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SUMMARY

Development of effective assistive technology (AT) for individuals for disabilities
necessitates close collaboration between occupational therapists (OTs) and designers
(Amiri, Wagenfeld, & Reynolds, 2017; How, Hwang, Green, & Mihailidis, 2017)

Currently, their successful collaboration is hampered by absence of a common language;

as a result, clinical insight necessary for creating effective AT are poorly integrated into

the design process. This problnahbiitytban be at
communicate with designers in desigctionable languaggitch, Larkin, Watchorn, &

Ang, 2012; Wagenfeld, Reynolds, & Amiri, 2017; Yusof et al., 20E0) successful

ATs to be developed, OTs must be able to translate their clinical understanding of task
performance deficits into tagklevant design attributélsat are necessary for designers

to make informed design decisions.

To empower OT$0 participatethis project will develop and evaluate the Dyadic
Transfer Performance Instrument (DTPI), which is designed to help OTs articulate, in
designrelevant term, clinical knowledge pertinent to designing AT interventions for
caregiverassisted transfers. The decision to focus on caregasssted transfers is
related to a larger ongoing project. Based on the International Classification of
Functioning, Disabity, and Health (ICF), the DTPI is intended to improve understanding
of taskrelevant design attributes that create barriers or facilitators to caragisisted
toilet transfer performance. Such understanding forms the basis for formulating design
criteria.

Specifically, the project will:

Xiv



1) Develop the DTPI to help OTs relate clinically relevant observations of task
performance deficits during caregivassisted transfer (e.g. caregiver back strain
while lifting of care recipient) to tastelevant designtaibutes (e.g. low height of
toilet), task demands (e.g. care recipient must perform a-ptaatitransfer), and
functional ability (e.g. care recipient does not have adequate lower body strength).

2) Conduct cedesign workshops to engage OTs and designa)sdentify task
related problems with transfers from pexorded videos; ii) generate concepts
for AT solutions, with and without DTPI, for a relie case (based on caregiving
dyads experiencing transfer performance difficulties).

3) Evaluate thaisdulness of the DTPI, as measured by the extent to which its use:
1) increases OTO0s adesignprecess;2)gngppvesitieen t
quality of the OFdesigner collaboration, and; 3) improves the quality of design
concepts produced in the-desgn process.

The primary output of this project is a tool that empowers OTs to-eguals in
the cadesign process, a prequisite for cedesign teams to create more informative
design criteria grounded in tas&levant design characteristics.

This projecthasshort and longterm outcomes. Most immediately, it will
demonstrate the feasibility of a tewlediated calesign method to foster more effective
collaboration between OT and designers. Adoption of more aféectidesign methods
will, over time, result in more effective AT solutions for transfer performance for which
there are persisting unmet needs. Further, more effective AT solutions will improve
transfer performance, thus enabling individuals aging wehldiity to remain at home

longer, as well as reduce the physical strain on caregivers

XV



Chapter 1. INTRODUCTION

1.1 Chapter Overview

This chapter discusses the motivation and literature giving support for this
dissertation The chapter has been divided into two paitsvill first explain why it is
worthwhile to focus on Occupational Therapgsigner cedesign process for AT design
and development.A brief account of the importance of assistive technology (AT) to
individuals with disabilities (PwDs) is provided. It also describes why AT design and
development, given its complexity, is oftentimes an interdisciplinary endeavor in which
occupational therapists (OT) and designers should play an important role. Next, | provide
an oveview of barrierso OT-designer collaboratiorendchallenges encountered due to
lack of a common language that lisiiheir ability to generate viable design solutions.

The questions posed in this dissertation will be explored in the contetegfiver-
assisted transferd.will address why caregivassisted transfer is an important problem
that can be addressed by-aesign It will also describe the magnitude of this problem in
the context of aging and rehabilitation. Next, | will further desditigespecific difficulties
encountered by individuals with disabilities with this activity of daily living. Finally, I will

describe why a caregivémclusive, dyadic approach to AT design for transfers is needed.

1.2Why Focus on Occupational TherapyDesignerCo-design Process for AT Design

and Development?

The fundamental goal of any AT is to improve the lives of people with disabilities;

it does so by providing a means to complete tasks which they would otherwise could not



perform, or find difficult to do AT is broad, and encompassabkaspecteveryday life

with which individuals with disabilities report experiencing difficulty and challenges. AT
benefits individuals with disabilities in a wide range of outcomes, including reduction in
difficulty with activities of daily living (Mann, Ottenbacher, & Fraas, 199%9)creased
participation in desired activits and social roled-reedman, Agre, Martin, & Cornman,
2006; Scherer & Glueckauf, 2005; Spillman, 2Q0d)proved quality of lifgOrpwood et

al., 2007; Scherer, 1996nd decreased caregiver burdktarasinghe, 2016; Mortenson

et al., 2018)

Nonetheless, AT is not inherently successful. Even when AT is provided, itns ofte
abandoned due to several reasons, including persisting task difficulty despite using the AT
(Day, Jutai, Woolrich, & Strong, 2009; Grott, 2019; Sugawara, Vinicius, Ramos, Alfieri,

& Battistella, 2018)poor fit and/or physical discomfdi®mail, Neal, Wilkins, & Packham,

2020) and user rejection based on psychosocial regslmssSantos, Ferrari, Medola, &

Sandnes, 2020; Gitlin, 1995Jhese suboptimal outcomes of AT provision point to the
difficulties and complexity associated wit!H
needs. Therefore, to support success of AT interventions for a greater number of people,
there is a continued need for innovation for new ATs, especially those which focus on the

bespoke needs of users dealing with more challenging circums{&acbareschi, 2018)

1.3 Need for Interdisciplinary Collaboration in AT design and developmat

Understanding the complex web of factors that impact AT use is a daunting task in
and of itself. However, the process of design and development of successful AT does not
stop there; successful AT design and development depends on a thorough appesaatio

understanding of disability, combined with technical competence needed to translate user



needsO0 and requi r e meThd dual focas oa clinical raditelohnieal pr o d
considerations is crucial: without proper grounding in both, AT conaégasigns could
far exceed the capabilities of emergent technologies, or they could fail to use the clinical
principles that are necessary for meeting
engineering accomplishments could be dismissed as failleesuse of the lack of
awareness and appreciation of contextual factors. As such, it is important that both
technical and clinical disciplines be represented when first envisioning new AT. Doing so
often requires the convergence of design fields withadirields.

Industrial designers and occupational therapists are two professions that are well
suited for such collaboration. Industrial designers and occupational therapists share a
creative, participatory and useentered perspective. Although theirurat of practice is
very different, both professions fundamentally exist to improve the quality of life of their
clients. A mediated collaboration with clinicians and designers could alledesign
teams to broadly explore opportunity areas for new(tAdw et al., 2017)In the following
sections, | describe why designers and OTs are good candidates for collaboration for AT
design and development. To do so, | will delineate the 1) abitiidsexpertise that each
profession contributes to the collaboration and 2) knowledge gap that warrants designers

to rely on OT, and vice versa.

1.3.1Industrial Designer Abilities

Industrial design is the professional practice of designing products, de\ngEssp
and services used by millions of people around the world ever§ ldalstrial Designers
Society of America. idsa.org.,'Many objects that individuals intetacith on a daily basis

are the result of a design process, during myriad decisions are made by an industrial



designer about its functionality, form, usability, and manufacturability. Industrial designers
communicda Vi sion of t Hoeb e Nelsors & Bdtotermarn, 2012y e t
Designers need to use a variety of tools and processes to communicate ideas and design
intentionality, and embody the tberealized artefacts. The prototypical skillsets of
industrial designers to support their work include sketching, drawing, modelling and
prototyping, which facilitate the generation and evolution of design ideas from an open,
corceptual phase toward the constrained, and detailed specification of \fit=atr, 2006)

In the context of interdisciplinary design teams, thsekdisets contributed by
industrial designerare critical Industrial designers oftenrganize conversations by
visually representing tslheam meembem dosconpunicagte e s s ,
on a physical, tangible level. They utilize tangible tdolsepresent, combine, and advance
ideas, which is pivotal in facilitating communication among individuals representing
multiple disciplines. Designers are able to incrementally translate issues raised in the
discussion in to tangible formats, which papants can react to in order to collectively
process available knowledge involving several aspects related to design. The tangible
assets help facilitate the integration of available knowledge, which assist tidesigner
experts Qi n ofplacides tmgthey dreefamdiar with & she environments
of care within t(Kasali&dNeraessian, 20xbramrthe mmoeation 0
standpoint, working through ambiguities and exploring possibilitiestendafifficult to

implement without leadership from design expéyssof et al., 2020)

1.3.2Industrial Designer Knowledge Gap

l ndustrial des sm@quiethatheyrhavs ggood sndestanding of e

the needs of their intended enders. However, when the intended -aisérs are



individuals with disabilities, designers find it difficult to do §Rodriguez, Diehl, &
Christiaans, 2006)Designers have have limited understanding of the needs of the
growing populations oblder adultsor of people with disabilitiegLindsay, Jackson,
Schofield, & Olivier, 2012)which in turn has researchers to question whether they are
well equipped to design for these populations. It is difficult for designensderstand the
functional implications of design elements on ability for PwD of certain abilities to interact,
due, in part, to the limited tools available to help them gain understanding of unfamiliar
contexts. To address this barrier, recent educatieifiatts have focused on integrating
handson experiences in the design education curriculums that give stddsigners
experiential learning opportunities to interact with individuals with disabilities, older adults,
and healthcare professionéhang, Tremblay, & Dunbar, 2000; Larkin, Hitch, Watchorn,
Ang, & Stagnitti, 2013; Olgunturk & Demirkan, 200However, despite the increasing
efforts, preparing designers tosign for these populations presents a challenge for design
educators, owing to issues such as the short-dtake of course projects and the

complexity and ethical challenges of involving real ugbx@ng, 2010)

1.3.30ccupational Therapist Abilities

Occupational Therapy (OT) ia profession that works with individuals with
disabilities to help them develop, maintain, or recover daily living skills. Use of AT is an
integral part of the profession. Creativity is central to OT profession as they adapt, innovate,
and problem solve grsonalized interventions for their clients when-tbfshelf AT
solutions do not meet specific needs of individ§&lshmid, 2004)OTspossess firshand
insight into how commonly used ATs fall short, which could be a good sodrce o

identifying new product opportunities.



In addition, OTs possess a theoretical understanding needed to holistically evaluate
and assess factors relevant to AT use and supporting its successful implementation in daily
i fe. OT6s pr of eal heory highlightdtlzesngortant infleeace that g
transactional relationship of person and environment has on function and performance of
activities. OTs are knowledgeable about diagrosisted and health conditions, as well as
about the physical, estional, and cognitive aspects of activity performance that impact
function, independence, ergonomics, and saf@ade & Eckert, 2008)Combining this
knowledge with task analysis, dissecting atyiuito component parts and a task sequence,
OTs are adept at identifying performance demands and skills required for its performance.
Unlike individuals with disabilities themselves, who are only experts in their own lived
experiences, OTs can speak fogmup of individuals; their broad understanding of
disability also makes them a suitable candidate to qualify design constraints and
possibilities for users with a range of abilities and limitatiide Couvreur & Goossens,

2011) However, some resear@iiow et al., 2017has questioned the value of OT input in

design, as they are not the emgkr themselves, who are considered the ultimate experts in

their own disability. Nonetheless, the collective knowledge on multiple users, ability to
abstract higher level needs that esenmon across user groups, being able to see that in a

At hdgrdsono way makes OT input wuseful. Espec
who are limited in their ability to participate in the-design process, OTs can help

represent user needs arulidies and advocate on their beh@ghimiri et al., 2017)

1.3.40ccupational Therapist Knowledge Gap

While OTs certainly play an integral role in the evaluation, selection,

recommendationtraining of AT needs for individuals with disabilities, OTs are focused



on meeting the pressing needs of individuals in the current moment, finding tHé best
solution given what is currently available in the market. Presently, their skills are rarely
leveraged for new product development, although leaders of the profession have written
about the need for practi ti onnadiginghomme t hi n Kk
environments ancecommendingxisting AT, to become involved with the design of new
products, services, systems, and spéessffitt, Schwartz, Foreman, & Smith, 2013his

new potential area for OT development would require tpi@cers to thinking about
hypothetical situations without being bounded by constraints of their practice. Some
literature documents difficulty of clinicians to divorce their thinking from reality of their
current practice; their inability to do so hasbeited as a barrier to generating creative
solutions (Liedtka, 2014). To best suppor
guidance is needed that would discourage them from gravitating towards design solutions
which can be easily imagined, phading exploration of more novel and potentially more

effective ideas (Liedtka, 2014).

1.3.5Precedence of O-Designer Collaborations

Recent research from design and clinical fields have emphasized the importance of
interdisciplinary, handen experiences thakpose individuals to opportunities to develop
such coll aborative thinking, needed to sol
single discipline or profession. Some reported examples of OT contributions to
interdisciplinary design include: design odbmmunity built environments to improve
health and activity participation of individuals with disabilit{#¢agenfeld, RoyFisher,&
Mitchell, 2013; Young, Wagenfeld, & Vander veen Rocker, 20t8ine environment for

children with autism(Nagib & Williams, 2016) design of assistive clothinglones &



Isagholi, 2020; Treadaway & Kenning, 2018¢velopment of devices and technolodies

be used during rehabilitation treatments and daily liy@gerardini et al., 2020; Reed et

al., 2015) and various technologies to facilitate daily livifRathnayake, Moyle, Jones, &
Calleja, 2021; Santos, Licursi, Amaral, Cavalcanti, & Silveira, 20I8¢involvement of

OTs in the process consisted of using their clinical expertise to understand issues with a
patient population, generate requirements of new rehabilitation technologies, and provide
clinical feedback on conceptual prototypes in developmelwever, the typical
involvement of clinicians in design has largely been done through isolated focus groups,
interviews, or as facilitators for patiedéesigner interaction, but with limited roles in the

actual design procegStichler, 2016¥%ide by side with designers.

1.4 Challenges of OFDesigner Collaboration

Both OTs and designers have a favorable perception toward collaborative
opportunities, with over 90% of the OT and designers respondents in a pilot study of 224
OT and designer participants reporting that OT and design practitioners should collaborate
more on interprofessional design teams (Wagenfeld, Reynolds, & Amiri, 2017).
Unfortunately, despite the many potential benefits of[@EBigner collaboration, it does
notoccur on a regular basisoth designers and occupational therapists report low rates of
collaboration with each other in their professional work, and only 4% of respondents were
satisfied with the current level of GDesigner collaboration (WagenfelReynolds, &
Amiri, 2017). Documented barriers to collaboration include: lack of awareness of each
ot herdéds values and contributions to design

differences in which clinicians find prototyping and experimegotewith unfinished, open



solutions hard to accept whereas designers thrive in uncertainty, and lack of mutual

language and shared contéiitch et al., 2012; Wagenfeld et al., 2017)
1.4.1Lack of Mutual Language and Shared Context

A team of experts does not necessarily make for an expert(&aas, Canncn
Bowers, & Johnston, 199:4pne of the main barriers to successfully engaging and drawing
upon the respective expertise of @dians and designers in the design process is the lack
of mutual language or shared contéStiter et al., 2009).anguages and frameworks of
design and healthcare professionals remain sep@h&igenfeld et al., 2070); conscious
decision to bridge that gap is necessary, including encouragement to meld together their

Afadj acent but distinct professional vocabu
1.4.2Imbalance in Contribution

Although by definition PD espouses equality amotakeholders, in practice,
researchers have noted the imbalance in contribution during PD processes (Barbareschi,
2018).Despite the use of established PD techniques by experienced PD practitioners, a
significant number of frustrationencountered during the PD process, resulting in
disproportionate amount of control remaining in designers, is reported in studies:

1 Alnterpreting [the endi s e r s 0 ] utterances without proc

design process is not an appropriate satutihindsay et al., 2012)

1 fThe [project] had to @ommodate the technical research interests of one of the

resear che (Bessen Dwdbel & lgedsén, 2012)



9 fDesigner starts down a path that any participant does not feel is valuable to them,

[participants] will struggle to engage with the process or feel like they arg bein

t ak e s dlndsaywetal., 2042)

1T AiKey drawbacks included difficulties in
for [nondesi gner s| to feel out of pl ace on
disciplinary aml interpersonal conflicts arising from a more diverse pool of
part i c(Butan i’ Kemp,2006)

More guidance is needed on how to facilitate PD to tmdke dynamics equal and
ensure that collaboration benefits the end prodGtarly, there is an important need for
OT-Designer teams to communicate needs in ways that can be readily applied to the task
of designing AT. In interdisciplinary design coltatation, effort is paid to ensure that all
team members can easily understand and collaborate with one ddQniheret al., 2014;

Sutton & Kemp, 2006)

Several important elements should be present in such collaborative efforts.
Designers need to be provided with guidance which is consistent with their tasks,
perspectives, and cognitive proceséesv, Yi, Y., & Jacko2006) When communicating,
particular solutions should not be imposed; focus should be on clarifying the requirements
(functional and beyond) demanded of a solution. Moreover, clear design targets should
allow designers to determine necessary featunes fanctions. Communicating client
needs to product developers can be aided considerably by the ability to state the human
performance requirements in measurable terms, at least to some level. OTs and designers
need to communicate based on a common uratelsty; they should both have an

understandingofthee |l ati onshi p between userdés abilit
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Chapter 2.  Why Focus on CaregiverAssisted Transfers?

