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From the Editor-in-Chief

Welcome to the August 2018 issue of the Technology
Innovation Management Review. This month’s editorial
theme is Transdisciplinary Innovation, and it is my
pleasure to introduce our Guest Editors, Martin Bliemel
and Mieke van der Bijl-Brouwer, who are both from the
Faculty of Transdisciplinary Innovation at the Uni-
versity of Technology Sydney, Australia.

Looking ahead to a related future issue, please note the
upcoming special issue on Action Research with guest
editors Magnus Hoppe (the author of the first article in
this issue) and Erik Lindhult from Mailardalen Uni-
versity in Sweden. The submission deadline for ab-
stracts is October 1, 2018. Please see the call for papers
for details: tinyurl.com/yd5gacsv

For other future issues, we are accepting general submis-
sions of articles on technology entrepreneurship, innov-
ation management, and other topics relevant to
launching and growing technology companies and solv-
ing practical problems in emerging domains. Please con-
tact us (timreview.ca/contact) with potential article topics
and submissions, and proposals for future special issues.

Finally, we invite you to attend ISPIM Connects Ottawa
(ispim-connects-ottawa.com), which will be held in Ottawa,
Canada, from April 7-10, 2019. The TIM Review and its
associated academic program at Carleton University,
the TIM Program (timprogram.ca), are proud to be the loc-
al hosts of the event in collaboration with other partners.

Chris McPhee
Editor-in-Chief

timreview.ca

From the Guest Editors

We are living in a rapidly changing, hyper-connected
world and are facing increasingly global, complex, and
dynamic problem situations such as income disparity,
environmental crises, organized crime, and health
management issues. These complex or “wicked” prob-
lems cannot be adequately tackled from the sphere of
individual disciplines, because they are not individual
problems, they are interrelated and “intrinsically linked
in a meta-system of problems”, and as such cannot be
solved in isolation (Rittel et al., 1973; Ozbekhan, 1970:
13). Complex problem situations require what has been
defined as a transdisciplinary approach (Jantsch, 1972).
There are many definitions of transdisciplinary innova-
tion and transdisciplinary research, but a general con-
sensus is that transdisciplinary innovation has the
following characteristics: it is action-oriented and fu-
ture-focused, participatory, holistic and systemic, and
purposive, and it transcends individual disciplines or
practices (Jantsch, 1972; Klein, 2002; Polk, 2015).

A transdisciplinary approach to innovation differs from
multidisciplinary and interdisciplinary approaches in
that it is not just about working towards a shared goal
or having disciplines interact with and enrich each oth-
er (Figure 1). Instead, transdisciplinary innovation is
about placing these interactions in an integrated sys-
tem with a social purpose, resulting in a continuously
evolving and adapting practice (van der Bijl-Brouwer,
2018). A by-product of transdisciplinary innovation is
that the integrated solution contributes back to the dis-
ciplines it drew upon to evolve them, too.

The term “transdisciplinarity” was originally coined
and developed within academia as a response to the
fragmented organization of universities into faculties,
schools, and degrees. More recently, transdisciplinarity
is increasingly relevant to innovators and entrepren-
eurs whose technologies or solutions are aimed at ad-
dressing complex societal problems. This larger-scale
emphasis moves innovation beyond “customer-
centred” to a “society-centred” perspective, and it re-
quires active collaboration with public and private sec-
tor organizations, governments, and communities.
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Figure 1. A comparison of multidisciplinary, interdisciplinary, and transdisciplinary approaches to innovation

This special issue includes a rich and nuanced set of
takeaways for practitioners, academics, and members of
the public or third sectors. We highlight four of them
here, regarding learning, spaces, levels of impact, and
partner selection. We nonetheless strongly encourage
you to read the entire set of articles to make sure you get
a balanced overview of different ways in which transdis-
ciplinary innovation occurs.

Key takeaways of this special issue:

1. The first of the overarching takeaways recognizes that
transdisciplinary innovation is more than coordin-
ated input from multiple knowledge domains to solve
a problem (see Figure 1: Multidisciplinarity). With
transdisciplinary innovation, solving the problem res-
ults in new knowledge forming via the integration of
those domains that contributes back to them (see
Figure 1: Transdisciplinarity, noting the two-way
arrow). In other words, learning is an inherent part of
transdisciplinary innovation. This learning can occur
by individual innovators (see Zafeirakopoulos and
van der Bijl-Brouwer in this issue) or as a collective
(see Riedy et al., and Baumber et al., in this issue).

2. The second key takeaway is that the unpredictability
of transdisciplinary innovation requires giving it
“space” and not over-constraining or controlling it.
The articles by Femenias and Thuvander and Riedy
and co-authors emphasize this with examples of
“space” in the sense of allocating time, physical space,
or nurturing interactions between others in a way that
does not try to (pre-maturely) force transdisciplinary
innovation to progress along a prescribed path.

timreview.ca

3. The third takeaway is consideration of what the level
of impact of the innovation is. Does it only affect the
innovator (often referred to as a transdisciplinary in-
novation researcher in this special issue)? Or, does it
affect the collective group of people directly in-
volved? Or, are the broader social implications of
greater importance? Answering these questions can
influence how you aim to fund transdisciplinary in-
novation projects, as exemplified by the projects dis-
cussed in the articles by Baumber and co-authors, by
McGregor, and by Dorst.

4. The fourth takeaway builds on this by encouraging
readers to carefully choose their partners for transdis-
ciplinary innovation projects. This means being con-
scious of the respective disciplines or practices being
integrated as well as being conscious of there being
expertise in shepherding the transdisciplinary innov-
ation process. McGregor's article provides an excel-
lent overview of how painstakingly slow
transdisciplinary innovation can be if the process is
left to emerge organically. Meanwhile, Dorst’s article
presents an alternative approach in which the integ-
ration can be designed into the process at a very early
stage.

The first article in this special issue is by Carolyn
McGregor AM, who draws on her personal decades-
long journey of evolving a big data project about
neonatal intensive care into astronaut health monitor-
ing. We selected this as the first article in the special is-
sue because it neatly contrasts i) disciplinary
innovation occurring in sequence, ii) multidisciplinary
innovation occurring as multiple disciplines in parallel,

4
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and iii) interdisciplinary innovation occurring at the in-
teraction of the knowledge domains. The article con-
cludes with iv) a constructive approach to structure a
path for purposeful transdisciplinary innovation in pre-
cision public health.

