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Collaboration, Assistive Technology, and the Role of Product Designers 
These days, it’s generally accepted that collaboration and innovation go hand in hand. According to a 
recent article in Design Management Journal, “much of the current thinking and research dealing with 
innovation and new product development holds that a multidisciplinary approach should be used when 
developing new products” [1]. Fortunately, trends in industry and academia generally support such an 
approach. Many research initiatives now feature multiple disciplines and different modes of thinking as 
common elements to address increasingly complex problems. In part, this is simply a result of U.S. 
federal funding agencies increasing their support for teamwork. “After years in which federal research 
funds focused largely on discipline-specific projects,” notes an article in the Chronicle of Higher Education 
[2], “government agencies are increasingly encouraging collaboration, and appear to be providing a 
growing amount of money for interdisciplinary research.” And the numbers are substantial: “federal 
funding for interdisciplinary research and development at U.S. universities climbed to $675 million in 2002, 
more than double the $330 million in 1997” [3]. Even more impressive, the National Institutes of Health 
has over the past few years earmarked $2.1 billion over five years specifically for interdisciplinary 
initiatives [3].  
 
In her 2002 editorial/introduction to a special assistive technology (AT) issue of Disability and 
Rehabilitation, Marcia J. Scherer describes the many benefits of “a partnership of rehabilitation 
professional and consumer” [4]. However, this partnership must include product designers as well, armed 
with their unique methods for understanding consumers. Without the design research component, AT 
developers and providers will likely fall short of their innovation potential. As an article in Harvard 
Business Review notes, “all companies have capabilities they are failing to tap in their quest to create 
innovative products and services because those who know what can be done are not generally in direct 
contact with those who need something done” [5]. Clearly, product designers can help bridge this gap. 
 
This is especially true in the area of AT, where for many years now, function was the name of the game. 
And today, faced with increasing political and economic pressures, developers and providers of AT are 
being forced to improve the effectiveness of AT while using fewer resources [6, 7]. Of course, these 
pressures will only increase as the Baby Boomers begin to retire, creating a “demographic tidal wave” [8]. 
And the users of assistive technology are applying their own pressure to the industry. In the twenty-first 
century “experience economy” [9], the commoditization of goods and services has placed the consumer 
in a position of greater power. Successful businesses can no longer merely deliver goods and services on 
time for a fair price — they are now expected to provide customers with memorable experiences. Product 
designers, of course, have the skills (and, increasingly, the market-driven impetus) to create the objects, 
environments, and interactions that encourage these memorable experiences. The collaboration of 
designers and developers of AT (which includes a range of engineering disciplines, of course), then, 
seems like an opportunity with great potential [10]. 
 
The AT marketplace is considerable. ABLEDATA, the AT product database sponsored by the National 
Institute on Disability and Rehabilitation Research, lists more than 32,000 different AT and rehabilitation 
devices available to consumers [11]. However, approximately one third of all assistive technology devices 
are eventually abandoned by users [4]. Research indicates that this high rate of AT abandonment would 
be decreased if consumers were involved in both the design and development process [12], and the 
eventual selection process [4, 13]. Clearly, AT consumers are too often being left out. Indeed, it has been 
suggested, “most [AT] providers focus just on functional and clinical status with little or no appreciation for 
other important factors such as customer satisfaction, value, quality, or cost” [7]. Even functional AT 
devices may be rejected by increasingly demanding consumers. As Pape, Kim, and Weiner have 
suggested, “the effectiveness of [assistive technology] in reducing environmental obstacles is not the sole 
determinant of whether devices are used or abandoned” [14]. In their study of mobile arm supports, 
Yasuda, Bowman, and Hsu [15] had similar findings. They note that, “although patients may meet the 



physical criteria and the therapists may identify functional goals, a need identified by the patient is the 
basic indicator of success.” 
 
Studies also show that the appearance of a particular device does influence initial acceptance, regardless 
of its functional capabilities [15, 16]. And “personal factors” [14], such as social stigma and personal 
identity, also need to be carefully considered. Developers and providers of AT devices, therefore, need to 
approach AT much as they would any other consumer products, shifting “from a medical approach to a 
social approach, where end-users tend to regard themselves no longer as patients, but as consumers” 
[13]. One of the most effective ways by which AT researchers can make this shift is by collaborating with 
product designers — who have, in recent years, begun using innovative methods to conduct consumer 
research. 
 
Many industries and professions have been affected by the “experience economy” [9]. News stories 
abound of jobs being outsourced and “offshored” [17]. The product design profession has been hard hit, 
but has also responded better than most. According to BusinessWeek editor Bruce Nussbaum, “the 
design profession shifted its core competencies from drawing to thinking, from styling to innovating, from 
shaping things to visualizing new business paradigms” [18]. 
 
The product design profession has come a long way since the 1920s and 1930s, when designers were 
commissioned primarily to put a “pretty face” on something developed by engineering departments. The 
move toward design research in the 1950s [19] represented an important shift. This was then reinforced 
with the concept of user-centered design, made popular in part from the writings of Donald Norman. For 
Norman, user-centered design is “a philosophy based on the needs and interests of the user, with an 
emphasis on making products usable and understandable” [20]. These days, though, stiff global 
competition has forced designers to search for new ways of making products not merely “usable and 
understandable,” but meaningful too. 
 
