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PRINCIPLES FOR TRANSDISCIPLINARY DEVELOPMENT

Abstract
Developing useful and usable assistive technologies often presents complex (or “wicked”) challenges
that require input from multiple disciplines and sectors. Transdisciplinary collaboration can enable
holistic understanding of challenges that may lead to innovative, impactful, and transformative
solutions. This paper presents generalised principles that are intended to foster transdisciplinary
assistive technology development. The paper introduces the area of assistive technology design
before discussing general aspects of transdisciplinary collaboration followed by an overview of
relevant concepts, including approaches, methodologies, and frameworks for conducting and
evaluating transdisciplinary working and assistive technology design. The principles for
transdisciplinary development of assistive technologies are presented and applied pos hoc to the
COACH project, an ambient assisted living technology for guiding completion of activities of daily
living by older adults with dementia as an illustrative example. Future work includes the refinement
and validation of these principles through their application to real-world transdisciplinary assistive

technology projects.
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1 Introduction

A person’s wellbeing (i.e., a person’s assessment of his or her physical, emotional, and mental
state) is directly and profoundly impacted by his or her ability to achieve the activities required to
maintain his or her health and quality of life'. For the purposes of this paper, an “assistive
technology” constitutes a tool that a person uses to accomplish something that would be difficult or
impossible for him or her to do otherwise. With the potential to support a virtually unbounded
range of activities, appropriate well-designed assistive technologies can be life-changing by
complementing an individual’s abilities and enabling him or her to accomplish things they wish to
do. However, the development of assistive technologies is inherently complex as their development
and adoption takes place within psychological, social, and cultural contexts, while the market for
products and services is characterised by fragmentation at international and regional levels, as are
regulatory frameworks and service models. Creating useful and usable technologies against the
backdrop of ethical, social, psychological, technical, and financial challenges inherent in real-world
applications is a challenge that requires many skills, and benefits from the integration of different
disciplinary, experiential, and professional perspectives. Such a complex undertaking requires the
fusion of expertise from a diversity of backgrounds and sectors, not just to create new ideas, but to
imagine new solutions to existing challenges, and create new products and services that are of value
to the people who use them.

Information and communication technologies and pervasive computing have an increasingly
important role in society, and their influence on the design of assistive technologies is no exception.
There are an increasing number of initiatives focused on integrated technologies for supporting
wellbeing. For example, the European Ambient Assisted Living Joint Programme” and the Canadian
AGE-WELL Network of Centres of Excellence’ are major international and national level research

and innovation initiatives to explore, develop, and commercialise technology that supports the
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independence, health, and wellbeing of seniors. Despite the opportunities for significant social and
economic benefits via low-cost products and services, research in this area is challenging’; not least
is the question of how to mobilise diverse teams of researchers and knowledge users to work
together effectively towards the innovation goals. The complex and challenging nature of this
research often causes it to go beyond traditional disciplinary boundaries. It is increasingly common
to have large project teams from multiple backgrounds (e.g., engineering, information technology,
clinical sciences, social science, humanities, business) working with stakeholders from different
sectors (e.g., industry, government, service providers) along with significant technology-user input
throughout the endeavour)”.

This paper presents ideas that may help to address challenges and opportunities of researching
assistive technology in a practical way. In particular, the need to work across disciplinary boundaries
and sectors using effective practices has become a major topic in its own right, with the concept of
transdisciplinarity emerging as a meme in contemporary discourse regarding research, knowledge
creation and translation, and market-ready products and services’. The goal of this paper is to
articulate the principles that we feel are key to transdisciplinary development of assistive
technologies. These principles are meant to be adapted into practice as each context requires and are
intended to foster united approaches to technology research, development, and deployment. The
principles are designed to support the integration of different perspectives, concepts, models,
frameworks, and working practices to enable ‘out of the box’ thinking about a problem space in
ways that will lead to deeper understandings and insights that lead to real-world innovations. As
such, this paper is not intended to present a definitive methodology or framework, but puts forward
an evolving set of heuristic principles that provide orientation and guidance to approaching a

research challenge in the area of assistive technology as a transdisciplinary team.
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2 Transdisciplinary collaboration

The role of different environments, socioeconomic status, desirable outcomes, available
technologies, abilities, and preferences of the people who will be using a technology are some of the
complex issues that need to be understood and addressed when developing assistive technologies.
Collaboration involving experts from multiple relevant areas working together is more likely to result
in a more comprehensive understanding of the problem space by enabling access to diverse
perspectives and new ways of thinking that would be unknown or not considered by a single-
discipline group. For complicated real-world problems, the likelihood of developing innovative,
comprehensive, and appropriate solutions increases in relation to a team’s level of collaboration,
communication, and cohesion’. Past research has attempted to address such complexity using
multidisciplinary or interdisciplinary approaches.

Multidisciplinarity, interdisciplinarity, and transdisciplinarity are often used interchangeably,
however, there are distinct differences between them®. For the purposes of this paper, all three
forms are characterised by collaboration between people from any relevant groups, such as team
members from different professions, fields, sectors, institutions, communities, levels of expertise,
roles (e.g., developers, clients, users, etc.), and disparate geographical locations. Moreover, emergent
knowledge can be co-constructed from sources along a continuum, such as scientific to non-
scientific and academic to industrial. What does differ is the knowledge that is used and how it is
applied. Multi-, inter-, and trans- reflect increasing levels of shared understanding, language,
involvement, and knowledge, as shown in Figure 1. Multidisciplinary collaborations involve the
input of knowledge from one or more backgrounds to address a shared problem or project;
knowledge transfer is essentially unidirectional and is contributed by the collaborators to the project.
Interdisciplinary collaborations are more interactional and characterised by bi-directional knowledge

transfer, where team members not only contribute knowledge to the project, but gain new
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Figure 1. Schematic representation of the differences of how knowledge is used between

multidisciplinary, interdisciplinary, and transdisciplinary collaborations.

perspectives through the team’s joint efforts. Transdisciplinary collaboration seeks to integrate and
amalgamate knowledge from different backgrounds, synthesising, fusing, and extending concepts,
methods, and theories by transcending traditional boundaries to systematically create
comprehensive, workable, and novel approaches; transdisciplinary working is the cooperative
creation of a consensus rather than a search for "fact" or "truth".