Next, Alex Baumber, Graciela Metternicht, Peter
Ampt, Rebecca Cross, and Emily Berry examine the
co-production of online land management tools. This
article goes beyond conventional concepts in innova-
tion management that are built on Rogers' adoption of
innovation. To do so, this article elaborately presents a
case study of transdisciplinary innovation as a particip-
atory development process that integrates perspect-
ives, including those of the end wusers. But,
transdisciplinary innovation is not quite so easy. It sim-
ultaneously involves reflexivity, wherein participants
challenge assumptions, including their own, thereby
learning and developing a more open-minded or trans-
formative approach to co-producing the innovation.

In the third article, Paula Femenias and Liane
Thuvander add further nuance to the management of
transdisciplinary innovation by reflecting on 14 years
of experience with transdisciplinary research in the
built environment. This article highlights the import-
ance of creating a protected or neutral space where
transdisciplinary innovation participants can meet as
equals to co-produce the innovation. The importance
of this space and its sense of ownership is revealed in
the authors’ humbling insights of how participants ex-
pected the facilitators to own or control the space and
tell participants what to do, when the facilitators were
primarily presenting the opportunity for participants
to take ownership of the space. The ability of the facilit-
ators to instil a sense of ownership by all participants is
challenged further by the turnover in participants dur-
ing the transdisciplinary innovation process, with new
participants distrusting the facilitator and other parti-
cipants, plus a general reluctance to take ownership of
a project their predecessors started.

In a similar vein, Chris Riedy, Dena Fam, Katie Ross,
and Cynthia Mitchell of the University of Technology
Sydney’s Institute for Sustainable Futures (ISF) reflect
on long-term experiences with transdisciplinary re-
search. Based on two decades of work aimed at creat-
ing change towards sustainable futures, Riedy and
co-authors share how they have started to shape learn-
ing spaces or “crossroads” within the ISF to facilitate
individual and collective learning. They argue that
learning is central to transdisciplinary research and

timreview.ca

practice as it underpins innovation and catalyzes organ-
izational and social change. To nurture individual and
collective learning, they acknowledge informal learning
opportunities including unplanned conversations,
while also actively shaping “formal crossroads” includ-
ing collective writing, annual retreats — “the centrepiece
of transdisciplinary practice” — and roundtable sessions.

In the next article, Mariana Zafeirakopoulos and Mieke
van der Bijl-Brouwer further discuss the concept of
learning within transdisciplinary innovation. Where
Riedy and co-authors focus on the collective learning ex-
periences of academics, this article is focused on the in-
dividual learning experiences of innovation
practitioners who have started to shift their originally
positivist approach to transdisciplinary ways of working
to address complex problems. Based on a series of inter-
views with innovation professionals, the authors identi-
fy the motivations and drivers of practitioners to start
and continue transdisciplinary learning, their emotions
experienced during the shift, and the dissemination of
their new learning into professional practice. These in-
sights help us reflect on intervention points throughout
the whole-of-life education journey that practitioners
undertake to spark, revive, or amplify the required atti-
tudes that enable innovation.

The first five articles in this special issue highlight the
need to bring people together who have different types
of knowledge towards transdisciplinary innovation. To
complement this view, Kees Dorst presents a more stra-
tegic approach to address a particular complex problem
and to learn from other disciplines. To achieve this,
Dorst presents a layered model of “practices”, which are
the smaller units of action within disciplines. Practices
consist of the values we find important, the principles
we use to think about them, and the methods and ac-
tions we are going to apply. Framing, a design-based
practice, is suggested as means to identify practices that
can be “mixed” and integrated to innovatively address a
particular complex problem. Dorst furthermore pro-
poses to use the layered model for “practice dialogues”
between professionals to promote the exchange of prac-
tices between disciplines.

We hope that this special issue provides inspiration to
“think bigger” and to integrate multiple disciplines and
practices on your next projects to the benefit of a larger
contingent of society and your own learning. For a more
practical toolkit to facilitate cross-disciplinary collabora-
tion, see Griffith, Carruthers, and Bliemel (2018, due in
October) for a review or search online for “method
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cards” including ones by our Faculty of Transdisciplin-
ary Innovation (tinyurl.com/ybdkjwnl) at the University of
Technology Sydney, Ontario Digital (medium.com/
ontariodigital), IDEO (ideo.com), 18f.gov (18f.gsa.gov), and
others. Of course, many of the sources mentioned in
each article in this special issue are also well worth
tracking down to learn more about the philosophy, art,
and practice of transdisciplinary innovation.

Martin Bliemel and Mieke van der Bijl-Brouwer

About the Editors

Chris McPhee is Editor-in-Chief of the Technology
Innovation Management Review. Chris holds an MASc de-
gree in Technology Innovation Management from Car-
leton University in Ottawa, Canada, and BScH and MSc
degrees in Biology from Queen’s University in Kingston,
Canada. He has nearly 20 years of management, design,
and content-development experience in Canada and

Guest Editors Scotland, primarily in the science, health, and education
sectors. As an advisor and editor, he helps entrepreneurs,
executives, and researchers develop and express their
ideas.
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the Path to Transdisciplinary Innovation and
Its Application for Precision Public Health

with Big Data Analytics
Carolyn McGregor AM

€« Lo . »
When scientists are asked what they are working on,

their response is seldom ‘Finding the origin of the
universe’ or ‘Seeking to cure cancer.” Usually, they will
claim to be tackling a very specific problem — a small
piece of the jigsaw that builds up the big picture.

Martin Rees
Cosmologist and astrophysicist
Astronomer Royal and Past President of the Royal Society

New approaches to complex societal challenges require a diverse mix of resources and
skillsets from different disciplines to create solutions that are of a transdisciplinary innova-
tion nature. The constructive research method enables the purposeful creation of meth-
ods, modules, tools, and techniques that have applicability well beyond the case study that
motivated their creation. This research presents a bottom-up approach that follows a
structured path to transdisciplinary innovation. A method is presented that demonstrates
how a set of innovative research collaborations progress from disciplinary innovation to
multidisciplinary innovation and ultimately onto interdisciplinary innovation. Anchored
in overlapping computer science concepts, drawing on the constructive research methodo-
logy for purposeful synthesis and integration between the projects, a greater transdisciplin-
ary goal can emerge. This method is demonstrated through a case study involving a set of
big data analytics research projects involving diverse disciplines such as computer science,
critical care medicine, aerospace, tactical operations, and public health. The resultant col-
lective vision for transdisciplinary innovation that has resulted offers new approaches to
maintaining individual wellness within communities across their entire lifespan on earth
and in space.

