.  A longer length enables the user to use less force over time.  However, the of movement of a large device is more cumbersome.  Questions to consider include:

· What is the optimal length of the device?
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Appendix A

Project Definition

The project definition outlines the entire project by keeping track of the formulation of the problem.

Project Name:  Soda Can Opener 

Client:  Billy, a 13 year old boy with an incomplete C6 spinal injury 

Team Members:  Ozgur Tekin, Hannah Durschlag, and Raymond Chan 

Date:  October 12th, 2006 

Mission Statement: 

To enable the 13 year old client with a C6 spinal cord injury to independently open a soda container safely and discreetly.


Constraints: 

Must not cost more than our budget

 Users and Stakeholders 

1. Clients with a C6 spinal injury 

2. Rehabilitation Institute of Chicago 

	Requirements: 
	Specifications 

	Safety 

· No metal loops will be used in the equipment. 

· Nothing with sharp edges or parts will be used in the design. 

· Abrasive materials will be avoided, especially while covering parts that are in direct contact with the skin. 
	· Materials such as cotton, plastic, leather are preferred. 

· Surface where the equipment is in contact with the skin has little friction coefficient. 

· All edges are rounded and filed. 

	Comfort 

· The device will be stable so the user feels safe. 

· Te device is graspable by the user 
	· The device is not loose 

· The device has the necessary curves and/or loops to let the user grip it easily 

	Convenient 

· User can use the device independently to open the soda can 

· The device is discreet 

· The device is portable 


	· User doesn’t need the help of anyone else to use the device and function it. 

· The device is not easily visible by others when in use. 

· The device doesn’t weigh more than 300 grams. 

· The device can be carried in a backpack so maximum dimensions are 20 cm x 20 cm x 20 cm. 

	Ease of Operation 

· User can use and remove the device quickly. 

· User can operate the device easily. 

· User can learn to use the device swiftly. 
	· It takes less than two minutes for the user to open the soda can with the device and remove it. 

· The device doesn’t need more than 7 pounds of force to operate. 

· User can learn how to use the device at most in 5 tries. 

	Durability 


	· The device lasts at least for 50 soda cans 

	Compatibility 
	· The device can open all soda cans in the North America market. 

· The device can be used when the universal cuff is worn. 

	Maintenance 

· The device is kept clean 

· The device is storable 
	· Item can be cleaned with cloth and/or water 

· Device has a stable standing position and/or can be hanged. 


  

Appendix B

User Interview Guide

This is our user interview guide. We prepared these questions to ask Sara Clark at our initial meeting.

	Contents of Section

i. Questions for the client

ii. Questions about the device

iii. Questions about the soda can


Contents of Section

i. Questions for the Client

ii. Questions about the device

iii. Questions about the soda can

Questions for client

What kind of C-6 injury does the client have?

Complete? Incomplete?

How much movement does he have?

Both arms?

What kind of extension/flexion?

How much torque/force can he apply?

Does he have feeling in his arm(s)?

Can he hold objects?

How does he have to drink? Through a straw?

What other devices (for any use) have worked well for the client? Why?

Any social factors that will influence the client’s use of the device?

Questions about device

Does client need to be able to put on device himself?

When and where will the client use the device?

Can it use an alternative way to open the soda can?

Is there any limit to how big the device can be or how it can be formatted (i.e. belt)

Does the client have to be able to open it or can it be a machine?

Questions about soda can

How much force is needed to open it?

How much does it weigh (in order to lift it up and drink it)?

Is there a standard can size or model?

Is there a standard pop-top?

Are there any other soda can openers?

Appendix C

Clustered Brainstorming

This list entails the brainstorming ideas in class on October 10, 2006.

All ideas formulated in the brainstorm session have been clustered by mechanical design.  The mechanism involved will also determine the muscle groups used by the patient.