Transdisciplinarity can be thought of as an attempt to access “the collective mind” of a team
composed of different viewpoints to solve difficult real-world problems, also known as “wicked
problems”, by bringing about innovative, transformational change’. The term wicked problem was
first coined in 1973 by Rittel and Webber to describe problems that defy description or
categotisation and have “no ‘optimal solutions’...in the sense of definitive and objective answers”"’.
Wicked problems do not have clear « priori solutions, rather collaborators working on a wicked
problem continuously gather information, build their understanding, and shape solutions as they
work through the problem'. The ability to tackle wicked problems is essential in the development of
assistive technologies since the experiential knowledge of the target population(s), professional

knowledge of service providers and other stakeholders, and socio-scientific as well as humanistic

knowledge must come together to address difficult, unstructured problems by re-thinking, re-
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working, and co-producing future possibilities. Examples of other domains considered to be wicked
problems include climate change, education, armed conflicts, health epidemics, and social injustice.

The amalgamation of ideas from different perspectives enables transdisciplinary teams to
leverage collective expertise to create new ways of thinking and problem solving, which support
novel and appropriate approaches to solving challenges'”. Conceptually, transdisciplinarity is an
action-oriented approach where research questions emerge through consultation and interaction
among several disciplines and sectors to develop socially useful, feasible, practical, effective, and
sustainable solutions. In transdisciplinary research, societal real-world needs define the problem area,
which in turn dictates which stakeholders need to work together. As such, transdisciplinary research
provides an opportunity for transformative solutions in society by executing innovative projects that
push through boundaries to impact both established and novel audiences and applications.
Collaborators in transdisciplinary teams are real life stakeholders", ideally using shared innovation
strategies. One such strategy is triple-helix engagement, where the three types of stakeholders are
industry, government, and academia (also called academic-public-private partnerships)'*. The triple-
helix model and its variants work well within the concept of network economy, facilitating ad hoc or
permanent partnerships as required, focused on problem solving as well as commercial exploitation
of intellectual property and know-how arising from the partnerships, where appropriate.

The use of models such as the triple-helix explicitly recognises the value of partnerships and the
different stakeholders along with their roles in facilitating and supporting innovation. However,
there is one other type of stakeholder who has only been occasionally fully involved in innovation
processes around service co-creation and development - the technology user. Arguably, the people
and services that access and use the technology constitute the ultimate stakeholder group in these
processes and indeed the resulting quality of a product or service suffers if representatives from end-

user groups are not involved in the design and development processes. User Centered Design
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(UCD) is one approach that puts the person at the centre of the design process and has been
successfully used in many product designs". The key aim in UCD is to learn what product or service
is best suited to meet the needs of the people who will using the technology. It is also used to
determine whether the intended benefit arising from the application results in better usability and
improves the resulting designed product or service. There is a long tradition of user-oriented,
experience-based approaches developed to realise these aims and benefits, including user
experience'®, contextual design'’, action research'®, and cooperative (participatory) design’. Siew and
Yeo®, for example, use participatory action research to augment the development of software for
telecenters in rural communities.

In transdisciplinary teams, every team member is considered to be a stakeholder with the goal
of participating in the creation of novel knowledge and methods as well as producing innovative
outputs (e.g., academic, policy, and industrial applications). Transdisciplinary teamwork involves the
close collaboration of many viewpoints, which provides the potential to produce transformational
and effective designs (e.g., appropriate incorporation of privacy by design, interfacing, cost, etc.) by
leveraging multiple forms of knowledge from a variety of sources®. This can include insight
regarding how the person or people will likely use the technology, their plausible environment and
resources, and the dynamic relationship between factors such as these®”. However, while
transdisciplinary collaboration can offer the benefits of more holistic teamwork and innovative
solutions, creating and managing a transdisciplinary team presents a host of challenges. Moreover,
the complexities associated with assembling and managing a transdisciplinary group should be
weighed carefully against its necessity because there are many problems that may be solved as a
multi-, inter-, or even intra-disciplinary team. In general, the more simple, well-defined, and static (or
linear) a problem is, the less it will require many disciplines or sectors to solve it, particularly if there

are clear directions to probable solutions.
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3 Relevant concepts

While transdisciplinary research is a powerful concept in theory, what is needed is guidance
regarding how to implement it in the practice of developing assistive technologies. The discussion
that follows presents concepts drawn from the literature and examples of the authors’ work that

provide insights as to how to achieve this goal.

