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Abstract - Technology plays a pivotal role in transforming
lives of people with reduced functional capabilitis due to
aging or disability. The Quality of Life Technology
Engineering Research Center (QoLT ERC) supported by
the National Science Foundation is dedicated to cate
smart devices, systems, and environment adaptatiorie
enhance the quality of life of this population. Thecontext
in which QoLT systems are to be deployed consist of
multifaceted dimensions including real-life experiaces
from the end-users or their family members and
caregivers, technical competence, clinical experés
social-behavior knowledge, and industrial and markgng
issues. So in the center, students from multiple siiplines
such as engineering, rehabilitation science, and dal
science work together in the classroom and research
laboratories to jointly create QoLT systems. The
participatory action design (PAD) model, emphasizig
the involvement of end-users along the entire prodti
development process, has been applied to the reselar
and educational programs within the center. Two
examples are particularly discussed to show the
application of the PAD model in our Research
Experiences for Undergraduates (REU) program, andn
planning a new course ‘Quality of Life Ethnography.

Index Terms — Curriculum, Participatory action design,
Quality of Life Technology Engineering Research teen
Research experiences for undergraduates.

INTRODUCTION

Technology plays a pivotal role in transformingekv of
people with reduced functional capabilities dueagpng or
disability. The Quality of Life Technology Enginémsy

Research Center (QoLT ERC, www.qolt.org) suppotigd
the National Science Foundation (NSF) is dedictaexteate

thrusts have been established including Percepéiod
Awareness, Mobility and Manipulation, Human Inteda
Interaction, and Person and Society. The firstehteusts
are structured along main engineering disciplines f
developing fundamental knowledge and applications i
QoLT, and the fourth relates the three engineettingsts to
the individual person and society along the dimamsiof
adoption, evaluation, and socio-economic impact.

The vision requires relating human physiological,
physical, and cognitive function to the design mtklligent
systems, and creating technologies that make neasur
positive impact on quality of life, so working cdg with
user groups throughout design, development, testimgl
deployment phases for adoption, evaluation, andapyi
concerns is the focus of the education and resesgehda.
Neither the experts including engineers, clinicjarsl social
scientists, nor the users possess the completel&doa: A
systematic mapping is required of the opinions and
viewpoints of the different interested stakeholdettseir
experiences and requirements that can contribute to
developing successful QoLT systems. Thus Particigat
Action Design (PAD) approach was adopted, whichais
process of developing QoLT systems that involve-@sets
in every aspect of the research and development $etting
the research agenda, developing research questions,
participating in the research as researchers, adyiand
consultants, testing research ideas, and most tamby,
evaluating the results of the research.

In this paper, the PAD approach and its applicatmn
the educational programs within the QoLT center V@
discussed. Two examples where the PAD approach is
adopted in a student project in the Research Esipegs for
Undergraduates (REU) program, and in planning a new
course ‘Quality of Life Technology Ethnography’ wer
particularly discussed.

pervasive and smart devices, systems, and envinanme PARTICIPATORY ACTION DESIGN
adaptations that can know and respond to individual

functional needs in order to maximize self-deteation and
community living among this population. The contént

Participatory action design is an approach to thsigh,
development, and assessment of technology thaeplan

which QoLT systems are to be deployed consist oémphasis on the active involvement of the intengsets in

multifaceted dimensions including real-life expades from

the design and decision-making process [1]. Thil fidf

the end-users or their family members and caregliver participatory design grew out of the work beginningthe
technical competence, clinical expertise, and $ociaearly 1970s in Norway, when computer professionaigked

economic knowledge, and industrial and marketirgyiés.
Thus in the center, faculty and students from rplgti
disciplines such as engineering, rehabilitatiorelsce, and
social science work together in the classroom asgarch
laboratories to jointly create QoLT systems. Foesearch
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with members of the Iron and Metal workers Uniortable
the workers to have more influence on the desigd an
introduction of computer systems into the workplatae
workers were considered equal members of the deésam,
and they participated from the start of a projécoagh its
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completion [2]. Since then, the PAD approach hasnbe
widely adopted in different fields such as urbarsigie,
landscape planning, and human computer
Surprisingly, it is not frequently used in develogpi
engineering systems for those with reduced capiasildue
to disability and aging. A few exceptions were fdd], [3]-
[6]. Fischer et al. [3] reported using a particgpgtapproach
to design transportation systems for persons wignitive
disabilities. The research methodology involveddaring
field studies that examine socio-technical solugionlight of
real world constraints and cognitive issues. Thougé
design team was composed of individuals from ardweset
of stakeholder communities, they didn’t include gerson
who had cognitive impairments. Wu et al. [4] prdsén
experiences and insights into participatory desigith
individuals with amnesia. They particularly disceds case
study of developing a memory aid for this populatigith a

