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INTRODUCTION
Our client, Marta Colon, works at the Grab & Go cafe in the Bronx office of Cerebral
Palsy Associations of New York State (CP of NYS). Marta is one of ten employees at the cafe
with cerebral palsy a condition characterized by impaired muscle coordination. Due to this
condition, Marta uses a wheelchair daily. Her role at the cafe is to deliver orders to her
customers, but being in a wheelchair means that she is unable to efficiently and conveniently
carry multiple orders. Currently, she delivers multiple items by putting them in a plastic bag and
then hooking it through her seatbelt (Fig. 1). Also, due to a prior instance of Marta being burned
by a hot beverage, she is unable to fulfill any orders that include a hot beverage or food item.

Figure 1. Marta demonstrating using a plastic bag for deliveries
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Proposed Solution
We want our project to help Marta be more efficient and productive at her job. We would
also like to create a device that expands her responsibilities at work by allowing her to transport
hot food and beverages. To accomplish this, we have designed a tray accessory for Marta’s
wheelchair complete with cup holders for the safe transport of hot beverages.

BACKGROUND
This project is sponsored by the New York State Industries for the Disabled’s CREATE
program, which stands for Cultivating Resources for Employment with Assistive Technology
[1]. The CREATE program challenges engineering students to apply their knowledge to design a
product that will improve the vocational experience of an employee with a disability. Assistive
technology has been known to bridge the gap of those underserved in the workforce, improving a
company’s diversity [2]. Through the CREATE program, NYSID pairs a higher education
engineering institution with a partner agency to identify opportunities for assistive technology
solutions. For this project, Cooper Union was paired with CP of NYS.
CP of NYS is an organization that advocates and provides services for individuals with
CP. As part of their mission, CP of NYS has various employment programs for these individuals.
Some of these programs support employment transition to prepare individuals with CP to work
full-time without the supervision of a job coach. Other programs exist for supportive
employment and provide a job coach to supervise the individual for the entirety of the
individual’s career. Marta is in a supportive employment program, meaning she always has a job
coach with her when she is working at the Grab & Go cafe (Fig. 2).
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Figure 2. Employees and job coaches at Grab & Go Cafe
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DESIGN PROCESS
CP of NYS provided our team with a list of job sites to visit for picking a client. During
the fall semester, we visited several of these sites. The site we chose was the Grab & Go Cafe.

Defining the Problem: Grab & Go Cafe
Ten individuals with CP are employed at the Grab & Go cafe, and are aided by three job
coaches. The cafe caters to people who work in the CP of NYS building. Grab & Go employees
take orders, work the cash register, and deliver orders to their customers throughout the building.
Currently, the process of completing an order is as follows:
1. Someone calls the cafe and places their order
2. The order is prepared
3. The order is brought to the customer
4. The customer pays for the order
5. The employee goes back to the Grab & Go cafe to make change
6. The employee goes to the customer to give them the change
Those who make these deliveries are all in wheelchairs, and one of these individuals is
Marta. Marta uses a power chair and controls it using her right hand which means she can only
hold items with her left hand. Marta also uses a manual wheelchair as a backup when her power
chair is broken or being fixed, in which case she can not use either of her hands to hold items.
Under this system, if a customer ordered a bagel, a bag of chips, and a bottle of seltzer, Marta
would have to make two trips just to bring the order to the customer. They are also unable to
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carry hot items due to an incident when Marta was transporting a cup of coffee: someone
knocked the cup which spilled the coffee and burnt her hand.
Marta has created a temporary solution of filling a plastic bag with the items to be
delivered and then hooking the bag through the seatbelt on her wheelchair. Grab & Go
employees deliver to customers throughout the building, which has two floors. A delivery that is
on the same floor as the cafe can take at least five minutes, not including the time Marta needs to
secure the bag to her wheelchair. She has expressed great interest in having something help her
carry more items and carry hot foods and beverages.
We decided to work with Marta and create a wheelchair accessory to help her deliver
orders effectively and safely. Before designing solutions, it was important to further get to know
Marta, the job coaches, and how the Grab & Go cafe operates. We visited Grab & Go weekly to
collect more information about our customers.

Collecting Information: User Interviews
With a clearly defined customer and problem statement, it is critical to understand the
customer requirements and constraints in order to create a product that will address their needs
and wants. To gather this information, we provided Marta with several commercially available
wheelchair accessories to get feedback on. Marta was surveyed on these products to gauge how
she felt about the items in the context of her job. The questions were focused on the different
features of the devices, their ease of attachment, and their ease of use. Using this feedback, we
created an evaluation metric for our prototypes.
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Zipper Pouch
The first product is a bag intended to attach to the side of a wheelchair via velcro straps
as seen in Fig. 3. When surveyed, Marta explained that she liked the zipper pouch and would use
it to store money when providing change to the customers. She had some difficulty attaching it
and did need help from another person. Yet, she generally found the velcro strap to be a suitable
attachment method.

