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Introduction 
 
This paper will be of great interest to industrial design faculty who are 
• starting their research agendas and need grant funding; 
• desiring research and practice that leads to a viable commercial product outcome; 
• willing to search for and collaborate with academic colleagues in other disciplines who are 

working on high-tech topics; 
• willing to utilize existing or develop new contacts with small businesses whose technology 

research objectives coincide with the needs of the US federal government. 
 
The objective of this paper is to share this author’s funding experiences using the Small Business 
Innovation Grant (SBIR) as a way to develop a tenure-based funded research agenda at Arizona 
State University (ASU). Finding funding as an industrial designer has historically been very 
difficult and when a source is discovered, very competitive. The SBIR funding vehicle has 
provided research opportunities in several distinct ways. 
 
The first project started as a cross-campus collaborative teaching effort to develop a low-cost 
prosthetic arm for economically disadvantaged regions of the world (Herring 2001). When the 
project caught the attention of a product development company, an SBIR Phase I grant was 
applied for. The grant was awarded in 2003. The second example was a project in which a local 
small business had discovered a problem with public bus transportation accidents and continuing 
wheelchair user injuries. An SBIR grant was awarded to the small business, and ASU was 
brought on as a subcontractor to perform laboratory and field research (Herring and Wolf 2003). 
The third example involved participation in the development of a product from the very start. In 
time, an SBIR grant was funded, and a small stipend was given by the business directly to the 
researcher (Herring and Schultz 2003). Each funding approach was unique and will be described 
in greater detail in the following sections of this paper. 
 
What Is a Small Business Innovation Research Grant? 
 
The SBIR was established in 1982. Its objectives were to encourage technological innovation in 
the private sector and to commercialize technology and processes in partnership with the 
government. The socially or economically disadvantaged and women-owned businesses are 
encouraged to participate in developing new technologies and products. Since its inception, 
50,000 grants valued at $10 billion have been awarded. Currently, US government agencies have 
an estimated $2 billion available for grants in 2004. Each of the participating agencies is 
responsible for administering their own programs. The funds available are based on a percentage 
set aside of each agency’s annual Federal Budget allocation (Ballard 2002). 
 
What Is a Small Business? 
 



The SBIR act’s definition of a small business is one that has up to 500 employees. The business 
must be a United States “for profit” operation with 51 percent ownership, located in the USA. The 
SBIR primary investigator (PI) must be employed 51 percent of the time by the small business. 
The PI does not need to be a PhD (Ballard 2002). 
 
 
The SBIR Grant Process 
 
The 11 participating agencies and their Web sites are shown in Table 1. Each agency publishes 
program announcements, research topic areas of interest to it, and issues requests for proposal 
(RFPs). Small businesses are encouraged to respond with a completed 25-page application form. 
Successful completion of the application requires a team approach with business, research 
specialties, and technically skilled participants and consultants. 
 
The SBIR granting process is made up of three phases:  
• The phase I (feasibility) grant requests are typically for $100,000 to conduct a feasibility study 

of a technology’s product application. It is expected to take six months to perform the work, 
and approximately 10-20 percent of the applications are successful. In addition to 
demonstrating the feasibility of a real-world product, the phase I research should also aim to 
understand just what is required to drive the product to commercialization (the long-term 
objective of the grants, of course, is to bring a product to market). All applications are 
screened and are reviewed by a panel of academic researchers and industry experts 
selected by the agency. A number (ranking) is given the proposals based on the application’s 
ability to answer a perceived need specified by the RFP and funding is provided the top tier of 
finalists (those who receive the lowest score). The SBIR permits outside research institution 
partners who can subcontract for up to 33 percent of the grant funds. 

• The phase II (research and development) grant requests are typically for $750,000 to 
continue beyond phase I to do the research and product development that will lead to 
commercialization. Phase II is expected to take two years to perform, and approximately 50 
percent of the applications are successful. An extremely important part of the phase II 
application is a thorough product commercialization and business plan to win consideration 
for funding. A similar agency ranking process is conducted. As in phase I, the application’s 
success is based on its ability to answer a perceived need specified by the RFP, and to lead 
to a commercially viable product. Outside research institution partners can subcontract for up 
to 50 percent of the phase II grant funds. 

• Phase III (commercialization) phase consists of commercial business funding from traditional 
sources like banks and investors. This phase is not governmentally funded, but it is the 
logical outcome of the previously funded stages (Ballard 2002). 

