
1) Problem Statement/Research Question and Background 

The purpose of this project is to design a platform, “Enabo”, for user specific assistive 
technology (USAT). “Enabo” would allow occupational therapists (OT) to design and deliver 
highly customizable hand-mounted switch controls for persons with severe disabilities using 
rapid prototyping (RP) tools. Specifically, OTs would be able to adjust pre-designed models 
through an intuitive user interface(UI) therefore change the design to meet users’ unique needs. 

Assistive Technologies (ATs) is crucial for people with disabilities to maintain good 
quality of daily life. People with different disabilities have various functional needs, and 
therefore requires user specific ATs (USATs) which is highly customized to meet their unique 
needs. The lack of USATs will affect user’s adoption of the prescribed device and treatment, 
thus hinder their rehabilitation. However, USATs are still not prevalent due to its high cost. The 
new RP technology with three-dimensional (3D) modeling and 3D printing (3DP) can provide 
low volume, rapid manufactured, highly customized products with relatively low cost and 
requirement of hardware. Such USATs without clinical evaluation have been distributed in 
online community for people to download and use, while the safety cannot be guaranteed for 
patients. On the other hand, OTs are clinically trained to make ATs for patients, but they cannot 
take advantage of the 3DP technology due to the barrier of learning 3D computer aided design 
(CAD) modeling software. Although 3DP is very promising and has been applied in many 
medical fields, currently there is no such a system that allow OTs to operate the design of ATs 
efficiently. 

2) Methods/Approach/Solutions Considered 

We explored many potential concepts to design the switch control device of “Enabo” 
platform. This switch control concept would be used as a base model for OTs to start with when 
they are using “Enabo” platform to design the switch control for different patients.  

The activation mechanism of the switch control could be using single finger, multiple 
finger, wrist flexion/extension; integrated components including momentary or latched switch, 
push button switch, micro switch, flex or bend switch; human-device interface (the carrying 
structure for switches) could be universal cuff, palmar splint, finger splint, tube or cylindrical 
mount; the connector could be male or female 1/8” mono plug, or pig-tailed or jack integrated 
into hand interface. Before engaging with the OTs, we explored the potential designs of the 
human-device interface based on the research of computer mouse, a similar commercial product. 
Based on previous research and feedbacks from clinicians, the design was starting with a simple 
ellipsoid shape with a switch underneath the shell (see Figure 1 below for the initial concepts). 

Concept 1 - with a cut out on the shell interface, user presses the switch cap to actuate 
the switch. Although it requires less complex model and mechanism design of the human-device 
interface, the switch mounting and positioning is challenging. It requires high accuracy to place 
the switch and its cap under patient’s moving finger(s). 

Concept 2 - make a switch cap as contacting piece and fit that in the mounting surface. 
The benefit of this design is that there’s less constraint for the type of switch to be under the 
contacting piece, and user can apply force on a bigger area to actuate the switch. However, it also 
increases the model complexity and requires more moving parts into the system. 



Concept 3 - use living hinge as the activate piece. This design is simpler and has less 
moving parts than concept 2. The user can actuate the switch on a bigger area with less 
requirement of precision for the switch mounting location and control of the finger movement 
from the user. 

 
Figure 1 Initial concept design. From left to right are: Concept 1, 2 and 3 

There are several different ways to develop the system platform. “Enabo” has an intuitive 
UI design, which allows user to adjust model parameters easily and efficient. The UI 
development could be done through an open source application called “OpenSCAD” or 
programming using JavaScript. Other built-in scripting applications on each 3D CAD modeling 
software also has the potential to be used as a developing tool for this design. Rhino with its 
plugins Grasshopper and HumanUI has all the required capabilities for this design project, 
requires less programming skills, and relatively easy to use. 

3) Description of Final Approach and Design 

In this project, we utilized participatory design approach and human centered design 
methodology, to actively engage three OTs from Children’s Healthcare of Atlanta (CHOA), 
Georgia State University (GSU) and Duke University (Duke) to facilitate the design of the 
“Enabo” platform. The three roles involved in this system are as follows (1) OT: people who 
have formal clinical training about how to provide AT services and create AT devices. Most are 
novice user for 3D modeling and 3DP technologies. (2) Designer: people who have formal 
training of design, could use RP technologies to create solid design and prototypes. (3) End user: 
people with severe disabilities, and need a hand-mounted switch control AT to improve his/her 
well-beings and/or assist their daily activities. In this participatory design process, end users’ 
perspectives were replaced by the experience provided by OTs working with end users to offer 
AT design information. OTs were not the subject but platform users and design partners 
throughout this project. 