Introduction

Transdisciplinary research has been described by Pohl
(2010) as combinations of four characteristic features of
transdisciplinarity: 1) issues of social relevance; 2) tran-
scending beyond and integrating disciplinary
paradigms; 3) engaging in participatory research to link
abstract and case-specific knowledge; and 4) knowledge
unity through synthesis leading to practices that pro-
mote common good for the socially relevant issue. This
translates to transdisciplinary innovation when goods or
services that create value emerge.
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One complex societal challenge that has emerged in re-
cent years is that of “precision public health”. The term
was coined in Australia by Tarun Weeramanthri in 2013
(Dolley, 2018) and is considered to be “a new field driven
by technological advances that enable more precise de-
scriptions and analyzes of individuals and population
groups, with a view to improving the overall health of pop-
ulations” (Baynam et al., 2017).

One key technological advance that has emerged as relev-
ant for precision public health is big data analytics. Spe-
cifically focused on data with characteristics of volume,
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velocity, and variety, such as data streaming from medic-
al devices, environment sensors, and GPS locators, big
data analytics has generated optimism for the potential
of its value for health research and interventions (Dolley,
2018). Analytics on big data can be performed at two dif-
ferent stages: 1) in real-time as the streaming data is ar-
riving, known as stream processing, real-time, or online
analytics and 2) with persistent historical data after the
data has been stored through knowledge discovery or
data mining (McGregor, 2013a; Palem, 2014). However,
Dolley’s (2018) review demonstrates several isolated ex-
amples of multidisciplinary and interdisciplinary re-
search and innovation with big data analytics in health
that have not been able to evolve to transdisciplinary re-
search and innovation to more broadly create value for
precision public health. A systematic approach is re-
quired to transcend beyond and integrate disciplinary
paradigms to enable the broader impact.

Two research methods are used extensively in the cre-
ation or application of new computing and information
technology approaches for use in differing domains:
constructive research and action research. The con-
structive research method is a systematic approach that
enables the purposeful creation of methods, modules,
tools, and techniques that have applicability well bey-
ond the case study that motivated their creation. It is a
research paradigm widely used in computer science,
mathematics, operations analysis, and clinical medi-
cine (Kasanen et al., 1993). The focus is on the construc-
tion, with theoretical demonstration as well as practical
implementations as valid outcomes of the research pro-
cess. Action research, as the name suggests, involves
taking action, evaluation, and critical reflection (Koshy
et al., 2011). Within the context of computing and in-
formation technology research, it refers to taking the ac-
tion of introducing a computing and information
technology solution then evaluating and reflecting on
its value. Action research has been demonstrated in
transdisciplinary research with its participatory and col-
laborative focus used as a driver for the interaction
between many disciplines along with the broad context
of taking action on the broad transdisciplinary innova-
tion (Djanibekov et al., 2012).

This article presents a bottom-up approach that follows
a structured path to transdisciplinary innovation. A
method is presented that demonstrates how a set of col-
laborative constructive research projects progress from
disciplinary innovation to multidisciplinary innovation
and ultimately onto interdisciplinary innovation.
Anchored in overlapping computer science concepts —
and drawing on the constructive research methodology
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for purposeful synthesis and integration between the
projects — a greater transdisciplinary goal can emerge.

This method is demonstrated through a case study in-
volving a set of research projects focused on big data
analytics involving diverse disciplines such as computer
science, critical care medicine, aerospace, tactical opera-
tions, and public health. The resultant collective vision
for transdisciplinary innovation is new approaches for
precision public health to maintain individual wellness
within communities across their entire lifespan on earth
and in space.

Where the Journey Began: Big Data Analytics
in Critical Care

Critical care units provide care for patients in critical
condition provisioned by complex interdisciplinary
teams of healthcare professionals. The medical devices
within critical care generate high-speed physiological
data and are seen to be a significant untapped resource
in healthcare today. For big data analytics to create
value in healthcare, new robust big data infrastructures
to support clinical research and real-time clinical de-
cision support are required (McGregor, 2018).

One of the most significant perinatal health problems in
industrialized nations is premature or preterm birth,
which is defined as birth before a gestational age of 37
weeks. Neonatal intensive care units (NICUs) are com-
plex critical care environments requiring real-time tech-
nologies correlating medical data from multiple sources
to assist with the detection of the potential onset of com-
plications of prematurity such as infection or damage to
developing brain, lungs, or eyes (McGregor, 2013a). At
the turn of the millennium, the author recognized that
neonatal intensive care — and critical care generally —
would benefit from what would become known as a big
data analytics platform to enable a systematic, reliable,
and scalable approach for the analysis of the big data in
the NICU (McGregor et al, 2002). Ultimately, the
Artemis project (Blount, 2010), named after the Greek
goddess of childbearing, was born from constructive re-
search that leveraged high-speed physiological data to-
gether with other electronic health record data from the
neonatal intensive care unit at The Hospital for Sick
Children in Toronto, Canada, for earlier onset detection
of the development of multiple conditions by multiple
premature and ill full-term infants in multiple locations.
The constructive approach divides the research process
into six phases (Kasanen et al., 1993), which are listed in
Table 1 along the corresponding phases of the creation
of the Artemis platform.
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Table 1. Phases of constructive research undertaken in the creation of the Artemis platform

Phase Constructive Research Artemis Constructive Research

1 Find a practically relevant How can we provide healthcare professionals in critical care with new clinical
problem that also has insights on multiple conditions derived from the analysis of physiological data for
research potential. multiple patients in multiple locations using multiple real-time streams of

physiological data?

2 Obtain a general and Disciplinary understanding of current state of research for platforms to enable real-
comprehensive time analysis and synthesis of physiological data streams.
understanding of the topic. N . . .

& ! Disciplinary understanding of the current state of research for physiological data
behaviours prior to the clinical suspicion of late-onset neonatal sepsis (LONS) as an
initial clinical test case.

3 Innovate (i.e., constructa Create the Artemis big data analytics platform.
solution idea). . . . .

) Create the LONS algorithm using the Artemis platform.

4 Demonstrate that the solution  Acquire data from neonatal infants in the NICU, The Hospital for Sick Children

works. (Toronto) and the Women and Infants Hospital (Providence, Rhode Island, USA).
Complete pilot research studies at each location for the detection of LONS in real-
time as a parallel test to clinical practice to demonstrate potential (McGregor, 2011,
2013a; McGregor et al., 2013).