3.1 Transdisciplinary collaboration

Hester and Adams™ state that as we pass from the machine age (i.e., stand-alone machines) into
the systems age (i.e., increasingly connected and inter-communicating devices and systems),
problems are becoming more complex and less structured, heralding the need to transition from
systematic to systemic ways of thinking and problem solving. Accordingly, they argue, the trend
from singular problems toward multiple, inter-related problems requires a shift from striving to
achieve a conclusive optimal “end state” to focusing on an increased understanding of the problem
space (or mess) in its entirety; philosophically moving from reductionism (i.e., classifying a
phenomenon in its simplest terms) to constructivism (i.e., generating knowledge and meaning from
interactions between experiences and ideas). Hester and Adams advocate for a move away from
rigid systematic and procedural ways of thinking to exploratory and rationalised ones as these are
required for a transdisciplinary team to tackle complex problems. They give the analogy of cooking
by following a recipe versus knowing the ingredients, but not pre-defining the method and cuisine.
As put by Kueffer and colleagues, “the core assumption of transdisciplinary research is that research
questions and practices need to be framed according to life-world problems rather than disciplinary
frameworks””. In other words, a transdisciplinary team will develop frameworks and methods to
suit the particular real-world problem they are attempting to solve rather than utilising an

inappropriate (existing) technique or deforming the problem to fit into existing practices. Similatly,
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Klein predicts that the nature of applying transdisciplinarity to diverse and complex problems will
defy the creation of unified methodologies, but will foster “utilitarian objectives, although they range
from manufacturing new products to new protocols for health care and environmental
sustainability”?.

While well-run transdisciplinary initiatives can result in substantive outcomes and could be a
helpful predictor for success, there are no established methods for identifying trans-discipline
collaboration-readiness factors and mapping them to outcomes®’. We need to have a way of
establishing what works well (and what fails to work) to produce good transdisciplinary outcomes
that positively impact real-world problems. The evaluation frameworks that do exist are often
intended for a specific research area (e.g., tobacco-use or cancer treatment research). On the whole,
evaluation methods need to be established by the research team to document and gauge both
intended and unintended progress and outcomes of transdisciplinary work. This is important in
relation to developing assistive technologies because of the huge investment in such technologies
and their potential to improve people’s lives. ‘Success’ indicators of transdisciplinary working in this
tield should be based as much on the production of technologies that are useable and improve
quality of life as on the production of new knowledge, concepts, and methods.

Various quantitative and qualitative methods can be employed to establish the ‘success’ of
transdisciplinary working, including surveys of team members, progress relative to desirable
milestones and outcomes. Mitchell, Cordell, and Fam® propose a framework where a team identifies
how their collaboration will impact or improve three outcome spaces: sizuation (i.e., the area of
inquiry, which could be a product, service, policy, etc.), £nowledge (i.e., the overall body of knowledge
and/or how knowledge is exchanged), and laming (i.c., collaborators coming away with new
perspectives). While this framework provides a good starting point, sizuation is problematically

generic, since it does not recognise fundamental differences; at a minimum, there should be separate
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spaces for research and non-research outcomes. Recognising teamwork as an outcome is also
crucial, both due to the effort and value in building up a transdisciplinary team, but also due to the
ongoing impact of social ties even after a project has ended. Moreover, even within a highly
collaborative environment, different backgrounds will emphasise different desirable outcomes. For
example, funders typically want to see evidence of a return on investment, academics are interested
in advancing the state of knowledge, and knowledge users want to make informed decisions
regarding areas such as resource management, potential industrial impact, and policy
implementation”. Regardless of the process selected, measures of transdisciplinary success should be
sensitive to the requirements of all stakeholders in the group and should be cross-validated to help
ensure the perceived evaluation is accurate.

In addition to evaluating project progress and successful outcomes, it is valuable to be able to
continually establish the effectiveness of a transdisciplinary team itself. Schauppenlehner-Kloyber
and Penker” advocate the application of the concept of Theme-Centred-Interaction to consider and
support the requirements of individuals (“I”’), interaction and relationships between group members
(“we”), the problem the group is focusing on (“it””), and the context where the collaboration takes
place (“globe”) at all stages of group processes. In her literature review, Klein’ identified seven
principles that can be used to evaluate the workings of a transdisciplinary team: 1) variability of
goals; 2) variability of criteria and indicators; 3) leveraging of integration; 4) interaction of social and
cognitive factors in collaboration; 5) management, leadership, and coaching; 6) iteration in a
comprehensive and transparent system; and 7) effectiveness and impact. Klein concluded that
methods for evaluating cross-disciplinary research in general is an emerging topic, and efforts to
establish appropriate indicators can be impeded when rigid discipline, peer, or measurement
standards are imposed, stating that a single or uniform evaluation method would be “antithetical to

the multidimensionality and context-specific nature of interdisciplinary and transdisciplinary work™".
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Rather, transdisciplinary projects should investigate and adopt or create evaluative methods that

complement their specific needs.

3.2 Development and evaluation of assistive technology

A key challenge to creating and evaluating technologies in any domain is capturing the
requirements, needs, preferences, and abilities of the intended people who will use the technology,
translating this information into design requirements, then creating a complementary solution. This
requires a great deal of care to ensure information retains its connotation while being interpreted
and used by team members from different backgrounds and for different purposes. Knowledge
domains required in relation to assistive technology projects can include: understanding of people in
health and social care; understanding of living-in-place and intersections with community
participation; medical, technological, and ergonomic considerations; understanding of the activities a
person wants to do and the context in which those activities will be done; and knowledge
translation, including commercialisation and service delivery. Frameworks or models from different
perspectives—which guide the transdisciplinary team to identify and adopt relevant strategies to
identify, coalesce, and create appropriate information—are described here to highlight the challenge
and complexity of designing and evaluating assistive technology that meets the needs of intended
users.