There were four design phases of “Enabo” system: (1) Pre-defined system, (2) Device 
design (evaluation and Re-design), (3) UI and interaction design (evaluation and Re-design), and 
(4) System package design (evaluation and Re-design). 

The final device design prototyping software was SolidWorks, and development software 
is Rhinoceros 3D 5.0, Grasshopper. Prototyping 3D printer is Stratasys Dimension 1200 with 
soluble supporting materials and ABS. The interface design prototyping software was Sketch, 
and development software is Grasshopper and HumanUI, which are Rhino plugins. 



Final design of “Enabo” is a desktop application that allow user to design a hand-
mounted switch control model with an easy-to-use UI. The users could change the following 
parameters about the design: (1) hand length: change the length of the device; (2) hand breadth: 
change the width of the device; (3) curvature: change the fitting of user’s palm to the device; (4) 
strap slot width: use different width of strap for various end users; (5) switch selection: choose 
which finger to actuate the switch, at force level from medium to light. 

The operational approach for design and fabrication of “Enabo” is as follows: (1) OT 
identify clinical needs of end user’s; (2) OT gain anatomical measurements from end user; (3) 
OT use “Enabo” platform to design the device model, change parameters, export the ready-to-
print STL files; (4) print the parts and assemble it with the other components of the switch 
control. 

The final completed switch device (see Figure 2 and Figure 3) and “Enabo” platform UI 
(see Figure 4) are shown below. There is also a system package designed for “Enabo” including 
one hand measurement instruction, one part purchase list, one user assemble manual 
documentation and one 3D printing instruction. 

 
Figure 2 3D printed final design with different sizes and switch selection, assembled with strap 
and mono plug 



 
Figure 3 OT completed and is testing a switch control designed by herself using “Enabo” 

 

 
Figure 4 Final UI design, left: Rhino screen; middle: “Enabo” platform main screen; right: 
extra screen for 3D model preview. 

With “Enabo” platform, user can adjust the pre-designed switch control model using the 
UI to enter “Hand Length” and “Hand Breath” to change the device size; “Curvature” to better fit 
patient’s hand to the switch control carrying structure; “Strap Slot Width” to fit with the strap OT 
select to use for the design; “Switch Selection” allow OT to choose different finger to actuate the 
switch, with different force level (medium to light force); and “3D Preview of the model” allow 



OT to preview the model design before fabrication; “Save and Export the STL file of the model” 
allow OT to export the STL file of the generated design, and send that to the printer. 

4) Outcome (Results of any outcomes testing and/or user feedback) 

Three OTs participated in the design and development process of this project. They tested 
and evaluated the hand-mounted switch control device and the “Enabo” platform UI. All of them 
commented that the “Enabo” system is easy to use to design and build the device for clients. 
They all agreed that it is a promising field to take advantage of 3DP technology to create highly 
customizable, cheaper, available alternatives for their clients. They look forward to seeing more 
of this in the future work. 

“It’s a quick easy method to make your own switches using 3DP… because those pre-
fabricated ones are not always customized… and children can use it, other users can use it. It has 
many potential applications”, OT-SC expressed the idea of leveraging this type of system to 
design some other ATs in the future. 

“This system (‘Enabo’) is a step into the 3DP world”, OT-EB: “for certain individuals 
this is a good way to increase their access to the 3DP technology; this is an easy and inexpensive 
way to do it in clinics, which is very important to the clients(patients).” 

5) Cost (Cost to produce and expected pricing) 

 For commercial use, permanent license of Rhino 6 is $995, and Grasshopper and 
HumanUI are free plugins. 
 The cost for 3D printed human-device interface (the carrying structure for switches) 
various depending on the printer and material selection, and size of the artifact. A good 
estimation is for a hand length of 130 mm (a 6 years old hand length), it will cost around $30 to 
print with FDM printing method. For a man’s hand length of 207 mm, it will cost around $45 to 
print out the parts. The rest of the switch control components, including straps ($2), switches 
($1.5 for each), connectors and mono plug ($5 for each set) will cost around $10. It is reasonable 
to estimate that for each fabricated user specific hand-mounted switch control that designed by 
“Enabo”, it will cost around $40 ~ $55.  

6) Significance 

AT can maintain and improve an individual’s function and independence, thereby 
promoting their quality of life. Specifically, it enables disabled people to live healthy, 
productive, independent, and dignified lives, and to participate in education, the labor market and 
civic life (World Health Organization, 2016). With AT, some patients could reduce the need for 
formal health and support services, long term care from caregivers; without AT, people are often 
excluded, isolated, and locked into poverty, thereby increasing the impact of disease and 
disability on a person, their family, and society (World Health Organization, 2016).” 

