
 

1) Problem Statement/Research Question and Background 
Stroke and cerebral palsy are the most common causes for motor and dexterity impairments, 
annually affecting approximately 795,000 and 10,000 people respectively. These impairments 
can encumber daily tasks and leisure activities, oftentimes warranting direct assistance. One such 
activity is the creation of art, where the use of specialized techniques and tools are needed in 
order to make this feasible for people with disabilities. The particular group of individuals that 
we are working with is artists with disabilities that cause motor and cognitive impairment at 
Abilities United, a Palo-Alto based non-profit organization whose mission is to advance 
advocacy, inclusion and independence for children and adults with developmental disabilities. 
The staff provides several of its artists with personal full-time assistance during art activities. 
This includes one-on-one help that includes what is known as the hand-over-hand technique; a 
helping mechanism whereby a volunteer will place their hand over the hand of an artist to help 
stabilize the drawing utensil while the artist paints or draws. Unfortunately, despite this level of 
attention, the volunteers can only help the artists in a limited way and are subject to limiting their 
time supervising other artists in need of assistance.  
 
The current situation poses many challenges to the artists and volunteers at Abilities United. For 
example, some of the artists who use wheelchairs cannot properly access the tables to reach 
easels, utensils, and paints. There are not enough volunteers to provide personal assistance to 
each individual artist; as a result many of the artists with motor impairment spend periods of time 
unable to work on their art. And it can be difficult for the artists to independently select utensils, 
hold them easily, or transition between different utensils and colors. Therefore, the team’s goal 
was to find a way that would allow artists with motor and cognitive impairment to independently 
produce art while allowing them to maintain artistic autonomy.  
 

2) Methods/Approach/Solutions Considered 
Background Research 
Existing art tools for accessibility are generally limited, especially in the case of tools for 
individuals with motor impairment.  Currently these tools focus mainly on modularity of grip 
and large-scale specialized devices. The neutral position of the hand and its natural grip are 
oftentimes affected due to motor impairment, which make it difficult to hold on to tools or 
perform dexterous tasks with tools. The main drawback of these tools is that they still require a 
volunteer to assist in maneuvering the hand or arm as in the hand-over-hand technique; these 
tools address the grasping issue. The other class of assistive art tools are often custom built 
devices that are commonly targeted towards wheelchair attachments. Due to their specialized 
nature, they can be very costly and are often built to a specific wheelchair’s dimensions. These 
devices aren’t normally universal and cannot be used by multiple individuals who use 
wheelchairs.  
 
Interviews and Observational Evidence 
Our team visited Abilities United and helped conduct a painting and coloring session with 
approximately eight participants with varying cognitive disabilities. During this initial session,  
interviews were conducted with both the painting participants and the volunteering staff who 
included our project suggestor Gautam Dandavate. He mentioned that the setup of the painting 



 

and coloring environment was a challenge since they are short staffed. We found that the 
participants without wheelchairs were able to independently conduct their art while the 
participants using wheelchairs had a harder time reaching tools and paints and required more 
assistance due to their wheelchairs not fitting underneath the tabletops. Motor impairment and 
lack of reach were also challenges for participants using wheelchairs as they attempted to 
position themselves to reach utensils or the canvas.  
 
The staff and volunteers at Abilities United focused more on the experience and act of painting 
and coloring for the participants, rather than the quality of the final art pieces that were being 
created. One volunteer mentioned that the very act of painting is an effective form of 
rehabilitation and therapeutic in a sense as it encourages physical motion and use of the arm and 
shoulder muscles. The volunteers also said that participants can lose motivation for creating art 
very quickly due to the hand-over-hand technique which makes them feel less like they are 
creating the art. We observed that the participants were especially likely to lose interest or 
become distracted when they were not being directly helped by one of the volunteers. Gautam 
indicated that this was fairly typical and that the volunteers are generally overextended and 
unable to help all of the participants as much as they would like. Another volunteer mentioned 
that many of the participants wouldn’t select other colors unless they were asked to.  
  