prospective products. These data are helpful inpasing
alternatives for a product and determining advasgagr

interactiordisadvantages of each. The next step includes a@vent

of a mock-up system, in which the devices’ key deeg are
incorporated on the way to a product design. Adl fibatures
of the product are then compared to the benchmarks
available, ensuring that the designed featuresapar with
industry standards. The prototype is constructeadr ahis
step, and it includes as many of the features adeasible.
With the prototype completed, a comparison is madta
the standards for the product. Product efficacyeiermined
with appropriate tests. Product durability andatelity are
often key aspects of consumers’ desires. Durabiéiting
typically determines the ability of individual compents of
a particular device to withstand repeated use byetid user.
On incorporating the changes suggested by the aeffic
testing, the results for medical devices, whichlude a

focus on the techniques and methodologies that thesange of QoLT devices and systems, are submittethdo

employed during the participatory design processléet al.
[5] described a focus group methodology used tp béler
people identify and describe the nature of the figbi
related problems that they encounter. Davies et[&]l.
conducted an ethnographic study with one partidipan
learn about communication strategies used by pewojite
aphasia, and to observe how a Personal Digital steai
(PDA) is incorporated into those strategies.

Implementing participatory action design in the @ddm
of improving the quality of life of a population thi special
needs can be challenging. Muller [7] noted that visial
and hands-on nature of most participatory desigttmes
are in direct conflict with the universal usabiliheeds of
individuals with visual and motor disabilities. hddition,
the variability of impairments and the variabiliyf the
attitudes towards modern technology are usuallyewid
ranging among the elderly and individuals with Hiktes,
thereby making the PAD implementation within a graaf
participants difficult to manage and operate. Fegut
describes the PAD model that was adapted to devglafity
of life technology in the center.
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FDA approval
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FIGURE 1

ILLUSTRATION OF THE PAD PROCESS

The process starts with identification of the useegds.
There are several ways of doing this: through fogaips,
where an open-ended discussion is moderated bysarpe
from a design team, or by getting feedback fromrsise
through surveys and questionnaires about
requirements and possible solutions. All of thioimation
is assembled, which helps to identify desirablduies for
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specific

Food and Drug Administration (FDA) for approval. €rh
FDA approval process is an extensive procedureh wit
emphasis on ensuring safety to the end users. c@lini
effectiveness of these devices is best establighegveral
phases. Typically, there are four phases of testimglved in
determining clinical effectiveness. The first phaseolves
conducting a focus group of clinicians, end usexsd
manufacturers. These individuals provide their beadk on
the benefits and disadvantages of the product. SHwend
phase involves testing the product using an uniregai
population when appropriate. The third phase inetudase
studies, in which a small number of potential esdrs get
tested on the device. The outcomes of determiniimical
effectiveness could include physical capacity messu
and/or functional performance measures. The fopthse
consists of testing a large group of potential esdrs, so
that generalization can be made to the entire p@dioul,
which will eventually be using the device. The miosticate
step in this entire process is establishing insteaioverage,
where potentially eligible, for a particular produd his
involves identification or formulation of a commande for
the device and establishing a fee schedule fodévwice. If
the product meets the needs of end users and phevap of
clinicians, it should become a part of the arsetml
ameliorate disability. With further clinical studie the
product may be incorporated into a clinical pragtic
guideline.

In general, employment of the PAD process in the
domain of developing QoLT for those in special reed
requires:

« Rapid cycling from laboratory to clinical
observation, and feedback

» Diverse environment from skilled-care institutiots

independent home living and to community

environments

Broad range of participants, ranging from childten

older adults, at home, school, and work througtibat

community, and across a broad range of conditiowks a

impairments

Robust and expeditious regulatory training and ewvi

processes to be in place

study,
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The PAD model
development process has been a focus in our eduoahti
program in the center. The multifaceted dimensiohshe
PAD model allow us to integrate humanistic, soceahd
economical elements into the engineering curriculand
train students from traditional engineering, claliscience,
and social
interdisciplinary teams. Students may still focusajority
of their efforts on the technology component of gmeduct
development process, but they will not work in teeuum
of unjustified homework or course projects, insteady will
begin with exposure to a particular device's desigule,
learning about participatory design, ethnographyd an
evaluation metrics. Two examples where the PAD rhixle
employed will be discussed in the following section

EXAMPLES

I. Research Experiences for Undergraduates (REU)

The REU program supports undergraduate internslébr
weeks of research practice. Due to the short peridine, it
is difficult to expose the student to the PAD psxe
throughout the entire product development periodtead, a
selected portion of the process for the undergradw@search
project was chosen to amplify while keeping thedshis
informed of the long-term plan and vision.