Globally, there are more than one billion people who need one or more ATs. With an 
ageing global population and a rise in non-communicable diseases, it would increase to more 
than two billion by 2050, many of which need two or more (World Health Organization, 2016). 
Despite the high demand for AT and its related services, it’s still not accessible for those in need. 
Currently, only 1 in 10 people in need have access to assistive products due to “high costs and a 



lack of awareness, availability, trained personnel, policy, and financing” (World Health 
Organization, 2016). According to WHO report, the AT industry is limited and specialized, 
serving primarily high-income markets (2016). 

While AT has the potential to improve people’s lives, getting the appropriate AT is very 
hard. In some cases, commercial ATs are very expensive and not customizable to meet user’s 
specific needs (Buehler et al., 2015). With those reasons, people start to design and create their 
own ATs using rapid prototyping tools (Buehler et al., 2015). Self-designed ATs are superior to 
on-the-shelf ATs in terms of availability or price; and due to user involvement, it can increase 
buy-in and reduce user abandonment. Some self-designed ATs can even achieve the same 
functionality with much lower price than their counterparts (Buehler et al., 2015). However, 
currently there is a large gap between clinical practice and the work of volunteer AT designers 
(people who design their own ATs but are not OTs) (M. Hofmann et al., 2016). According to M. 
Hofmann et al., clinicians produce safe and robust device but cannot leverage rapid prototyping 
in their practice, while designers or maker community could produce large quantity of unique 
and customized designs, but those designs are not validated; they suggest a new way to bridge 
the gap, i.e. allowing OTs to share their expertise to design communities and for designers to 
support OTs with a collaborative design process and more validated AT designs (M. Hofmann et 
al., 2016).  

It is always attractive to design a platform for OTs to leverage the potential of 3D 
modeling and 3DP technologies for engineering affordable, highly customized ATs. As we 
know, healthcare as general is recognized as a domain that requires an approach closed to mass 
customization because of the large diversity of human body (Igoe T., 2011). Meanwhile, 3D 
print technology has been applied in many medical field, including allowing highly customized 
ATs with lower cost. However, it is difficult and time consuming to iteratively design complex 
devices (M. K. Hofmann, 2015). This paper will utilize participatory design approach, engaging 
OTs to design and develop an AT co-design platform, that empowering OTs to leverage RP 
potentials to produce highly customized 3D printed ATs. With this platform, OTs could adjust 
critical 3D CAD parameters to modify an existing AT design through intuitive 3D CAD 
modeling UI. 
  



7) Acknowledgements and References (not included in 6 page maximum) 

Ariadi, Y., Campbell R.I., Evans Mark A., Graham Ian J. (2012). Combining additive 
manufacturing with computer aided consumer design. Paper presented at the IN: 
Proceedings of the Solid Freeform Fabrication Symposium 2012, Austin, Texas, USA. 
https://dspace.lboro.ac.uk/dspace-jspui/handle/2134/11198 

Assistive Technology Act of 2004, 108-364 C.F.R. (2004). 

Association, M. D. (2013). MDA ALS Caregiver’s Guide (M. A. Division Ed.). 

Buehler, E., Branham, S., Ali, A., Chang, J. J., Hofmann, M. K., Hurst, A., & Kane, S. K. 
(2015). Sharing is Caring: Assistive Technology Designs on Thingiverse. Paper presented 
at the Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing 
Systems, Seoul, Republic of Korea.  

Camba, J. D., Contero, M., & Company, P. (2016). Parametric CAD modeling: An analysis of 
strategies for design reusability. Computer-Aided Design, 74, 18-31. 
doi:https://doi.org/10.1016/j.cad.2016.01.003 

Campbell, R. I., J. De Beer, D., J. Barnard, L., Booysen, G., Truscott, M., Cain, R., . . . Hague, 
R. (2007). Design evolution through customer interaction with functional prototypes 
(Vol. 18). 

Charbonneau, R., Sellen, K., & Veres, A. S. (2016). Exploring downloadable assistive 
technologies through the co-fabrication of a 3d printed do-it-yourself (DIY) dog 
wheelchair (Vol. 9737, pp. 242-250). 

Chen, X. A., Kim, J., Mankoff, J., Grossman, T., Coros, S., & Hudson, S. E. (2016). Reprise: A 
Design Tool for Specifying, Generating, and Customizing 3D Printable Adaptations on 
Everyday Objects. Paper presented at the Proceedings of the 29th Annual Symposium on 
User Interface Software and Technology, Tokyo, Japan.  

