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Background 
 

One of the defining characteristics of human beings is our ability and passion to create 
art. In all societies, no matter race, ethnicity, age, and ability levels, visual arts are profoundly 
influential. For individuals with disabilities, engaging in the arts provides an opportunity to 
engage and grow by encouraging socialization between members and within the community. Art 
allows individuals to express emotions that they may not be able to communicate otherwise. Art 
provides individuals with self control over why, how, and what they create, while also increasing 
self-esteem (Stern, n.d.). “Arts give people with disabilities a chance to share their voice, their 
vision, and their skill through expression on the stage or on the canvas.” (Stern, n.d.) 

Community Living and Support Services (CLASS) in Pittsburgh, PA provides an 
inclusive and supportive environment for individuals with disabilities to engage in creating 
visual art. While there are several commercially available adaptive art technologies, cost is a 
prohibiting factor with a single-user system costing $259.00 (Artristic America, n.d.). CLASS, 
much like other organizations, has minimal resources to provide each participant with the ideal 
setup to meet their needs. Additionally, a single instructor assists several participants with 
separate, individual capabilities and needs at once, limiting individual attention and instruction.   
 

Problem Statement 
 

Over the last academic year, the A.R.T. team spent approximately 50 hours observing 
and speaking to both the participants and instructor in art classes at CLASS. Through these 
interactions, we found:  

There are five general personas that define the physical and intellectual capabilities of the 
individuals in the art class: 1) limited or lack of fine motor control, 2) limited upper extremity 
range of motion, 3) limited or lack of verbal communication, 4) spastic upper extremity 
movement, and 5) no upper body or extremity movement. 

Three common design problem themes emerged from the art class observations:  
1) Individuals had difficulty with the precision and control required to dip a paintbrush;  
2) Limited range of motion made it difficult for individuals to reach all areas of the canvas;  
3) Spastic upper body movements often caused accidental canvas movements. 
 

Research Questions 
 

The observations led to two main research questions:  
1. How can assistive technology help individuals with disabilities be more independent 

while painting a canvas? 
2. How can reducing the strain on the art instructor during an art class enhance the 

participants’ experience? 
 

In order to fully address each of the identified needs, we designed and developed a paint 
application device and a canvas control system. The combination of systems assists with the 
acquisition of paint and increases access to the canvas, thereby increasing independence.  

 

Methods 
Design Criteria 
 



The following criteria were established to ensure our designs met the needs of our users. The 
user needs for the paint application device are as follows: 
1. The device allows individuals to acquire paint at their discretion for increased independence. 
2. The paint device can withstand rapid repetitive forceful movements to accommodate the 

high impact rates and forces when painting due to reduced muscle control in certain users.  
3. The paint device is safe for the users and the instructor/caregiver. 
4. The paint device can be set up to commence painting and cleaned up with minimal effort as 

to not increase the burden on the instructor or caregiver during painting.  
5. The paint holder cost cannot be a burden to the users and/or the organization.  

 

The criteria for the canvas control system are as follows:  
1. Canvas control system withstands rapid repetitive forceful movements to accommodate the 

high impact rates and forces when painting due to reduced muscle control in certain users.   
2. The canvas can be manipulated six degrees of freedom to control the area in which the 

individual is painting for increased accessibility of the painting process. 
3. The canvas control system is safe for the users and the instructor/caregiver. 
4. The canvas control system can be set up to commence painting and cleaned up with minimal 

effort as to not increase the burden on the instructor or caregiver during painting. 
5. The canvas control system cost cannot be a burden to the users and/or the organization.  

 

Design and Development 
 

Paint Container Holder Prototype 1 
 

After meeting with the participants and gaining a better 
understanding of their paint access needs, we developed our first 
prototype. The first prototype for the paint application device 
consisted of a 3.5 oz. paint container with a rounded top and 
screw on lid (Melissa & Doug, n.d.). The container rested in a 
holder supporting the container at a 45 degree angle. After the 
CLASS trialed the prototype, we received the following feedback: 

• Some users could not access the opening of a 45º angle, 
and different angles were needed for different users; 

• The instructor had small containers for paint storage. 
 

Paint Container Holder Prototype 2 
 

Based on user feedback, we redesigned the paint holder to 
hold the paint at 30, 45, or 60 degrees from a vertical position. 
The holder was redesigned to accommodate the storage containers 
used by the art class. These containers were small, rectangular 
containers with snap on tops. The second prototype was delivered 
to CLASS, where we received the following feedback from the 
students and instructor: 

• The instructor preferred the size and design of the original 
containers, as they were round with screw on tops, were 
deeper, and could be used for paint storage; 

• A system with interlocking components may be useful for students who want to paint 
using more than one color and for water storage. 