2.1 Need for Assistance with Ageelated Functional Decline

For individuals aging with disabili, the additive effects of a variety of agdated
health conditions (e.g., hypertension, osteoarthritis), comorbidities (e.g., decreased
strength, pain, loss of sight and hearing), and secondary conditions associated with long
term muscle overuse andijmt str ai n, further | imit oneo:
daily living (ADLs), particularly those that involve mobility and transféféompson,
2004) As a result, many people who areragivith disability change status from being
independent or minimally dependent (i.e., needing supervision or help with equipment set
up) to needing more assistance from caregivers (most frequently aging spouses) in a
relatively short period of tim@'Federal Intraagency Forum on Aginglated Statisgs. ,"
2006)

Assistive devices are the most common means of managintp-diay tasks for
older adult§Agree & Freedman, 2000; Manton, Corder, & Stallard, 198@)ounting for
14 to 18 percent of the U.S. population age 65 or older andtitivds of all seniors who
report difficulty with daily personal care activiti€dgree & Freedman, 2000; Cornman,
Freedman, & Agree, 2005 Although the extent to which assistive technology and
caregiver assistanceeaused in combination is closely related to the severity of care
recipientsé functional abilities and | evel
type of tasks, and hours worked), approximately-tinads of older adults with ADL
limitations useAT/EM and require caregiver assistan@gree & Freedman, 2000)

Studies have also shown that ADL assistance is associated with keeping people by ho
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delaying or preventing institutionalizatiqgMittelman, Haley, Clay, & Roth, 2006Gnd

reducing hospital stay®icone, Wilson, & Chou, 2003)

2.2 Need for Toilet Transfer Assistance

Transfer to and from seating surfaces, such as chairs and toilets, is among the most
biomechanically demanding actis, requiring more leg strength and greater joint ranges
of motion than walking or stair climbingMizner & SnyderMackler, 2005) Most
importantly, dificulty performing this activity becomes more prevalent as people age
(Alexander, Schultz, AshteNliller, & Giordani, 1997; Freedman, Martin, Cornman,
Agree, & Shoeni, 2005; Riley, Schenkman, Mann, & Hodge, 1984 blder aduk lose
the ability to independently transfer, they require caregiver assistance to safely perform the
activity. It is estimated that 37% of residents in residential care communities and 87% in
skilled nursing facilities need assistance with toilet trassfdarris-Kojetin, Sengupta,
ParkLee, & Valverde, 2013)

Among the activites of daily living, toileting is perhaps the most basic and essential.
Yet, toilet transfers are among the most difficult and most likely to require assistance from
both Assistive Technology/ Environmentilodifications (AT/EM)and caregivers. It is
also an activity that most often occurs in spaces that are highly unsupportive of transfers
and in which physical barriers are pervasive. This is reflected in the number and types of
physical environmental barriers reported in theréiture, including the small spaces, lack
of transfer surfaces, lack of or inadequate grab [BurdR. Connell & Sanford, 2001,
Sanford & Bosch, 2013; Sanford, Echt, & Malassigne, 1999; Sanford & Megrew, 4995)
well as the large number of falls that occur in this spaeeexample, among people with

spinal cord injury, falls incidence is highest in the olde645and 65+ cohortéVatsuda,

12



Verrall, Finlayson, Molton, & Jensen, 2015; Stevens, Mahoney, & Ehrenreich,.2014)
When one considers the level of difficulty of toilet transfers in combination with the high

risk and frequency ofalls, severity of injuries and mortality rate associated with falls
related to bathroom transfers, the need for increased caregiver assistance as one ages

becomes clear.

2.3 Need for Caregiver/Dyadic AT Support for Transfers

Although studies have demonstratdtht assistive technologies can improve
transfer performance by reducing biomechanical demands on the lower(Seton &
Bridge, 2006) caregivers still find this actiwit extremely burdensome. Several studies
(Darragh et al.,, 2015; Marras, Davis, Kirking, & Bertsche, 1999; NAC, 204
reported that assistance with transfers, particularly those requiring moderate or maximal
assistance, is the most physically difiit and demanding activity for caregivers.

For many individuals with disabilities, care provided by family caregivers to
facilitate activities of daily living is essential to remain in the community. About 20.5
million family caregivers provide assistaneéh at least one ADL, with bed, chair, toilet
and tub transfers being the most common (4@%AC, 2004) Whereas, female spouses
comprise the large majority of family caregivers, those who provide care to individuals
aging with disability are also likely to be older and with hesadtlated challenges
themseles (Snyder & Keefe, 1985)Nonetheless, they are tasked with performing
physically demanding tasks such as transfer assistance. Informal caregiving can extend
over many years and becomes more demanding as both mevhberslyad continue to
experience decline® health and functional ability. Greater physical impairment of the

care recipient and high need for providing handscare may affect caregiver health
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through physical strain, changes in health habits, psgglval distress, and physiological
changegShaw et al., 1997As a result, caregivers haveduently been referred to as the
Ahi dden (peaglei & Gdodrich, 1969)Clearly, the health and function and
subsequently community living and participation of individuals aging with mobility
disability are dependent upon, andeparable from the health and function of their spousal
caregivers.

Despite the central role of caregivers in providing assistance to adults aging with
disability, informal spousal caregivers themselves are frail, aging, and in need of support.
Spousal aregivers often provide a level of physical care often equivalent to that of
professionals in medical and rehabilitation settings, but without the requisite training and
physical fithess, and typically for more ho{iarragh et al., 2015)As a result, caregiving
has been shown to negatively impact both the psyclwalb@Cannuscio et al., 2002;
Covinsky et al., 2003; Schulz & Sherwood, 2088) physica{Pinquart & Sorensen, 2007;
Vitaliano, Zhang, & Scanlan, 200Bgalth of informal caregivers.

Transfers also require caregivers to use awkward postamdfor overexert
themselves while assisting a care recipient with physical disabilities, often multiple times
per day, and in a home environment that was not designed to support assistance and is often
limited by numerous barrief®arragh et al., 2015)Together, these factors suggest that
caregivers, in addition toace recipients, require support in order to reduce the transfer
demands imposed by the care recipients and the context of care.

However, ATbased transfer interventions, including toilet transfers, are primarily
targeted to promote independent transfer ibgividuals with functional limitations

(Sanford, Echt, & Malassigné, 1999; Sanford & Megrew, 199&)egver needs are rarely
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incorporated into either the design of standafkdare AT interventions or the
individualized applications of these interventions. Nonetheless, simple logic suggests that
there is no way to provide an intervention to a care recipigtiout impacting the

caregiver(Harrill, 2014)
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Chapter 3. Conceptual andTheoretical Underpinnings

3.1 Summary

This chapter is intended to provide: 1) conceptual and theoretical underpinnings of
the dissertation. The first part of the chapter will describe the conceptual underpinnings of
co-design and what comprises €@€signer collaboration in AT design and depet@nt.

The second part will describe the frameworks that guide the study of caragsisted

transfers. To explain the focus and approach of the dissertation, an appreciation of three
frameworks are necessary: 1) \Wtassificdtiotbé al t h
Functioning, Disability and Health (ICRWHO, 2001)and 2) Connell & Sanford Activity
Framework(B. Connell & Sanford, 1997)The key frameworks, when taken as a whole,

1) delineate critical factor s, about the
considered during the AT desigmdadevelopment process and 2) describe respective
contributions of OT and designers to understand those factors. The section will also discuss
several limitations of the two frameworks as they relate to their usefulness in informing
design interventions facaregiverassisted transfers and introduce a 3) dyadic ICF model

which has been proposed to address some of these limitations.

3.2 Conceptual Underpinnings of CeDesign: OT-Designer Cedesign as Informed by

Participatory Design (PD) Methods

The increased terest in interprofessional collaboration in design for health and
disability has many overlaps with Participatory Design (PD), a growing field within design
characterized by a shift in attitude from designfog people to one of designingith

people(Sanders & Stapers, 2008) PD has emerged as a contemporary form of-user
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centered design in which multiple stakeholders, each contributing their unique knowledge,
skills and motivations engage in a collaborative and iterative design process (De Couvrer,
2016). In PD,future users of design and/or other stakeholders (typically not formally
trained in design) participate as-designers, and are regardeccasqualsin the design
process, collaboratively defining and solving a design problerolvement of non
designes is critical because they have different perspectives for product from the designers
and developers. Their ideas and perspectives are richer, albeit unstructured, but can be
captured with conscious effort aided by appropriate tools.

PD methods are relemt to OFdesigner collaborations in AT because they have
been described as a helpful way to: 1) explore new design opportunities, 2) uncover
complex user needs and 3) support the fuller participation of clinicians in design. (How et
al., 2017). The PD pwess al s o o p e n sMulep 2082)whithmeithed s p ac
belongs to the designer nor to the stakeholders invobvwadi,in which participants gain
new insights and skills and new identities emerge. Such a process of mutual learning is one
of PD6s i mportant guiding principles. I n
individual knowledge of stakeholders and designlt is imperative that from the process,
individuals gain appreciation and understanding for other disciplines, and actively integrate

their newly gained knowledge with their existing views.

3.2.1Need for Methodological Advancement in PD

Within PD, what $ being designed is both theoductor artefact and thprocess
that enables different participants to engage in designing the pr¢8umonsen &
Robertson, 2013 ander s bel i eves that otlheecctrievaet icorne a

requires new sets of tools and methods to promote collaboration in these domains.
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Practitioners need some guidance in finding techniques that are appropriate for their
particular circumstancg®uller, Wildman,& White, 1993) Likewise, in AT design and
development, we need more specific, actionable models to provide guidance for those
developing and designing interventiqiMitzner, Sanford, & Rogers, 2018)

While some authors have written about the importance of developing
interprofessional competencies to promote interdisciplinary collaboration, others have
pointed out that developing such skills may not be feasible whetimeatecisions need
to be maded keep a project on tragf.amb, Zimring, Chuzi, & Dutcher, 2010)n
response, researchers have voiced the need to establish modetarestguiding the PD
process of ATs from problem identification and analysis to the sharing of information to
facilitate the collaboration between disabled users and designers to ensure meaningful
engagement while reducing the burden of authentic cobdiborBarbareschi, 2018)

Developing effective physical environmental iventions to facilitate activity
performance among individuals with disabilities is complex; it requires combining a
thorough understanding of disability with technical competence to translate user needs and
requirements into tangible productdesigning fo an assisted activity is even more
complex;the design needs to consider the needs of both care recipients and caregiver
simultaneouslyIn response, there is a growing body of literature that advocates for
designing supports at the dyadic level, wheme cacipients and caregivers function both
as a social unit with shared needs that are affected by contextual factors, as well as two
separate individuals with their own unique abilities and needs. To support this dual
approach, physical environmental e@ntentions should be aimed at the needs of the both

to the care recipient and caregiver simultaneously.
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3.3International Classification of Functioning, Disability, and Health (ICF)

The International Classification of Functioning, Disability, and Health Xi€he
Worl d Health Organization (WHO)O®&s most re
model of disability and healtljwhiteneck, 2006) It revses its earlier International
Classification of Impairments, Disabilities and Handicaps (ICIDH) to explicitly recognize
the environment (further categorized as ph
that affect health and disability outcosa@he ICF provides a list of environmental factors
that are comprehensive in their coverage of the external features of the physical, social,
and attitudinal world \WHO, 2003). In it, considerations of physical artifacts, such as
assistive devices, prodis¢ equipment, technologies, and spaces are included under
Chapter 1products and technologyhese factors are thought to have either a negative
influence (Abarrier o) or a positive influe
society, onanndi vi dual 6s ability to carry out t as
and structure.

The inclusion of environmental factors in the ICF is significant: combined with the
growing evidence base for the value of supportive and therapeutic environments in
facilitating activity engagement of individuals with functional limitations, it recognizes the
important and expanding growing role of physical environmental interventidhat is,
design and provision of devices, spaces and technologies intendexdasgethe activity

demands placed on individualgs viable health interventions.
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3.3.1ICF Application in Co-Design: Uniform Language

Considering human health and function under a holistic lens is not new to a number
of fields, including occupational theragyowever, what is new is that the adoption of ICF
provides a shared common language across discigMexdden et al., 2012Yhe ICF has
been advocated as a tool to structure rehabilitation and a universal language to aid
communication within multdisciplinary teamgGeyh et al., 2004; Stuclet al., 2002;
Tempest & Mcintire, 2005)The ICF may also facilitate clarification of team roles by
facilitating team membersdéd understanding
picture ofa multidisciplinary teanfTempest & Mcintire, 2005)

ICF therefore is immediately accessible to multiple disciplines, making it suitable
for modeling collaboration, inating those in design. With adoption of ICF as the guiding
principle, OTs and Designers can begin collaboration in design of AT with a common
understanding of its purpose: to create an environmental facilitator that helps users to
perform activities betterdespite limitations in body functions and structures (BF&S). It
also makes clear that AT needs to be compatible with the level of BF&S, activity, and
participation goals of an individual.

The components of the ICF can also be used to appreciate tmesequatributed
by each discipline to the atesign process. OTs, by in large, are experts in the BF&S,
Activity, and Participatiomomponentsf the ICF, but are not as welérsed about changes
to the physical environment. On the other hand, desigmersexperts othe physical
environment. Their work begins from gaining an understanding of desired product
attributes, as they link function to structure; Designers begin by positing functions to be

achieved and producing artifacts capable of generatioget functiongLawson, 198Q)
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They also need to describe the proposed design solutions with sufficient information and
clarity so that it informgonstruction, fabrication, and manufacturing. However, designers

do not always know how the environment needs to be changed in response to the

i ndividual s6 needs. | CF is the frameworKk
gathering process of atesign, therefore, can be understood as gathering BF&S, activity,
participation factors expertise of OT and relating them to inform performance goals

that AT needs to meet. The development process is about translating those performance

goals into desigcharacteristics that designers can use to develop a novel AT solution.

Body Function & Design-relevant Participation
Structures - activity -— community outing
lower body weakness Transfer on/off toilet

Physical environment
y Person factors

48" grab bar, horizontally
mounted, 18" from centerline
of toilet

18" toilet height

Social environment

OT expertise
Caregiver
Designer expertise
Figure 1. Contribution of disciplinary expertise in ICF domains

By way of illustration, Figure 1 is a simplified ICF model for an individual that has

an activity limitation in toilet transfer©OT would be able to recognize that the difficulty
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with transfers originates from lower body muscle weakness (BF&S), which results in
limitations in torque generation (BF&S). This limitation negatively impacts the
I ndi vidual 6s a b-toistand yansfeo on @rel roff tiletnfActavity)s Tihe

inability to complete the basic activity of daily living also negatively impacts the

i ndividual 6s ability to get out of the hou
The current AT theindivdal uses to compensate for hi
horizontally mounted, 180 from centerline

to engage his upper muscles, offloading some of the effort from his lower body. However,

the grab bar is cvently slightly too far from him to effectively reachi iand therefore, is
classified as a fimild facilitatoro. I n add
high for the individual, making rising from seated position is very difficaid is
classified as a Aimoderate barrier. o Based ¢
with OTs, can understand the kind of design changes that need to be made to meet these

performance goals.

3.3.2Limitations of ICF

ICF establishes the basis for understanding health as an outcome of interaction
between qualities of a person and environment, which contribute toEhf@.RHowever,
while ICF provides a conceptual basis for understanding this, does not provide specific
guidance for measuring or quantifying the impact of physical environment on health.
Therefore, despite the conceptual advancement, the ICF remains elusive in meaningful
application to guide environmental design interventions. In fact, a conceptual pejser w
at the creation of the ICF framework recognizes that while environmental factors do play

a role in influencing health, the further articulation and expansion, to provide guidance for
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its use in research and practice, was largely left to resea@wranidert, Hurst, Miller,
& Ustun, 2003) Several limitations of the ICF that limiteir usefulness to inform physical
environment interventions include: 1) description of the physical environment which is
limited to descriptions of the environmental features, rather than depmaddcing
environmental attributes; 2) assumption of unianélysis at the activity, not task, level,
and; 3) predominant focus on individual performance of a single individual.

3.2.2.1 Features vs. CharacteristicsThe ICF taxonomy of the physical
environment is limited to description of their features, rather thandhanacteristics and
attributes. Design features, by in | arge,
object (e.g. dldlowayq) ,itwhdredas titwe desi gn
are measurable properties of the featur e,
height, length, width of an objecffhe difference between features and characteristics is
summarizedn Table 1(Stark, Sanford, & Keglovits, 2014)

The nature and quality of the dbites combined with the ind
and limitationshas a major impact on whether the AT igasitive or negative facilitator
for the userd6s ability to engage in an a
effectiveness of AT, itisto i nf or mati ve enough simply say.l
was helpful; description of the nature and quality of attributes is needed. More importantly,
when the AT is not entirely successful at facilitating an activity and needs to be modified
to m&e it a better fit for the user, a proper assessment and identification of attributes to be
modified is necessarydow an AT needs to be designed needs to be documented at the

attributelevel; in other words, how to change attributes of the physical emagot to
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promote function for the user. Connel | &
this need.
Table 1. Difference between features and characteristic

Feature Characteristics

Spaces Size and spatial configuration, layout

Entry dimensions (doorway width and threshold height)
Systems locations (location of switches, outlets, fixtures,
appliances)

Floor materials/finishes

Ambient conditions (illumination and noise)

Products Type
Size
Force required to activate, engagperate, lift or move
Materials/ finishes (type, texture, color contrast)
Auditory/ visual signals

Controls Type of device (opener, dispenser, plumbing, lock, assist, receg
and controls)
Hardware Minimum approach distance and angle
Hardware configuration
Size
Force of activation
Operational characteristics (direction and distance to be m¢
calibration, type of sensory feedback)
Materials/finish (type, texture, color contrast)

The focus on characteristics becomes especially important during -thesicm
process, where the goal is to innovate and improve the state of things from the current,
thereby departing from the prototypical norm. Doing so requires specification ofavhat t
change and the magnitude of the change needed.

One important need to address in order to prepare OTs to be bettesign
partners is to equip them with the ability to communicate in terms of design characteristics,
not features. The characteristievel specification is not intuitive practice for occupational

therapists. OTs in practice refer to ATs by the feature, e.g. someone needs a grab bar
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because he has balance issues. While this tendency to refer to objects by the feature is
helpful to facilitate quick communication in OT practice, it is not so useful when trying to
collaborate with designers to create solutions that do not yet exist, and to educate designers
on understanding desired product attributes. In fact, feakewes communication may

hinder creativity by perpetuating the tendency to gravitate towards design solutions which
can be easily imagined, precluding exploration of more novel and potentially more
effective ideagLiedtka, 2014) Because the familiarity of an idea is likely to be inversely
related to its novelty, this leads to a preference for more incremental solutions. Thus,
would-be innovators seeking to produce and assess more novel;cvaaiimg, and
differentiated idease®ed a framework to think of characteristics independent of the feature
as they are typically seen.

The focus on the features limits our understanding of environmental factors to
categorical descriptions of what exists rather than quantifiable attrilldésmpact
whether a particular environmental feature is a facilitator or baf®eanford & Bruce,

2010) Without such description, quantifiable data it is not possible to make informed

design decisions to facilitate rather than create a barrier to activity perfornefcee the

ICF can be readily applied to guide decision making in the design of physical environment

interventions, an approach is needed to systematically classify, destribemeasure the

taskrelevant environmental characteristics that create demands on activity performance.
3.2.2.2 Activity vs Task Levelln addition, the ICF assumes a unit of analysis at

the activity, not task, |l evel. The focus or

is important in desig(B. Connell & Sanford, 1997 Activities are complex events which

are constituted by several tasks, which can even be further broken down into subtasks.
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Therefore, when one questions what destggnges should be made to the environment to
facilitate an activity, taslspecific analysis is necessary. Unlike activity, tasks can be
understood in terms of the functional capabilities that they require, which can then be
related to design features. Téfore, when the focus is on the tasks, design implications
become much more apparent. For exampl e, W
(activity), the cause of the difficulty can originate from any number of different tasks. If
the difficulty originaed from the task of turning on the water, design changes to the faucet
is necessary. On the other hand, if the individual has difficulty with getting over the edge
of the tub, the demand needs to be reduced by either manipulating the tub, or adding
additional supports that make managing the curb easier.