Figure 3. Zipper pouch with velcro strap for attachment

Cup Holder
The next product tested was the cup holder seen in Fig. 4, which is intended to be secured
to the wheelchair frame using the knob to tighten its grip. The cup holder attachment was
noticeably difficult for Marta.
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Figure 4. Cup holder with screw clamp attachment

Marta did not like the screw mechanism and found it to be overly difficult since she was not able
to attach it herself. Using this feedback, our accessory should be designed to be easily removed
and installed by the employee such that it is able to be a work tool and not a permanent alteration
to their wheelchair. Another issue with the cup holder is that it did not fit on any accessible area
of Marta’s power chair.
Marta stated a cup holder would be useful for carrying drinks, but this particular design is
not the ideal solution. The height and diameter of the cup holder walls are not suitable for storing
drinks without additional support from the user. When the cup holder was used, there was
enough space for drinks to easily spill or fall out. The attachment also did not seem very stable,
since the cup holder could still rotate about the frame. Marta also pointed out that if the cup
holder extends too far outward from the chair, it could get in the way during transit, especially in
narrower spaces like doorways.
Design Survey
In addition to receiving feedback on currently existing products, we also surveyed Marta
about the importance of various features for our design (See Appendix A). Through this
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feedback we generated a list of design requirements and objectives. It was noted that the device
being as small as possible is actually the opposite of a desirable feature. Marta wants the end
product to be bigger so that she can carry more. She also said that the design’s aesthetic is not as
important to her so long as it does not attract unwanted attention.
It is important that the device have different compartments for the items to be delivered.
Furthermore, if the device is to be removable it should be easy for Marta to remove and attach
herself. The ease of attachment would give Marta a greater sense of independence, and allow for
seamless transition into daily operations when she needs to get out of her chair. One of the most
important things to Marta is the ability to safely transport hot food and drink again. To give her
this ability would expand her responsibilities at work and remove this existing barrier. The
device should also be comfortable and non-obtrusive to chair functionality. Finally, it is also
critical for the device to be robust so that items will not break or fall out.
Device Placement
Initially when we started working with Marta in the fall, she was using her power chair so
we began designing for that. However, midway during our building in the spring Marta had to
switch to a manual wheelchair, which made us consider a new design for that chair. The main
consideration in designing an accessory for each chair is optimal placement, which would affect
the design’s method of attachment. Considering optimal attachment to be the least obtrusive to
the user and to the wheelchair functionality, it seems that the optimal design placement on
Marta’s replacement wheelchair would be at the front of her armrests extending outward. In Fig.
5, the beams where the device would likely be attached are outlined in red with the theoretical
device is represented by the sheer red parallelogram.
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Figure 5. Ideal placement on manual wheelchair

Figure 6. Ideal placement on power chair

For Marta’s power chair, the optimal placement would be on her transfer bars extending
upward. In Fig. 6, the transfer bars where the device could be attached are outlined in red with
the theoretical device represented by the sheer red parallelogram. For the purposes of
demonstration, prototypes were made for each chair. By the end of our building, Marta returned
to her power chair, allowing us to return to our original design criteria for that method of
attachment.

Design Criteria
To summarize, the most important considerations are: ease of attachment and removal,
different sizes and types of compartments for storage of various items (food, drinks, and money),
as well as comfort and stability. Finally, it is important to provide the ability to safely transport
hot things again so that employees, like Marta, can feel more independent at work. This collected
information was tabulated to summarize the goals and limitations of this project.
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Table 1. Design Criteria
Design
Requirements

Functional
Requirements

Design Objectives

Constraints

Comfortable

Hold multiple food Able to be attached Cost less than $1000
and drink items
and removed easily to
research
and
by employee
develop

Robust

Hold money separate Modular
from food and drink

Must fit in lap area

Unobtrusive to chair Safely carry hot food Able to attach to a Able to be made by
functionality
and drink
manual and power April 2019
chair
Aesthetically Pleasing Easily accessible