5 Show the theoretical Contributions to computer science in the areas of event stream processing through
connections and the research ~ the deployment and commercialization of IBM’s InfoSphere Streams software by
contribution of the solution IBM as a result of McGregor’s First of a Kind collaboration with IBM to develop and
concept. test InfoSphere Streams within the medical context (Blount, 2010). Contributions to

data warehousing through the creation of the Artemis platform (McGregor, 2013a),
and temporal data mining through McGregor’s patented Service-Based Temporal
Data Mining framework (McGregor, 2009).

Contributions to health informatics in the area of clinical decision support.
Contributions to medicine in the area of pathophysiology indicators in physiological
data for LONSs.

6 Examine the scope of This systemic platform is capable of performing complex analytics on physiological

applicability of the solution.

data within and outside the healthcare facility.

The initial practically relevant problem led to disciplin-
ary innovation through the construction of the Artemis
online software platform through a strategic partner-
ship between researchers at the University of Ontario
Institute of Technology and IBM Research. The Artemis
platform is shown in Figure 1.

The development of the Artemis platform further led to
disciplinary innovation in the creation of initial features
within physiological data that may be predictive for the
earlier onset detection of late-onset neonatal sepsis
(LONS) by a neonatologist based at the Hospital for
Sick Children, Toronto (McGregor et al., 2013).

timreview.ca

Multidisciplinary research followed these two disciplin-
ary innovation phases with the translation of the initial
physiological features thought to be predictive for the
earlier onset of LONS into analytics within the online
analytics component of the Artemis platform. This re-
search was considered multidisciplinary given that the
researchers from computer science and medicine
worked, as defined by Rosenfield (1992), in parallel with
their disciplinary-specific bases to address a common
problem. The real-time analytics determined whether
features existed within individual physiological data
and created a score based on how many features were
evident (Blount et al., 2010; McGregor et al., 2013).
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Figure 1. The Artemis platform (modified from McGregor, 2013a)

Multidisciplinary research evolved to interdisciplinary
research as the technical and clinical teams learned
more about the other domain. Interdisciplinarity con-
sists of researchers working jointly but still from a dis-
ciplinary-specific basis to address a common problem
(Rosenfield, 1992). This process led to an interdisciplin-
ary research study to perform data mining and know-
ledge discovery for previously unknown new
physiological features that were highly correlative with
LONS (McGregor et al., 2012). Specifically, the discov-
ery that the interplay between heart rate variability
(HRV) and respiration variability (RRV) features as a
means to remove false positives in sepsis detection that
occur when HRV alone is used.

The final phase of the constructive research that cre-
ated the Artemis platform led to reflection on the broad-
er scope of applicability of the functionality of the
Artemis platform for the real-time assessment of

timreview.ca

physiological data. Presentation of the Artemis plat-
form in public and academic contexts, and interaction
with professions from other domains, ultimately resul-
ted in the application of the principles of Artemis to
two distinctly different domains namely: 1) tactical op-
erator resilience assessment and development and 2)
space medicine for adaption assessment and wellness
in space.

Beyond Critical Care: Big Data Analytics in
Tactical Officer Resilience Assessment and
Development

Tactical officers are highly trained paramilitary respon-
ders whose role is to tackle significant life-threatening
situations that are outside the capabilities of front-line
police officers (McGregor & Bonnis, 2017). The mental
and physical stress on the body during tactical activit-
ies is intense. The rise in sympathetic nervous system
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activity leads quickly to a dramatic rise in heart rate dur-
ing tactical combat activity, which is followed by fur-
ther heart rate increases and respiration increases as
combat continues (Grossman & Siddle, 2000). Tactical
officers train regularly because skills such as precision
weapon firing and tactical operations are perishable.
However, frameworks to measure physiological re-
sponse metrics for mental and physical reaction to tac-
tical training as a means to assess skills competency
and resilience remain a challenge (McGregor et al.,
2015). Virtual-reality-driven training activities for tactic-
al officers are increasingly being used for standardized
training scenarios because they are a safe and cost-ef-
fective way to promote resilience training by allowing
trainees to learn techniques for resilience from various
stressors. McGregor, Bonnis, and Stanfield (2017) saw
significant potential to explore new approaches for pre-
cision training of tactical operators through physiolo-
gical monitoring that leveraged the advanced heart rate
and breathing analytics within Artemis that was syn-
chronized and integrated with training that is provi-
sioned through a serious first-person shooter game that
uses virtual reality.

A second constructive research project commenced
within the context of tactical officer training, specific-
ally for the assessment and development of resilience
to create the Athena platform, which is named after the
Greek goddess of warfare and wisdom. Table 2 presents
a summary of the constructive research phases in this
second project.

The initial practically relevant problem led to disciplin-
ary innovation through the construction of the Athena
platform as an extension to the Artemis platform.
Athena enabled the integration of physiological data to-
gether with a real-time stream of gameplay information
from the first person shooter game, the ARAIG Haptic
garment, and ArmA 3. The Athena platform is shown in
Figure 2.

The platform further led to disciplinary innovation in
tactical training through the creation of training scen-
arios for clearing buildings, which included a struc-
tured approach to the inclusion of a range of stressors
such as engaging with the enemy and seeing a team
member injured.

Table 2. Phases of constructive research undertaken in the creation of the Athena platform

Phase Constructive Research Athena Constructive Research
1 Find a practically relevant How can we provide a new approach for the assessment of physiological data during
problem that also has tactical operator training to create new approaches for the assessment of resilience
research potential. and the impact of stressors?
2 Obtain a general and Disciplinary understanding of current state of research for resilience assessment and
comprehensive physiological behaviours when under stress.
understanding of the topic.
3 Innovate (i.e., constructa Create Athena big data analytics platform as an extension to the Artemis platform to
solution idea). enable the inclusion of additional streams of data from a virtual reality game.
Create resilience assessment algorithms using the Athena platform.
4 Demonstrate that the solution — Perform an initial pilot study with Tactical Operators using ArmA 3, ARAIG, and
works. Athena.
5 Show the theoretical Structured approaches for resilience assessment and development training for
connections and the research ~ tactical operators.
contribution of the solution 5 o . . .
concept Contributions to computer science in the areas of data warehousing to create the
’ Athena online software platform and serious games through the creation of a
building-clearing serious game for use by tactical operators that enables resilience
assessment and development.
6 Examine the scope of This systemic platform is capable of performing complex analytics on physiological

applicability of the solution.

data within and outside the training facility.
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Figure 2. Integration of Athena, ArmA 3, and ARAIG (modified from McGregor et al., 2017)

Multidisciplinary research followed these two disciplin-
ary innovation phases with the translation of the train-
ing scenario into ArmA 3. Multidisciplinary research
evolved to interdisciplinary research as the technical
and tactical teams learned more about the other do-
main. This process led to interdisciplinary research to
study methods for resilience assessment and develop-
ment based on structured approaches to stressor integ-
ration and new resilience analytics.