Designing and understanding the impact of technologies have become established as broad and
intricate areas of study. Consequently, many approaches, models, and frameworks have been
developed to describe different aspects of people’s relationships with technology. For example, the
tield of human-computer interaction has offered approaches such as sizuated action and embodied
interaction in an attempt to provide ways of gaining a comprehensive understanding of the problem

space. Situated action proposes that an intelligent (animal or computer-based) agent’s actions are

10
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inseparable from the agent’s current perception of context; namely, while an agent may plan how to
achieve a task, their actions reflect their real-time perception of the world™. Similatly, embodied
interaction stipulates that context is a dynamic entity that continually redefines itself relative to
related activities”. Moreover, embodied interaction holds that how and why a person engages with
another entity or thing determines what elements of the interaction are considered to be meaningful
to them. In the field of occupational science, #ransactionalism has been offered as a way for
occupational therapists and scientists to gain insight into ways of doing and being in various
contexts. Couched in the context of occupational science, transactionalism proposes that a person
has ongoing, dynamic, and evolving interrelationships with their environment (e.g., people, places,
things, situations, and cultures) and that a person continually selects actions which shape their
environment while their environment reciprocally shapes him or her’. A person’s inherent
preference is for actions that are most likely to result in maintaining or restoring their sense of
functional coordination, which itself is dynamic and responsive to the person-environment
relationship.

These perspectives highlight the dynamic nature of use of assistive technology, and the
complexity associated with device design and evaluation. They are congruent with transdisciplinary
concepts and useful as an approach for a development team to gain a high-level view of the
intertwined, complex, and dynamic relationship among a person, his or her activities, and
environment. They guide the understanding of how a technology influences this relationship.
Dynamic and transactional philosophies can help guide the team to create technologies that
complement the needs, preferences, abilities, and resources of the people most likely to use the
technology. Moreover, as philosophies are epistemological in nature, they are usually accessible

across disciplines and sectors.
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At a more detail-oriented level, models and frameworks have been put forward to assist in the
design and selection of appropriate assistive technologies. Cook and Polgar’s” Human, Activity,
Assistive Technology (HAAT) Model describes a person performing an activity, using assistive
technology, within a context. The model has applications for product development, service delivery
and outcome evaluation. The model is composed of four elements: 1) activity, which includes self-
care, productivity, and leisure, as well as notions such as frequency of engagement, 2) #he person,
including physical, cognitive, emotional, and sensory performance, as well as degree of expertise,
roles, and meaning, 3) context, which includes physical, social, cultural and institutional elements, and
4) technology, which includes the human/technology interface, processor, environmental interface and
activity output. The model is founded on principles that are person-centred, ethical, evidence-
informed, sustainable, incorporate social justice, and focus on functional outcomes. Cook and
Polgar suggested that application of the model first considers the activity or functional outcome, and
then the characteristics of the intended person who will use the technology and the context(s) in
which the activity is conducted. The assistive technology is considered last in order to keep the focus
on the human performing an activity in context, rather than on the assistive technology, thus
encouraging the identification of interventions that complement the particular person and their
context. Scherer, Jutai, Fuhrer, Demers, and Deruyter” presented a “framework for modelling the
selection of assistive technology devices (ATDs)” that identifies key factors that influence the
outcomes of assistive technology use. These factors include both the personal (e.g., resources,
knowledge, expectations, preferences) and environmental (e.g., cultural and financial priorities,
legislation, social). Elements of the function of the device are also included, such as effectiveness
and device satisfaction. This framework highlights the complexity of conceptualising and evaluating

the outcome of AT use as well as the multiple perspectives necessary to understand and interpret

these outcomes.
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Understanding the influence of product and environmental design on the ability to engage in
activity is another consideration that can affect technology. Universal design is defined as the
“design of products and environments that can be used and experienced by people of all ages and

abilities, to the greatest extent possible, without adaptation”

, and is associated with seven Principles
of Universal Design that indicate which critical factors (such as flexibility, simplicity, and tolerance
for error) can increase device usability in terms of diverse levels of ability. In addition to this,
inclusive design considers how social and economic differences affect usability, and encourages the
involvement of users in the design process’’. These approaches raise awareness of how design
enables or constrains use and function, and promote flexible product design; namely, creating
designs that complement as many people in the target population as possible.

Creating a comprehensive product requires holistic vision. Technology developers should be
cognisant of the entire innovation pathway from problem identification to an implemented, real-
world solution, even if they are focusing on a particular stage of development. Keeping in mind ‘the
bigger picture’ can help transfer knowledge from the research stage through development and
onward to socio-economic impact. The Need to Knowledge model put forward by Flagg, Lane, and
Lockett™ is a market-oriented approach that outlines the stages and outputs for the discovery-
invention-innovation pathway. The intention of the model is to lay out the activities and milestones
associated with innovation generation, thereby enabling teams working at any stage to plan for
future stages.

Technology Readiness Levels (TRLs) are a “systematic metric/measurement system that
supports assessments of the maturity of a particular technology and the consistent comparison of
maturity between different types of technology™. These levels were developed by NASA to help
them understand the maturity levels of emerging technologies, from basic principles, through

validation in the lab, all the way to system use in an operational environment*. TRLs have been

13



PRINCIPLES FOR TRANSDISCIPLINARY DEVELOPMENT

adopted by many public sector organisations around the world including the US Department of
Defense, US Department of Energy, the European Space Agency and the European Commission®.
TRLs are an example of a way for a team from different backgrounds and sectors to plan a project’s
path and to agree upon, set, and assess milestones related to a technology’s levels of functional

maturity.