In addition to these requirements, industry codes and standards must also be consulted for
our design. Occupational Safety and Health Administration (OSHA) standards require employers
to acknowledge potential hazards and do what they can to reduce or eliminate these hazards [3].
Currently, there is no safe way for Marta or her coworkers to transport hot food or drinks without
the possibility of consequent injury. The final product needs to eliminate this potential hazard so
that the Grab & Go cafe will be in compliance with OSHA standards 1910.138 and 1915.157.
Since the end product is not intended for medical healthcare or wellness, FDA codes do not need
to be considered. However, the product should not interfere with wheelchair functionality or
design as is required by the American National Standards Institute codes for wheelchairs [5].
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DESIGN DEVELOPMENT
Taking Marta’s feedback into account from current devices on the market, the design
development process began by brainstorming ideas and considering features the accessory must
have in order to address the design criteria. It was determined that the design that would help
Marta the most would be a tray with compartments to contain the various items for delivery, as
well as cup holders that could safely contain hot drinks. During the fall semester we created
preliminary designs for the tray and cup holders, and during the spring we tested these prototypes
and refined them as necessary.

Prototype
Cup Holder
According to our design criteria, the cup holder must securely hold varying sizes of
beverages as well as ensure that hot drinks will not spill. The latter is important because as
mentioned earlier, employees are protected against thermal burns under OSHA standards. The
cup holder should also be intuitive to use.
With this in mind, we created two preliminary designs. Both ideas were designed based
on the diameter range of the beverages Grab & Go sells, the smallest being a cup of hot coffee
and the largest being a bottle of seltzer. As mentioned earlier, the height and diameter of the
commercial cup holder we showed Marta did not provide enough stability to adequately secure
any of the beverages from Grab & Go. Considering these criteria for our cup holder design, we
set out to create a taller cup holder with a restrictive diameter.
The initial design is shown in Fig. 7. The restrictive diameter is achieved by using a
spring attached near its top. The rigid holder’s diameter is larger than any of the drinks sold at
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Grab & Go, but the elasticity of the spring allows the user to secure various sized containers,
keeping them in place during transit. The spring is held in place by elastic bands, represented by
the four elliptical shapes in Fig. 7.

Figure 7. Cup holder with elastic band

An initial prototype of the cup holder, Figs. 8 and 9, was made with cardboard, a plastic
coil, and elastic bands. This prototype demonstrated good security of a coffee cup, the riskiest
beverage for transport, and we felt confident to continue with the design.

Figure 8. Cardboard cup holder prototype

Figure 9. Cardboard cup holder prototype top view

For further protection against spills, a cover for the cup holder was also designed as
shown in Fig. 10. The cover has tabs on the bottom that, when placed on top of the cup holder,
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fall through slots cut out on the tray. The cover is then rotated so the tabs are restricted above by
the tray’s bottom surface. The cup holder-cover assembly is shown in Fig. 11.

Figure 10. Cup holder cover

Figure 11. Cup holder cover assembly on tray

For the final prototype, more robust materials were implemented. Aluminum cup holders
were purchased and then outfitted with three metal springs to form a triangular restrictive
boundary to secure the beverages, shown in Fig. 12. The springs were covered with nylon fabric
to ensure that no metal was exposed for safety concerns. Fig. 13 shows the final assembly of the
cup holder and cover, which is 3D printed.

Figure 12. Final prototype of cupholders

Figure 13. Cup holder cover prototype assembly on tray
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Tray
The tray’s layout is an essential design feature for it. According to the design criteria, the
tray must be able to accommodate large orders. We accounted for this by designing pockets
made of a robust and low maintenance fabric with intuitive placement.
The initial design, seen in Fig. 14, is a rigid tray with various fixed compartments made
of flexible material (i.e. mesh). It includes three cup holders that are built into the enclosure to
allow Marta the opportunity to fulfill multiple drink orders and different size compartments for
different items. A flexible material was chosen for the pockets because it is less obtrusive and
more comfortable than a rigid material like plastic or metal.

Figure 14. Tray with fixed compartments

In order to determine the type of material used for the pockets that was best for Marta, a
“sampler tray” was made as seen in Fig. 15. This tray was made from Medium Density
Fiberboard (MDF) and featured four different pocket materials, two different pocket sizes, and
the initial cup holder prototype. The four pocket materials were cotton, flexible mesh, polyester,
and cardboard. The cardboard was used to simulate a rigid pocket. Marta said that she liked the
polyester material best due to its water resistance properties which would make it easy to clean.
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While Marta found the rigid pocket to be uncomfortable, she stated that it would make it easier
to grabbing smaller items from, such as money. For our next prototype, we included a rigid base
in the pockets in response to her feedback.