The ICF has previously been used by researchers to describe the impact of
environment al factors on (Algarehj Luridgremillsos,6 act i
& Stibrant Sunnerhagen, 2009; Kirchberger et al., 20I0B¢se studies acknowledge the
differential Peren -Environment fit which result as a function of the user; they recognize
that the same environmental factor, such as curb cuts, may be a facilitator for one individual
(e.g., a person who uses a wheelchair), yet a barrier for another person (e.on avpers
is blind). However, these studies do not consider the differential impact of the same
environmental factomwithin the same activityacross different tasks. In other words,
presence of a feature does not guarantee the same level of usefulnepsiatsaih the
activity, nor guarantee usefulness at all. Therefore, if the goal is to identify areas in need
of new ATs, a framework that supports analysis at the task level is needed.

3.2.2.3 Individualcentric Focus.The ICF is most commonly employedsiea on

a single individual whose health and funct
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level of function is such that she or he requires assistance from a caregiver to complete
activities, the caregiver influences are recognized as a fosmc@d environmensupport

that influence individual déds health outcome
the notion that the individual, care recipient, who is functioning in a state of dependency

with the assistance of a caregiver. The model ssigghat informal care and support flow

from a unidirectional manner from caregiver (as a provider of support) to care recipient (as
beneficiaries from the support).

Conceptually, the ICF considers nature of recognition of social support the same as
thatof physical support. However, unlike physical supports which are immutable objects,
caregivers, human themselves, have fluctuating abilities and have limitations in Body
Functions and Structures themselves. Therefore, it is not entirely sufficient tg/ simpl
recognize caregivers as either barrier or facilitator to care recipient. To do so would ignore
caregiver's complex dynamic and overlook the possibility that design of AT has to 1)
consider caregiverso | imitationgdosupportheal t |
caregivers themselves, not just for care recipients. In fact, emerging caregiving literature
suggests that care recipient and caregiver form a caregiving dyad team to complete tasks;
aging and chronically ill care dyads compensate for one arsttieficits in reciprocal
relationships(Lingler, Sherwood, Crighton, Song, & Happ, 2010herefore, when the
activity is assisted or shared (i.e. involves more than one individual, the environmental
interactions at play become a lot more complex; this added complexity is not adequately
accounted for in the current ICF. To more fully appreciate caregiver influences in

individual (CR)'s task completion, a modification to ICF is necessary.
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3.4 Dyadic ICF Model for Caregiving Dyads

In response, there is a growing body of literature that advocates for dyadic level
models, where care recipients and caregivers function bothasah unit with shared
needs that are affected by contextual factors, as well as two separate individuals with their
own unique abilities and needs. To support this dual approach, AT interventions should be
aimed at the needs of the both to the care imdi@nd caregiver simultaneouggraff,
VernoojiDassen, Hoefnagels, Dekker, & de Witte, 2003; Griffiths & Sanford, 2014; Zari
Femia, Kim, & Whitlach, 2010)

Harrill 6s Modified | CF KHaralli®M)sth&first or Cal
documented model to address the dual role of informal family caregiversttasai
intervention and a part of a dyad requiring a supportive environmsnmentioned in
Section 2.3, the International Classification of Functioning Disability and Health (ICF)
provides a model of individual disability based on the interaction ofnadii vi dual 6 s
impairment (body functions and structuBd-&S) with task (activity and participation) and
context (personal and environmental factors), in which caregivers are considered as social
environment al i ntervent i onsuggests that cavegitersa s t
should be considered in a parallel paradigm that acknowledges both their role as a social

environmental intervention, as well as an object of intervention.
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Figure 2. Modified ICF framework for caregiving dyads

As such, the model recogeg that AT facilitators that are facilitators that are
unique to the individual (e.g. mobility aid8ox 4 in Figure Rand the caregiver (e.g., back
supporf Box 5 in Figure 2 that could create barriers to the other, as well as dyadic
facilitators (e.g.toilet safety frame, grab barBox 6 in Figure 2 that should provide

positive task performance outcon{@oxes 3 and 9hat are shared by the care partners.

3.5Connell & Sanford Activity Framework: A Framework for Linking

Environmental Attributes, Activi ty, and Performance Outcomes

The development of effective design interventions is dependent on identifying and
measuring the environmental demands associated with specific tasks and performance
outcomes. Therefore, for any activity for which a desigrrwetation is being planned, one
needs to identify: 1) which environmental attributes are relevant to the activity, 2) what

kinds of demands are currently being exerted on the individual when interacting with such
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environmental attributes, and 3) whether théeraction causes usability problems,
difficulty, and burden.

Connel | & Sanfordos Activity Framewo
aforementioned questions when making environmental modifications to facilitate routine
household activities and activis®f daily living. The framework (Figure 3) was originally
constructed to identify environmental attributes associated with performance deficits
among people with hand and upper extremity impairments for the purpose of proposing
recommendations for techmic specifications in the Minimum Guidelines and
Requirements for Accessible Design (MGRA@Reurstein, Steinfeld, Sanford, & Shiro,
1987) Over the years, the framework was applied to various other needs that required the
identification and measurement of demaumdducing attributes, including those in toilets
and bathing fixtures in homes and public facilitieee et al., 2018; Sanford & Bosch,
2013; Sanford, Echt, & Malassigne, 1999; Sanford & Megrew, 1839&)arious features
of the home associatevith basic activities of daily living (Connell & Sanford, 1997).

The framework development was guided by a task analysis procedure to identify a
design relevant task sequence for each activity. The framework presents a possible
taxonomy of environmentdéatures and attributes, organized by decreasing scales of the
environment from spaces to products, devices, and technologies to user interfaces.
Activities considered by the framework include bathing, showering, dressing, washing
hands, and toileting. Iithis section, toileting will be reviewed, an activity of most

relevance for this dissertation.
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Design Relevant Tasks Task Relevant Design Features
Activity Domain Activity Tasks Space Product Controls/
Hardware
Personal care
Hygiene Bathe/Shower Dress/Undress Bathroom Tub/Shower seat, drain, faucet,
Turn water onfoff shower head, soap
Regulate water temperature dish, shelves
Transfer
Reach/grab soap, shampoo, etc. Grab bars
Wash self Towel rack
Reach/grab towel
Transfer
Use toilet Transfer Toilet seat, handle
Dress/Undress Grab bars
Reach toilet paper Toilet paper tp roller
Wipe self holder
Flush Storage cab or handle, door/
Use personal hygiene products drawer drawer pulls,
Transfer
Figure 3. Connell & Sanfordos Activity Fr ame

Toileting involves transferring onto the toilet, dressing/undressing, reaching for
fixtures, wiping, flushing, and transferring off. An ambulatory individual who experiences
difficulty may only have problems with the task of transferring on and off the toilet. Other
toileting tasks, such as clothing and hygiene management, may poseblems for this
individual. In this case, there is a design need to ameliorate problems in getting in and out
of the tub. Design and spatial attributes, such as the layout of the toilet in a bathroom, will
influence whether a person in a wheelchair carcigse enough to transfer.

To date, this framework is the most comprehensive in terms of linking attributes to
both activity and ability. However, this framework is strictly conceptual and uses common
attributes to illustrate the concept; therefore, iog meant to be comprehensive (Sanford
& Bruce, 2010). Proposing a full taxonomy of specific features which would be robust
enough to encompass all the different variations in the environment would need to be

undertaken one activity at a time (Sanford &&e, 2010).
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3.5.1Application in CoDesign

Similar to the ICF, the Connell and Sanford Activity framework provides a
language that makes explicit the expertise contributed by each discipline, while also
relating it to the expertise of the other. In other wpitglelineates how to translate
disciplinespecific knowledge into ways that are amenable for the mental model and
workflow of another discipline. This is achieved by introduction of the condagi,
relevant design characteristicand designrelevant asks.Tasks (OT expertise) can be
understood in terms of the environmental demands that they require which can be
supported by design of products (Designer expertise), and Design Characteristics

(Designer expertise) in terms of the task they are interadsdpport (OT expertise).
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Chapter 4. Tool Development

4.1 Overview

This chapter presents teudyto develop the DTPI (Specific Aim 1). The goal of
the DTPI isto improve the design of AT by helping OTs relate clinically relevant
observations of task performance deficits during caregissisted transfer to task&levant
design attributes, task demands, and functional abBgydoing so, the intention is to
support OTs tabjectively decipheaspects (optimal and suboptimal) of performance that
may provide insight into directions for new and improved design opportunities for AT. The
tool aims to facilitate OTsO0 communication
to make explicit conection between performance issues and the modifiable environmental
factors that contribute to the performance outcomes.

To understand the requirements for DTPI, it was necessary to understand the nature
and range of performance factors the tool shoelg hnalyze. This process involved two
stages; (1pbservation oflyadic transfers via analysis of videscordings of simulated
caregiverassisted transfer performance (Section 4.2) and engaging in thematic analysis,
and (2) conducting a search of theddture to survey existing rehabilitation assessment
tools that measure transfer performance (Section 4.3). Design requirements for the DTPI
were formulated using learnings from these two stages. A prototype was created to
implement these design requirerteerThe resulting prototype is described in Section 4.4.
The prototype underwent expert heuristic evaluation and pilot testing, which is described
in Section 4.5. This chapter concludes with a summary of how the tool meets the design

requirements (Sectioh6).
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4.2 Analysis of Videcrecordings of Dyadic Transfer Performance

4.2.1Purpose

The purpose of the study was to identify spe@heironmental factors that had an
impact on toilet transfer performanckhis was accomplished throughalysis of various
data, irtluding a documentation of environment and interviews with caregiving dyads
andobservational analysis of 20 video recordinfyperson assisted transfers collected as
part of an ongoing project of toilet transfer performance among caregiving dyads sdpport
by the National Institute on Disabilityyndependent living, and Rehabilitation Research
(project #90IFRE0045). Caregiving dyads consisted of care recipients with mobility

impairments and their informal or formal caregivers.

4.2.2Participants

Participants were recruited by means of purposive sampling, purposefully chosen
so that all care recipients required physical assistance (at minimum, contact guard
assistance) to safely complete toilet tran

residence, either prate home, or independent living/ assisted living faclfigure 4).

4.2.3Procedures

Visits took approximately two hours. In the visit, dyads were asked to simulate
transfers on and off a toilet, using strategies, devices, and equipment that they normally
would. To protect their privacy, no unclothing occurred; where feasible, care recipients
donned a pair of boxers to simulate clothing management. All trials werenaderled.
Research staff took an inventory of environmental features present in the srernton

took measurements, noted qualitative descriptions of various spatial and design
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characteristics. Relevant measurements included: toilet (height of seat); grab bars (type,
orientation, length, distance from centerline of toilet). The dyads wererdtswiewed
about their caregiving history, reason for transfer assistance, perception and opinions about

environmental supports usékhese were not recorded, but detailed field notes were taken

during the interview.

Figure 4. Caregiving dyadsobserved

4.2 AMethods

A four-stepthematic analysigas undertaken which wapecifically geared toward

understanding nuances of performance.
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Analysis 1: Identify Transfer Tasks. Toilet transfer activities were broken into
separate, discrete tasks in order to make sense ofiganteractions occurring within a
relatively short period of performance (5 minute8 minutes) . Although not all dyads
completed the transfers in identical manner (a wide range of transfer methods;te-g. sit
stand, stangivot, sitpivot), the diverdy in the transfer methods could be adequately
accounted for by characterizing the activities in terms of the following task sequences: 1)
approach the toilet; 2) transfer on to toilet; 3) sit down/ clothing management; 4) transfer
off, and 5) leave.

Analysis 2: Identify All Characteristics of Environmental Features In order to
identify all potentially salient design influences that could influence performance, a
comprehensive environmental inventory was created that lists: 1) all devices present in the
environment, 2) characteristics that make up the device, andtd)uies of the
characteristics.

Analysis 3: Differentiate between Potential and Actual Demangroducing
Environmental Characteristics. Environmental characteristics have demanaducing
potential that is only actualized (i.e. actual demand) wheneteésised by human
activity. Therefore, it is important to differentiate between the two. The bathroom
environments in which dyads performance performed the transfers varied greatly in the
size, configuration, and arrangement of fixtures. Therefore, theseaweed to develop a
comparable language that describes environmental characteristics across sites. The
diversity in the spatial characteristics (Figjevas made comparable across
environments by characterizing space in terms of: 1) space to thefrigiiet (blue), 2)

left of toilet (blue), 3) front of the toilet that provide unobstructed access to the toilet
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(red), and 4) residual space that could potentially be used for transfers, but obstructed by

fixtures (green), as illustrated in Figuse

Figure 5. Different spaces and configurations by each space

Figure 6. Analysis of available space by each space
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Analysis 4. Different Levels of Environmental Influences.Compared to an
independent transfer performed by a single individual, caregsssted transfers add
complexity.To understand the impact of the environment in this complex situation, the

analysis needed to incladoth individual and dyadic interaction with the environinen

(Figure 7).

I & 1II. CR and CGbds own {ERICE&E)daring on
individual task
A Features utilizedWhere grabbed? HowClose/far? ("object availability"
Corcoran and Gitlin 1997)
1 Nothing available at all
1 Provided support not used
0 Not useful: e.g. too far away
0 Not usable: e.g. falling off wall
1 Support used inadequate
1 Support used adequate
A Availability of continual supprt
1 Use of environmental support some/all of the time
A Performance Outcom@uality of transfer performance
1 Fluidity
1 Safety
1 Biomechanical impact
II. CaregiverCare recipient interaction (GGR-E) during shared tasks
1 CR-CG interaction with each other
0 CGICR relative locations
0 CRJ/CG sharing of task
o0 Communication/coordination
1 CR own interaction with environment
1 CG own interaction with environment
A Performance Outcom@uality of transfer performance
1 Fluidity
1 Safety
1 Biomechanical impact

Figure 7. Different levels ofenvironmental influences

4.2 5Results

The analyses revealefur themeseach of which suggested a design requirement

for theDTPI tool.
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Theme 1.Each task revealed different degree and extent of environmental
interaction. Analysis revealed thaven within the same space and environment, the
specific characteristics with wdh dyads interact vaed as they progregslfrom one task
to the nex{Figure 8, Tables 2,3, and.dherefore, the impact of specific design features

wasnot uniform across activity; washighly situational and task specific.

Figure 8. Environmental interaction during task of transferring on (left) and
clothing management (right) in Example 1
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Table 2. Analysis of environmental interaction by two tasks (Example 1)

Task Transferring on Clothing management
CR CG CR CG
Left Wheelchair Wheelchair
arm rest back handles Raised toilet seat
(300 frc¢c(360 f1 (Seat hei
floor) 140 from
Raised toilet toilet)
seat (Seat heigh
Environmental 2 1 0, 14< Left & Right raised
features CL of toilet) toilet seat arm rest
interacted with (250 high
(quantifiable  Front bar in
attributes) toil et ¢
from floor)

Figure 9. Environmental interaction during transferring on (left), sitting down
(center), and transferring off (right) in Example 2
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Table 5. Attributes and characteristics by feature(continued)

Variable Definition

Toilet-add on

Caregiver
AvailableSpace
Total bathroom
area

Total available
Space_transfer

ClampOnGrabBarWidth

If Corner

CornerBarWalll

CornerBarWall2
CreateObstructioHorizontal
CreateObstructionFloorSpace
AdjustedToiletHeight

If raised toilet seat

ArmRest YesNo

NumberArmRest
TypeArmRest (graspability, surface
area, length, width)

If hydraulic toilet seat
AdjustedToiletHeightLow
AdjustedToiletHeightHigh

side

front
back
vertical
horizonal
floor

Design Requirement 2. Facilitate consideration of all

characteristics and attributes.

Theme 3.Availability of space does not does not equal actual utilizatiothén
vast majority of homenvironments, the total available/ utilized space for transfers was
mud smaller than the total bathroom area, as presence of assistive technology and fixtures
decreased the amount of available space. This greatly reduced the amount of space

available for care recipient and caregiver assistéifigares 11 and 12)n additian, space
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is not always about total available spacerblavantspace for task-or example, the space
highlighted in green in Example 1 is likely relevant for maneuvering a wheelchair, but not

for activities occurring while seated on the toilet.

Figure 11.  Example 1 of difference between potential space available vs. actual
space utilization

I C)O“T I @f)”T
It !

i-q;32"*>1 L1—32"—->I

Figure 12.  Example 2 of difference between potental space available vs. actual
space utilization

Design Requirement 3.Distinguish between potential and actual demand

producing environmental characteristics.
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Theme 4.Environmental characteristics have differential impact on caregiver and
care recipient. When performance is analyzed by the levels descried aboveatt ikatle
even with the same environment, care recipient and caregiver experience the environment
differently. The difference stems from the different tasks they are responsible for
performing, as well as different levels of functional abilities (their il interacting with
the characteristic, determine the suitability of thRE Rt). The analysis thalemonstrates
the differential impact of same environmeag a function of the user is provided in
Appendix E.

Design Requirement 4.Analyze environmema influences at both CR and CG

levels.

4.3Search of Existing Rehabilitation Assessment Tools that Measure Transfer

Performance

A literature review was conducted in order to idenséiffange of assessment tools,

used both in practice and research, to agsassfer performance.

4.3.1Methods

The initial search was c¢ on dRekabilgation on Sh
Measures Databas@Rehabilitation Measures Database,"” 2Q1ah online database
regarded as a comprehensive repository of assessments used in clinical practice and
research. The databas@as searched for assessments that were classified as having the
assessment type: Afactivities of daily Iiwvi

if they included a component to assess toileting and/or transferring. Assessments that
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considered tnasfer as part of mobility, but did not have any specific section devoted to

transfer performance (e.g. general ambulation regardless of destination or activity goal),
were excluded. The initial search was followed by PubMed search. Publications containing
variations of the following key words and phrases were searched: toilet* assessment,
transfer* evaluation. The PubMed search resulted in identifying one additional assessment

that is currently in development.
4.3.2Results: Parameters to Evaluate for Performaac

Table6 presents a list of parameters that assessments have considered to quantify

transfer performance, by source.