Figure 1: Paint Container 
Holder Prototype 1 (top) and 
Prototype 2 (bottom) 



Canvas Control System Prototype 1 
 

 The first canvas prototype involved a dual spring system 
for clamping in tension. The system clamped to the canvas 
externally.  A clamping system that clamped externally allowed 
the control system to be adjustable for all canvas sizes. The 
canvas control system allowed the user to move the canvas in 
all degrees of freedom. It also consisted of a simple locking 
mechanism with a single lock. A magnetic base was used to 
secure the control system to a level surface. After taking the 
first prototype to class, the following observations were made 
by the design team, students, and instructor: 

• The systems cost approximately $228.00, which would 
place a burden on CLASS (MSC, n.d.); 

• The springs lacked consistent stability; 
• A magnetic base did not work with the art class table; 
• An external canvas clamp did not allow individuals to 

paint the edges of the canvas.  
 

Canvas Control System Prototype 2 
 

 The second prototype is a mechanically adjustable 
system made of PVC pipe with a wooden base. The canvas was 
attached to the system using internal tension of the canvas 
frame, allowing users to access the edges of the canvas. The arm 
consisted of a ball and socket joint, allowing for rotation of the 
canvas among all degrees of freedom for easy reach. The base 
consisted of a simple wooden attachment, allowing for ease of 
use. After delivering the prototype to the users, they provided 
the following feedback: 

• The prototype was static, allowing for no horizontal or  
            vertical adjustment which was not desirable;  

• The edges of the clamp to the canvas were rounded and 
            would sometimes slip out of the frame;  

• The internal clamp pushed on the back of the canvas  
            where the individual was painting, which the users did  

          not like.  
 

Final Design  
Paint Container Holder 
 

The final design was constructed based on the 
feedback given by the students and instructors at CLASS. 
The device maintained the ability to store pain at 30, 45, or 
60 degrees. However, it was redesigned for 4 oz. round 
containers with screw on tops. These containers were better 
for air tight storage, making paint storage a possibility. The 
containers were selected because they are inexpensive and 

Figure 2: Canvas Control 
System Prototype 1 

Figure 3: Canvas Control 
System Prototype 3 

Figure 4: Final Paint Container 
Holder Design 



readily available. The final design also allowed for the systems to be interlocked. Dual side cut 
outs were created for the system, allowing the holders to be connected in multiple linear patterns. 
 

Canvas Control System 
  

The final design involves an adjustable internal tension 
system with a bar clamp to secure the canvas. The system 
provides vertical adjustment with four different holes for the 
arm spaced 2 inches apart. The bar clamp attachment is secured 
with winged screws to make the system easy to operate. 
Additionally, we have provided a custom 3D-printed wrench for 
the winged screws for easy loosening and tightening. The edge 
of the bar clamp was modified with “L-shaped” brackets, to 
provide increased surface area for attachment and to avoid the 
clamp from touching the back of the canvas. Three different 
sized bar clamps can be used with the system to accommodate 
all sizes of canvases. 

 

            Outcomes 
 

Testing and Results 
 

Paint Container Holder  
 

In order to determine how well we met 
our users’ needs, our team developed product 
evaluation criteria based on our initial design 
criteria. We tested the accuracy of the user to 
reach the paint successfully on the first try 
between the palette and our paint container 
holder, shown in Figure 6. Additionally, we 
counted the number of times a user needed 
assistance to access the paint using our system 
compared to the palette. Every test user showed 
equal or decreased assistance while using the 
paint container holder compared with the palette. 
User feedback was positive, as one user stated that the paint holder was easier to reach, more 
accessible than the palettes, and that the walls of the container helped to constrain her 
movements. To test whether this product is durable and secure, according to the second design 
criterion, we performed impact testing with a paintbrush. The hard impacts were performed by 
one individual, one hundred times to ensure consistency, while simulating spastic movements. 
We tested the device on three different surfaces with varying levels of securement with both one 
and two units, shown in Figure 7. The test was performed on the final rough prototype that was 
printed in low quality settings without paint weighing down the base. Most individuals would 
use a tacky Dycem surface, while individuals with greater spasticity would use the paint 
container holder secured with tape. During user testing, it was confirmed that the stability of the 
paint container holder met design criterion two. 
 

Figure 6: Accuracy Testing of Paint 
Container Holders 

Figure 5: Final Canvas 
Control System Design  



Canvas Control System  
 

In order to test the first design criterion, 
we observed how stable the final product was on 
the art classroom table. The device was able to 
stay in position on the table, while being painted 
on, without any additional securement. If 
securement is necessary, a weight can be added 
to the base of the device, or the device can be 
clamped to the table, between the feet of the 
stand, indicated on Figure 5. Additionally, we 
performed impact testing with a paintbrush, with 
the canvas in various positions. The canvas and 
canvas control system withstood one hundred 
forceful impacts in a vertical position, angled up and to the right, angled down and to the left, 
tilted up, tilted down, and horizontal with tilt. To test design criteria two, we fixed a paintbrush 
in a low position and a high position to test if we could manipulate the canvas so that the 
paintbrush reached all areas. In both fixed positions, the canvas could be moved and rotated to 
reach all areas of the canvas. Lastly, we collected feedback from users to ensure that they were 
satisfied with the product. One user exclaimed, “I think this will be really good for me. I like it 
better than the easel because we can customize it for me.” Overall, the testing ensured that we 
met our users’ needs while also proving that the two devices improve the painting process as 
compared to the currently used system.  
 