Only a few participants were able to communicate verbally with us while conducting their art. 
They mentioned the difficulty in gripping the thinner painting tools and how their hands had very 
limited gripping capabilities. The placement of the easel was non-ideal and insecure. The 
participants had difficulty coloring within the lines of their templates but the volunteers 
mentioned that they were less concerned with this, and more invested in making sure the 
participants were creating the art independently. 
 
Design Specifications 
We held a brainstorming session after conducting our interviews and volunteering at Abilities 
United and created a set of design considerations and specifications. 

1. Ease of Grip: The device must be easy to grip and manipulate for a wide range of hand 
poses.  

2. Foster Independence: The device should act as a mechanical hand in the hand-over-
hand technique so that it may enable the participant to create art independently without 
constant supervision from a volunteer. 

3. Accessibility: The device will allow the participant to interchange colors and tools while 
reaching the canvas. The canvas orientation should be adjustable. 

4. Easy Setup: Volunteers should be able to setup the device with minimal training and 
effort. 

5. Affordability: The device should be low in cost so that the non-profit Abilities United 
can purchase the materials. 

6. Easy to Build: The device will be easy to build given a template and instructions so that 
volunteers, and organizations alike, will be able to make it in-house.  

7. Collaboration: The device must not diminish or reduce the relationship between the 
volunteer and participant in creating the art. This device must not remove the volunteer 
from the process.   

 



 

Methods  
Our team followed the design thinking process: empathize, define, ideate, prototype, and test. 
Starting with the empathy stage, we visited an art workshop held by Abilities United and made 
as many observations as well as interviewed as many people as possible. After a couple of these 
sessions, we consolidated our notes and came up with our statement of specific need (which is 
also stated above): Explore designs that would allow artists with developmental disabilities or 
range of motion and muscle / motor control challenges to be more independent and increase their 
ability to participate in art. 
 
We focused on this statement and moved on to the ideation phase of the design thinking process. 
We listed our thoughts on a whiteboard for brainstorming sessions. We also individually 
sketched some possible solutions. Several great ideas were suggested. At the end, these four 
points stood out to us as either an important consideration or a possible project we could pursue: 
 

1. XY plotter - holds the pen upright and in constant contact with the canvas on which the 
artist is working (in effect, locking z-axis motion), full lateral range of motion is provided 
by guiding rails. The XY gantry prototype below (Figure 1b) displays this functionality 

2. Universal tool with easy-connect ends - a tool that can help house any artistic utensil and 
provides an easy-to-grip handle for the participants. Many of our artists struggled with 
adjusting their natural grip to conventional utensils, this feature would mitigate this 
challenge 

3. Modular desk with pen support - modularity would allow the canvas to be maneuvered 
into an ideal position for each particular artist, our ideal prototype would allow for tilting 
and panning. Figure 1c below shows a prototype with both tilt and pan capabilities 

4. Constrain Z-axis - the participants with motor impairment specifically had difficulties 
with keeping their art utensil upright, and with adjusting the amount of force with which 
they pressed onto the canvas. Constraining the z-axis motion of an art utensil would 
allow the artist to better control the motion of their tool 

 
Out of those four points, we decided to focus on prototyping projects that would revolve around 
the last statement, as shown in Figure 1. We found that solving this particular challenge allowed 
our artists greater independence and significantly reduced the need for hand-over-hand 
assistance.  

 
Figure 1. A) Pantograph: Mechanically linked pen B) Gantry System with pen attached to 
two linear sliders C) Modular Desk with pen support 

Each of the prototypes above restrict motion in the z-axis. We ran some preliminary experiments 
ourselves by simply placing a piece of paper under the desired art tool and testing ease of motion 



 

with each of the different alternatives. We found the modular desk project to yield the best 
results. 

3) Description of Final Approach and Design 
A more thorough experimentation and a deeper examination was conducted for each of the 
different projects, which led to some interesting insights and important considerations for our 
future iterations. The first round of experimentation focused our goals down to a single project: 
the Tetris Table. We analyzed and discussed its features, benefits, aesthetics, cost, safety, 
reliability, usability, test results, feedback from users. Here are the results. 
 