Table 6. Parameters considered in transfer performance

Construct Definition Source
Success/Failure (level of  Level of independence/ assistan Barthel, FIM,
independence/dependence with which the task was Life-H?, SCIME,
with task) performed Melville-Nelson
Safety Extent to which task was PASS, REAL>,

performed in a way that
minimizes risk ofadverse
outcomes (e.g. falls)

Fluidity Extent to which movement was PASS, Transfer
performed in one, continuous,  Performance
intentional movement Assessment,

TTAF®

Physical Effort Degree of physical exertion TAI”
required to perform theask

Level of Contribution to Degree to which contribution of TAl

Activity individual(s) involved was

appropriate given their abilities

and limitations
Functional Independence Measuigssessment of life habits (LIFH); *Spinal Cord
Independence Measur®erformance Assessment of Sedire Skills?Roll Evaluation of
Activities of Life; ®Toileting Tasks Assessment Forfiiransfer Assessment Instrument
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Design Requirement 5Consider prformance from several aspects beyond

success or failure of task.

4.41mplementation of Requirements

To support implementation of DTPI in this dissertatibdesigned a web version
of the papebased tool. The digitization has several advantages over-paped tool in
making the assessment process more user friendly. Abasdd tool can integrate
advanced logic features that customize and dynamically change content based on user input.
It is also suited for the nature of the DTPI, where the user is pedmptonsider the same
set of questions over multiple points in the performance. Finally, it allows easy compilation
of data to easily visualize results in a way that supports generating insight, and facilitate
different types of analysis.

The proposedoncept for DTPI is an interface in which they can tag performance,
and have a centralized database that saves their analysis for viewing at any time. High
fidelity mockups of the interface were created in Adobe XD to support heuristic evaluation
with experts; a fully functioning welbased prototype was developed with MERN
(MongoDB, Express, React, and nodeJS) stack to Heroku. Heroku was chosen as a
platform as a service (PaaS) that enables operation of applications entirely in the cloud.
Netlify is a clowd computing company that offers hosting and serverless backend services
for web applications and static websites. The overall information architecture is provided

in Figure B.
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Figure 13.  Overall DTPI information architecture

1. Dashboard. The interface consistsf ggarameters that prompt occupational
therapists to consider factors that they normally would in an evaluation/ assessment, but
with explicit support to capture their observations in desgevant terms. DTPI
predominantly makes uses of response seleétmm prepopulated options. However, it
integrates a structure that allows free responses, in case their analysis is not adequately

captured by the prpopulated options.
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On the left side of the screen (Figu#,1a video of the transfer to be analyzed is
displayed. It is able to be played, paused, navigated to any point in the video, identical to

the way media file playback works.

Subject ID #1 _

Figure 14.  Dashboard design

2. Create Tag.Once users identify a point in the activity thegnt to analyze, they
cancreate a tagFigure 15)Once the tag is created, the right side of the screen sequentially
presents all the parameters that the DTPI consists of, which is broken down into three
sections (1. Performance Ratifigable 7) 2. Envronmental Feature UtilizatiofTables 8
and 9) 3. Environmental RatingTable 10. The information architecture of the DTPI
employs a form of semrandom accesisin which there is a logical order as to which may
be expected to be filled out first, butebs not impose any specific order of completion or

entry in all fields, i.e. OTs only fill out areas that they think are relevant.
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Video Case 1 Subject ID #1

Grab bar 1-Multi Grab bar 2 Tollet Seat Grab bar 1-Multi
Diagonal Cushion

— €9

Finish Tag

Power Wheelchair Floor Space

Grab bar 1-Mufti Toilet Seat

e Tollet Seat
Diagonal Cushion

Cushion

Power Wheeichar Power Wheeicha Waiker

Figure 15.  DTPI parameters
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Create Tag, Sections 2 & 3: Environmental Features Documentation and

55

: . Too far — too
Environmental Rating - - - low, too high
Orientation:vertical, too close
:&:Z:n@ height 1: 38 o
grip height 1: 38" Yo grip
= Grabbarl Ipang grip height 2: 33" ol o e
Distance from toilet maintain grip
Feature:Pivots 180 unstable
Grip Diameters: 1.25"
~»Used?
seat too low
Orientation:45 deg arm rest too
Length:24" close
~» Grabbar2 Hand grip height: 35" too far
Distance from ~"ltoo short
toilet:22" Yes reep—
Diameter:1.6" (surface area)
too hard to
Seat height:20: arip
. 3-1 too low
commode  Arm rest height: 28" g;},/ too high
Distance between 4 E,DPLOP@Q e
arm rests:36" - hgnd 200
igh
C}ﬂfﬁ'oe\nt - handle too low
about . Arm rest height: 31" v ves unstable when
\which /> Wi Wheels:front two legs ik e Wheels make
fe%u?é? ‘ ' ec;ed—‘ device
T unstable
No Mo not enough
space to right
Total area: Green {, ore. Yes_,/notenough
Floor Left of toilet: 18" T ok comme space to left
" space Right of toilet: 24" : not enough
Front of toilet: 10" applicable B space behind
to activity N|°
| seat too low
Return seat t00
o uncomfortable
commode  height not @ Dashboard
- seat compressed: 2" ‘ \/ YeS | seat surface
cushion material: foam area too small
seat material
not ideal
] seat height: 22" iad
L, Ppower ight: 25" 7 seat too low
Feal:tiak arm rest height: 25 e
uncomfortable
Yes |seat surface
area too small
seat material
not ideal
Figure 16.  Detailed information architecture, sections 2 and 3 of DTPI




Table 7. DTPI content, section 1

1. Transfer OQutcome

CR

CG

Comments

1.10 |[Success/Failure

1.11 |Success in one attempt

1.12 |Success in multiple attempts

1.13 |Give up task

1.20 |Safety

1.21 |No safety concerns

Safety concerngisk for injury (fall,

1.22 o .
skin irritation, contusion)

1.30 |Fluidity

1.31 |One continuous movement

132 Occ_aS|onaI Nstops
fumbling

133 Mul tiple fistopso

1.40 |Physical Effort

1.41 -
strain injury

Risk for biomechanical stress/ repetit

1.42 |Fatigue

1.50 |Level of Contribution to Activity

1.51 |Appropriate

1.52 |Contributes more than warranted

1.53 |Contributes less than warranted
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Table 8.

Feature specific attributes

Environmental Feature Documentation

Environmental Elements

Grab bar 1

Orientation: vertical,
horizontal

Floor Space

Hand placements:multiple,
curved

Hand grip height 1.

Hand grip height 2.

Distance from toilet

Distance from toilet
Feature: Pivots 180 degrees
Grip Diameters:1 . 5 0

Total area: Green

Right of toilet: 1 8

Left of toilet; 2 4 @

Front of toilet: 1 O

Grab bar 2

Orientation: 45 deg diagona
Length: 2 4 0

Hand grip height (range):

3 6i06 00

Distance from toilet:2 2 0
Diameter:1 . 6 0

Commode sea

cushion

Height (not
compressed)3 0

3-1 commode

."‘ 11

)

}{}&

Seat height:20:

Arm rest height: 28 0
Distance between arm rests:
360

wheelchair

Power

Walker

Arm rest height:3 1 0
Wheels:front two legs
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Table 9. DTPI content, section 2

Environmental Feature Utilization

Environmental Elements

Grab bar 1

Grab bar 2

3-1 commode

Walker

Power Wheelchair
Floor space

Commode seat cushion

used, appropriately

used, incorrectly/ unsafely

not used, not applicable to activity
not used despite opportunity present

Table 10. DTPI content, section 3

Environmental Feature Utilization Evaluation

CR

CG

Environmental Elements

Problem areas

Grab bar

Too fari too low, too high
Too close

Too hard to grip

Too hard to maintain grip
Not usabld e.g. unstable

3-1 commode

Seat Too low

Arm rest too close

Arm rest too far

Arm rest too short

Arm rest too small (surface area)
Arm rest too hard to grip

Arm rest too low

Arm rest too high

Walker

Handle too high

Handle too low

Unstable when hand released
Wheels make device unstable

Cushion
Texture Slippery
Not securely fixed

4. View Tags.Us er s

ew

he

ent i

of

s umma r y (@iguveil®.The table is sorted by time of performance, rather than by the



time the tag was created, to allow displaying of data by task sequence. They can also delete

their previously created tags.

Detail View Subject ID #1

‘eature Utikzation & Rating

The carsgiver s at risk for injury - they are
anding close encugh 1o the clent to

DOWNLOAD

Downioad

Figure 17.  DTPI detailed view

4.5 Expert Feedback and Interface Pilot Testing

Heuristic evaluation by experts (occupational therapists), a common design practice
to identify potentially pitfalls and usability issues to refine prototype desigas used.
This quick iteration cycle informed not only the immediate refinements that needed to be
made prior to implementation for the dissertation, but also the next steps of tbeafall
development of the tool, which would have to support assessshéransfers in many
different home environments and by different people.

Two OT experts were asked to perform the following tasks (TEbl® determine

whether key features of the tool could be successfully used. Qualitative usability
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evaluations weresarried out through the Adobe XD prototype functiwwhich allows

viewing of the usero6és |l ive demonstration

Table 11. Tasks completed during heuristic evaluation

Create tag at 5:01 mark for caregiver
Create tag at 5:01 mark for care recipient
Create text annotation on the tag

Delete tag

Find three sections

Find summary page

ogkhwnE

4.5.1Expert Review Results

Tablel2lists the usability issues identified by the experts. Tasks 1 dbihts tag
at 5:01 mark for caregiveandcare recipientrespectively, resulted in confusion by both
experts. Experts clicked on other icons before eventually figuring out how to assoeiat
tag to a specific persoror Task 3,Create text annotation on the tagoth experts
expressed confusidnit was not obvious that creating a tag means that one is commenting
on the specific timestamp of the video. TaslB3efete tagvas completed successfully, but
one expert found the icons too small, and could not tell if the system successfully registered
her click on the button. For TaskfEind three sectiondyoth expertexpressed that it may
be hard for users to remember thresponse on the previous pagask 6,Find summary

page was completed successfully by both experts in one try.
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Table 12. Usability issue identified by experts

Task Result Problem Description

1. Create tag at 5:01 mark 2 problems Hard to know how to make associate
for caregiver the analysis to specific person (care
recipient or caregiver)
2. Create tag at 5:01 mark
for care recipient Hard for users to know if their respon
is successfully bemsaved

3. Create text annotation ¢ 1 problem

the tag

4. Delete tag 2 problems The check boxes are not noticeable
Could not tell if the system
successfully registered her click on th
button.

5. Find three sections 1 problem  The page number buttons are not
noticeable
Hard for users to remember their
response on the previous page.

6. Find summary page No problem

4.5.2Refinements

Pagination vs Scroling.One maj or design deci sion
comment aboutask 5. Find three sectionsas to change the interface structure from one
that was based on pagination (splitting up content onto sevagals/tabs) to scrolling
(place all content into one screen). Both choices had valid reasons to be used for the
purpose of the interface, content type, and intended user experience. DTPI is potentially
well suited for pagination due to its stepwise strigtfinas multiple parts, the content to

be displayed on the third sectioenf/ironmental ratingis contingent upon what the user
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enters on the second secti@myironmental interaction However, pagination works best
when users are looking for/ expectisgecific pieces of content. For this tool, which
directs users to relate their observation in novel terms, it was not reasonable to expect that
users would have an intuitive understanding of how content is structured. In addition, the
multiple clicks requred to access all information increases inconvenience and chance that
parts of the information are overlooked.

Therefore, the interface was modified in such a way that all information was
accessible in one scre@figure 18)Thi s approach minimizes the
making all possible options and actions visible. A minor tradeoff was decrease in spacing
between content and size of each content; however, pilot users agreed that the content was

readable, and did notem overwhelming.

Video Case 1 Subject ID #1

Toi
c

Power Wheeichas Wamer

Figure 18.  DTPIrevised interface
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Creating Tags.Two refinements were made to addr
the confusion duringask 1 and 2. Creating taghitially, the interface consisted of one
button, wieginctdpgbredédade @ tag i s iemditagi atfd dkramd
tag is initiated and ready to be saved (Figg It also had a textbox overlaid by greyed
out text Atype descriptiondo to indicate a
process confsing, and indicated that a more explicit process (rather than relying on subtle

color changes) would be beneficial.

Care recipient is attempting a sit to stand transfer

Figure 19.  Original DTPI tagging interface

The final version has two explicit buttons. As the two buttons indicate two mutually
exclusive stategne of the two is greyed out. Also, the textbox only appears after a tag is
initiated. The textbox size was also increased to better represent the amount of text that

could be entered (Figugs).
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Finish Tag

Figure 20. Revised DTPI tagging interface

Care Recipient and Caregvers as Two ColumnsAnother refinement made to
make creating tags more intuitive is to have two separate columns, for care recipient and
caregivers. Initially, the interface had an additional parameter, in which users would be
prompted toceheoseceéepilkaet 0ior fAcaregivero
they were commenting about. However, experts expressed that it would be more effective
to have parallel versioristo make it obvious that there are two people they could make

assessments for.
4.6 Implementation of Design Requirements

Here, | briefly summarize how each design requirement was satisfied in this tool.
4.6.1Examine Environmentall nteractions at aMore Fine-grained, Task levels

Satisfied via implementation of the video tagging feature
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4.6.2Easily ConsiderAll RelevantDesignCharacteristics andAttributes

Sections 3 and 4 of the tool list out all potentially relevant design characteristic and

attributes that users can choose from.

4.6.3Distinguish Between Potential and Actual Demaimtoducing Environmental

Characteristics

The fAspaceo section allows specificat.i
adequate for the task demands. When not adequate, specify the direction(s) of space with

inadequate provision of space.

4.6.4Analyze Environmental Influences at Both CR and CG Levels

T he two columng one for care recipient and one for caregiatiows analysis of

performance by person.

4 .6.5Evaluate Performance in Terms of Several Metrics

First section of the tool has several constructs from which users can choose to

evaluate performance.

4.7 Discussion

This chapter discusses the process undertaken to develop a tool that gives OTs the
design language necessary to communicate to designers. Specifically, the chapter: 1)
compiles a list of desigrelevant physical environmental characteristicd attributes
involved in toilet transfer performanc&hich helps one toharacterize the environmental

interaction more fully; 2) illustrates the significance of the daslel analysis of persen
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environment interaction, as the nature of environmentatantions is highly complex and
their magnitudes vary as one progresses from one task to the next.; and 3) expands the use
of an | CF f-fomea @8pegsenindividual) cent e
understanding the implications osharedenvironment involving two people.

Environmental factors, in absence of interaction with human activity, represent the
potential for environmental interactionwhich merely provide opportunities for
interactions to occur. Whether they result in actual intenacand the degree to which the
interaction impacts activity performance, is situational and task specific. However, demand
strength is also situational; varying as situations change from one moment to the next as

well as across environments.
4.7.1Requirementgo Explore for Full Scale Tool

The prototype version is constrained to one video and with fixed environmental
fixtures based on known dimensions. Future versions will have to be more flexible. The
incremental approach to development allowed creation toblhadequate for proof of
concept before spending developmental resources on complex features that may not be of
any actual benefit. Releasing the software without these advanced features limits our initial
investment and reduces the risk of oeegineeing. Adding features to later
implementations allows us to sustain momentum for participation and to gather preliminary
evidence to justify more development.

a. Reduce redundandy crowding with nornrelevant info. Let OT choose which
feature they want to coment on rather than displaying all information,

potentially irrelevant ones.
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b. Flexible: the tool should be flexible enough so that various ways to perform
transfers, such as caregiver assisted, bathroom sizes, different devices uses, are
accounted for anthanaged in the system.

c. Exceptional situations: additional methods should provide users to manually enter,
modify existing default. If results from analysis components contain errors, users

should be able to correct them and update./ override.
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Chapter 5.  Tool Implementation

5.1 Research Design

This chapter presents the process to implement the DTPI (Specific Aim 2). The
objective of Specific Aim 2 was to implement the DTPI in order to investigate its impact
on the OTDesigner cedesign process, particularly in increasing the quality of OT
contributions. To meet this objectivetadal of six (N=6) virtual cedesign workshops were
conducted, three experimental groups where OTs used the DTPI (n=3, DTPI group), and
three control groups whethe DTPI was not used (n=3, control group). Participants were
randomized into one of the two groups. Participants icdimérolgrouputilized a manual
video analysis approach (to mimic the process most similar to the way in which
occupational therapistwould document their observationsd).comparison between the
design process in workshops conducted with and without the DTPI, was intended to
quantify differences in the: GDesigner collaboratioproces for design of AT (Research
Questions 1 and 2) and) experiences of participants. The protocol was approved by the

Georgia Tech IRB under Expedited Review.

5.1.1Concealment During Consent Process

Due to the nature of the workshop (provision of a new Instrument in experimental
group and no Instrument in theontrol group), blinding participants to their group
assignment was deemed impractical. Knowledge of the true purpose of the study would
automatically inform participants their gr

purpose of the study and thgiroup assignment would likely bias the results. Therefore,

68



the specific purpose and randomization into a-gmaup study was not disclosed to
participants at the time of obtaining consent. Rather, the purpose of the study was framed
as a general inveggtion of the collaboration process between occupational therapists and
designers. All other study procedures were fully described, including all required steps and
procedures involved in the design workshop, expected time requirement, and any risks and
benefits of participating in the study. At the end of the design workshop, all participants

were debriefed on the true purpose of the study, and also informed their group assignment.

5.1.2Tools to Facilitate Cedesign Session

Co-design sessions were conducted virtually and were facilitated by Microsoft
Teams and Miro, a virtual platform designed to support effective synchronous
collaboration online. Miro offers several features to help remote teams collaborate,
including: sticky notes, video playback, sketching, annotatiqudates are made real time.

A predesigned template, which outlined key steps and expectations of the session, were
disseminated to the etesign partners at the start of thedasign session. This ensured
standardized and consistent delivery of information acrosslesagn groups. The

moderator (myself) was present throughout the session.
5.1.3Participants

Each cedesign group consisted of one occupational therapist and one designer.
Inclusion criteria for occugmnal therapists were as follows: at least 1 year of clinical
experience in a clinical position for which an occupational therapy license is required
(including hospital, clinic, home health, community). A total of six occupational therapists

were recruigd via flyers and-enails disseminated on professional forums, social media,
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and email blast to my professional networks. They all sefforted possessing, at
minimum, entry level proficiency in performing assessment for transfers, and
recommending anddining individuals on use of various assistive technologies used to
improve transfer performance.

Inclusion criteria for designers were as follows: at least 1 year of design experience
(including physical and digital product design, research). They Inawst experience with
sketching, ideating, knowledge of design process including materials and manufacturing.

Participants were excluded if: they had ever taken partgrogessionaldesign
experience in collaborating with the other discipline to devalgbysical device, except
for those provided as their course of academic training. This exclusion was made to ensure
that each designer had a similar, novice level knowledge on assistive technology and
disability. To the extent practicdleam compositiorwas made in such a way that two
individuals are roughly equal in their level of experience in their respective fields. In other
words, novice OT professionals were paired with other OT professionals; veterans OTs
with veteran designers, et cetera.