Figure 15. Sampler tray

The next iteration of the tray can be seen in Fig. 16. This tray featured larger pockets, and
was made of acrylic to make it more lightweight. We found that the acrylic was not very strong,
and cracked easily. We also used polyester for the pockets and created straps that snap together
in order to make the pockets removable for easier cleaning. However, since the pockets were
able to move around easily within their slots we decided with Marta that it was important for the
pockets to be permanently attached.

Figure 16. Second prototype of tray
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The findings from the second prototype led to the final design which can be seen in Fig.
17. The tray is made with a layer of MDF on the bottom and a layer of acrylic on the top. The
MDF provides strength, while the acrylic gives a cleaner finish. Both of these materials were
laser cut in order to provide clean cuts for the pockets and cup holders. Following our feedback
from Marta, the pockets have a sheet of corrugated plastic sewn into their bases for added
rigidity. For this prototype the pockets were fixed to the tray with staples to secure them in
place.

Figure 17. Prototype of final tray

One of the design objectives was that the tray be able to be easily removed so as to make
the tray unobtrusive to the chair’s functionality. This prototype relies on using one of Marta’s
transfer bars for support, and so in order for her to have access to her transfer bars when she
needs to get out of her chair, we installed hinges to allow the board to fold away. This became a
critical component of the method of attachment.
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Methods of Attachment
When designing the attachment mechanism, both Marta’s power chair and manual
wheelchair had to be considered. The goal was to design an attachment that would look seamless
with the design of the chair and be unobtrusive for Marta’s daily use. A few different designs
were initially considered which attached to the transfer bars of the power wheelchair, Fig. 18 and
Fig. 19, but after some consideration and conversations with Marta, we realized the transfer bars
should be free for use and nothing should be permanently attached to them.

Figure 18. Initial swivel attachment mechanism

Figure 19. Initial snap attachment mechanism

We considered different means of making the tray easily removable, such as allowing
gravity to hold the tray in place on top of Marta’s transfer bars, making it easy to lift the tray up
when not in use. Another consideration was using a sliding rail mechanism so that Marta could
simply slide the device on and push it off. Ultimately, we decided on the tray folding away to the
side of the chair, as this received the best feedback from Marta.
For our final product, we designed two different attachments, one for the power chair and
one for the manual wheelchair. Marta’s power chair has a T-slot rail for attaching her transfer
bars to. We made use of this rail to attach a T-shaped bar that is secured with L-brackets, shown
in Fig. 20. In this version, the tray is hinged to the T-bar and then rests on the other transfer bar
when completely unfolded.
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Figure 20. T-slot attachment

For

Figure 21. T-bar attached to Marta’s power chair

the manual wheelchair, similarly designed T-shaped bars are affixed to the

wheelchair frame with tube clamps, Fig. 22. These bars mimic the power chair design with the
tray hinged onto the left T-bar and supported by the right T-bar when unfolded.

Figure 22. T-shaped bars with tube clamps for manual wheelchair.
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CONCLUSION
Our project came to fruition through the aid of the CREATE program in NYSID, who
partnered Cooper Union with CP of NYS. Upon our first visit to CP of NYS, we learned about
the Grab & Go cafe and met its employees. We heard Marta’s desires about wanting to do more
at her job. She wanted to be able to deliver hot drinks again as well as carry more orders so she
can be more productive at her job. We saw this as a great opportunity for our design skills.
Throughout the fall and spring semesters, our team visited Marta at Grab & Go weekly to
design an accessory for her wheelchair that could let her carry more items to be delivered as well
as safely transport hot drinks. During our visits, we received feedback from Marta on our design
to make sure that we were meeting the design constraints and criteria we gathered from her. We
decided to design a tray with pockets to contain items for delivery as well as cup holders that can
securely hold hot drinks to avoid any spills. The tray is hinged to a bar attached to Marta’s
wheelchair, allowing her to fold the tray away when not in use. We presented our final design to
Marta and received very positive feedback on it. Marta is excited to use the tray at her job so she
can deliver multiple orders at once and hot drinks again.

Figure 23. The team and Marta
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APPENDIX A: CUSTOMER DESIGN SURVEY
Feedback for design of a new product
How important are the following features?
Very
important

Kind of
important

Neutral

Kind of
unimportant

Very
unimportant

Weight
Comfort
Ease of attachment
Ability to safely hold hot things
like coffee
Stability (securely fastened to
chair)
Strength
Small size
Looks nice
Different pockets for different
things
Easy to access diff pockets
Any other important features that we did not mention?

Would you prefer a product that is more rigid like a table or more flexible like the pouch?

How many items could you see yourself carrying?

Biggest item you can see yourself carrying?

Additional notes:
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APPENDIX B: CAD MODELS OF FINAL DESIGN
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