4  Principles of transdisciplinary development of assistive technologies
The above discussion is intended to give the reader some idea of what transdisciplinary

collaborations entail and become familiar with some methods that could help transdisciplinary teams
to analyse, describe, and evaluate their project. The set of principles we propose below are meant to
provide generalised guidance that facilitates the implementation of transdisciplinary collaboration in
the context of developing assistive technologies. They are intended to help transdisciplinary groups
to address the concerns of how to work together, i.e., the mode of collaboration. As such, they:

1. are flexible to suit different design contexts,

2. are applicable across disciplines and sectors, and

3. provide operational guidance toward technology development by a transdisciplinary

team.

While less abstract than a philosophy, they are more flexible than a model, framework, or
exemplary best practices, and can be adopted and tailored to suit the needs of a project and its team
members. They provide complementarity to established practices that may allow for better
identification of useful techniques and tools, negotiation of different perspectives, and ensuring that
all necessary different perspectives are integrated. These principles do not dictate what methods or
techniques should be employed to achieve project, teamwork, knowledge transfer, or other goals;

namely, they are intended to highlight aspects that need to be continuously addressed for ‘successful’

14
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transdisciplinary teamwork to take place, both in terms of process and outcome. The particulars
regarding how this is accomplished will be contingent on each project and will need to be
established, monitored, and managed by the project’s team. The principles are presented as practical
considerations to aid the adoption of transdisciplinary working and provide guidance for
overcoming challenges associated with this kind of work; for the consideration of existing
transdisciplinaty research efforts, the evaluation frameworks presented in*' may be more
appropriate.

To aid comprehension, the principles have been arranged into four domains: complexity and
holism, relationships, communication, and transformation. These domains represent the associated

principles’ primary focus, however, there is much overlap between principles and domains.

4.1 COMPLEXITY and HOLISM

With respect to complexity and holism, a transdisciplinary team should strive to:

Address wicked, needs-driven, real world problems through innovation, both creative as
well as disruptive. Transdisciplinary collaboration is well suited to undefined problems that do not
have apparent solutions. Regardless of the eventual output (e.g., product, best practice, policy), the
motivation for its development should be grounded in a need identified through a participatory
process and be applicable to real-world implementation.

Have an attentiveness and appreciation of complexity. Apply approaches that capture and
address the complexity and pressing nature of real-world problems; a holistic rather than a
reductionist approach. This entails both an emphasis on learning about the idiosyncrasies of the

problem, as well as being practical about solutions might have an impact and how to produce them.
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Cross ideational borders by sharing ideas as well as creating new ones as team members learn
from each other. Leverage each other’s knowledge to understand, explore, and develop solutions to
a problem in a more holistic way.

Have a common understanding of problems by not only accessing the knowledge and
opinions of team members, but by accessing multiple viewpoints from relevant external people or
groups who can inform solution development and implementation.

Share goal creation. Define and set the project’s goals and outcomes in a participatory manner
so that significant priorities for all team members are being met. Collectively plan how to achieve
goals, identify and acknowledge the achievement of significant milestones, and collectively revise
unmet goals. Pursue planning as a flexible, open, and ongoing process in order to encourage and

maintain the involvement of all stakeholders*,

4.2 RELATIONSHIPS

With respect to relationships, a transdisciplinary team should strive to:

Engage in ongoing inter-sectoral and technology-user involvement. Continuously co-
create knowledge through meaningful participation and interaction with different stakeholder
groups. This should include relevant academic, industrial, government, and other sectors as well as
informants from representative end-users (e.g., people with disabilities, caregivers, service providers,
etc.) at every stage of the project.

Challenge accepted ways of researching and working to promote a sense of equality
among collaborators (as opposed to an existing academic and professional hierarchies, which
maintain the status quo regarding what is important and whose ideas predominate); be willing to let

go of one’s biases or established ways of doing things.
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Foster trust and respect. Cultivate open-mindedness, patience, goodwill, and cooperation.
These are critical for enabling the mutual support necessary for achieving both project and
individual goals. Appreciate the wide diversity found in collaborators; typical markers of status are
generally less useful in a transdisciplinary context, where they may be more likely to cause oversight
than provide guidance.

Maintain high-levels of tolerance, commitment, and resilience, which enable team
members to maintain open relationships and persevere through differences of opinion, conflicting

approaches, and disagreements.

4.3 COMMUNICATION

With respect to commmunication, a transdisciplinary team should strive to:

Engage in clear, transparent, ongoing communication, as this is essential to enabling core
team functions, including project management, fostering relationships, growing trust, and ensuring
messages and ideas are being received and interpreted accurately. Good communication is key to
bridging disciplinary and sectoral gaps to produce knowledge in a form that is usable by others.

Agree on a shared vocabulary. The same word may have very different meanings depending
on a person’s background (disciplinary, sectoral, cultural, etc.). Explicitly developing a shared, agreed
upon vocabulary as a team will help to avoid misunderstandings and promote clarity.

Use frameworks and methodologies as appropriate. A benefit to working in a group with
multiple backgrounds is inherent knowledge of a gamut of methodologies and frameworks that can
be employed to elicit and structure information. This means that the selection of frameworks and
methodologies is a complicated issue: not only it is challenging to determine which are most

appropriate when facing many options, it can also require a significant amount of team member
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training. Thus, expected benefits must be weighed carefully against the cost of adoption, and

considerations of common practice left aside.

4.4 TRANSFORMATION

With respect to #ransformation, a transdisciplinary team should strive to:

Critically identify and challenge assumptions, at both a personal and project level. The
ability to critically examine and accept others’ perceptions of biases and pre-conceived notions can
help to appreciate differing points of view and build a shared understanding. Make explicit your own
assumptions and be open to when people point them out. This involves reflexively examining your
personal and discipline-derived assumptions with respect to established fields, practices, policies, and
beliefs.