Each paticipant signed an informed consent form approved by the Georgia Tech
Institutional Review Board. Occupational therapist participants were compensated $250
for completing the study. Designer participants were compensated $200 for completing the

study. Thestudent designer was compensated $50 for completing the study.

5.1.4Group Assignment: DTPI vs Control Group

The only controlled difference between the two groups was the provision of DTPI,
which was given to the experimental groups. Both groups were provitedOT

Framework, a document endorsed by the American Occupational Therapy Association
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(AOTA, 2020)that formalizes OT scope of practice, and delineates factors OTs consider
in their practice, taking them from intake process, needs assessment, implementation of
intervention, discharge, and follewp. This helped ensure that stafethe art knowledge

of OT practice is being used by OTs in both groups.
5.1.5Design Task

The goal of the workshops was for @e&signer pairs to engage in adaesign
process and develop ansonalized AT concept for a pselected caregiving dyad to
increase the dyad @lkco-designneamsevorkeg wafddhe same c e .
design task: develop an innovative AT concept for Subjeét tbsimprove their transfer

experiencéFigure 2).

Figure 21.  Target users chosen for design task

This dyad, participants in the ongoing NIDILRE&énded grant, was chosen as an
ideal case to focus on because they have reported several usability problems with their
current ATs and significant physical burden with transfers, and therefore could benefit
from novel AT solution tailored to their unique needs. There were numerous performance
barriers of varying magnitudes,o0 t hat t here was no straightf

solve and identification of a particular design direction required navigattbnegotiation
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of perspectives from both disciplines. Due to the epature of the problem, it was
expected calesign teams would more likely to come up with diverse foci/ approaches,
despite the case being identical across groups. The decision to fames garticular dyad,
instead of opening up for many cases, was to constrain the complexity to an amount
realistic to the time given. By limiting the user base to N=1 dyad, the intention was to keep
social, businesselevant discussions to design developtm® a minimum. It was also
important that other than the tool assignment, all other variables are kept as identical as
possible. Information about the dyad was written up and provided to-désign teams.

It outlined basic demographics, informatioroabthe bathroom environment in which the

AT was expected to be used in, including dimensions, model and other pertinent

information about devices currently being used by the dgmdhown in Appendix B.

5.1.6Workshop Structure

Regardless of the group assigent, the required steps of the design workshops
were identical. The groups were tasked with developing an AT design concept, with the
goal of facilitating the dyadds transfer p
to ensure that the componenfsa typical design process were included:
1 Problem Understandinddentify problem, Formulate design requirements
1 Conceptualizing ideas: Brainstorm solutions
1 Convergence: Optimizing ideas; Evaluate pros and cons of solutions, identify final
solution
1 Finalize: Communicate design concept: Preparation of assets (e.g. sketches, models)

to conveycritical details of concepts (dimensions, mechanisms, materials, etc).
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Table 13. Key workshop details (continued)

Control (no DTPI) Experimental (DTPI)

2 hour | Wrap up and next steps Schedule time for 1:1 debrief
15
minutes
T 2 hour
20
minutes
Tool No DTPI DTPI

provided OT Framework OT Framework

Post Survey: Satisfaction with Process
Workshop | Survey: Satisfaction with Output
1:1 Debrief Interview

5.1.7Research Procedures

Key details of the study timeline are provided in Talie 1

Task 1. Watch Introductory Video. Prior to the workshop, participants watched
a 10minute introductory video that introduced the project (details about DTPI undisclosed),
and the design tasks involved in the workshop. Next, they were shown aretdeding
of the caregiving dyad performg a simulated transfer on and off a toilet, and a written
case study description. The description consisted of information about various components
of the ICF, including Body Functions & Structures (e.g. extent of impairment in strength,
range of motionpalance, grip strength of both caregiver and care recipient); Physical
Environment (e.g. dimensions of the toilet environment, current AT devices), that might
be relevant for design. After watching the video, OT participants were asked to document
any impatant insights, unresolved questions, and assumptions they are making about the
caseOTs assigned to the DTPI group were given the DTPI tool; OTs in the Control group

were given a limited version of the tool (Figd®. The DTPI tool is described in dédta
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in Specific Aims 1; the limited version of the tool provides ability to play back the video,

and manually enter in the time stamps and thealysis.

Video Case 1 Subject ID #29

Timestamp(m:ss) Observation | Comments

» 000/ 531

Figure 22.  Limited version of DTPI given to OTs incontrol group

They were both provided a video tutorial instructing them on the use of the tool.
They were instructed to watch a video segment which shows how they are currently
forming the activity, make any observations during performance that you think will be
relevan information that will help you design an AT concept. They were encouraged to
think about factors that they would typically consider in an OT evaluation/assessment
session, including: (1) Abilities and limitations in their body functions & structures, (2)
Environmental factors that facilitate or
and (3) Specific task components where performance breakdown occurs. In addition, they

were to take note of any immediate reactions, questions that ariseehatetbd more

information about, and any assumptions that they are beginning to make about the case.
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The information was shared with their design partner 24 hours before tiesigm session
as scheduled. Designers were instructed to review the analysis.

Task 2. Preworkshop Questionnaire. Participants completed a questionnaire
designed to collect demographic information including age, # years of professional
experience (in OT or design), extent of experience working with the other discipline (i.e.
for OT, if they have any prior experience working with Designers, and vice versa).

Task 3. Workshop Session.The sessions were conducted via Bluejeans or
Microsoft Teams. | served as the moderator for all sessions. A brief amount of time (10
minutes) was allodad for participants to build rapport. Then, participants were asked to
discuss the case reviewed in Task 1, sharing initial reactions to the case that may influence
the way they approach the design task. If any clarification or additional information is
sought, moderator documented the extent and nature of clarification provided by moderator
during the session. Effort was made so that no one group is provided with extra facts that
will substantially change the course of design.

Task 4. Generate Problem g&tement & Initial Design Requirements.Based on
their discussion in Task 3, participants were asked to generate a problem statement that
describes the barriers to performance faced by the dyad and generate design requirements
for an AT they will design taddress those barriers.

Task 5A. Brainstorm Solutions. Participants were instructed to identify a
minimum of three (3) distinct solutions that could potentially meet the design requirements.
Distinction is defined as solutions that differ in their pniynenechanism that characterize
the design. (i.e. not merely introducing incremental changes in characteristics, e.g. changes

in material, minor alterations of configuration of components).
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Task 5B. lIterate. During brainstorming of solutions, participandgsscovered
aspects they had not previously considered, which required modification of the design
requirement, adding additional detail to design requirements, and/or deleting design
requirements if deemed to be no longer beneficial or relevant to meetrpanice goals
of the dyad. Therefore, participants were seen traversing between task 5A and 5B until the
three solutions are identified.

Task 6. Optimize & Finalize. In preparation for determining the final concept to
proceed with, participants were askecavaluate their three concepts. They identified pros
and cons of each solution, consider if strengths of each concept can be combined into one
final solution. They then identified a final concept.

Task 7. Detail Specifications. Participants were asked provide assets (e.g.
sketches, text, models) to convey critical details of the concepts, including the dimensions,
mechanisms, and materials.

Task 8. Postworkshop Questionnaire. Following the workshop, participants
were asked complete a questionnaice rate their experience with the workshop.
Questionnaire includegrocessas well asoutput related questionsFor OTs the
guestionnaire also consisted of questions targeted at understanding whether the participants
believe:they were confident in sugging design directionshe tool helped to collect the
right information, at the right time, and to use the information in the right way, and; there
were any challenges of using the toBbr designersthe questionnaire consisted of
guestions targeted ainderstanding whether they felt they were provided enough

information to fill their knowledge gap about needs of users; and perceived distribution of
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effort among various steps of design. Ratings were used to tailewpdsthop debrief

interview (Task .

Task 9. Postworkshop Debrief Interview. Each participant participated in a-30
45 minute interview intended to capture information about their experience with the
workshop. The interview was structured to gather qualitative information to better
undergand ratings reported in questionnaires in Task 8. Group allocation was revealed at

this time.

5.1.8Development of Postvorkshop Questionnaire

ForRQ3what is DTPI 6s i mp a cdesigoexpetehcgzand De s
selfreport questionnaire was creatda create the questionnaire, a literature review was
undertaken to understand what comprises effective design experiences. Literature suggests
that the quality of group interaction and collaborative experience can be measured from
perspectives of: 1) tlreself-perception of how they think they worked together, and 2)
how satisfied they are with the outplihe items in the questionnaire are also informed by
a literature review investigating the factors that impact on effectiveness in teams (Table

14).
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Table 14.

Measurement of quality of group interaction

Construct Indicators

References

Communication

Coordination

Balance of membel
contribution

Mutual support

Effort

Cohesion

Manages potential
conflict

Synergism

Creativity

1

)l
|l

Is there sufficiently frequent, informal
direct, and open communication?

Give timely, constructive feedback to
team members

Encourage all perspectives to be
considered

Constructively build on contributions
of others and integrates own work wi
work of others

Are individual efforts well structured
and synchronized within the team?
Take on appropriate role in group (e.
leader, follower)

Clarifies goals and plans the project

Are all team members able to bring in the
expertise to their full potential?

Do team members help, support, and lee
from each other igarrying out tasks?

Do team members exert all efforts to the
team's tasks?

1

il
)l

Are team members working together

Express positivity and optimism abou
team members and project

Display appropriate assertiveness:
neither dominating, submissive,
passive aggressive

Respond to and manage direct/indire
conflict constructivelyand effectively
Contribute appropriately to healthy
debate

Would prefer to work with team instead ¢
by self, if given the choice

Team Quality Construct
(Barczak, Lassk, & Mulki,
2010)

TeamQ survey(Britton,
Simper, Leger, &
Stephenson, 2017)
TeamQ survey(Hoegl &
Gemuenden, 2021)
Team-Q survey

Team Quality Construct

Team Quality Construct

Team Quality Construct

Team Quality Construct

TeamQ survey

Teamwork Satisfaction
Scale(Tseng, Wang, Ku,
& Sun, 2009)

Felt more creative when working in team Team Process Survey

(Chung, 2009)
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The transcripts from the debrief session were triangulated with Qualtrics survey
responses to better understand qualitative insight that would explain the scores given,
which provided insights into partitdesgnpant so
experience, including understanding of which parts of the process worked, for whom, and
why/why not. Appendix D provides questions in the gmesision survey and 1:1-Oeef

interview sessions.
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Chapter 6. Tool Evaluation

6.1 Preparation for Data Analysis: Transcription and Coding

All co-design sessions, including debrief sessions, were-saliovidee recorded.
Transcripts exported from Microsoft Teams were edited for errors and transferred to Excel
Spreadsheet. After amitial review of the transcripts, the transcripts were segmented
according to the source of the speech (OT, Designer, Moderator), then imported to NVivo
for coding. The data analysis consisted of several phases, following a slightly modified
protocol of @en coding as designed by Saldana (2009). The data analysis had several goals,
in accordance with the research questions: to provide insight into the differences, as a
function of their group assignment, in the 1) contributions made by team members
througlout the cedesign process (RQ1.1) and unique contributions made at different
phases of the edesign process (RQ1.2), 2) the degree to which OTs use detgant
| anguage during problem definitdesni RQ2e dmb
ablity to reach a final solution (RQ2.2) and 3) perception of the participants of the co
design experience (RQ3).

For RQ 1.1 and RQ1.2vhat is the impact of DTPI in OT contribution in the 1) co
design process as a whole and 2) different design phasks®)yvere analyzed using the
coding scheme developed priori as a foundation. The proposed coding scheme was
informed and modified from a generic framework of conceptual design phases proposed
by MacMillan et al. (2001), which identifies: 1) the phases dafigfethat are typically
undertaken by the design team when working to develop a new concept, and 2) several

possible sultasks within that phase that can be undertaken to achieve the goals of the phase
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(Table B, first column). Not every line of speech waled/ recognized as a codable event.
A codable event was defined as anganingfubiece of utterance, wherein a new piece of
information is addressed or when something new happensnBotherandduration of
events were quantified, to allow for analythat accounts for individual differences in rate
of speech (i.e. not counting slower speakers as contributing more).

On top of thea priori coding scheme, the analysis resulted in additional codes to
better characterize/analyze activity of-design tems during early design conceptual
design phase, which revealed terms that were unique to this activity. In order to achieve
this, transcripts were analyzed using {imeline in vivo coding. Data, which provided
insight into how the calesign team was engjag in the design process and working with
each other, were highlighted and annotated with open codes that represent the essence of
the participants6é intent. Next, similariti
together in an iterative processfiar codes were tentatively labelled with a more abstract,
open code. Finally, all codes were further revised, refined, compared and rephrased into
categories covering the different codes. Some themes were collapsed, to ensure the overall
themes were cily distinctive from each other. This led to the production of themes
describing the ways in which the-design teams worked with each other (Tablgs 1

second column, and Tablé)1
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Table 15.

Co-designactivity classifications (RQ1)

Design Phase (A priori)

Sub Codes
(Generated as a result of analysis)

Problem definition: activities undertaketo
understand the design problem at hand, identify,

Makes evaluative/ assessment statemé

assumptions underlying the task.

Interpreti meaning of information
segment

Identify unknown for further discussion

Educate (other) odiscipline-specific
knowledge

Design requirement formulation: activities

Identify design drivers/constraints

undertaken to identify metrics that need to be
fulfilled by the solution in order for the solution t(
be deemed successful.

Change/modify requements

Ideation T conceiving different principal concepts

Sketch

and/or sukfunctions of the concepts in order to

Write/Type

achieve a concept for the design problem.

Point

Figural gesturing

Suggest idea

React to idea/opine

Convergencei deliberating and evaluating the

Suggest new ideiadetail, high level

multiple possible directions generated from the

Build upon own idea

Ideation phase, weighing pros and cons of each

Build upon others

and/or combining elements to achieve a final

Suggest alternative

direction for the design problem.

Suggest direction

React to othersbo

Justify/ defend idea, provide

justification/background for suggesting
course of action

Drop idea

Evaluate an idea/concept according to
some rational basis

Project Realization: Includes further developmer
of the concept to an optimum in accordance witl
the technicaleconomic, and persenelated criteria
(e.g. costs, ergonomics, forces, s). It leads to a
status where embodiment design in a layout
drawing can begin. The end result of this phase
the study is a sketch of final concept

Feasibility Analysis: Activities to explore
applicability, acceptability, usability under rddé
contexts and constraints
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Table 16.
teams (RQ1)

Coding scheme to characterize strategies employed by-design

Code

Sub Code$ Definition

Access:reference information given as pg

Read verbatim from documents

of design task (e.g. video, case st

Listen to prerecorded audio/video content

description, space layout) or outside of t

Recall a concept or exiting product

(internet search) Recall a specific desigguideline

Refer to a sample, existing solution,
experience to draw parallels

Restate concept/idea previously introduced
self or other)

Elaborate: Provide additional information Identify design drivers/constraints

adding detail to original Change/modify requirements

Verify: actions connected to verifyin Clarify/rephrase own statement
mutual understanding among gro| affirm/ provide evidence of own understandi
members of other

ask for confirmation

Ask for clarification
to soci Reflecti comment on or assess group progf
toward goals, review future plans

Navigate: actions connected
handing activity within group

ForRQ21lwhat is DTPI 0s i mp arelévanoterms@dridbgs U S
the problem definition phase®dn automated scan of the transcript identified all instances
that a feature (e.g. grab bar, space, sink, wheelchair) was mentioned. The speech
immediately before and after the mention of a feature was analyzed to better understand
the context. Specifically, the analysis was designed to determine whether the Offtet) fur
explained the feature using a quantifiable, desigiionable attribute to describe its impact

on transfer performance, and 2) provided any input on how the feature may be
modified/improved in the new concept. To differentiate the different envirotainen
influences impacting performance, the design characteristic was further classified
according to whether the design characteristic mentioned pertained totarface issue
(element of the product that the user directly interacts with/manipulajetgsigjnof the

product itself (characteristic of the product as a result of a design choi@&))location
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issue (where the element is positioned relative to the space). Analysis also was intended to
differentiate comments made about performance of gBaee or Care Recipient. The
number of such instances were tallied using a coding scheme as shown in7Table 1

Table 17. Coding scheme to tally frequency of desigrelevant characteristics
mentioned by OTs (RQ2)

SOURCE
DTPI Control
15 14 13|30 29 28
Wheelchair Freq.
Interface

Location relative to space
Design of Product

Grab bars
Hardware/Interface
Location relative to space
Design ofProduct

Toilet
Interface
Location relative to space
Design of Product

Raised Toilet Seat
Hardware/Interface
Location relative to space
Design of Product

Walker
Hardware/Interface
Location relative to space
Design of Product

Other L 1 [ ]
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For RQ 22wh a't i's DTPI 6s i mp aedlevaotnerm®ihds us
specificity of design requirements generated bylesign teams and in the time taken to
reach final solution?)all the utterance pertaining to formulating desigquirementgor
thesoluiower e compi |l ed. They wer e theproducaneasllay s e X
t o, X, Ymore afterdthaZ rod, they were stated as an expression uttered by the
subject to seek information,,do suggest an emphasis or need to explore an aspiberfur
(eghit would be really i mgpidentifyamimportaht fedtureve | o «
of the overall design.