Twenty-first century designers need to understand consumers of products and services, rather than 
merely identify them [21]. Toward that end, designers have borrowed extensively from the field of 
anthropology, adopting and adapting the ethnographic approach to field research [22-26]. Like 
anthropologists, designers study human behavior and “culture” — those “practices, artifacts, sensibilities 
and ideas that constitute and inform our daily lives” [27]. But, whereas the anthropologist’s study of 
cultures tends to be an end in itself, designers study cultures as a means to an end. According to 
Stephen Wilcox, a principal at Design Science, “[designers] should be concerned with the study of culture 
for one central reason: it is the primary determinant of what people buy and how they like it” [27]. 
 
Case Study: The Robotic PAFO 
Walking is — at least from a biomechanical perspective — one of the most complex daily activities we 
can engage in. It’s easy to take it for granted, as most of us do. But few of us ever really try to analyze it 
— to focus carefully on what we’re doing as we take each tentative step. Unless we’ve had a stroke, that 
is. For many stroke survivors — of which there are nearly five million in the U.S. alone [28] — learning to 
walk again is one of their greatest challenges. They face countless hours in physical therapy, plodding 
along on treadmills, reestablishing neuropathways in the brain. It can be a long and lonely process. The 
Powered Ankle Foot Orthosis (PAFO) is a low-cost, wearable robot designed to improve the effectiveness 
and reduce the amount of time involved in such rehabilitation. The PAFO was developed by a 
collaborative team of faculty and students from the robotic engineering and industrial design departments 
at Arizona State University (ASU). 
 
The core technology of the PAFO was developed by Associate Professor Thomas Sugar, a mechanical 
engineer at ASU, and his team of graduate students, under a grant from the National Institutes of Health. 
The heart of the PAFO is its 60-watt motor and simple springs (ordered from a common parts catalog), 
which are fitted to a special shoe orthosis. The springs are used first to store energy, while you’re rolling 
from your heel onto the ball of your foot, and then to release that energy during what’s called “push-off” —
the point at which you roll off your toes and your foot is momentarily off the ground. It is, says Sugar, a lot 
like a pogo stick. “A pogo stick just sits there, and the only way you can get a lot of energy into that spring 
is you bounce on that thing. And you put the energy — with your bodyweight — into that spring.” 



 
This is a twenty-first-century pogo stick, however. The DC motor is mounted in series with a lead screw 
and spring (forming the “elastic actuator”). The software portion of the PAFO is made up of a standard 
computer, running Windows XP and MATLAB/Simulink (which is used to develop and run the PAFO’s 
control algorithms). When in operation, the software compares sensor data to specific references within 
the algorithm, making adjustments as necessary. These adjustments are made by sending a signal to the 
motor amplifier, which in turn powers the DC motor, thereby positioning the device in accordance with the 
algorithm. 
 

 
 

Figure 1. The powered ankle foot orthosis hardware. 

 
Despite all of the PAFO’s sophisticated technology, the project’s origins are remarkably “traditional” — 
just a couple guys talking about work. Clinical Associate Professor Don Herring, whose area of specialty 
is human factors, had been working with Sugar on another stroke rehabilitation device when he learned of 
Sugar’s interest in developing a wearable gait-assist robot. It just made sense to continue the cross-
campus relationship, and recruit additional faculty and students from the Industrial Design department at 
the same time. Assistant Professor Dosun Shin, an industrial designer, was chosen specifically for 
designing the foot device to incorporate the motor and springs, and providing 3-D CAD modeling and 
rapid prototype for test. This, of course, is one of the greatest advantages for an Industrial Design 
program located within a large research university. The PAFO is just one example of our ability to “tap 
into” a variety of applied research projects driven largely by other disciplines. 
 
Building the prototypes was its own challenge — again, a blending of the high- and low-tech. Mark 
Werner, a Phoenix-based prostheticist, hand-formed the PAFO’s “stirrups,” which — along with a 
collection of off-the-shelf hardware provided by Sugar’s engineering students — were attached to a rapid 
prototyped “boot” designed by Shin. Testing the PAFO required that the collaboration extend beyond the 
Phoenix area, to Washington University in St. Louis. There, Professor Jack Engsberg leads a three-
person team consisting of a biomechanist (Engsberg), an engineer, and physical therapist. 
 
Engsberg’s team has completed testing of the PAFO on healthy subjects (with excellent results), and 
begun treadmill work with stroke patients. Unfortunately, the prototype was damaged in the process, 
delaying further testing. 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

Figure 2. Test of the PAFO on a healthy subject. 

 
As testing continues, the team is now also exploring a number of commercial opportunities for the PAFO 
— including its potential as a prosthesis (under a grant from the Walter Reed Army Medical Center). 
During these next phases of development, Shin will be able to address the issue of aesthetics more 
seriously. The PAFO, then, represents not so much a final destination, but an important step in the right 
direction. 
 
Conclusion 
As a case study in interdisciplinary product development, the PAFO is admittedly “old school.” While the 
role of the designers is undeniable, it is nevertheless limited. Here, we have not yet applied the 
“powerful… strategic methodology” Nussbaum calls “design thinking” [29]. But the time will surely come. 
Projects like the PAFO are about building bridges as much as building prototypes. Indeed, it was by way 
of such bridges that InnovationSpace — a transdisciplinary research lab in which ASU’s design, 
engineering, and business students collaborate on real-world problems — was created [30]. 
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