The final phase of the constructive research that cre-
ated the Athena platform led to reflection on the broad-
er scope of applicability of the functionality of the
Athena platform for other first responders such as fire-
fighters and paramedics. It also led to the realization
that the resilience analytics had a broader applicability
within the first responder community and those with
mental health conditions such as post-traumatic stress
disorder.
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Beyond Earth: Big Data Analytics in Space
for Adaption Assessment

A primary focus of space medicine is the estimation of
risks of pathology development during long-term space
flights as crew member illness or decreased perform-
ance can put the whole mission at risk (Orlov et al.,
2017). Beyond the impact of weightlessness and radi-
ation, astronauts have the potential to develop a range
of medical conditions that could be developed when
they are not participating in space flight. The earliest
and accurate detection of the potential onset of these
conditions through predictive diagnostics is of signific-
ant importance, particularly when the missions involve
significant time intervals of days or weeks, where con-
tact with mission control is not possible (McGregor,
2013b). A mathematical model of human functional
states utilizing heart rate variability (HRV) analysis has
been the subject of prior Russian research in space
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medicine (Baevsky et al,, 2011). However, that research
was limited to the determination of a 24-hourly human
functional state score derived from averaging the func-
tional states for each 5-minute window in a 24-hour
period, resulting in significant data loss. In addition,
data collection was a separate process from data analys-
is, with data collection occurring on the spacecraft,
most recently the International Space Station. Using
that approach, data is transported or transmitted to
Earth for retrospective analysis after completion of the
mission.

Therefore, a third constructive research project com-
menced within the context of space medicine and spe-
cifically for the assessment of adaption and response to
the stress of space flight to create the Artemis in Space
platform. A summary of the constructive research
phases undertaken in this third project is presented in
Table 3.

This research built on disciplinary innovation in func-
tional state and wellness assessment during space
flight. Multi-disciplinary research involved the transla-
tion of the function state algorithm into a stream pro-
cessing algorithm to run in real-time within the Artemis
in Space platform (Orlov et al., 2017).

Multi-disciplinary research evolved to interdisciplinary
research as the technical and space medicine teams
learned more about the other domain. This led to an in-
terdisciplinary research study to methods for adaption
assessment.

Again, the final phase of the constructive research led
to reflection on the broader scope of applicability of the
wellness approach and the realization that the wellness
analytics had a broader applicability for providing
health analytics in the broader community.

Table 3. Phases of constructive research undertaken in the creation of the Artemis in Space platform

Phase Constructive Research Artemis Constructive Research

1 Find a practically relevant How can we provide new approaches for the assessment of physiological data
problem that also has during space flight and analogue isolation to create new approaches for the
research potential. assessment of adaption?

2 Obtain a general and Disciplinary understanding of current state of research for space adaption and
comprehensive physiology in space.
understanding of the topic. Lo . .

Disciplinary understanding of current approaches for the analysis of space
physiology

3 Innovate (i.e., constructa Create Artemis in Space big data analytics platform as an extension to the Artemis
solution idea). platform that enables analysis of adaption.

Re-engineer functional state mathematical model to create adaption assessment
algorithms using the Artemis in Space platform.

4 Demonstrate that the solution  Perform an initial pilot study with cosmonauts completing isolation experiment in
works. Mars 500 facility.

5 Show the theoretical Medical contributions for new approaches to adaption and wellness assessment
connections and the research ~ resulting in theoretical contributions to the function of health monitoring in space.
contribution of the solution ) . . . . L .
concept Computer science contributions for real-time health monitoring in space resulting

’ in theoretical contributions for analytics platforms that enable autonomous health
monitoring.

6 Examine the scope of This systemic platform is capable of performing complex analytics on physiological

applicability of the solution.
control.

data within the spacecraft and outside it through the transmission of data to mission
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The Emergence of Transdisciplinary Re-
search and Innovation for Precision Public
Health with Big Data Analytics

Drawing on step 6 of the constructive research method-
ology to structure a path for the purposeful synthesis
across these three separate research initiatives
anchored in similar big data analytics platforms has res-
ulted in a broader transdisciplinary research and innov-
ation collaboration to emerge with the socially relevant
issue of precision public health as the focus. Specific-
ally, assessing the scope of applicability enabled cross-
pollination between the projects for a broader health
and wellness goal that draws on the knowledge gained
from all projects. This partnership has been further en-
abled through a strategic partnership with a fourth sec-
tor: public health with the Department of Health in
Western Australia. The structured path of synthesis res-
ulted in a collaboration that transcends beyond and in-
tegrates disciplinary paradigms across computer
science, critical care medicine, aerospace, tactical oper-
ations, and public health. New research and innovation
projects are now emerging to link abstract and case-
specific knowledge such as the concepts of health,
stressors, resilience, and adaption in a broader goal of
precision public health assessment of wellness to
emerge. This transdisciplinary team is now proposing
new action research projects to use the assessment of
stressors, resilience, and adaption through big data ana-
Iytics on physiological response with environmental in-
formation as an ongoing approach to proactively assess
wellness within several diverse communities including,
but not limited to, preterm infants, first responders,
and astronauts. This work is being progressed with a
new collaboration with the Western Australian Depart-
ment of Health, who are international leaders in the
area of precision public health for policy-driven proof-
of-concept projects.

timreview.ca

Conclusion

This research presents a method that enables research
and innovation projects to progress from disciplinary
innovation to multi-disciplinary innovation, which can
then evolve to interdisciplinary innovation with deeper
cross-domain understanding. The final stage of the con-
structive research process enables a structured path for
a greater transdisciplinary goal to emerge.

This method was demonstrated through a set of big
data analytics research projects involving diverse dis-
ciplines such as computer science, critical care medi-
cine, aerospace, tactical operations, and public health
that result in new approaches for transdisciplinary in-
novation in precision public health. This method en-
ables a structured path to elevate to transdisciplinary
collaboration and can then be followed by further ac-
tion based transdisciplinary research projects involving
this diverse team.
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From Importing Innovations to Co-Producing
Them: Transdisciplinary Approaches to the
Development of Online Land Management Tools
Alex Baumber, Graciela Metternicht, Peter Ampt,

Rebecca Cross, and Emily Berry

¢ The innovator plays an important role in the diffusion ”
process: that of launching the new idea in the system
by importing the innovation from outside the system

boundaries.