One timeseries chart per workshop (6 in total) was created to visually highlight
meaningfulmilestones achieved during the workshepch as time at which the group
arrived at the final solution (Figur23d). From inspection of each chart, a qualitative
analysis was performed to compare 6 different workshops to identify any trends in then
data, as well as explore any factors (e.g. whbatirred immediately before or after the final
solution was identified, how many back and forth was needed, the extent of disagreement
expressed by participants) that could have contributed to the way resolution as reached by

each group.

oT

Designer

Time (min) 0 5 10 15 20 L. end

Figure 23.  Coding scheme for quantifying design activity
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6.2 Data and Statistical Analysis
6.2.1H1.1 OT and Designer Contribution in Gdesign Process as a Whole

A chi square test of independence was used to analyze the impact ofirDTPI
increasing OT contribution in the -@esignprocess. To do so, a contingency (i.e.-imeay)
table was constructed, where the column represents workshop group assignment (i.e. no
DTPI and DTPI), and the row represents originator of contribution (i.e. OT or Designer),

as seen in TableBl

Table 18. Contingencytable used for chisquare test of association

Group

Contributor DTPI | No DTPI Total
n (%)

oT

Designer

Total

The cells in the table were determined by coding of the wideordings. Video
recordings of the workshop were coded according to the originator of the contribution (i.e.
OT or designer). The codes were tallied to compute the number of times each @mofessi
makes a unique contribution to the design workshops. Each cell would reflect the total
count of cases for the specific pair of categories. In other words, celbuld reflect the
total number of instances th@Ts made a unique contribution in tiETPI groug
would reflect the total number of instances @t made a unique contribution in then
DTPIgroup  would reflect the total number of instances tDasignersmade a unique
contribution in theDTPI group would reflect the total number ahstances that

Designersnade a unique contribution in thenDTPI group.
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To test for an association between group assignment (DTPI anDT®hH and
disciplinary contribution to calesign process (OT and designér).e. to answer the
questonfidolese percentage of OT contribution dif
a ChiSquare Test of Independence was used, Witl¥=05, where the null and alternative
hypotheses are as follows:
Ho: % OT/Designer contribution is independent of group assighme
Ha: % OT/Designer contribution is related to group assignment
The working hypothesis for this research question as follows: OTs that used the
DTPI will communicate more (as defined by number of unique contributions made in the

co-design) with desigers than those who did not.
6.2.2H1.2 OT and Designer Contribution by Different Phases of the-@&sign Process

A Chi-Square Test of Independence was be used to analyze the impact of DTPI in
the distribution of OT contribution by phase of design. To da &35 crosstabulation was
constructed, where the column represents the design phases, and the row represents group
assignment, as seen in Talilé Predictor variable (Group assignment) is dichotomous
(DTPI or no DTPI); outcome variable hasategories in accordance with the phases of
design with which the transcript was coded (problem definition, design requirement

generation, ideation/brainstorming, transform & converge, and elaborating on concept).
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Table 19. 2*5 crosstabulation used forchi-square test of association

Design Phase

Defining Design Brainstorming| Finalizing | Elaborating
problem | requirements  concepts solution | on concept
Group | (interpret)| generation (diverge) | (transform| (represent) Total

&
converge)
n (%
DTPI
No
DTPI
Total

The cells in the table were determined by coding of the OT contributions as in
video-recordings, similar to approach taken in 1.1. However, coding for this question had
another layer of analysis to answer theestion: to which design phase/goal was the OT
contribution relevant? The codes were tallied to compute the number of times the OTs
made a contribution in each of the design phases. Each cell would reflect the total count of
cases for the specific pair chtegories.

To test for an association between group assignment (DTPI addTRh) and OT
contribution by phase of desigjn.e. to answer the questiom,d oes t he DTPI hel
contribute equally a-@&fChS3gsareddstof dpderasneesvasof de
be used, withd 005, where the null and alternative hypotheses are as follows:

Ho: OT Contribution by design phase is independent of group assignment
Ha: OT Contribution by design phase is related to group assignment

Rejecting the nill hypothesis would suggest that there is a relationship between

group assignment and the level of OT contribution, classified by design phase, i.e. group

assignment seems to change the distribution of OT contribution across design phases.
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6.2.3H2.1 Identification of More Taskrelevant Design Characteristics Related to

Performance Barriers During Problem Definition Phase

To answer the quest i aesign partherets focushtleeir DT P |

discussionsindesigne | evant | anguage ?vwasasfolowsw@lstkat ng hy

used the DTPI will identify moréaskrelevant design characteristitsat are related to

performance barriers than those who did not. Analysis was also designed to answer

RQ1.2.1 Secondary research question (exploratory): Wihiahacteristics are mentioned

most often? With a hypothesis that there will be certain salient design characteristics more

commonly discussed than others. For this a

bar o, fAwheel chair o, compeaed. k er 6, Acommoded wa
H2.2 (Exploratory) Time Taken to Arrive at Final Solution. Exploratory

research question as guided by hypothesis that the Groups that used the DTPI will arrive

at a design solution, focused on the teslevant characteristic that are relatedthe

problem, quicker than those who did not.

6.2.4H3. OT and Designer Experience withdadesign Workshop in Cdesign

Process as a Whole

The postworkshop surveys consisted of questions to be responded in ordinal scales
(i.e. Likert scale) and analysis focused on comparing responses between two groups, i.e.
DTPI and norDTPI. Therefore, a MankVhitney U test was be used. It is expected tha
the surveys will have multiple constructs. To reach sufficient power, data from several
constructs will have to be pooled into one combined category. It is also possible that

responses from OTs and Designers have to be collapsed by group assignment (i.e.
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regardless of source of data, data would only be differentiated by DTPI vs no DTPI). For

all analysis, a significance leveldf=0. 05 was used.
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Chapter 7. Results

7.1 Participants

Six OTs (N=6) and six designers (N=6) participated in the study. All OTs (N=6)
were female; 4 designers were female and 2 were male. All OTs had more than 1 year of
experience, and their work experience ranged between 1 to 16 years (Median: 5.3 years).
Ther work experience ranged from long term care, adult rehabilitation, school systems,
pediatric, outpatient, home health, and clinical coordination. All occupational therapists
had at least entrlevel competency in: 1) recommending adaptive equipmentiassis
device for toileting and transfers, 2) recommending minor modifications to home for
toileting and transfers, and 3) performing
perform toilet transfers.

All Designers had more than 1 year of expareeimcluding internship; their work
experience ranged between 1 to 10 years (Median: 4 years). All designers had at least entry
level proficiency in sketching.

Description of participants are provided in Tabl@. Zessions ranged from

approximately 2 howrto 2 hours and 20 minutes, excluding breaks taken in between.

Table 20. Participants summary
oT Designer

DTPI

1 Female, 2 years Male, 6 years

2 Female, 11 years Male, 1 year

3 Female, 10 years Female, 1 year
Control

1 Female, 16 years Male, 1.5 year

2 Female, 1 year Female, 6 years

3 Female, 5 years Male, 5 years
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7.2 Completion of Performance Using DTPI Tool

Prior to evaluating the impact of DTPI on the research questions, | briefly describe
the context in which the DTPI was used by describing the outputs of tdesgmn

workshop.

Example of the OT use of the tool is provided bel@®rftrol group, Figure 24;

DTPI group, Figure 2.

Timestamp(m:ss) Observation / Comments

|Initia\ Observation: tile floor, 3 grab bars (diagonal/pivoting/horizontal), minifridge Save

|Transfer Set-up WC>Standing: Caregiver cues client to reverse WC for BI/L foot pl Save

|Transfer Set-up WC>Standing: Caregiver removes both foot plates in preparation Save

|Transfer Set-up: Client tilts WC forward and accelerates forward until their toes ar| Save

|Sit to Stand Attempt 1: Client reaches with RUE for wall pivoting grab bar attempti Save

|Sit to Stand Attempt 2: Client reaches with RUE to diagonal grab bar across midli Save

|p15 placement of w.c too close to wall, decreased awareness of self in space befo Save

» 000 /531

|pt stating fear of falling, not balanced, increased support from OT Save

|u3e of R UE on vertical grab bar to stand, use of RW for support, able to reverse 4 Save

|Iimited B LE strength potential chserved w slower paced attempted steps to both Save

|pt able to adjust w/c when cued, including scooting forward, observed CGAx 1w Save

|unable to hear communication bt pt and caregiver, pt standing for approx. 60-65 s| Save

|decreased communication of plan for pts activity to transfer from wic Save

| Save

Save

Save

Save

| Save

Save

Figure 24.  Example of OT responses recorded in limited DTPI tool

Regardless of group assignment, OTs generally noticed similar performance issues
(Table 2). In particular, there was 100% agreement between the QiIsthb task
performance during fAapproacho was suboptir
lower levels of agreement; in Task 2, no OT in control group noted any performance issues.

OT in control group 2 noted the fewest number of performance issues|.o@d in DTPI

3 noted the greatest number of performance issues overall.
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pivot toward
toilet

01:11:00 03 pivot CG

toward toilet

Figure 25.

02 prepare to CR

Performance
Rating
Success/ Failure

Safety
0

Fluidity

Physical Effort
Risk for
b

stress

hanical

Level of
Contribution
more than
warranted

Success/ Failure
Success in

multiple attempt

Environmental Remson

Interaction & Rating
Grab bar  used,
Diagonal  unsafely

Too far, Too high

Grab bar Multi

Cushion

3-1 Commode

Wheel Chair

Walker

Floor  used
Space incorrectly

Not enough
space to right

Grab bar Diagonal

Grab bar Multi

Cushion

Assessor comments

Grab bar 1 (multi) is too high for the seated position. The
client is reaching upwards, and pulling self up to
standing/partial standing. They cannot use forward
momentum due to the height.

The client is too close to the grab bar, likely because of the
hight of the bar. They rely on the pulling up method described
previously, then the caregiver must drive the chair backwards.
Driving a chair backwards, using the driver controls instead of
another control source is dangerous, even for caregivers with
experience. Driving backwards is generally not intuitive for the
caregiver to control. It is easy to accidentally maneuver the
chair to areas not anticipated. The client is as risk as the

Example of OT responses recorded in fulVersion DTPI tool

OTs in DTPI group had a higher tendency to iderdifyironmentainfluences that
contributed to thgperformance issues. In contrast, in control group, responses focused on
guantifying the level of independence/ amount of assistance the individual needed to
complete the task. Performance issues were either noted without any references as to

designrelevan f act or s that could be modified by

to back wup for spacing, o0 ficlient first at

positional cues, 0 fAunabl &.to perform due
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Table 21. Inter -agreementon problematic tasks identified

Task 1: Task 2: Task 3: Task 4: Task 5:

approach Pivot Transfer on| transfer off | move away

CR |CG CR |CG |CR |CG |CR |CG |CR |CG
Controll
Control2
Control3
DTPI1
DTPI2
DTPI3

Table 22. Frequency of mentions of environmental factors contributing to
performance issues, by subject

Environmental factors contributing to Control Experimental
performance issues Cl|C2|C3|D1|D2 | D3
Task 1: Poor approach angle
Lack of environmental cues X | X | X
Clutteri not enough space to right/left X | X
Diagonal grab bar too close X | X
Multi-grab bar too far, too low X | x | x
Task 2: Pivot
Poor fit
Lack of continuous support X
Too close to wall X X
Task 3: Transfer on
Lack of stable arm rests X
Arm rest too far to reach X
Toilet height too low X | X
Task 4. Transfer off
Location of supports
Walker hard to maneuver X X
Task 5: Leave/move away

7.3H1.1 OT and Designer Contribution in CaDesign Process as a Whole

Table23 and Figure26 represent théime, in seconds, spent by each contributor
(OT or Designer) overall (all design phases collapsed), by group assignment. The % total

denotes the amount of time spent contributing relative to the total duration of the session
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(noted in Table23). In all groups, regardless of group assignment, OTs had a higher
percentage contribution than Designers (53% in control group, 60%-+ in DTPI group).

Table 23. Duration of contribution, overall

Contribution, seconds

Designer
Duration (% total Duration (% total
(secs) session) (secs) session)
DTPI
1 504.1 6.9% 714.9 9.8%
2 960.8 11.3% 1458.8 17.2%
3 766.7 9.2% 1464.8 17.6%
DTPI
Mean 743.9 9.3% 1212.8 15.1%
Control
1 978.4 13.3% 903.1 13.5%
2 730.7 8.6% 1668.4 19.7%
3 958.2 11.3% 611.9 7.2%
Control
Mean 889.1 11.0% 1091.1 13.4%

% Contribution, Overall (All Phases Combined)

B Designer (secs)

DTPI 1

DTPI 2

DTPI 3

DTPI Mean

Baseline

Baseline 1

Baseline 2

Baseline 3

0%

Figure 26.

25%

Duration of contribution, all phases combined
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Table24 and Figure27 represent thaumberof unique contributions made by OT
and designers by group assignment.

Table 24. Number of unique contributions, by contributor

Designer OT
#) #)
DTPI
1 69 102
2 90 124
3 80 182
M 79.7 136.0
Control
1 93 85
2 85 93
3 111 55
M 96.3 77.7

Comparison of # of unique contributions
made by OT and Designer, by Group

# of Unique Contributions

Baseline DTPI

Group
Figure 27.  Comparison of number of unique contributions

7.3.1Chi Square Test of Independence

Table 25 shows the contingency table used for thesthuare test of association.

There was a higher proportion of OT contribution in DTPI group compared to control
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group: of the 592 unique contributions made in the DTPI group, 381 were made by OTs,
while in the ontrol group (no DTPI), 303 of the 610 unique contributions were made by
OTs. A statistically significant association was found between group assignment and
contribution,c 41)> = 26.423p <0.001. Phi{0) is the most common effect size statistic
reportedwhen interpreting the results of a &guare analysis and has the same range as
C o h edh Dhe analysigl = -0.148) indicates that the effect size of the relationship is
small.

Table 25. Contingencytable used for chisquare test of association

Group
i DTPI No
Contributor DTPI Total
n (%)
oT 381 303 684
Designer 211 307 518
Total 592 610 1202

7.3.2Posthoc Analysis

After detecting a significant, and meaningful, relationship, a-postanalysis
using standardized residuals was performed to determine where the differences exist. The
standardized residuals were used as suggested by Beasley and ScHeagley &
Schumacker, 1995)This was found to maintain Type | error at a satisfactory level by
MacDonald and GardngMacDonald & Gardner, 2000)Those standardized residuals
which are greater than 1.96 (or less thar®6) indicate factors that contributed to the
significart Chi-square findingThe standardized residuals for all four cells were greater
than 1.96 or less thafhi.96; meaning that the pattern of contribution was different for both

OT and Designers.
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7.4H1.2 OT and Designer Contribution by Different Phases of the &design

Process

Figure 19 represents the number of contributions made by OTs at the five different

phases in the edesign process based on group assignment.

Comparison of # of unique contributions
made by OT, by Design Phases

200 Phase

45% M Problem Definition
B Design Requirements
M Brainstorm

@ Product Details

150 B Feasibility Analysis

100

# of Unique contributions

50

Baseline DTPI

Group

Figure 28.  Comparison of # ofunique contributions made by OT, by design
phases, separated by group assignment

In the control (no DTPI) group, OT contributions during the problem definition
phase, accounted for slightly less than 43% of the total contrib(figure 28) In
comparison, in the DTPI group, OT contributions were greatest in Ideation/Brainstorming

phase, accounting for slightly less than 45% of the total contribution (Fi@ure 2
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Figure 29.

DTPI1

DTPI 2

DTPI 3

DTPI Mean

Baseline 1

Baseline 2

Baseline 3

% contribution, Problem Definition phase

B Designer (secs)

|
[
[
[
[

0%

25%

50%

OT (secs)

75%

100%

OT percentage of contribution during Problem Definition phase, by

session (@ded) and group (full transparency)

7.5Chi Square Test of Independence

Table B shows the contingency table used for thestuare test of association.
The proportion of OT contribution during problem definition was higher in the control

group than

in the DPI

ideation/brainstorming was higher in the DTPI group in the control group.

group. The proportion of OT contribution during

Table 26. 2*5 crosstabulation used for chisquare test of association
Design Phase

Defining Design Brainstorming| Finalizing | Elaborating

problem | requirements  concepts solution | on concept
Group | (interpret), generation (diverge) | (transform| (represent)| Total

&
converge)
n (%)
DTPI 134 39 175 10 23 381
No

DTP 129 43 102 19 10 303
Total 2644 82 277 29 33 684
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The difference in the proportion of OT contribution had a statistically significant
associationc Z4) = 18.792, p < .001, with a small effect sige5 0.166). Poshoc tests,
using standardized residuals, indicated that the pattern of OT contributimy dioe
Brainstorming phase contributed greatest to the statistical significance (standardized
residual =1.9).

In addition to group assignment having a statistically significant impact the
absolutdevel of contribution (as quantified by design pha&re is evidence to suggest
it impacts thequality of OT contribution, particularly in the brainstorm phase. To
investigate the differences in the contribution during the Brainstorming/ldeation phase
further, the portionsnefotimendgo awasripttihe
as Afactiveo brainstorming or Apassiveo b
individuals were suggesting new ideas and/or direction, or reacting to thoughts or ideas

provided by the other (FiguD).

% contribution, Brainstorming phase
B Designer, active(secs) Designer, reactive OT reactive OT active
i
DTPI1 :
DTPI 2 i
1
DTPI 3 i
1
Baseline 1 i
Baseline 2 i
1
Baseline 3 i

Baseline Mean —
[}

1
0% 25% 50% 75% 100%

Figure 30.  OT percentageof contribution during Brainstorming/ Ideation phase,
by session (faded) and group (full transparency)
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Il n the DTPI group, there was a higher
brainstorming compared to the control group. A greater number of neas idere
suggested by OTs, in contrast to them merely reacting to ideas or concepts generated by
Designers, as evidenced by more frequent instances of active brainstorming (brainstorm
OT) in Figure31 (DTPI) vs. Figure 2 (control) i who contributed mostlpy reacting

(brainstorm reactOT).

|
| - O 1 T

Start

Figure 31.  Moment-by-moment analysis of a calesign session, DTPI group #2

Start

Figure 32.  Moment-by-moment analysis of a calesign session, control group #1

7.6H2.1 Identification of Task-relevant Design Characteristics Related to

Performance Barriers During Problem Definition Phase

The working hypothesis was as follows: OTs that used the DTPI will identify more

taskrelevant design characteristitsmt are related to performance barriers than those who

did not.

103

P



90%+ of words origated from problem definition phase; therefore-anblysis

only included activities from problem definition phase.
7.6.1Taskrelevant Design Characteristics
There were no differences in the number of features mentioned overall. However,

a highermercentage of OTs attributed features to environmental factors (Bgure

Relative contribution design-relevant characteristics
among total unique contributions made by OTs during
problem identification phase

o 89%

8

total

® relevant

21%
n =
Baseline DTPI

Figure 33.  Number of designrrelevant characteristics mentioned relative to total
unique contributions, by group

BB W & W
B B m B & f

0 EE]

26 26 6l%

23 | BB 735
21

33%

10

: I

h 12% 14%
. | |

30 25 B 15 14 13

total W relevant

Figure 34.  Number of relevant designrelevant characteristics mentioned relative
to total unique contributions, by subject
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Figure34is a list and frequency of tasklevant design characteristics mentioned

by OTs during theproblem definition phaseusing the coding scheme developed for

analysis.