 
 
Table 1. Federal agency’s with SBIR programs (Ballard 2002). 
 

No. 
 

Agency with an SBIR program Web site SBIR budget 
amounts ($) 

1 Dept. of Agriculture (USDA) www.usda.gov 17.74M 
2 Dept. of Commerce (DOC) www.doc.gov 7M 
3 Dept. of Defense (DoD) www.dod.gov 1B 
4 Dept. of Education (DoED www.doe.gov 9M 
5 Dept. of Energy (DOE) www.doe.gov 105M 
6 Dept. of Health and Human Services (HHS) www.hhs.gov 574.2M 
7 Dept. of Transportation (DOT) www.dot.gov 3.2M 



8 Environmental Protection Agency (EPA) www.epa.gov 8M 
9 National Aeronautics & Space Adm. (NASA) www.nasa.gov 107.5M 
10 National Science Foundation (NSF) www.nsf.gov 94M 
11 Dept. of Homeland Security (HSARPA) www.dhs.gov 19.6M 

 
The first two phases of the SBIR funding process are evaluated by the expert panels based on 
the application’s technical merit, the qualifications of the team working on the proposal, the 
perceived value of the proposal in response to the goals of the agency, the potential for product 
commercialization, and the amount of the anticipated development costs. 
 
STTR Grants 
 
The Small Business Technology Transfer Research program (STTR) is a sister operation in 
which much of the funding process mimics the SBIR. The primary difference is the requirement 
that there be a formal cooperative agreement by the small business with a research institution. 
The small business must contribute at least 40 percent to the research effort and the university 
researcher must provide at least 30 percent toward the effort. The STTR does not stipulate whom 
the primary investigator (PI) must work for. This grant system encourages innovation from 
university research to be transferred to commercialization in partnership with a small business 
(Ballard 2002). 
 
Case Study 1: University-Originated Research Funded by an SBIR Grant 
 
A collaborative graduate class with bioengineering and industrial design students, under the 
author’s direction, had as its purpose “to create an aesthetic, low cost, functional, and readily 
manufacturable upper-extremity prosthesis suitable for use in economically disadvantaged and 
war torn areas of the world with an emphasis on the use of available indigenous materials and 
manufacturing resources” (Herring 2001). The eight students involved produced numerous 
concepts that resulted in a variety of prosthetic arm component proposals. Arizona State 
University proceeded to protect the concepts as intellectual property (IP) by seeking a patent on 
these concepts.  
 
After the class was completed, the author applied for a $10,000 ASU funded seed grant, which 
was approved, and the funds were used to seek outside funding sources to spur the development 
of the prosthesis. ASU Bioengineering Professor Gary Yamaguchi approached a small business 
that specializes in commercializing rehabilitation and mobility product concepts developed by 
research institutions. 
  
Three Rivers Holdings is “dedicated to using advances in rehabilitation technology to create 
products that enhance the mobility, independence, and well being of people with disabilities” 
(Three Rivers Holdings). They were enthusiastic about the overall project as well as the concepts 
the students developed for a new terminal device and an innovative method of cold molding a 
prosthetic socket. 
 
Three Rivers applied for a phase I SBIR grant to prove product concept feasibility with three main 
objectives: “1. Design and construction of alpha prototypes of the split hook prosthetic terminal 
device, 2. Design and construction of alpha prototypes of the generic “living hinge” elbow 
components, and 3. Verification that the design requirements for the alpha prototype 
components”… are met (Willems 2003). 
 



Department of Health and Human Services-National Institute of Health (NIH) funding was 
awarded February through July of 2003 (#R43-HD43512-01). Three Rivers retained 67 percent of 
the grant funds (approximately $67,000.) for development costs within their business operation. 
Arizona State University received 33 percent of the grant funds. Professors Yamaguchi and 
Herring and Three Rivers management discussed preliminary funding allocations. A formal 
subcontract was then negotiated between Three Rivers and Arizona State University for the 
disbursal of funds and how intellectual property (IP) would be handled. ASU had patented most of 
the concepts that were being commercialized. 
 
The subcontract for the ASU participants was negotiated through the Bioengineering Department. 
The funds were allocated in the following breakdown: 
• The total value of the subcontract was approximately $33,000. 
• Indirect costs for ASU facilities and administration were approximately $11,000. 
• Two faculty summer pay and benefits of approximately $12,000. 

o PI bioengineering @ 1 month pay and  
o Co-PI industrial design @ 1/2 month pay 

• Graduate student pay and benefits of approximately $10,000. 
 