Achieve outcomes that have a transformative, real-world impact, such as new products,
setvices, policies, and/or practices that fundamentally changes the way people do things; outcomes
establish “better” alternatives that are implementable in real-world contexts.

Push beyond common ground to establish a deeper level of understanding. Part of the
process of arriving at solutions to the targeted problems is to develop new knowledge and ways of
doing things. The team should transcend established conceptual ideas to create novel and shared
methodologies, processes, and frameworks. This can include foundational knowledge for new areas
of application, as well as transferable techniques generated as a result of collaboration.

Practice accessible knowledge translation, including knowledge mobilisation and
commercialization; namely, people within and external to the team should be able to readily access
knowledge that is created through the collaborative efforts. This can take the form of information as

well as products.
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Work in an iterative fashion to allow for transformational processes. The research design
should be recursive, or involve an iterative process whereby team members can cycle back and forth
between the different phases of the research as they adapt to changes over time due to reflexive
engagement, critical reflection, feedback from stakeholders, as well as insight and new questions
raised by intermediate results.

Maximise impact. Transdisciplinary collaboration naturally lends itself to overcoming cross-
sector barriers, enabling knowledge translation in many directions. From project conceptualisation
through to completion, the team should aim to deliver knowledge in ways that ultimately maximise
the efficacy of technologies that support wellbeing. This includes bringing a technology to market as

well as passing new knowledge back into the team members’ original fields.

5 Example of transdisciplinary work: The COACH project

We turn now to the COACH project as an example of transdisciplinary working. COACH is an
ambient assisted living technology that employs artificial intelligence to autonomously provide
audio-visual prompts to older adults with dementia to guide them through steps required to
complete activities of daily living, depicted in Figure 2. COACH employs computer vision to capture
what is happening in the task it is guiding and uses artificial intelligence to determine if the person
requires assistance and, if so, the structure of the assistance that is given. A noteworthy aspect of
COACH is its ability to autonomously learn about the person using it to adjust prompting to suit the
preferences and stage of dementia of the person using it by matching the timing and structure of
prompt to the person’s abilities and preferences. COACH is a zero-effort technology®, meaning it
functions without any intentional (explicit) input from the person with dementia or their caregiver,
thereby promoting a person with dementia’s independence while simultaneously decreasing
caregiver burden. Collaborators on the COACH project included people with dementia, formal and

familial caregivers, engineers, computer scientists, occupational therapists, speech language
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pathologists, human factors experts, and professional actors. More details regarding COACH’s
development can be found in**.
Just as the principles presented above are not exclusive to any domain, each example presented

in Table 1 is not a solely representation of the principle it illustrates; rather, while the aspects

discussed may be primarily categorised by a principle, most are influenced by more than one.

Video camera
for tracking
user through

. task
L]
Images from |
camera passed»
to computer
'
L}
: Monitor
for audio
and video ﬁ
) prompts
Action
selected by
computer
passed to
monitor
Computer
mounted
under sink

Figure 2. Schematic of the COACH prompting system set up to assist with the activity of

hand washing (reproduced from (Boger, 2014)).
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Table 1. Using the COACH project to illustrate the application of the principles of

transdisciplinary development.

Principle

Aspects of importance to the COACH project

Excamples of transdisciplinary
approaches from the COACH project

Complexity and Holism

Address wicked, needs-
driven, real world
problems

= Activities of daily living are required
for health and independence, however,
people with dementia have increasing
difficulties completing these as their
symptoms worsen.

* Increasing prevalence of dementia is
placing strain on already overtaxed
healthcare systems.

= Caregivers are often overburdened;
solutions are needed that
simultaneously support the person with
dementia and reduce caregiver burden.

* People and their families want to
choose where they live, but many
require dementia care support to live at
home in the community.

® Caregivers identified personal
hygiene activities as an area that
needed more support, both for
themselves and for the person with
dementia.

= Occupational therapists worked
with engineers and computer
scientists to translate clinical and
personal (L.e., caregiver and people
with dementia) requirements into
technical specifications that would
enable COACH to address these
needs.

Have an attentiveness and
appreciation of complexity

= Supporting people with dementia is
difficult because of the highly personal
and dynamic nature of dementia;
solutions need to be sensitive to
personal preferences, disease stage and
symptoms, range of abilities, and
diversity of home environments.

= Engineers and computer
scientists worked with
rehabilitation scientists to develop
feedback surveys that were given

to caregivers assessing the efficacy
of COACH.

* Occupational therapists worked
with engineers and computer
scientists to translate clinical and
personal (i.e., caregiver and people
with dementia) requirements into
technical specifications.

Cross ideational borders

*» Transcending discipline and sectoral
boundaries requires understanding of
the basic concepts of each other’s
native areas of interest (primarily
computer science, rehabilitation
sciences, engineering, caregiving, and

* Engineers and computer
scientists jointly observed people
with dementia completing hand
washing and worked directly with
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Principle

Aspects of importance to the COACH project

Excamples of transdisciplinary
approaches from the COACH project

people living with / supporting
dementia) as well as a genuine
appreciation for their significance.

* Mutual efforts for a shared level of
comprehension enabled team members
to unite and create novel ways of
moving forward to understand and
address the “bigger picture”.

(both family and professional)
caregivers.

= “Technical” experts developed a
first-hand understanding of the
problem (at a cognitive as well as
compassionate level), which fosters
a better sense of solutions that
could be appropriate.