Overall, OTs in the DTPI group referrec tmore taskelevant design
characteristics compared to those in control group. OTs in the DTPI group identified a
higher number of factors impacting caregivers, whereas OTs in the control group tended
to focus their analysis on care recipients only (FégdB). They also followed up their
Adi agnosiso of the problem more frequently

should be modified to address the problgigure 36)

Frequency of Performance Quality Attributed to
Environmental Factors

DTPI Baseline CGorCR
18 | Je¢
MR

16

14
12

wheelc space grab toilet walker wheelc space grab toilet walker
hair bar hair bar

Count of Characteristics Mentioned
[e)] (o)

IN

n

o

Figure 35.  Frequency of taskrelevant design characteristics mentioned by OTs
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SOURCE SOURCE
CR Baseline DTPI {uc] DTPI Baseline
freq |30 29 28|15 14 13 freq |30 29 28|15 14 13
Wheelchair 'Wheelchair
Interface Interface
{-) armrest not moveable 1 1 (-) armrest nat moveable 1 1
(=) footplate needs to be moved out of way manually 2 1 1 (=) footplate needs to be moved out of way monually 1 1
{+) chair can tit 3 1 1 1
Locatton relative to space Location relative to space
(=) too far from toilet - cannot be placed dloser 5 112 1 1 (=) too close to wall {can’t lean forward)] 1 1
(=) too far away (90 degree turn, has to toke many steps) 5 |1 3 1 (-} leads to owkward pasture to hold on and control foystick 3 1 2
(=) no adequate space without bumping into things 1 1 (=) cannot get closer to CR 4 2 1 1
(=) too close to wall {can't lean forward) 5 (1 1 1 2
Design of Product Design of Product
{-) no indicator of optimal spot to ptop and park 1 1 (-} no indicator of optimal spot to ptop and park 1 1
Grab bars Grab bars
Hardware/Interface Hardware/interface
{-) swinging nat appropriate for elient 2 1 1 (-) caregiver abstructing obfect 1 1
(-) graspability: too far, doesn't gras 4 2 2
{-) caregiver obstructing object 1]
(-) locking fature cumbersame 1 1 z
Location relative to space Location relative to space
(=) too far/high to reach (from toilet) 3 1 2
(=) erfentation 3 21
(<) lack of suppat on left side (when seated) 1 1
Design of Product Design of Produet
(=) length {too short, doesn’t extend far enough) 1 1
(=) lack of cues about where to grasp 1 1
[+) multiple places to grab 2 1 1
Toilet Toilet
Interface Interface
(=) height too low 2 2
(=) 30-90-80 seat uncomfortable 1 1
Location relative to space Location relative to space
Design of Product Design of Product
(-} oval shape 1 1
() lack of cues about where to sit 1 1
Raised Toilet Seat Raised Tollet Seat
Hardware/Interface Hardware/interface
(-) too low 2 1 1
(=) have to reach back before seeing arm rest 3 1 11
(+) presence of something to push off of 1 1
Locatton relative to space Location relative to space
Design af Product Design of Product
(-} flimsy / nat sturdy 1 1 (-] flimsy / not sturdy 1 1
Walker Walker
Hardware/Interface Hardware/interface
() too low, leads to poor posture 1 1
() grabbing unintended spat 1 1
Location relative to space Location relative to space
() too tight space 1 1 {-) prevents careglver from getting close to CR 1 1
Design of Product Design of Produet
{-) not stable 3 1 101 {-) not stable 1 1
Other Other
(=) Toa many things -need simplification 3 21 (=) clutter 1 1
(=) elutter 2 2

Figure 36.  Tally of task-relevant design characteristics mentioned by OTs during
the problem definition phase

7.6.2Characteristics Mentioned Most Often

No one environmental feature was mentioned by all participants more frequently

(Figure 37) However, among all OTs in DTPI group, pattern emerged
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analysis focuses predominantly on one or two design features. For example, OT in DTPI
group 1 (Subject 15) mentioned spaetated performance barriers and wheelchelated
performance barriers most frequently; OT in DTPbwgy 2 (Subject 14) focused her
analysis on grab bar and toilet; OT in DTPI group 3 (Subject 13) focused on wheelchair

and grab bars.

Frequency of Performance Quality Attributed to
Environmental Factors

13 14 15 28 29 30 CGorCR
| Jee
W cr

10

Count of Characteristics

walker

space

space

walker

space

space
wheelchair [

raised toilet [ NERERNEG

walker

commode [N
commode [N

commode
grab bar
wheelchair
grab bar
wheelchair
grab bar
grab bar
grab bar
grab bar

o N} ~
space [
raised toilet [N
commode [N
walker [N
toilet |G

wheelchair

Figure 37.  Frequency of performance quality attributed to environmental
factors, by subject
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7.6.3Time Taken to Arrive at Final Solution

Figure38is a timeseries chart per workshop that visually highlights design
activities occurring during the workshop, including meaningfiléstones achieved

during the workshop, e.g. time at which the group arrived at the final so(tUitadate 27)

Problem definition

Design requirement gathering
Ideation/ Brainstorm
Converge/Detail

Feasibility analysis

DTPI Groups

Source
D15 I Imn |
0T15 mimni (N
12:17:00 AM 12:32:00 AM 12:47:00 AM 1:02:00 AM 1:17:00 AM 1:32:00 AM
Source
D14 I Il (I I | [N A | i I I
oT14 1 I O U RN O I O [ I 1l I
12:32:00 AM 12:47-00 AM 1:02:00 AM 1:17:00 AM 1:32:00 AM 1:47:00 AN 2:02:00 AM 2:17:
Source
D13 1 mi il | | | |
0T13 WA e m e mw i ] || I
12:22:00 AM 12:37-:00 AM 12:52:00 AM 1:07:00 AM 1:22:00 AM 1:37:00 AM 1:52:00 AM 2:07:00 AM
Start

Control Groups

Source
D30 1l 111} I il |
0730 [T (] | |
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Figure 38.  Time-series chart per workshop that visually highlights design
activities occurring during the workshop

108



Table 27. Time taken to arrive at final solution

Time when groups started to work on what wou
become final solution (normalized time)

DTPI
1 1:13
2 2:02
3 1.22
Control
1 1:19
2 12:53
3 12:40

From visual inspection of theharts, there appears to be no association between the
number of # design characteristics mentioned by OT to time taken to arrive at a final
solution. In fact, teams in control group, on average, arrived at their final solution quicker

than those in DTPImgup.
7.7H3. OT and Designer Experience with Cedesign Workshop in CeDesign Process

Table 28 shows the sakéported scores on the pasbrkshop surveyOverall,
regardless of group assi gnmenandouipwaelated ci pan:i
gusstions were overwhelmingly positive, mean overall scores ranging from 4 to 4.85.
However, there were no statistically significant differences between groups on their
perception of their own experience in the-dmsign workshop, in neither designers
(proces-related experience: U = 9045= 0.465; Outputelated experience: U= 97 b=
0.508) nor OTs (Processlated experience: U= 8807 0.163; Outputelated experience:

U = 167.9,p = 0.503). In other words, the result of the Maihitney U test does not

support the proposition that those in the DTPI group reported more positiesigm
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experience. However, there was a positive trend in that participants in DTPI group reported
highe s cor es Myn ttehaem intaetne, pir ovi ded me wi th i

Many insights from qualitative debrief interviews align with the reported positive
scores. Il n particular, the Designeralyy n DTP
knowledgeable, and as a designer my goal was just to help her confirm her knowledge and
direct evaluation and ideationd0 Some data suggest that even
simply being given the opportunity to collaborate encouraged creatimeptsolving.
One designer i n the Mydteainmatelwasgxtremely articidapep r t e d
and was able to give specific use cases and examples relevant to why or why not certain
design concepts would be beneficial. Overall, | think we hadyagaod vibe and were
able to freely communicate anSimilaly, heOTeach o
that was paired with the aforementioned Designezontrolgr oup expWessed t
communicated at a professional and collaborative level whictowaged creative
problemsolving 0

Participants provided a few sbhayiggesti on
information provided in the prep email regarding what ID and OT is for each party to
maybe further understanding for meeting ( OT i n up)o Two rdesignerg r o
commented that the virtual format made it difficult to use their entire toolkit of ideation,
including sketching and physical demonstration. Furthermore, four individuals expressed
that 3 hours was not enough time to create a fully dpeel concept superior to existing
solutions; however, one of hadlaeecally graatrstart ndi v i

and good conversation that could turn into a successfully solution
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Table 28. Summary of postworkshop questionnaireresponses

Designer oT
Control DTPI Control DTPI
(n=2) (n=3) (n=3) (n=2)

Process

My team mate provided me with useful 4.5 5 4.67 5
information that informed my decisions

My team mate provided me with 3.5 4.75 4.33 4.5
information at the right time

| was able taunderstand what my team 5 4.75 5 4.5
mate was trying to communicate with me

My team mate was able to understand wl 4.5 4.5 5 5

| was trying to communicate to
him/her/them.

| feel that my team mate and | worked we 4.5 5 4 5
together
| feel that decisions were made at oddsw 4.5 4.75 4.67 4.5

my own perspectives/ opinions*

AVERAGE 4.42 4.79 4.61 4.75

Output

My team met the goals and expectations 3.5 4 4.67 5
that were agreed upon during the worksh

With moredevelopment, our concept wou 4 4.75 4.67 4.5
be successful in meeting the needs of ou

user(s).

| enjoyed interacting with my teammates 4.5 5 5 5
when working on this project

My team mate challenged/ questioned m 3 5 4 4.5
ideas/statements.

| appreciated when my teammates 4 5 5 5
challenged or questioned my ideas

| felt more creative working with my team 4.5 5 5 5
than | would have working by myself

If I had the choice, | would prefer to work 4.5 5 5 5
with my team instead of by myself

AVERAGE 4 4.82 4.76 4.85

Note.* indicates when scores were revers:
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7.7.1Feedback on DTPI tool

Postworkshop interviews with OTs, conducted after a debrief on true purpose of
the study, suggest that OTs resonated with the need for a tool to support communication
with Designers. All OTs in theontrolgroup, who used the tool as part of thedesign
workshop, felt that the instruction video was easy to follow and they could learn the
functionalities of the tool successfully to complete their assignment. However, OTs
provided a few suggestions to improve the interface. Two OTs felt that the sheeit amou
of information displayed at once was overwhelming, especially because not every
consideration was relevant at every point. They did, however, acknowledge the complexity
and the wide range of factors that OTs need to consider when assessing perfadmance.
OT felt that it may be effective to have
exhaustive prompts which could be more geared towards novice OTs, and another that
allow more independent, freeform annotations.

OTs discussed potential additiorealenues that a tool such as DTPI can benefit
other areas of OT practice and education. Five out of six OTs thought the ability to play
back videos and analyze performance by task would help novice OTs and/or students
develop clinical reasoning skills, paularly in areas where it is difficult to get harnols
experience. Two out of six OTs expressed potential for a similar interface to be used for
remote assessments of a home to inform home modification practice, by supporting
clinically relevant documeation of the environment (i.e. analysis of pergorironment

interaction and performance).
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greatest in the earliest part of thedmsign process during the problerantification phase.

In the brainstorming phase, contributions by the OTs took a much more passive form,
whereby they reacted and added perspectives to ideas and suggestions contributed by
designers.

H2.1: OTs that used the DTPI will identify more tasKevant design
characteristics that are related to performance barriers than those who did not.

Analysis for H2.1 yielded support to accept the hypothesis (H2.1 not rejected), as
evidenced by the statistically significant increase in the number of incideheesOTs in
the DTPI group used desigelevant characteristics when describing an environmental
feature. This was especially an encouraging finding, as the number of mentyame il
featuresdid not change between groups, and the only change obsem®dn the
percentage of the mentions @dsignrelevant characteristigsthe language that the tool
provides.

H2.2: OTs that used the DTPI arrive at a design solution, focused on the task
relevant characteristic that are related to the problem, quitaerthose who did not.

There was no evidence to support H2.2 (H2.2 rejected); i.e. DTPI groups did not
arrive at the solution quicker. Recognizing that efficiency is not the only metric of a better
process, further qualitative analysis of the data was conducted to shed explore a
additional impact not considered. The speed at whictlesign teams arrive at a final
solution seems to be a function of multiple other factors, including: 1) approach taken for
brainstorming (brainstorm as problems arise or prioritize problems hefairestorming

solutions), and 2) the number and complexity of details discussed for the concept.
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Chapter 8. Discussion

8.1 Contributions of the Dissertation

8.1.1Feasibility of a Toolmediated Cedesign Pr@ess

This dissertation involved the design of a design tool and the implementation of
this tool in a cedesign workshop with designers and occupational therapists. This process
shed light to the potential approach that can improve the process by which desinghers
occupational therapists engage in adesign task to develop new assistive technology
solutions. The results suggest that by providing a simple tool that nudges occupational
therapists to translate their expertise into design relevant terms, ooocapéierapists are
able to identify designelevant issues more efficiently, as well as by using more relevant
terms. The effect was also reflected in the reports of the designers that worked with the
occupational therapists, who stated that they felt teeeived the right information at the
right time, in a way that they could understand. Therefore, the contributions of this
dissertation demonstrate the feasibility of ato@diated cadesign process to improve the
way occupational therapists collabmawith designers during design of assistive

technology solutions.

8.1.2Situating DTPI Within ICF Framework

The DTPI supports occupati on-ddsignither api s
designersby facilitating a more seamless integration of their expeitiso the design

process. As such, the DTPI aligns with the original intent of the ICF, which is to provide a
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B denotes the pathways through which DTPI intervenes
to improve the design of AT (environmental factor)

Figure39. DTPI 6s i npathway esingICFo n

In particular, occupational therapists have deep knowledge of body functions &
structures and activity (orange in Figure 39). Then using the DTPI, they unpack their
knowledge into environmental factors (blue in Figure 39), that are then communicated to
thedesignelT her ef or e, DTPI 6s pat hwa y-designproaeds| uenc
by which occupational therapists and designers collaborate) can be understood as existing
within the arrows betweerBody Functions & StructuresActivity, and Environment
componergof the ICF, which represent the translation of vartoaissactional interactions
to implication for desigiiFigure 39) With the translated knowledge as input, occupational
therapists and designers -design assistive technologies, and createmadified

Environmentvhich improves activity performance.
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1)

2)

3)

4)

5)

Complete an environmental inventory of all environmental features in the space in
which the activity occurs; dissect features into characteristics, and attributes in all
scales of the enviroment (i.e. spaces, products, devices, technologies, user
interfaces).

Create a visual representation of the space to show amount of space available for
activity, placement, configuration, and dimensions of features.

Perform task analysis to identify invitlual tasks that constitute the activity.

Observe performance (using recording, if possible). For each key task identified
in two, document how individual(s) is/are interacting with the environment;
specifically, note what environmental feature(s) they iateracting with or not
interacting with. If there is interaction, assess the degree to which the
characteristic(s) and attribute(s) of the feature(s) facilitated or hindered the
performance. If there was no interaction, assess reasons forte@cion.

For an identified performance issue, consider how the environment may be

modified to minimize or eliminate that issue.

8.1.4Comparison With Other Studies on GBesign Involving Nordesigners

Much of previously completed work on occupational theragesigner
collaborations have occurred in pastcondary university setting@Ang, Larkin, &

Watchorn, 2011; Brown et al., 2021; De Couvreur & Goossens, 2@iidl) pre

professional students within the context of interprofesdieducation. Therefore, existing

literature focuses predominantly on describing the experiences of the students in relation

to the learning modules, sekported readiness for interprofessional collaboration in future

practice, and achievement of inteddearning outcomes. While important, they provide
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limited insight into the process by which occupational therapists and designers collaborate.
This dissertation work bridges the knowledge gap that exists within the occupational
therapist designer ceadesgn literature. It is unique in that it focused on not merely
organizing opportunities for the two disciplines to collaborate, but exploring how the
quality of the collaborations can be maximized. Improving thalesign process is
important, especially gan the longstanding recognition that it is not straightforward for
clinicians to take up an active role in desigflatoony & Lee, 2020; Slegers, Kouwenberg,
Loucova, & Daniels, 2020; Sutton & Kemp, 200&hd expertise of occupational therapists
may be underutilized.

This dissertation work is also unigue in that it promotes occupational theraps 6
active engagement in all aspects of the design process, not just those areas in which
where they are expected to have natural expertise. Many studies express agreement in
the role of clinicians in designing AT is essential, especially in educiingadesign
partners on medical constraints and possibilities for each individual, task analysis and
creating new ways of approaching tagkmiri et al., 2017) However, this work has
suggested that providing the occupational therapists with abilgydak in design
language may also have a ripple effect to increase their ability to be a more active

participant during ideation and brainstorming phases.

8.2 Strategies Employed to Identify Solutions

Although thedissertation providedo evidence to suggdsiat being able to talk in
designrelevant terms allows edesign teams to arrive at a solution quictéypothesis
3), efficiency is not the only metric of a better process. Further qualitative analysis of the

data was conducted to shed explore any ehdit impact not considered. The speed at
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which codesign teams arrive at a final solution seems to be a function of multiple other
factors, including: 1) approach taken for brainstorming (brainstorm as problems arise or
prioritize problems before brainsting solutions), and 2) the number and complexity of

details discussed for the concept.

8.2.1Approaches Taken During Problem Identification and Brainstorming

Two distinct approaches to brainstorming were observed. The first strategy,
exhibited by DTPI groupd andcontrol group 2, involved selective ideatiatter all
problems were identified and prioritiz§Bigure 39).The second strategy, exhibited by
DTPI groups 2,3 andontrolgroups 1 and 3, involved brainstorming issaeproblems
are verbalized, thecombining the best features into one con¢Ejgure 40) The literature
describes the former strategy as one more frequently exhibited by more experienced teams
(Perisic, Martinec, Storga, & Gero, Z)1 determining what their focused problem is
allows them to devote their attention to what is directly related to their directions. The latter,
while it may allow for a more exhaustive and comprehensive exploration, introduces
inefficiencies and restd in spending a lot of time developing ideas that ended up being
shortlived and/or abandoned, or not relevant to the problem at hand. Not knowing which
problem was important to solve ended up delaying identification of final solution. However,
despite tle prioritization approach taketheir final solution generation was delayed by
more instances of tustaking. DTPI 1 and@ontrol2 groups set aside time to work in silence
independently, allowing each team member to generate their own thoughts befioig shar
their ideas together. While this approach allowed formulation of thoughts not influenced
by other member, the teams had to go through patterns of sequential turn taking as each

member had to describe their ideas to the other, requiring more time.
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the platform will be
locked until the sling
is connected to the
other end - to
prevent unexpected
rotation

Figure 41.  Goal-oriented brainstorming, followed by focused brainstorming to
develop details (observed in DTPI group 1 and control group 3)

anterior
support

Performance
barriers

Figure 42.  Bottoms-up brainstorming, examining all potentially relevant
performance barriers as they are discovered (observed iDTPI groups 2 and 3;
Control group 1
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8.2.2Number and Complexity of Details

It was generally observed that the more developed and contextual questions they
considered, the later the final idea emerged. Groups that arrived at solutions quicker tended
to have fewer number of key details developed. In particular, DTPI 1 group spent a
significantly longer time developing key details (e.g. where is the pivot point for the foot

plate, how high does the knee guard have to be, what mechanism will be usedetd pr

tipping?)
8.3Interplay Between Verbal and Visual Contribution

Analysis of the results suggests reciprocal effects between OT and Designer
behaviors. Changes in OT contribution in the DTPI groups inevitably had an impact on the
desi gner s 0 asctlerdengthi ob the adesign, workshops was kept relatively
consistent across groups (all-design groups ranged between 2 hours 15 minutes to 2
hours 35 minutes; there were time points at which facilitator encouraged the teams to
progress to the nextegi in order to ensure that all teams reach a final solution at the
conclusion of the session). With the length of the wholelesign workshop staying
relatively fixed, the increased number of contributions from OTs necessarily resulted in
decreased numbef verbalc ont ri buti ons from Designers.
was more directed towards nwearbal activities, such as sketching and looking at
references online, at the same time when OTs were contributing verbally. In fact, this
nature of collabration suggests a more integrated, collective form of collaboration
between calesigners. Rather than linear, sequential contributions from isolated team
members, a number of activities occur in parallel that focus on representing the same idea

in multiple different forms. Previous studies have attempted to understand the relationship
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bet ween the integration of visual and ver be

verbalv i s u a l transl ation of design prd@d&positio

The development of a hybrid verbaVisual language, where words and visual forms of
representation play a mutually supportive role, appears to contribute significantly to its

success in several respects of the design process (Yair & Press, 2000).