	Contents of Section

i. Lever

ii. Screw Mechanism

iii. Electromechanical

iv. Puncture

v. Wedge


LEVER

Push 

Universal cuff lever (see saw mechanism)

Double acting tab lever

Tab plow single action

Washer plow lift 

Scissors tab lift 

Double action washer lift

Open pliers presser popper 

Bent lever lift

Modified spoon trident tip 

(observe/adverse) lever lifter

Pull

Universal cuff wrist flick 
Universal cuff rocker

Universal cuff-puller attachment

Wrist strap hook

Wrist strap hook with universal cuff (modified) 

Slider cap hook

SCREW MECHANISM

Cylinder cap (rotates)

Corkscrew popper 

Rotary screw (side sticker)

ELECTROMECHANICAL

Electromechanical

Spring electromechanical opener 
PUNCTURE

Cap with puncturer 

Cap with puncturer with edges

Down forcing Cap

Hand strap cap 

Side slide popper mechanism

Glove (hardened) hooker 

WEDGE

Wedge lateral arm/bar 

 Appendix D

This section summarizes the data gathered from the first client meeting on October 4, 2006

	Contents of Section

i. User Observation

ii. User Testing Data


User Observation

Materials


The instruments that Billy uses are made of materials that are carefully selected to fit into their intended purpose.  The devices must have soft surfaces where they meet the hand. This is necessary in order to protect the skin integrity of the patient.  For instance, the rough surface of Velcro would damage the skin.  Also, the materials used should not be too stiff. Billy's hands become raw after prolonged use of the typing tool which is very tight and inflexible.  

Billy does not have the ability to grasp slender objects so the universal cuff is used to attach these to his hand. To prevent the object from slipping out of the cuff, Cobane® is wrapped around it so that the object has more friction. The rings on the universal cuff, which Billy uses to tighten the cuff, are made plastic. . 

When moving around on his wheelchair, Billy uses special gloves which are covered with a gripping material called Dycem®, a material with a high coefficient of friction.  This enables the gloves to stick to the rim of the wheelchair.

Actions

Even though Billy has limited mobility, he still performs various actions. He can write, eat and type by himself.  When Billy writes with his specially adapted writing utensil, he writes with his entire wrist. Wearing these products requires some knowledge of procedure. Billy attaches the writing utensil to his right hand by using his left hand and his mouth to secure the strap. He then hooks his thumb into plastic hooks. 

As our design involves soda cans, we made some observations about how he interacts with a soda can. He may pick up other items such as cans by hooking his hand around the can and bringing it up. He can also stabilize the can laterally by pressing the can with his arm into his body. 

Devices

Billy has many devices to assist him during the day. Among those, we observed the universal cuff, the writing utensil, the wheelchair gloves and his telephone.

Universal Cuff
The universal cuff is used to attach slender objects such as forks to Billy’s hand. The cuff is made of a band of thick fabric which goes around the client’s hand. When positioned appropriately, a long but thin pocket is in the client’s palm where he can engage other items. The cuff also has a ring on it which Billy uses when attaching the cuff. It is easier for Billy to place spoons and forks into the cuff because these two objects do not lay flat on a table. This characteristic helps Billy so that he can use these objects like a seesaw. By pressing down on one end, the other end comes up so that he may place it in a universal cuff. The knife presents a problem because it lays flat on a table. Billy must place the knife on the end of the table or against his body to place it in the universal cuff.
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Figure 11 - The Universal Cuff

Writing Utensil
The writing utensil is a device which enables Billy to write. This device has a part where one can attach a pen or a pencil. It has special holes and cavities so that Billy’s fingers fit into the device.

Wheelchair gloves
The palms of the gloves are covered with a material that has a high coefficient of friction so it makes it easier to hold the rim of the wheel and push it.

Telephone 

The telephone Billy uses is similar to a regular phone except that it has a holding extension. There is a J shaped arm attached to the phone so that Billy can stabilize the phone in his hand without actually grasping the phone. 

Physical Aspects of the Client

During  user observations we obtained valuable data about Billy’s mobility. He doesn’t have full control over his arms. His left arm has more damage than his right arm. This includes the sensory and motor functions.  When pressure is put on his palm, he describes this feeling as a burning sensation.

Billy uses tenodesis a lot everyday. Tenodesis is described as the natural movement of the thumb towards the fingers when the wrist is extended. Because this was not lost in the accident, the client’s therapist are constantly trying to strengthen his wrists so that he may employ this. 