The faculty worked during the contract period with the graduate student to continue to develop 
the prosthetic prototype, the molded terminal device, the elbow, and to oversee the conduct of 
evaluations in preliminary testing on amputees. 
 
This work was followed by a Phase II SBIR application for funding in December 2003. The 
application received too high a number to receive funding in early 2004. A second revised 
application may be submitted in the near future (Willems 2003). 
 
Case Study 2: Small Business-Originated Research Funded by an SBIR Grant 
 
BTI Consultants “specializes in providing consulting services within the human/machine/ 
environment systems to eliminate or control hazards and subsequent failures” (BTI Consulting 
2004). This small business provides technical investigations, product/system failure analysis, and 
expert trial testimony. 
 
Several client investigations were conducted after public bus accidents resulted in wheelchair 
riders being injured. Dr. James Koeneman, seeing a pattern of incidents, looked into SBIR 
funding opportunities through the National Institutes of Health (NIH). Unlike most other agencies, 
NIH does not require a proposal submission be in direct response to an agency program 
announcement (PA). In fact, 80 percent of successful NIH SBIRs are funded on unsolicited grant 
topics. A first submission was submitted but was not funded. A revised application was submitted 
in April 2001 with drawings of a revised concept done by the author. The purpose of the proposal 
was to “improve the functionality of strapping systems in a way that current systems can retrofit 
and load limiting be easily implemented in new buses” (Koeneman 2001). 
 
The aim of phase I was to prove product concept feasibility in two areas: 
• Fabricate and test securement belt systems (both device and occupant) that absorb energy 

and limits the load at attachment sites to a predictable level and demonstrate that occupant 
restraints can be designed that do not crush the rider when the WMD (wheeled mobility 
device) securement begins to give. 

• Modify a commercially available restraining system and evaluate its ease of use (Koeneman 
2001). 



 
The NIH funded this proposal after some delay due to the September 11 attacks on the World 
Trade Center. Phase I (#1R43HD39567) was funded in April 2002 for $100,000. After numerous 
discussions with BTI representatives and lawyers over intellectual property rights, a subcontract 
was negotiated with Arizona State University in June 2002, some three months into a six-month 
contract period.  
 



The funds were allocated in the following breakdown: 
• The total value of the subcontract was for approximately $12,500. 
• Indirect costs for ASU facilities and administration were eliminated. 
• One month of faculty summer pay and benefits for approximately $4,500. 
• Three Graduate Students pay and benefits for approximately $8,000. 

o One 3/4 time student for 4 months 
o One 1/4 time student for 4 months 
o One 1/4 time student for 1 month 
 

According to the grant application, the scope of the subcontract work done by ASU was as 
follows: 
 

The ASU Human Factors Lab will investigate the process and equipment currently used 
on public busses in Phoenix, AZ, to secure wheelchairs. …The activity of the Wheeled 
Mobility Device (WMD) User getting onto a bus, negotiating the parking of the WMD in 
the appropriate securement area(s), and the interface between the bus driver and the 
WMD user while securing the device to the bus will be investigated. The human factors of 
attaching the current belt system to the chair involves the driver attaching 2 rearward 
hooks to the back of the chair as low on the WMD as possible in cramped space. After 
securing the rear, the driver must attach two front hooks to the WMD, often reaching over 
the user and placing both the driver and the user in an uncomfortable and awkward 
physical position. …This research team will design and recommend several solutions to 
the problem of ease of attaching restraints. The final report will be submitted and used to 
develop an SBIR Phase II grant request to test the proposed solutions using human 
subjects (Herring, 2002). 

 
The author worked during the contract period with the graduate students to develop a bus buck in 
the laboratory space, reviewed the literature supporting the grant work, made design mockups, 
rode buses to see the boarding and debarking process required of wheelchair users, and 
witnessed the variety of ways the bus drivers attached the four securement belts on wheelchairs 
(Herring and Wolf 2003). 
 
This work was followed by a phase II SBIR application for funding in December 2002. The 
application received too high a number to receive funding in early 2003. No plans exist to submit 
a new application. In this case, the findings of the phase I research precluded a successful phase 
II application: 
• The premise behind the load limiting securement belts was found to be false, as it related to 

wheelchair rollover injuries in buses. The “product” proposed by the Phase I proposal literally 
“went away” due to information discovered during the research. 