An example REU project is described as follows.ibgr
the 10-week program, one of the undergraduatenisteto
had a background of bioengineering worked on aelaagle
user-need identification study for an
collaboration project that aims to develop low-cgst high-
quality power wheelchairs for India. Before the REiduent
started, the project crew visited Inida where thegpducted
initial small-scale focus group with local wheelghasers.
The first prototype power wheelchair was then desigand
constructed. They visited India again with thetfigeototype
and conducted another focus group with local dlamis,
manufacturers and wheelchair users to solicit faeklbon
design improvement. They also realized that a fasgele
user-need identification study is needed to inftimem about
the diverse environments where wheelchair users iiv
India and gather design improvement ideas to enthee
prototype design meets the needs of the users @ir th
environment. Thus a novel methodology of collectirsgrs’
needs became the project of a REU student [8].

Wheelchair users in India were given a disposable

camera with self-addressed envelopes and paid isbipp
They were instructed to take pictures in and arothedr
house, work, and neighborhoods where they enccaathter
accessibility barriers. They were also asked tehenother
person take a picture of them in their wheelchahilev
performing tasks that were difficult for them. Feach photo,
they were asked to write down a description of wihazty
were photographing [9]. About 500 photos were de
identified and screened, and then posted on a webeb
online survey that the REU student developed. Aerdig
group of stakeholders including wheelchair userd teir
family members, rehabilitation engineers, serviceviglers
(e.g., physical and occupational therapists), aruhitects
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science to form effective and functionalwidths,

international

throughout the entire productwho have experience in design and/or modificatidn o

environments to make them accessible were recrtotedte
these photos. Each image is presented with anaittee
survey (Figure 2) regarding the accessibility wgthestions
based on the American Disabilities Act Accessipilit
Checklist, covering issues of steps, rough terrdogrway
ramps, etc. They were asked to choose the
accessibility issue portrayed in the photo (13 jmiliites),
and the severity of the accessibility issue (1-irl@rder of
least-to-most severe). The survey included comrberes
for the subject to describe the power wheelchaisigie
features that would allow the device to accommodhee
accessibility barriers portrayed in the photo andibe
changes to the environment that should be madbéow &r
accessibility.

Based on the results from this REU project and the
second focus group conducted in India, the second
generation prototype taking the physical, cultural,
technological, and economic constraints into actomas
designed and constructed. The prototype wheelckair
currently in India and one of our graduate studeists
conducting field tests and usability studies witte tlocal
wheelchair users to identify final design modifioas. The
long-term goal of this project is to transfer thesidn to a
local manufacturer for production.
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depe eamion

There are also other REU projects in the centerrevhe
students focus on different components along theD PA
‘process during their 10-week research practice.SDategy
is to teach and demonstrate not a single line dfrtelogy
development, but the process whereby the studentk w
closely with the end-users and other stakeholdeigintly
create socially positive products.
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I1. New Course Devel opment CONCLUSIONS

Another example of the PAD application is the depetent
of a new graduate-level course ‘Quality of Life irology
Ethnography’. The course is still in the processhefng
developed, and will be launched in the fall of 2088 this
point, only the concept and plan for the coursesttgyment
will be discussed, and more detailed informatiod essults
will be followed at a later time.
Ethnography is a descriptive research methodolbgy t

attempts to provide a detailed understanding of baobjects
interact within their natural environment and cratf10].

Ethnography and related qualitative research appes are -
important across the social sciences and relataiptines, such of QoLT system. Most importantly, we are producingure

as education and development studies, however,ateeyarely ~ €ngineers who have a better understanding and iagsac
seen in the engineering curricula [11]. with a broader context of their discipline. We wilhare