One thing to keep in mind is that he has a hard time aiming his fingers.  Items that have a large hook-like-handle help Billy grasp objects.

Billy has active wrist extension, but no flexion.  He has a strong pulling and pushing force.  This helps him move around in the wheelchair.  He has the ability to push his hands together and squeeze via the wrists.  Also, Billy has some vertical movement in his arm, but because this movement also involves the triceps and the shoulder muscles, it is not as strong as his pulling movement, which mainly depends on the bicep.  An example of this is the fact that he can pull himself up but not push himself away from the side of a bed.

Billy doesn’t have full mobility.  Billy’s capability of motion is summarized below:

· Full right shoulder movement

· Limited shoulder movement in his left arm

· No triceps movement

· Strong anterior deltoids and pectorals

· No finger movement

Miscellaneous 

Some other relevant miscellaneous data is listed below:

· He loves soda and will drink many types of canned drinks if he were allowed to. 

· Cans may have different designs. 

· Billy is proficient at pushing his wheelchair gloves on and forgets that he has his gloves on. 

· A beige color will blend in with the skin. 

Appendix E

Alternatives Matrix

The alternatives matrix summarizes the different alternatives to be tested by rating the alternatives to major design requirements.

	
	Requirement

	Alternatives
	Attached To Hand
	Method It Uses
	Attaches To Tab
	Muscle Group Used

	1 - Pull Hook
	Universal Cuff
	Lever
	Hook
	Bicep

	2 - Push Hook With Pivot Leg
	Universal Cuff
	Imitation Of Hand
	Hook
	Bicep

	3 - Push Hook With Pivot Leg
	Universal Cuff
	Imitation Of Hand
	Hook
	Bicep

	4 - Slot Opener
	Universal Cuff
	Lever
	Slot
	Bicep


Appendix F

User Interview Guide

The user interview guide is a list of questions that helped us direct our user testing.  This list contains general instructions and basic questions about each mockup 

Introduction 

 Hello, our names are Raymond Chan, Hannah Durschlag, and Ozgur Tekin and we are designing an apparatus to enable you to open a soda can.
What is your favorite soda?  If you don't have a favorite soda, which soda would you most prefer to drink? 

Tasks 

Raymond's Mockup

Instructions

1. Place mockup in to the universal cuff 

2. Guide the mockup so that the tab fits in the slot on the end of mockup. 

3. Apply a force upwards to open the can! 

4. Also, try to hold the object using tendonisis 

5. Then try to guide the mockukp so the tab fits into the slot 

6. then, try to open the can again!

Questions

1. What is the optimal length of the device/handle? 

Hannah's Mockup 

Instructions 

1. Place the mockup in the universal cuff. 

2. Guide the mockup so that the hook is hooked under the tab 

3. Apply a force up and out to open the soda can. 

Questions

1. Which way would it be better to hold the device?

Ozgur's Mockup

Instructions

1. Place the mockup in the universal cuff. 

2. Guide the mockup so that the hook is hooked under the tab 

3. Try to open the can by pulling.  (The handle is reversible) 

Questions

1. Is the outer handle or the inner handle easier to operate? 

General Mockup Questions 

1. How would you use this?

2. How long does it take to place the item in the cuff? 

3. How long does it take to open the soda can? 

4. On a scale from 1 to 5, how is the user interface of this device?  For example, would it be easier if the device did not slide into the cuff and was positioned differently in relation to the hand.

5. On a scale from 1 to 5, how easy was it to attach to the can? 

6. On a scale from 1 to 5, how easy was it to place in the universal cuff?

7. On a scale from 1 to 5, how stable was the device in the universal cuff? 

8. On a scale from 1 to 5, how comfortable is this device?

9. On a scale from 1 to 5, how easy is this device to use? 

10. On a scale from 1 to 5, how safe is this device? 

11. On a scale from 1 to 5, how discreet is this device? 

Appendix G

User Testing Data

This section contains the table with all the quantitative information found during the user testing session on October 10, 2006