Everett M. Rogers (1931-2004)

Communication theorist and sociologist
In Diffusion of Innovations (2003)

While traditional approaches to innovation diffusion often assume that innovations come
from outside a local system, transdisciplinary co-production offers an alternative
paradigm in which local stakeholders are engaged as co-producers of innovations. The use
of digital online tools for agriculture, conservation, and citizen science is an area of
expanding opportunities, but landholders are often dependent on tools developed outside
their local communities. This article looks at the potential for transdisciplinary co-
production to be used as a framework for more participatory development of digital online
land management tools, with a case study from the Central Tablelands of New South
Wales, Australia. This research has implications beyond rural land management to other
industries and contexts where reflexive and integrative strategies are needed to overcome
barriers to stakeholder participation and engagement with new technologies.

Introduction

As demonstrated by the quotation that opens this art-
icle, innovation diffusion is often conceived of as a pro-
cess of importing innovations into a system from
outside, with local stakeholders then deciding whether
to adopt them. However, such an approach can result
in the knowledge, values, and needs of certain stake-
holders being excluded from the innovation process.
This can be particularly problematic for the develop-
ment and application of digital technologies in rural
and remote areas, where factors such as Internet ac-
cess, technological proficiency, education, age, and cul-
tural background can impact on the capacity of local
community members to adopt and utilize technological
innovations (Carver et al., 2009; Cinnamon & Schuur-
man, 2013; Haklay, 2013; Radil & Anderson, 2018).
Transdisciplinary approaches offer an alternative to the
notion of “importing” innovations by engaging multiple
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stakeholders and knowledge types in the innovation
process, including diverse types of disciplinary and ex-
pert knowledge as well as practical and local know-
ledge (Lang et al., 2012). Transdisciplinary approaches
are relevant not only to rural land management but
also to a diverse range of contexts including urban plan-
ning (Polk, 2015), waste management (Smith, 2017),
health (Darrell, 2016), and higher education (Petra &
Christian, 2017).

Digital online tools for rural land management are a
growing area of interest for academic research and
industry development. This trend encompasses both
agricultural production and conservation-based man-
agement and may be framed as digital agriculture (Trin-
dall et al., 2018), spatial decision support systems
(Ramsey, 2009), participatory geographic information
systems (Radil & Anderson, 2018), or citizen science
(Newman et al., 2017). Advances in geospatial data and
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tools can facilitate greater collaboration by enabling
groups to communicate better, divide up tasks, share
data, and integrate different functions such as mapping
and communication (Palomino et al., 2017). Such tools
also have the potential to bridge the gap between the
property scale at which landholders commonly make de-
cisions and the broader scales at which cross-property
challenges need to be managed, including total grazing
management, weeds, and fire (Wyborn & Bixler, 2013).

To understand the innovation process around digital on-
line land management tools, a rich history of rural land-
holder research can be drawn upon. Everett M. Rogers,
whose quotation opens this article, developed his innov-
ation diffusion model after observing the adoption of ag-
ricultural innovations among Iowa corn farmers and was
influenced by other researchers at Iowa State University
(e.g., Ryan & Gross, 1943). His seminal 1962 book Diffu-
sion of Innovations has been influential on the develop-
ment of broader innovation theory, including his
generalized diffusion model, which classifies adopters
along a spectrum from innovators to laggards (Figure 1).

Rogers ‘ central argument is that innovation diffusion is
a general process that follows similar patterns across di-
verse contexts ranging from agriculture to medicine to
information technology (Rogers, 2003). However, this
model has also been subject to criticism, particularly in
relation to rural landholders. Pannell and co-authors
(2011) argue that it implies “innovativeness” is a charac-
teristic people apply equally to all innovations, while
Vanclay (2004) argues that “agriculture has too long
been thought of as a technical issue involving the applic-
ation of science, and the transference of the outputs of

that science via a top-down process of technology
transfer” (Vanclay, 2004).

In this article, we consider transdisciplinary innovation
strategies that are participatory and collaborative
rather than “top-down” and apply these to an Australi-
an case study involving the development of a digital on-
line land management tool. Specifically, we apply the
framework for “transdisciplinary co-production” de-
veloped at Mistra Urban Futures in Sweden (Polk,
2015). In doing so, we seek to demonstrate the versatil-
ity of this framework by applying it outside of the urban
context in which it was originally developed and on the
other side of the world.

Transdisciplinary Co-Production

Transdisciplinarity has been defined in different ways
over time (Scholz & Steiner, 2015a), but a central fea-
ture of many definitions is the need for participatory en-
gagement with a range of stakeholders. Smith (2017)
highlights the influence of participation and deliberat-
ive democracy on the development of transdisciplinar-
ity from the 1970s onwards. Similarly, Polk, and
Knutsson (2008) emphasize the importance of particip-
atory approaches to transdisciplinary knowledge pro-
duction in order to incorporate contextualized
knowledge, transgress disciplinary boundaries, and
subsume “a variety of different non-academic stake-
holders, organizations and sites”. Scholz and Steiner
(2015b) present a vision of transdisciplinarity that cuts
across disciplinary boundaries, involves multi-stake-
holder discourse, includes a process of mutual learning,
and focuses on practical real-world challenges.

Average time
of adoption
34% 34%
13.5% 16%
2.5%
Innovators Early Early Late Laggards
Adopters Majority Majority
Time —_—

Figure 1. Generalized model of adoption over time divided into Rogers’ five adopter categories (redrawn from

Rogers, 2003)
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The framework for “transdisciplinary co-production”
evaluated in this article was developed at Mistra Urban
Futures in Sweden and described by Polk (2015). The
framework includes five focal areas: inclusion, collabor-
ation, integration, usability, and reflexivity (Table 1).

While Polk (2015) considers transdisciplinary co-pro-
duction in relation to urban planning, a precedent has
previously been set for the application of the term
“transdisciplinary co-production” to rural settings, with
Aeberhard and Rist (2009) applying it to the co-produc-
tion of knowledge on organic farming in Switzerland.
The co-production concept also has some overlaps
with the concept of “co-management” in natural re-
source management, which also involves bringing to-
gether multiple knowledge types in a process of social
learning and adaptation (Berkes, 2009). Unlike Polk
(2015), Aeberhard and Rist (2009) did not apply a specif-
ic framework for transdisciplinary co-production in
their study, but their use of the term demonstrates its
versatility in terms of both context and product. In the
case of Aeberhard and Rist (2009), the product was
knowledge about organic agriculture. For Polk (2015),
the products were visions of urban planning. For our
case study, the product is a digital online tool that can
be used to collaborate on managing land and natural re-
sources.