Conner, B. P., Manogharan, G. P., Martof, A. N., Rodomsky, L. M., Rodomsky, C. M., Jordan, 
D. C., & Limperos, J. W. (2014). Making sense of 3-D printing: Creating a map of 
additive manufacturing products and services. Additive Manufacturing, 1-4, 64-76. 
doi:https://doi.org/10.1016/j.addma.2014.08.005 

Council, D. (2018). The Design Process: What is the Double Diamond?   Retrieved from 
https://www.designcouncil.org.uk/news-opinion/design-process-what-double-diamond 

D'Amico, A., Mercuri, E., Tiziano, F. D., & Bertini, E. (2011). Spinal muscular atrophy. 
Orphanet Journal of Rare Diseases, 6(1), 71. doi:10.1186/1750-1172-6-71 

Francesca, O., Valentina, R., Jelle, S., & Marinella, L. (2015). +TUO project: low cost 3D 
printers as helpful tool for small communities with rheumatic diseases. Rapid Prototyping 
Journal, 21(5), 491-505. doi:doi:10.1108/RPJ-09-2014-0111 



Gao, W., Zhang, Y., Ramanujan, D., Ramani, K., Chen, Y., Williams, C. B., . . . Zavattieri, P. D. 
(2015). The status, challenges, and future of additive manufacturing in engineering. 
Computer-Aided Design, 69, 65-89. doi:https://doi.org/10.1016/j.cad.2015.04.001 

Giannatsis, J., & Dedoussis, V. (2007). Additive fabrication technologies applied to medicine 
and health care: A review (Vol. 40). 

Lee, G., Sacks, R., & Eastman, C. M. (2006). Specifying parametric building object behavior 
(BOB) for a building information modeling system. Automation in Construction, 15(6), 
758-776. doi:https://doi.org/10.1016/j.autcon.2005.09.009 

McDonald, S., Comrie, N., Buehler, E., Carter, N., Dubin, B., Gordes, K., . . . Hurst, A. (2016). 
Uncovering Challenges and Opportunities for 3D Printing Assistive Technology with 
Physical Therapists. Paper presented at the Proceedings of the 18th International ACM 
SIGACCESS Conference on Computers and Accessibility, Reno, Nevada, USA. 
http://delivery.acm.org/10.1145/2990000/2982162/p131-
mcdonald.pdf?ip=143.215.28.94&id=2982162&acc=ACTIVE%20SERVICE&key=A79
D83B43E50B5B8%2E5E2401E94B5C98E0%2E4D4702B0C3E38B35%2E4D4702B0C
3E38B35&CFID=972500814&CFTOKEN=46858395&__acm__=1502767244_e706969
d8e61e0e279cf59038ce721a1 

Miguel, F.-V., Ana, E. C., & Andres, C. (2017). Low cost digital fabrication approach for thumb 
orthoses. Rapid Prototyping Journal, 23(6), 1020-1031. doi:doi:10.1108/RPJ-12-2015-
0187 

Mikołajewska, E., Macko, M., Ziarnecki, Ł., Stańczak, S., Kawalec, P., & Mikołajewski, D. 
(2014). 3D PRINTING TECHNOLOGIES IN REHABILITATION ENGINEERING (Vol. 
4). 

OpenSCAD. (2018). About OpenSCAD.   Retrieved from http://www.openscad.org/about.html 

Sajay Arthanat, L.-J. E. S. B. (2017). A survey of assistive technology service providers in the 
USA. Disability and Rehabilitation: Assistive Technology, 12(8), 789-800. 
doi:10.1080/17483107.2016.1265015 

Saunders, M. D., Smagner, J. P., & Saunders, R. R. (2003). Improving methodological and 
technological analyses of adaptive switch use of individuals with profound multiple 
impairments. Behavioral Interventions, 18(4), 227-243. doi:10.1002/bin.141 

sculpteo. (2017). state of 3D priting 2017. Retrieved from 
https://www.sculpteo.com/en/get/report/state_of_3D_printing_2017/ 

Shah, J. J. (1991). Assessment of features technology. Computer-Aided Design, 23(5), 331-343. 
doi:https://doi.org/10.1016/0010-4485(91)90027-T 

Stojmenski, A., Chorbev, I., Joksimoski, B., & Stojmenski, S. (2015). 3D Printing Assistive 
Devices (Vol. 141). 



Technology Assessment of the U.S. Assistive Technology Industry (2003). Retrieved from 
https://www.bis.doc.gov/index.php/forms-documents/technology-evaluation/701-
technology-assessment-us-assistive-technology-industry-2003/file 

University, J. H. (2017). Neurology and Neurosurgery. Retrieved from Johns Hopkins Medicine: 
http://www.hopkinsmedicine.org/neurology_neurosurgery/centers_clinics/als/conditions/
als_amyotrophic_lateral_sclerosis.html 

 

 