In order for the QoLT systems to have truly medsiera More insights and results with the projects mowltang.
impact on those with reduced capabilities due tmaq@r
disability, students need to have a deep undersigrd the ACKNOWLEDGMENT
complete life context surrounding the implementatiof
those technologies. We increasingly realize thatiato This material is based upon work supported by théddal
scientists and clinical professionals can contebtd the Science Foundation under Grant # EEEC-0540865 and
development of more usable technical tools by mpliog DGE0333420.
useful answers to the context related questions] an
engineers should be exposed to a broader contexteann REFERENCES
to incorporate non-technical elements into theégiesuch
as connection with end-users and understandingheir t [11 Moffatt, K, “Design Technology for and with Specibpulations: an
Iifestyle,_emotion, and culture [12]. So this imisige course Eﬁgg;f’tbor?iv(grsiigtg':E);?itt?g] Eéii:gn:b\?gfhzggff)lem‘“phas'a - MS
on Quality of Life Technology Ethnography was prepo _ o _ _
where ethnographic methodology as  applied td2l Winograd, T, Bringing Design to Software’, Addison-Wesley, 1996.
understanding context in the lives of individualsthw [3] Fischer, G, and Sullivan, J, Jr., “Human-Centengolip transportation
disabilities and older adults is to be taught aechdnstrated. systems for persons with cognitive disabilities’Proceedings of the
Two instructors specialized in clinical rehabilicat and Participatory Design Conference, 2002, pp. 272-277.

design respectively, will be teaching this courBee course [4] Wu, M, Richards, B, and Baecker R, “Participatoegidn with
has four main goals: individuals who have amnesia”, Rroceedings of the Participatory
9 Design Conference, 2004, pp. 214-222.

Historically, engineers have worked somewhat idatson,
producing artifacts that subsequently became tihgesu of
individual, policy, and social studies. Post-prdit
feedback occurred too late in the process. It iebed that
this conventional technically-oriented approacinferently
incomplete for developing QoLT systems that willilyr
impact the lives of those with special needs. By
incorporating the PAD model into research and etioal
programs, we are able to identify, translate, ameégrate
contextual constraints into the conception and gveent

e Understand how technology might assist people with
reduced capabilities due to aging or disabilitylpmg  [5] Sea:'e' Jv,MCCf,e?_dievt thsmlith,Av and Tri]n';ﬁfi 5'&@ people as "
. . partners In assistive technology research: the us groups in the
them to _Stay mdependent qnd active Ionger. . design processTechnology and Disability, Vol. 14, 2002, pp. 21-29.
« Learn different ethnographic methods and the Sglgct _
and interpretation of ethnographic data. Davies, R, Marcella, S, McGrenere, J, and PurvesTle
. . . ethnographically informed participatory design ¢&#A application
e Learn how to work in diverse but integrated teams. to support communication”, Iproceedings of ACM ASSETS, 2004,
e Learn how to effectively communicate with end-users pp. 153-160.

) . ) [71 Muller, M, J, “Participatory design: The third sgaa HCI”, J. Jacko
Students will be assigned readings on ethnographic & A. Sears (Eds.)The Human-Computer Interaction Handbook,

ana|ysis in areas as diverse as demographicsyhhea]-e Mahwah, NJ: Lawrence Erlbaum Associates, 2003464-481.
trends, and assisted living analyses, etc. Thelyalgib work (8] Jefferds, A, Peariman, J, and Cooper, R, A, “A @ioesaire to
in teams to conduct field trips to local facilitissich as research India’s capacity for a power wheelchair roceedings of
nursing homes, long-term care facilities, and rdhation Annual Conference of Rehabilitation Engineering and Assistive

hospitals to evaluate actual conditions. They iiactice Technology Society of North America, 2007.

principal ethnographic methods in these settings$ weal [9] Pearlman, J, Jefferds, A, Nagai, |, Chhabra, Hn8,Cooper, R, A,

clients such as participant observation, key infamm “Designing assistive technology for less-resourerdronments: an

. . . . . . online method to gauge accessibility barriers asiéct design
interviews, and questionnaire surveys, and leari¢atify advice,”In proceedings of Annual Conference of Rehabilitation

and problematize things that the participants beibgerved Engineering and Assistive Technology Society of North America, 2006.

or interviewed usually take for granted. Finallgudent [10] Forsythe, D,E, “It's Just a Matter of Common Sertt@nography as

teams V‘{”' complt_etle a term _ProjeCt in which they Invisible Work”, Computer Supported Cooperative Work, Vol. 8,
characterize specific opportunities for technolagic 1999, pp. 127-145.

mterver_ltlon n .the facility they visited. Summatiypre/post [11] Viller, S, and Sommerville, I, “Social analysistire requirements
evaluations will be conducted to assess the course ~ engineering process: from ethnography to methiEE

effectiveness, and reported in future papers. International Symposium on Requirements Engineering, pp. 6-13,
1999.
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[12] Cagan, J, Vogel, C, M, Weingart, L, R, “Developeamgew breed of
engineer — integrated product development at Céridgllon
University,” ASME Curriculum Innovation Award Winne2003.
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