Our case study project in the Central Tablelands of New
South Wales (NSW), Australia, was not initially de-
signed using Polk’s framework and the research team
initially chose to frame it as an “interdisciplinary”
rather than transdisciplinary project. Scholz and Stein-

er (2015b) define interdisciplinarity as “the merging of
concepts and knowledge from different disciplines”,
which does not necessarily incorporate the focus on
multi-stakeholder discourse and real-world practice
that they view as integral to transdisciplinarity. Our
case study clearly meets Scholz and Steiner’s definition
of interdisciplinarity, with our research team having ex-
pertise in agriculture, geospatial science, environment-
al management, policy studies and human geography.
However, a key question considered in this article is
whether the case study also qualifies as transdisciplin-
ary. This question has relevance not only for rural land
use projects but for any project that aims to develop di-
gital technology in a manner that is collaborative, parti-
cipatory and does not easily fit within disciplinary
boundaries.

The Central Tablelands Case Study

The two case study areas (labelled as NE and SW in Fig-
ure 2) are located in the NSW Central Tablelands re-
gion, which lies between the Sydney metropolitan area
and the NSW western slopes and plains. The dominant
land use is sheep and cattle grazing (NSW Govern-
ment, 2007), but there has also been an influx of so-
called “rural lifestylers” who are not dependent on the
land for their income (Central West Independent Re-
view Panel, 2007). The Landcare movement, which
brings together conservation and production object-
ives (Curtis et al., 2014) is represented in the region by
many small local groups and some larger umbrella
groups such as Watershed Landcare (covering 9000
km? around Mudgee).

Table 1. The five focal areas of Polk’s Transdisciplinary Co-Production Framework (Adapted from Polk, 2015)

Focal Area Definition from Polk (2015)

1. Inclusion
production process.

Different groups of stakeholders from both practice and research are entitled to the entire knowledge

2. Collaboration

The processes and methods for participating as well as the quality and degree of the participation result in

in-depth contributions from both practice and research.

3. Integration

The assimilation, combination and/or synthesis of both practice-based and scientific perspectives, values,

knowledge and expertise adequately capture the problem complexity and issues being addressed.

4. Usability

Assessment and reflection upon the social robustness and transformative capacity of outputs and

outcomes occur throughout the research process.

5. Reflexivity

The project approach includes on-going scrutiny of the choices that are made when identifying and

integrating diverse values, priorities, worldviews, expertise and knowledge from both practice and science

in the research process.
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Figure 2. Location of the North-East (NE) and South-West (SW) case study areas in the NSW Central Tablelands

(Map data: Google)

The project, undertaken between January 2016 and
January 2018, aimed to assess landholder interest in us-
ing online tools to collaborate on land and natural re-
source management. It was funded by the NSW
Environmental Trust and involved three universities
(The University of Sydney, The University of New South
Wales, and The University of Technology Sydney), as
well as Landcare NSW Inc. (the peak body for Landcare
groups in NSW) and the Central Tablelands Local Land
Services (a NSW Government agency). The research
team brought together a range of disciplinary expertise,
as well as practical experience in commercial agricul-
ture, conservation, and community engagement.

Prior to the start of the project, a range of existing on-
line collaboration tools were accessible in the case
study areas, including global platforms for spatial ana-
lysis (e.g., Google Earth, ArcGIS Online, QGIS Cloud)
and social media (e.g., Facebook, Twitter, Instagram).
In addition to these global tools, a range of national or
regional-scale tools are also applicable to the Central
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Tablelands region, including a directory of active en-
vironmental groups on the NSW Landcare Gateway
(landcare.nsw.gov.au), spatial data via the NSW Spatial In-
formation Exchange (maps.six.nsw.gov.au) and Atlas of
Living Australia (ala.orgau), and citizen science plat-
forms such as FeralScan for reporting feral animal
sightings (feralscan.org.au).

The diversity of available tools in the case study area
reflects a global trend towards tools that are free, open
source, inter-operable, and able to be adapted by user
communities (Palomino et al., 2017). However, none
of the available collaboration tools were co-produced
by or with local stakeholders and the extent to which
they may be able to adapt such tools to meet their loc-
al needs depends on factors such as Internet access,
technological proficiency, education, and institutional
support, which can pose particular challenges in rural
and remote areas (Cinnamon & Schuurman, 2013;
Haklay, 2013).
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The case study research followed a participatory ap-
proach, with focus groups used to scope key issues and
stakeholders, a participatory rural appraisal (PRA) exer-
cise undertaken in each case study area, a question-
naire used to inform the design of an online tool, a
series of adaptations made to the NSW Landcare Gate-
way, and follow-up workshops held to evaluate the new
features. Participatory rural appraisal is an approach
that treats rural people as co-producers of knowledge
(Chambers, 1994). The case study methodology, follow-
ing Campbell (2001) and Narayanasamy (2009), in-
volved interview teams made up of researchers and
local stakeholders spreading out across each case study
area to interview and survey landholders over a period
of 2-3 days, followed by a concluding workshop to syn-
thesize key findings.

The semi-structured interviews covered land manage-
ment practices, history of collaboration, interest in fur-
ther collaboration, and use of online collaboration
tools. At the end of each interview, interviewees were
asked to complete a written survey covering their level
of Internet access and usage, the functions they would
most value in a new collaboration tool, requirements of
a “user-friendly” tool, the types of data they would be
willing to share, and their willingness to pay a fee to ac-
cess an online tool. For full details of the survey method-
ology and results, see Baumber and co-authors (2018).

In total, 26 landholders were interviewed in the NE case
study area and 29 in the SW area. The NE area had a
higher proportion of small-to-medium landholders
(n=17/26 interviewees), with more than half identifying
as rural lifestylers with an urban background. In con-
trast, participants in the SW study area were predomin-
antly medium-to-large commercial landholders
(n=19/29 interviewees), with most interviewees coming
from inter-generational farming families producing
sheep (for meat and wool) and beef. The NE area had a
more diverse mix of land use activities, including sheep
for wool or meat, beef, wine, alpacas, pigs, and land
managed for conservation. Interviewees were not asked
their age and there was no obvious difference between
the two areas in this regard.