8.4 Limitations and Improvements to the Study

There were several limitations to this study. Firstly, the dissertation utilized a small
sample size (6 OTs, 6 Designers, resulting in 3 DTPI groups acwhtBol groups).
Therefore, it represents a starting poaftinvestigation into OIDesigner cedesign
collaboration but lacks generalizability. There are many possible variables, e.g. age, years
of work experience, that make eachdmsign group unique, beyond their similarity by
discipline. In addition, it onlyexplores a 1:1 dynamic; how the collaboration may be
different with different group composition (e.g. one designer with multiple OTs; one OT
with multiple Designers) could not be examined.

In particular, the impact of extent of experience on the matuarafitheir approach
to problems is well recognized in research, both in OT and design fields. In that regard, the
pairing of OTFDesigners in the study could have been arranged for there to be more
similarity in work experience between the partners, so tiatimpact of extent of
professional experience could have been better controlled for. Recognizing this impact,
every effort was made to reduce the experience gap between partners, and all participants
were professionals who had at least 1 year of expezim their respective fields. However,

OT participants were still more experienced and older on average than the designers. Future
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studies could employ additional strategies to better control for, and/or devise workarounds,
for the experience gap betwetkie disciplines.

The DTPI interface that was implemented in the dissertation could improve from
further iteration and inclusion of larger samples of experts during its refinement.

The cedesign workshop was structured so that all aspects addbign process
were covered. However, feedback from participants during thewm&shop interviews
suggest that participants could have benefited from having more time in each step.
Extending the length of the collaboration, perhaps by having more ti@mrcaresign
session over a period of time, could have helped gain additional insights. Four participants
expressed (three OTs, one Designer) that it may have been effective for the workshop to
be structured into mutdlay endeavor, and that it would bdgfel for the brainstorming
phase to be on a different day from the problem definition/ design requirements generation
phase. They reasoned that having some latency between the two sessions could have helped
their understanding of the problem evolve, drartcontributions more effective once they
reconvene. However, with a mu#iession calesign structure, it would be important to
recognize and control for the effects of additional variables, such as consulting other
professionals about the problem, aming tools other than those provided as part of a
design task (DTPI, OT Practice Framework) to guide their thought process.

A virtual format was chosen for conducting thedssign sessions due to practical
constraints (dissertation study occurring duargjobal pandemic). Fade-face cedesign
sessions may have revealed additional, richer insights into theesign process,
particularly in the use of physical materials (e.g. sketching on paper) and physical

interactions (e.g. gestures, body languadgédacilitate the process. Although the quality of
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virtual collaboration tools has matured significantly in the past few years, it is well known
that the nature of virtual vs fade-face collaborations differs significantly, especially upon
collaboratingwith new partners.

Lastly, the analysis of the data predominantly involved a quantitative analysis of
gualitative sources, driven by the three research questions. However, it is possible that
analysis of the data with different angles may unpack othéghissabout calesign
collaboration not captured by this work. In particular, literature on design collaboration
suggests multiple sources of friction amongdesign partners due to the differences in
values, experience, and perspectives (Brown and Ya@3)). There was minimal
evidence of such conflict in the -c&sign workshops conducted; however, an alternative
coding scheme could have helped to unpack further insights in this regard. Although it is a
positive indicator in that the tool may have helge minimize or eliminate sources of
confusion, the study findings are limited by way of understanding strategies for negotiating

disagreements and conflicts.
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Chapter 9. Implications for Future Work

9.1 Areas for Further Research

The dissertation gives rise to new areas for further investigation, both for research

and practice (in design and occupational therapy). | conclude by outlining these areas.

9.1.1Relationship Between Process and Outcome

The results of this study suggest thetupational therapists, with an aid of a tool,
can be better prepared to contribute more destgvant knowledge into the process.
However, it remains to be seen what impact, if any, that would have ontfhgof their
designi i . does midre relevdrcontributions from OTs engender products that are more
usabl e, useful, a n drhere asvaogrowing bddy of tebearch wrs e r s ?
correlating factors in the desigmocesswith designoutcomewhich makes this question
timely. Performance of mukHilisciplinary, crosgunctional design teams is thought to be
strongly correlated to successful new product development (McDonough I1ll, 2003;
Holland, Gaston, & Gomes; 2000), resulting in increased attention being paid to employing
morerigorous, systematic proces$owever, design outcome is influenced by many hard
to-measure factors in the design process. There were many factors precluding the
examination of design outcomes in this study. The success of a design outcome necessitates
examination of the device performance as interacted with the user, and examining many
functional performance metrics of the resultant output. Therefore, it can only be judged in
the face of a physical embodiment of the concept in a form that the user ead irgeract.

As this study only utilized concepts in sketches, it was not possible to evaluate its impact
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on users. The relationship between process and outcome is also made complicated by
contribution of confounding factors, including designer abiljtsdglls, and creativity.

These limitations notwithstanding, a few studies do suggest reason to believe that
a more rigorous process is positively correlated with stronger design outclbnees.
suggested thahighest quality products come from teams wath increase in shared
understanding of design go@f¢einsmann & Valkenburg, 2008Moreover, Dong et al.
(2010) examined the role of coherency in team documentation, thought to be a result of
better shaezd understanding among team members, in influencing design outcome, and
found that process coherency was positively correlated with more successful design
outcomes. ere as Similarly, previous work examined the relationship between sketching
and design outime, and found that the total number, variety of sketches, and level of detall
in the sketches (all reflections of a more thorough exploration of the design phase) were
positively correlated with design outcom(&ong & Agogino, 2004; Yang & Cham, 2007)
The focus on strengthening the rigor of the prodesdso in line with the approach of
many graduate programs; which focus on giving students the skillsets to identify the
problem and systematically investigate the problem, thereby maximizing the likelihood
that their approach will lead to success. Howeye t h e qdoes s beitev process
result i n b étoneé¢hat shouldtbeexpiored tRraugh future research, and one

that cannot be answered without user testing of a physical embodiment of the design.

9.1.2Generalizability of Approach

This dissertation studied only one design task, of developing an AT concept to
facilitate transfers, due to the labiotensive nature of the study. More investigation will

be needed to generalize the impact of this approach in improving tthes@gn process
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corsistently across different design problems, team configurations, etc. In addition, with
continued refinement of the tool, future research should investigate whether a bigger effect
in the desired domains (H3.1 and H3.2) is gained.

Future work should alsexamine the potential of a teolediated approach in
facilitating codesign in domain areas other than AT. AT is a unique field, which may be
distinguished from other areas of design in that its success is defined by meeting a need
that is specific and téntimes limited in scope. Given findings of this dissertation study,
OTs seem to be a valuable-design partner in an AT endeavor; they, in collaboration with
designers, identified specific performance barriers that were in need of a design
intervention,and actively contributed ideas to solve the problem. However, had the scope
of the problem been less defined, target population less clear, and/or the design task was to
design a product for the wider, general population, would the value and extent@®f OTs
contribution have been the same? The data from the dissertation provides some insights.
For example, there is some evidence to suggest that when the process was predominantly
led by OTs assessment of the performance, the solution space tended to igtdy lim
optimizing for the most feasible ideas but
ideas. More research is needed to gain more knowledge about the nature of OT

contribution on different problem spaces.

9.1.3Role of OT in Influencing Design Proess

In the coedesign sessions, each team was free to utilize design methods that they
saw appropriate for the task. The precise i
the degree of creativity and/or success of their process is notAldeeger understanding

of the relative influence that design methods have etesign process would help inform
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9.3 Implications for Practice: Occupational Therapists

9.3.1Potential Applications For Tool for Other Domains

Postworkshop interviews with OTs suggested that there may be additional avenues
that a tool such as DTPI can benefit other areas of OT practice and education. Future work
should investigate the tool s furaneas pot e
to support development of clinical reasoning by supporting more nuanced approach to
performance assessment, and adaptation into an interface that could support remote

assessments of a home to inform home modification interventions and/or AT @movisi
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APPENDIX A. Recruitment

Curious how

Al. Study Recruitment Flyer (Designer and OT)

OCCUPATIONAL
THERAPISTS ond

INDUSTRIAL DESIGNERS

can work together to create novel assistive technology
solutions for people with disabilities?

Consider participating in a
virtual research study to help
Georgia Tech researchers
understand how to better
support Occupational
Therapist- Designer co-
design teams to collaborate
more effectively.

ELIGIBILITY CRITERIA

Student (with at least 3 months
internship experience) or professional
in design fields, including

Industrial /product design, human
centered design, product innovation,
or equivalent

Require understanding of the design
process and proficiency in ideating
and physical product sketching

COMPENSATION

« 540 for students
« $200 for professioncds

REQUIREMENTS

Pre-workshop (5 minutes)
« Demographics questionnaire
(5 min)

Virtual Workshop (2.5 hours)
« Work with occupational therapist
to develop an assistive technology
concept

Post workshop (1 hour 5 minutes)
+ Post-workshop questionnaire
(5 min)
« Virtual Debrief interview (1 hour)

CONTACT SUSAN LEE AT SU.LEERDESIGN.GATECH.EDU
Mention "AT Co-Design Workshop Study" in e-mail
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Curious how

OCCUPATIONAL
THERAPISTS ond
INDUSTRIAL DESIGNERS

can work together to create novel assistive technology
solutions for people with disabilities?

Consider participating in a
virtual research study to help
Georgia Tech researchers
understand how to better
support Occupational
Therapist- Designer co-design
teams to collaborate more
effectively.

ELIGIBILITY CRITERIA

Student (with at least 3 months of
Level Il fieldwork) or professional in
occupational therapy

COMPENSATION

« S50 for students
« $250 for professionals

REQUIREMENTS

Pre-workshop (1 hour 5 minutes)
. Demographics questionnaire
(5 min)
« OT assessment & documentation
for video case study (1 hour)

Virtual Workshop (2.5 hours)
« Work with designer to develop an
assistive technology concept

Post workshop (1 hour 5 minutes)
« Post-workshop questionnaire
(5 min)
« Virtual Debrief interview (1 hour)

CONTACT SUSAN LEE AT SU.LEE@RDESIGN.GATECH.EDU
Mention "AT Co-Design Workshop Study" in e-mail
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What Are the Reasons Y ou Might Want to Velunteer For This Study?

You are not likely to benefit in any way from joining this study. However, vour
participation in this study may assist researchers in understanding how we might
support OTs and Designers work together more effectively. As a compensation
for your time, we are offering $200 Amazon gift card.

Do You Have to Take Part in the This Studv?

It is fully your decision if yvou wish to be in this study or not. If you choose not
to participate, or choose to participate and later determine you no longer wish to,
you will not lose any rights, services, or benefits as a result of your withdrawal.
The study is completely voluntary.

Page2of 7
Adult Consent Template — Key Element; Version Date: April 2021
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CONSENT DOCUMENT FOR ENROLLING ADULT PARTICIPANTS
IN A RESEARCH STUDY
Georgia Institute of Technology

Georgia Institute of Technology
Project Title: Increasing capacity of occupational therapists and designers as co-
design partners in development of assistive technology solutions

Investigators: Jon Sanford, M.Arch, Su Jin Lee, MS, OTR/L
Protocol and Consent Title: Main 08/03/2021v1.2 - Design Professional version
You are being asked to be a volunteer in a research study.

Purpose:
The purpose of this study 1s to bring occupational therapists and designers

together to generate new assistive technology (AT) concepts for people with
disabilities, specifically those intended to make caregiver-assisted transfers
easier and safer. In doing so, we hope to: 1) explore how occupational therapists
(OT) and designers collaborate to create new assistive technology (AT) concepts
for people with disabilities, and 2) generate guidance to support OTs and
designers to collaborate more effectively in the future.

We expect to enroll 12 people in this study.

Exclusion/Inclusion Criteria:
Participants in this study must either be an occupational therapy student or
professional.

Participants must

e Have at least 6 months of professional design experience, defined as:
full-time job (or multiple jobs totaling ~40 hours) in a position in titles
such as: industrial designer, product designer, interface or interaction
designers, user experience researcher/designer

e Possess competency in sketching and/or computer software to develop
quick visuals of ideas being presented

e Have reliable internet connection (for workshop)

¢ Have no prior experience working with an occupational therapist to
design and/or develop assistive technology.

e Be located in the United States

Procedures:

If yvou decide to be in this study, vour participation will involve three steps,
which will occur over a span of approximately 15 days:
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1) Pre-workshop (5 minutes): we will ask you to:
- Complete a demographics questionnaire
- Review some material to prepare you for the activities you will be
asked to perform in the workshop
2) Workshop (2.5 hours): Workshop will be conducted virtually via
Bluejeans. You will be asked to participate in one co-design workshop
session, approximately 2.5 hours long. In it, you will be asked to
collaborate with your team member to create a new AT solution which
will make caregiver-assisted transfers easier and safer.
3) Post- Workshop (1 hour 5 minutes) After the workshop, you will:
- complete a questionnaire to answer questions about your experience
during the workshop
- participate in a follow-up interview to debrief on your experience.

With your permission, we will audio- and video-record the workshop and post-
workshop interview.

We will not tell you everything about the study in advance. When the study is
over, we will tell you everything. At that time vou can decide whether to let us
use your information. You have the right to then require that your information
be destroyed.

Risks or Discomforts:

The risks involved are no greater than those involved in daily activities such as
collaborating with individuals for the first time on a design problem. You may
feel frustration upon encountering difficulty communicating with your partner,
problem solving, and reaching consensus when multiple perspectives and
opinions are present.

Benefits:

You are not likely to benefit in any way from joining this study. However, your
participation in this study may assist researchers in understanding how we might
support OTs and Designers work together more effectively.

Compensation to You: .
As a compensation for your time, we are offering $200 Amazon gift card.

U.S. Tax Law requires that a 1099-misc be issued if U.S. tax residents receive
$600 or more per calendar year. If non-U.S. tax residents receive more than
§75, mandatory 30% withholding is required. Your address and Tax 1.D. may
be collected for compensation purposes only. This information will be shared
only with the Georgia Tech department that issues compensation, if any, for
your participation.

Storing and Sharing vour Information:

Paged of 7
Adult Consent Template — Key Element; Version Date: April 2021

140



“Your participation in this study is gratefully acknowledged. It is possible that
your information/data will be enormously valuable for other research purposes.
By signing below, you consent for your de-identified information/data to be
stored by the researcher and to be shared with other researchers in future studies.
If you agree to allow such future sharing and use, your identity will be
completely separated from vour information/data. Future researchers will not
have a way to identify you. Any future research must be approved by an ethics
committee before being undertaken.”

Use of Photographs. Audio, or Video Recordings:

We may want to use some of the photographs, audio, or video recordings of you
in public presentations related to the research. We will not use any videotapes,
photographs, recordings, or other identifiable information about you in any
future presentation or publication without vour consent.”

Confidentiality:

The following procedures will be followed to keep vour personal information
confidential in this study: We will comply with any applicable laws and
regulations regarding confidentiality. To protect vour privacy, your records will
be kept under a code number rather than by name. Y our records will be kept in
locked files and unless you give specific consent otherwise, only study staff will
be allowed to look at them. Your name and any other fact that might point to
vou will not appear when results of this study are presented or published.

However, in the future, we may strip vour data of all information that could
identify you. If this is done, we will share the de-identified information
purposes of future research without obtaining additional consent from you

The Georgia Institute of Technology IRB and the Office of Human Research
Protections may look over study records during required reviews.

You should be aware that part of the research study (i.e. demographic
questionnaire) is not being run from a ‘secure’ https server of the kind typically
used to handle credit card transactions, so there is a small possibility that
responses could be viewed by unauthorized third parties such as computer
hackers. In general, the web page software will log as header lines the IP
address of the machine you use to access this page, e.g.,102.403.5006.807, but
otherwise no other information will be stored unless vou explicitly enter it.

Costs to You:
There are no costs to you, other than your time, for being in this study.

Questions about the Study:

If you have any questions about the study. you may contact Jon A. Sanford,
Principal Investigator at telephone (404) 894-1413 or
Jjon.sanfordi@design.gatech.edu
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e Your participation in this study is voluntary. You do not have to be in
this study if you don't want to be.

¢ You have the right to change your mind and leave the study at any time
without giving any reason and without penalty.

e Any new information that may make you change your mind about being
in this study will be given to you,

¢ You will be given a copy of this consent form to keep.

¢ You do not waive any of your legal rights by signing this consent form.

“If you have any questions about your rights as a research participant, you may
contact

Ms. Melanie Clark, Georgia Institute of Technology
Office of Research Integrity Assurance, at (404) 894-6942.”
[or]
“Ms. Kelly Winn, Georgia Institute of Technology
Office of Research Integrity Assurance, at (404) 385- 2175.

If you sign below, it means that you have read (or have had read to you) the
information given in this consent form, and you would like to be a volunteer in
this study.

Participant Name (printed)

Participant Signature Date  Time

Signature of Person Obtaining Consent Date

Consent to Store and Share vour Information:
“I agree that my de-identified information/data may be stored and shared for future,
unspecified research.

SIGNATURE

I do not allow my de-identified information/data to be stored and shared for future,
unspecified research. These may only be used for this specific study,

SIGNATURE
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ohttps://senior.com/products/stander-curve-grab-bar-pivoting-ladder-assist-handle-wall-mounted-bathroom-standing-mobility-aid?variant=15478807494743&gclid=Cj0KCQjw5JSLBhCxARIsAHgO2Se2CVWUzsZ6EAF-yFTu2pjMsM-gSX8GBxcYTR4cTMaaaxYAIg1l1PUaAuHCEALw_wcB
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