	Alternatives
	Time it takes to place the item in the cuff (seconds)
	How long does it take to open the soda can (seconds)
	On a scale from 1 to 5, how is the user interface?
	On a scale from 1 to 5, how easy is it to attach the device to the can

	Slot Opener
	Couldn’t do it by himself
	28
	
	5

	Pull Hook
	11
	Couldn’t open
	
	1

	Push Away Hook with Pivot Leg
	4
	Couldn’t open
	
	2

	Pull Towards Hook with Pivot Leg
	3
	46
	4
	2

	Alternatives
	On a scale from 1 to 5, how easy is it to place the device in the universal cuff
	On a scale from 1 to 5, how stable is the device in the universal cuff
	On a scale from 1 to 5, how comfortable is the device?
	On a scale from 1 to 5, how easy was this device to use?

	Slot Opener
	1
	3
	4
	2

	Pull Hook
	1
	3
	4
	1

	Push Away Hook with Pivot Leg
	5
	2
	4
	2

	Pull Towards Hook with Pivot Leg
	5
	2
	4
	5

	Alternatives
	On a scale from 1 to 5, how safe do you feel with this device
	On a scale from 1 to 5, how discreet is this device?
	Any extra comments?
	totals

	Slot Opener
	5
	1
	
	21

	Pull Hook
	5
	3
	
	18

	Push Away Hook with Pivot Leg
	5
	5
	
	25

	Pull Towards Hook with Pivot Leg
	5
	5
	
	28


Appendix H

This section includes the tables used to decide on the final design. The data presented in this part is based on the comments and suggestions of the EDC Fall quarter Section 3 students who were introduced to our alternatives briefly.

	Contents of Section:

i. Design Review Questionnaire

ii. Design Review Suggestion


Design Review Questionnaire

These two tables summarize the comments written on the questionnaire we distributed.

Push Hook with Pivot Leg

	Length of Pivot Leg
	Is the pivot leg necessary?
	How big of an angle should the hook make with the handle
	Height of the handle
	Extra comments

	For a comfortable fit or 4"
	
	
	Trial/error
	

	Medium
	Yes
	45 Degrees
	
	Sharp edges?

	
	
	
	
	It doesn't open the can, the hook can be sharp

	
	
	35 degrees
	1/4 inch
	Pivot leg is a big advantage

	Shorter
	
	Medium angle, adequate
	less than half
	

	
	
	
	
	looks hard to hold

	1.5 in
	
	
	.35 in
	

	keep the leg short
	yes
	
	
	


Slot Opener

	Should there be sides on the slot
	Depth of the slot
	Length of handle
	Extra comments

	No
	half of the tab
	4"-6"
	

	open
	size of tab
	shorter than shown
	Too large, but a good idea

	Could be easier to attach, but less direct movement
	No deeper than the tab, or it will be hard to clean
	Approx. length of fork
	add curvature for easier attachment

	no
	Length of tab
	about 4 inches
	incorporates both bottles and cans

	no, slides off too easily
	same as tab
	as short as possible
	

	closed
	
	
	Too big

	closed
	3/16"
	4 inches
	it opens the can

	closed
	
	~4 in
	very simple and effective, but bulky


Design Review Suggestions

These two tables summarize the suggested changes to be made on the mockup to create the prototype.

Push Hook with Pivot Leg

	Reviewer Likes
	Reviewer Dislikes
	Features to be added
	Features to be removed/modified
	Additional comments

	the pivot leg
	
	make pivot leg adjustable for testing
	make the pivot leg shorter so he is better able to open the can
	peers: 1.5"-4"

	
	Looks sharp
	file the edges of the final design
	sharp edges
	


Slot Opener

	Reviewer Likes
	Reviewer Dislikes
	Features to be added
	Features to be removed/modified
	Additional comments

	
	slot being a specified size
	
	make slot the size of the tab
	research sizes of tabs to see the how big the slot must be to accommodate all sizes

	
	size of device
	make it retractable so it is smaller
	
	make it smaller

	the  sides of the slot being closed
	
	
	none
	harder to get it on but makes it much easier to operate the device

	
	no rocker to get it into cuff
	fulcrum so it rocks
	non-flat surface
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