• The human factors research on usability of the securement strapping system was not suitable 
for SBIR funding since the program is for the development of commercial products. Much of 
what we discovered about non-compliance and misuse had more to do with public policy 
issues of required compliance and issues of rider free choice offered by the Americans with 
Disabilities Act (ADA) (Herring & Wolf, 2003). 

 
Case Study 3: Small Business Product Development Leading to an SBIR Grant 
Kinetic Muscles Inc. (KMI) is the creator of a stroke-therapy device to supplement the work of 
Physical Therapists. The Hand Mentor® works the affected wrist and fingers of a patient assisting 
muscle stretching and simultaneous neural renetworking around the damaged brain cells. The 
mechanism is driven by an air muscle and a microcompressor. A microprocessor measures the 



duration of activity and records the therapy iterations completed by the patient. The patient’s 
recovery requires “massed practice” or repetitive and long practice sessions each day with this 
device (Herring and Schultz 2003; Schwartz and Begley 2002). 
 
The author was invited to participate in this product’s development at its inception in 2001. Over 
the next several years, the early concept was transformed by the design team into a Silver 
Medical Design Excellence Award winning product on June 16, 2004 (Cannon Communications 
2004). In July 2002, president of KMI James Koeneman, PhD wrote an SBIR phase I grant with 
the objective of determining “whether it is feasible for the device to provide a comfortable and 
safe method of therapy” (Koeneman 2002). KMI provided the author with a one-time direct 
payment of 1/2 of one month’s pay for assistance with the study.  
 
Conclusions 
 
There are many positive attributes to the SBIR-funded research process, but also some 
challenges to consider with this funding vehicle. 
 
The most gratifying way to receive SBIR funding for the purpose of tenure is by the first two grant 
scenarios. Monies that come through the university provide—even with the indirect costs lowering 
the pool of funds for research—the benefit of the recipient being a primary investigator (PI) for up 
to 33 percent of the funded grant. Bioengineering received 33 percent of the $100,000 Three 
Rivers grant while industrial design received 8 percent of the BTI $100,000 grant. The 
subcontract can provide for faculty summer funding for some time and student research assistant 
employment opportunities while having the chance to work on real-world projects. Perhaps the 
greatest value in this process for faculty is in its effect on teaching. With its ties to real-world 
problems, and real-world solutions, SBIR grants help to make teaching more relevant and real. 
 
A direct payment to a faculty—as described in case study 3—is not of great help to the tenure 
process. However, there are still opportunities to bring research findings into the classroom and, 
in the case of KMI, a graduating industrial design senior was offered a full- time employment 
opportunity. 
 
Another benefit to the SBIR grant is that, in most cases, the grant writer is an employee of the 
small business (who is, generally, also the PI) involved. The university researcher is a team 
member on the grant and can provide technical assistance to the grant writer or reports on 
research accomplishments and findings (as was the case with the Three Rivers prosthesis 
project, case study 1). 
 
The challenges with the funding process deal mostly with the negotiation of the subcontract with 
the university administration in a timely manner. In the first two scenarios, there were delays 
between the time the federal funding was made available to the small business and a negotiated 
subcontract was signed with the university. This delay cut into the time allocated for research. 
Much of the delay was over ownership of intellectual property coming out of campus research. If 
your plan is to try to use this funding method, investigate the practices and requirements of your 
institution in existing funded and negotiated contracts. The BTI grant had numerous stakeholders 
in the IP outcomes and none of them—including the university—wished to give away their shares. 
Eventually, however, a loose agreement was made among the attorneys. 
 
The following Web sites are recommended for quick overviews of the SBIR process: 
 



1. The Small Business Administration Office of Technology—SBIR/STTR Programs 
(www.sba.gov/sbir/indexsbir-sttr.html). This site provides a complete overview of the SBIR 
program and links to federal agencies. 
 
2. SBIRworld (http://www.sbirworld.com/aboutSBIRProg.asp?mnuProg=1). This site provides 
three PowerPoint courses and links to federal agencies. 
 
3. ASU Technopolis—Educating, Coaching, and Connecting Technology and Life Science 
Entrepreneurs. This program is supported by the Office of the Vice President for Research and 
Economic Affairs, Office of Economic Affairs, P.O. Box 872703, Tempe, AZ 85287-2703. 480-
727-6506 or www.asutechnopolis.org. 
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