The Tetris Table: 
The aesthetics of the Tetris Table are significantly more friendly and inviting compared to the 
other design alternatives. The cost for the first prototype was $35, with the most expensive 
material being the wood. This allowed making a higher fidelity model very feasible. After the 
first iteration, the Tetris Table proved to be reliable and safe to use. Although, the pen would 
sometimes fall out of its upright position when it was being used (a problem we addressed in 
later). We brought our first prototype to Abilities United to test it and it yielded positive results. 
It was the first time some participants were able to create a piece of art completely 
independently; no-one administered the hand-over-hand technique when this table was used. 
Great feedback was given from the participants, saying that it was comfortable and easy to use.  

 
Figure 2) Sketches and photos of the Tetris Table prototype. 
 
We continued to iterate the Table until we arrived to our final design: a modular table that 
contains these key features and benefits (reference Figure 3): 
 

1. A Helping Hand (the two-bar linkage) that restricts movement in the z-direction 
2. A Tool Clamp in order to hold easily interchangeable tools upright 
3. An adjustable EASE-l with two degrees of freedom (tilt and pan)  
4. An adjustable grip for various natural hand orientations and with several degrees of 

freedom in order to orient it to a comfortable position for the user 
5. bottom horizontal constraint holds paper in place 



 

 
Figure 3) A diagram of the Tetris Table displaying its key features.  
 
4) Outcome  
We tested this final prototype and performed a simple experiment to see if our design addressed 
our primary objective: Would it allow artists with developmental disabilities or range of motion 
and motor control challenges to be more independent and increase their ability to participate in 
art. We asked a participant to color a drawing with and without the table to see if there was a 
difference in performance. Figure 4 shows the results: 

 
         Before              After 
Figure 4) A before and after display of the art created by the participants 
 
By the end of the experiment, we successfully addressed these issues previously discussed during 
our brainstorming sessions. 

1. Eliminated use of the hand-over-hand technique:  
a. Gave the participant greater artistic independence  
b. Gave volunteers more freedom to assist other participants 

2. Modular easel adjusts to the participants as opposed to participants adjusting to the 
environment 

3. Allowed the participant to localize the area where they performed art 



 

5) Cost  
Mass-manufacturing and commercialization of this art set-up is relatively easy and inexpensive 
to do. Simply laser cut the necessary parts and assemble everything together. Figure 5 shows the 
total cost of the Tetris Table 

Bill of Materials for the Tetris Table 

Part Quantity Size Total Cost ($) 

Duron 1 2' x 4' 16 

Screws/Bolts 16 M3 and M4 17.47 

Lamp 1 Desk size ~ 

Lazy Susan Turntable 1 6'' Diameter 4.98 

Acrylic 1 1/4'' Thickness 2 

Block of Wood 1 1' x 1/2' 3.49 

Hinge 1 1.5'' length 2.97 

Bumpers 1 12-pack 1/2'' x 1''  2.97 

Total Cost 49.88 

Figure 5) Bill of Materials for the Tetris Table 
 

6) Significance 
 When our team first started to brainstorm for a project that would help assist Abilities 
United, our end goal was to create a tool that would allow artists with motor and cognitive 
impairment to independently produce art while allowing them to maintain artistic autonomy. 
During our journey, our project evolved into so much more than that. The Tetris Table creates an 
accessible interface for a user with disabilities to explore their creativity in a way they were 
never able to before. It’s a tool that levels the artistic playing field in a way that assists people 
with disabilities without emphasizing the fact that they need help. It creates smiles and 
encourages collaboration, all while fulfilling its base function. 

Because the Tetris Table is so low cost and high impact, a tool like this can be used to 
raise awareness about organizations such as Abilities and programs that advance advocacy, 
inclusion and independence for children and adults with developmental disabilities. Although the 
Tetris Table is not for sale yet, several community members have already expressed interest in 
obtaining the Table for their home or organization. 
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