» Healthcare professionals gained
knowledge and appreciation for
technical design requirements, the
design process, and the capacity of
technology.

Have a common
understanding of
problems

= Research challenges related to the
technology (i.c., the particular
environment-person-context factors
relevant to the development of a
technology for guiding people with
dementia through activities).

= Research challenges related to each
other’s native disciplines and sectors.

* Investigated and gathered
required information as a team
(e.g., asking caregivers what
technology interface they felt
would work best for themselves
and for people with dementia).
Three advantages to this approach
were: 1) provided common-ground
to start thinking about the problem
space; 2) enabled members from
different disciplines/expetiences to
elicit different types of information
at the same time; 3) fostered
collaboration and communication
in a natural way; and 4) gave team
members an opportunity to view
first-hand the skill-sets of other
team members.

Create shared goals

= COACH’s primary goal has been to
create a technology that is useful to,
and is usable by people with dementia
and their caregivers, and is functional
in real-wotld environments.

» Having a clear primary goal
allowed team members with
different backgrounds and
priorities to align goals and work
together to set and achieve
milestones.

= Testing and evaluating
prototypes with caregivers and
people with dementia embodied a
challenge that required and
encouraged greater levels of
collaboration across disciplines and
experiences.
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Principle

Aspects of importance to the COACH project

Excamples of transdisciplinary
approaches from the COACH project

Relationships

Engage in ongoing inter-
sectoral and technology-
user involvement

® Involve caregivers and people with
dementia to ensure the technology
complements their needs, abilities, and
preferences.

* Ongoing assessment of technologies
and infrastructure that could integrate
into the consumer market in 5 to 10
years.

* Ongoing input to capture user
needs and testing with people with
dementia and caregivers.

®= Collaboration with long-term
care facilities and community care
organisations, including developing
plans for long-term deployment
and distribution.

Challenge accepted ways
of researching and
working

* Continually consult with
representative end-users to have their
needs drive the design of the
technology.

®= Collaborating to develop ways of
gathering information and problem
solving that complement the project’s
needs rather than conventional
methodologies.

= Placing opinions and feedback
from people with dementia and
caregivers as the most important
point of view (i.e., above the those
of the research team).

® Creating novel methods to
ensure technology is appropriate,
such as user-satisfaction surveys
for people with dementia and
prototype optimisation using older
adult actors simulating dementia.

Foster trust and respect
and maintain high levels of
tolerance, commitment,
and resilience

(These two principles
went hand-in-hand; trust
and respect fostered
tolerance, commitment,
and resilience and visa-
versa.)

= Strong interpersonal relationships
tend to foster respect and patience for
others and their opinions, which is
important when building a new, shared
understanding from a disparity of
backgrounds.

= Face-time was invaluable in
developing relationships, including
social events outside of the work
environment.

= Caregivers and people with
dementia acknowledged and
treated as peers in the
development process, which
resulted in high levels of
engagement.

= Senior researchers led by
example, including taking patt in
research process first-hand and
encouraging participation from all
team members.

Communication
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Principle Aspects of importance to the COACH project | Examples of transdisciplinary
approaches from the COACH project

Engage in clear, = Supporting good communication ® In addition to emails, meetings,

transparent, ongoing requires continuous efforts that reflect | and other commonly used

communication the needs of the project and its communication strategies, helpful
personnel, which often change over strategies include open-door policy
time. (i.e., team members are welcome

to approach each other formally or
informally whenever they feel they
need to) and less conventional
communication technologies, such
as wikis and online repositories to
dynamically share information
through one central location.

Agree on a shared * Developing a shared vocabulary is an | ® When a healthcare practitioner
vocabulary ongoing process, both in terms of uses the term “client”, s/he is
agreeing upon shared terminologies referring to a person receiving
and educating new team members on healthcare services whereas a
the meanings of agreed-upon computer scientist uses it to refer
vocabulary. to a computer accessing

information from a server.
Similarly, team members educated
each other on current and
acceptable terminologies, for
example, the use of the term
“person with dementia” rather
than “patient”.

®* The team found it helpful to
collectively agree upon a single
definition for terms that could
cause confusion and, in some
cases, create new terms and
phrases that are mutually

acceptable
Use frameworks and * Evaluation of prototypes in real- * A new measure based on signal
models as appropriate world environments with detection theory was created to

representative users of the technology. | estimate technical efficacy, as there
was no existing standard for
computerised assistive technology
for activity guidance.

» Compare and contrast efficacy
between different COACH prototypes.

* Both technical and clinical
efficacy were evaluated, as it is
important to know if COACH
provides appropriate guidance
relative to clinical best practices
(rather than the device’s
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Principle

Aspects of importance to the COACH project

Excamples of transdisciplinary
approaches from the COACH project

interpretation of the environment,
person, and context).

* Clinical and technical team
members worked together to
investigate how technical and
clinical performance were related
and how they might be improved.

Transformation

Critically identify and
challenge assumptions, at
both a personal and
project level

* COACH has tackled several
assumptions; the three assumptions we
have encountered the most are: 1)
people will not accept computer vision
in their homes, 2) caregivers will resist
or resent the use of computerised
activity assistance, and 3) people with
dementia will become confused or
agitated by an “invisible person talking
to them”.

= Working closely from rehabilitation
science, computer science, and
engineering backgrounds resulted in
many differences of opinion,
particularly in the “correct way to do
things”.

= COACH’s development team
conducted research to specifically
investigate assumptions (e.g.,*7-%%).
Both targeted and incidental
evidence gathered over the course
of COACH’s development
enabled the team to address or
disprove such assumptions.