Safety and Convenience 
 

To ensure both of our devices meet the safety criteria, we specified the weight, materials, 
and size of the system and/or parts that are considered safe based on respected standards. Both 
the paint container holder and canvas control system are under 25 pounds, which is the defined 
amount of weight needed to fracture the small bones in the foot in case either were dropped 
(University of California, Santa Barbara, 2015). The edges on both devices have been designed 
so there are no sharp corners or edges, and all wood has been sealed in to avoid splinters. Lastly, 
the fasteners on the canvas control system and the interlocking pieces for the paint container 
holder are small enough to be a choking hazard. They fit through the “No Choke Tube” of 
2.2x1.5x.1.5 inches (Nationwide Children’s Hospital, Inc., 2007). We advise that a supervisor or 
caregiver handle these pieces while children are using the paint holders. In regards to set up and 
clean up for the instructor or caregiver, it was noted that the time between the old and new 
systems are similar. The art instructor commented, “I would rather take time to do something 
that works well.” Through testing of our products against the initially proposed design criteria, 
both the paint container holder and the canvas control system meet our user needs as well as ease 
the frustration of both the users and instructor.  

 

Cost 
 

The cost of creating one canvas control system excluding labor is $44.20. The material 
stock and fasteners total $20.58 while the market products such as the bar clamp and panavise 
ball and socket joint cost $23.62. The cost reduces when quantity is increased because excess 
materials such as screws and wood are fully used. The cost of producing four canvas control 
systems, as we presented to CLASS, amounts to $39.53 per device. It is one-fifth the cost of a 

Figure 7: Impact Testing of Paint Container 
Holders 



Magic Arm Mounting System (Enabling Devices, n.d.). Additionally, our system is one-
twentieth the cost of a FRIEASEL (Demand Design & Manufacture for Disability, n.d.). The 
paint container holder costs $34.00 excluding labor. The cost is attributed to the ABS material 
for 3D printing. The cost of the paint holder is comparable to the cost of the palettes currently 
used in the art class, but with more accessibility in the design. Compared to alternative market 
products available for art assistive technology, this system is significantly cheaper, meeting 
design criterion five for both devices. 
 

Significance 
 

After speaking with the art instructor, she noted that the paint container holder is very 
useful and easier than the current palette. Additionally, the canvas control system allows more 
independence for painters, and it empowers users. Many users cannot dip their brush in a vertical 
position; therefore, placing the paint container at an 
angle allows the user to access the paint at a position 
that is comfortable and accessible to them. By 
increasing the size of the opening from 1.23in2 to 
4.3in2, users have an increased paint area. The paint 
container holders, which are deeper than the palette 
previously used, allow for more paint and then can 
be stored for future uses, which helps eliminate the 
paint wasted each class when using the palette. 
Additionally, the stability of the paint container 
holder and securement to the painting surface helps 
to mitigate forceful movements from users with 
increased spasticity. The paint container holder 
improves the ability to dip the brush for users who 
lack precision and control of their movements, and 
increases their independence while painting. 
            The canvas control system provides additional capabilities for a user in comparison to 
previous painting surfaces. Previous easels provided limited adjustments on an incline off of the 
table, which was not sufficient for many users and hardly used. Some painted flat on the table or 
wheelchair tray, however, a user’s range of motion determined how much of the canvas they 
could reach. The canvas control system increases the area reached by the users by being 
positioned within their range of motion and repositioned easily as necessary. It has seven degrees 
of freedom providing significant adjustability to be customized for each individual. With a few 
adjustments as the user paints, all painters can reach the complete area of the canvas with fewer 
adjustments than would be required by previous systems. This mitigates the limited range of 
motion making it difficult to reach all areas of the canvas. The canvas control system removed 
accidental movement from spastic body or upper extremity movements due to the internal 
tension on the canvas frame, weighted system, and and easy locking mechanisms. 
            Assistive technology can be expensive and recreational equipment is not normally 
funded. Stakeholders required a system that is low cost and does not place a burden on an 
individual or organization to purchase. The final paint container holder design costs $34.00 and 
the canvas control system costs $44.20. With the reduced cost, organizations’ limited budgets 
can have greater impact on all participants, no matter how unique their capabilities are.  
 

Figure 8: User 4 testing both the Paint 
Container Holder and the Canvas Control 
System  
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