® Critically examining assumptions
resulted in the team gaining new
knowledge regarding technology
interfacing and prompting
techniques that were applicable to
the general field ambient
prompting technologies for
dementia, as well as COACH.

= A conscience team effort to
constructively and critically rethink
project-based and personal
assumptions can create tension,
however, we found the ultimate
outcome to usually be a
progressive and often innovative
shift in perspective and thinking,.
Trust and good communication
have been key to supporting these
efforts.

Achieve outcomes that
have a transformative,
real-world impact

* Focuses on enabling independence of
people who have dementia while
simultaneously reducing caregiver
burden.

= While COACH is not yet available to
the consumer market, it is close to
being robust, flexible, and usable

® In pilot trials with people who
have dementia, COACH has been
shown to generally increase
people’s ability to complete hand
washing without assistance from a
human caregiver, including
independent hand washing by
some individuals who were
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Principle

Aspects of importance to the COACH project

Excamples of transdisciplinary
approaches from the COACH project

enough for unsupervised deployment
in the community.

previously dependent on a
caregiver for guidance.

= COACH has been cited as a
state-of-the-art neurorehabilitation
intervention in Bienkiewicz et
al.'s’! paper on apraxia's impact on
activities of daily living and Hoey
et al.>2 winning the best paper
award at the 5% International
Conference on Computer Vision
Systems Conference (ICVS).

* The COACH project has
received award-worth recognition,
including Advanced Imaging’s
2008 Imaging Solutions of the
Year Award and 2007 Finalist in
Celebrating Innovations in
Healthcare Expo, Ontario Ministry
of Health and Long-term Care.

Push beyond common
ground to establish a
deeper level of
understanding

®* The application of artificial
intelligence to create ambient
prompting for dementia is a multi-
faceted and difficult problem.

* The development of COACH
included systematically investigating
previously unknown areas of research
to obtain the understanding needed to
create a useful and usable device.

= Areas that have been investigated
as a transdisciplinary team include:
studying communication and
prompting strategies used by
formal caregivers to people with
dementia®3; the usability of
different types of water faucets by
people with dementia®*; baby-
boomer and older adults’
perceptions regarding the
acceptability of different types of
sensors in different areas of the
home3Y; and the use of actors
simulating dementia to optimise
pre-trial prototypes®.

Practice accessible
knowledge translation

= Different disciplines and
dissemination opportunities are
interested in details and points of view
that reflect their background.

= COACH has been disseminated
through several peer-reviewed
academic publications and
presentations in a variety of fields,
including computer science,
rehabilitation science, engineeting,

* The close collaboration and sense
of teamwork has resulted in the
team wanting to ensure that the
transdisciplinary nature of the
project is conveyed. Examples
include authors explicitly using the
shared vocabulary developed by
the research team and commenting
on the significance of the work
with respect to other fields (e.g., a
paper targeting a computer science
audience would touch on clinical
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Principle Aspects of importance to the COACH project | Examples of transdisciplinary
approaches from the COACH project

gerontology, nursing, and speech- significance and visa-versa for a
language pathology. rehabilitation science paper)

* Most team members develop an
appreciation for making their
results accessible to a general
audience.

= Efforts have been made to share
COACH project with the general
public through media interviews,
websites, and educational sessions.

Maximise impact * COACH has notably advanced * Input into the development and
several fields, and with ongoing evaluation of prototypes by
development for almost 20 years, it is representative users of the
considered a project that established technology (i.e., people with
the growing field of ambient assisted dementia and caregivers) has
living technologies. enabled a team from diverse

backgrounds to gain a first-hand
understanding of what works and
what does not, permits more
robust knowledge transfer (both
internally and externally to the
team), and lends legitimacy to the
technology.

* Advances made through the
development of COACH have
benefited later COACH
prototypes, as well as other
projects within the area of ambient
assisted living and beyond.

6 Conclusions and future directions

Demographic changes and the increasing prevalence of chronic disease and neurological
impairment is a global concern. Historically assistive technologies have enabled functional
performance. Recent advances in assistive technology design have included the incorporation of
information and communication technologies as well as pervasive computing. Although this

technological progression should be embraced, it widens the complexity of the technologies and
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requires the need for new skill sets and perspectives. In particular, a transdisciplinary approach is
needed to support the development of assistive technologies that are responsive to the needs of
technology users and are commercially viable. The principles presented in this paper are grounded
in the literature and the authors’ experiences, however, they are in their theoretical conceptual stage;
while they have been implemented within individual projects, they have not been validated through
scrutinised applications to real-world situations as a working set of principles. This next phase of
development of these principles involves their testing and refinement through several projects of the
AGE-WELL Network of Centres of Excellence (NCE). AGE-WELL NCE is a pan-Canadian
network of industry, non-profit organisations, government, care providers, caregivers, representative
technology users, and academic partners working together using high-quality research to drive
innovation and create technologies and services that benefit older adults. AGE-WELL’s vision is to
harness and build upon the potential of emerging and advanced technologies in areas such as
artificial intelligence, e-health, information communication technologies, and mobile technologies to
stimulate technological, social, and policy innovation. The Network’s aim to help older Canadians
maintain their independence, health and quality of life through accessible technologies that increase
their safety and security, support their independent living, and enhance their social participation.
The principles presented in this paper are not meant to supersede the need for transdisciplinary
collaborators to research methods and models that complement the needs of their project or team;
rather, they are intended to form a high-level backbone that supports collaborative technology
development. In addition to testing, refining, and validating the principles put forward by this paper,
future work needs to include the development of actual process of products or services that enable

transdisciplinary development of solutions.
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