The issues for which collaboration was practiced or de-
sired were similar in each area, including weeds and
pest animals, ecological restoration, production prac-
tices, and tourism. Key results emerging from the sur-
vey and interviews included the poor quality of Internet
access experienced by many landholders (especially in
the SW area), a desire to selectively share some data
among a local group rather than with the general pub-
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lic, and an interest in sharing data in a variety of formats
such as map-based data, photos, news, events, and mon-
itoring results. Data security was a key concern, and
there was a strong interest in mobile device compatibil-
ity and simple menu options to make any tool user-
friendly. The interest in sharing a wide variety of data
formats highlighted the importance of not defining any
new tool in narrow terms such as a “mapping” or “cit-
izen science” tool, as well as ensuring that it could be ad-
apted in future to meet diverse and emerging landholder
objectives.

The survey results were used to design a series of modi-
fications for the NSW Landcare Gateway. This was selec-
ted as the most appropriate platform to trial new
features based on the case study results for the following
reasons:

e It was operated by a key project partner (Landcare
NSW) who was seeking to add new functions.

* It was free for local landholder groups to use.

* Landcare NSW had the resources to keep it operating
after the end of the project when funding had ceased.

e It already had much of the critical functionality identi-
fied from the social research, including dedicated
spaces for local groups and the ability to handle a vari-
ety of data sources (map-based data, photos,
news/events, and monitoring results).

A series of modifications were made to the NSW Land-
care Gateway between March and August 2017, when tri-
als were launched in each of the two case study regions.
Figure 3 shows some of these new features, including so-
cial media feeds (left-hand side), links (top right), map-
ping features (sample point features and polygons
displayed), and the ability to export data from the maps
(“Download group KML” link at bottom right). Addition-
al mapping functionality was added to allow users to add
detailed information to each point or polygon, including
text descriptions, photos, and data files for download.
New sharing permissions were added so that users could
choose whether data was visible to themselves only, to
other group members, or to the general public. Figure 3
shows the public view for the Glideways Group page;
signed-in group members would see additional features
on the map. A number of back-end changes were re-
quired to make this possible, including streamlined sign-
up and login processes and new editing permissions, as
only group administrators previously had access rights
to upload data and change display settings.
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In order to trial the changes, one collaborative activity
was identified for each case study area based on con-
sultation with participants in the rural appraisal and oth-
er local stakeholders. The monitoring of spiders as an
indicator of ecosystem health was selected for the NE tri-
al, whereas in the SW area, marsupial gliders were selec-
ted as the focus of the trial (e.g., recording observations
and nest box sites). Local workshops were held in Au-
gust 2018 to enable landholders to learn about the new
Gateway features and sign up to the trials, with 12 land-
holders signing up to the NE trial and 11 to the SW trial.

Further workshops were held in December 2018 to eval-
uate the trials’ progress in each area, and feedback was
also sought from individual users of the tool. Trial res-
ults to date indicate that some participants value having
a space to store data and to share it with neighbours or
other stakeholders such as funding bodies. However, a
range of challenges has also been identified. Some is-
sues have since been resolved, such as an inability to dif-
ferentiate between different data types on maps
(resolved through additional icons) and an inability to

e Development of Online Land Management Tools Baumber et al.

export mapping data for use in other platforms (re-
solved through added KML and CSV export functions).
Other issues remain unresolved, such as a desire for
even simpler menus with fewer clicks needed to reach
each page, issues around loading speeds in areas with
poor Internet access, and difficulties importing data lay-
ers of certain formats.

The current status of the project is that the project team
continues to work with participating landholders to cus-
tomize and evaluate the Gateway modifications. Further
funding has been sought to implement additional modi-
fications and to extend trials to additional collaborative
practices, including revegetation and collaborative man-
agement of total grazing pressure.

Evaluation of Project Against the
Transdisciplinary Co-Production Framework

The project is evaluated below against each of the five
focal areas described by Polk (2015): inclusion, collabor-
ation, integration, usability and reflexivity.
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1. Inclusion

The framework requires that “different groups of stake-
holders from both practice and research are entitled to
the entire knowledge production process” (Polk, 2015).

The project included several different groups of stake-
holders involved in land management, including com-
mercial farmers, non-commercial “lifestylers”,
government agencies, and local conservation groups.
In addition, Central Tablelands Local Land Services,
Landcare NSW, and key local groups were also involved
in the design of the research alongside the university-
based researchers.

Inclusion could be further enhanced through greater
consideration of other stakeholder types. Absentee
landholders (e.g., those living in cities and visiting prop-
erties on weekends) emerged as a group that was diffi-
cult to reach via the initial social research design.
Agribusinesses and producer groups could also have
been included to a greater degree. Other groups that
were included, but only to a limited extent, were protec-
ted area managers and indigenous groups. Expertise in
biology, law, and information technology was brought
in at various stages to complement the disciplinary
strengths of the project team, but other disciplines
could have also been included, such as health, econom-
ics, and design. A greater effort could also have been
made at the start of the project to map out the “entire
knowledge production process”, which may have iden-
tified a need to support on-ground data collection as
well as developing a tool that could be used to share it.

Despite our attempts to include a diverse range of af-
fected stakeholders, it is also possible we may have in-
advertently excluded some stakeholders through the
format or timing of participatory practices. For the case
study, care was taken to locate workshops in appropri-
ate locations and to time them for when most landhold-
ers would be able to attend (including some evening
workshops). However, some stakeholders may have
been excluded due to distance or commercial farming
priorities or their inability to participate in the Land-
care Gateway trial due to a lack of technological literacy
or Internet access.

2. Collaboration

The framework requires that “the processes and meth-
ods for participating as well as the quality and degree of
the participation result in in-depth contributions from
both practice and research” (Polk, 2015).
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The project was explicitly aimed at enhancing collabor-
ation, not only in terms of the methods used to co-pro-
duce the online tool but also through the tool itself. The
participatory rural appraisal methodology facilitates
collaboration and the integration of different know-
ledge types by partnering outside researchers with local
stakeholders to undertake interviews. A mixed-method
approach was used that incorporated surveys to obtain
short answers quickly and systematically, semi-struc-
tured interviews to obtain in-depth personal contribu-
tions, and workshops and focus groups that allowed
participants to engage in conversation with one anoth-
er.

3. Integration

The framework requires that “the assimilation, combin-
ation and/or synthesis of both practice-based and sci-
entific perspectives, values, knowledge and expertise
adequately capture the problem complexity and issues
being addressed” (Polk, 2015).

The participatory rural appraisal interviews, work-
shops, and focus groups were the key project activities
for assimilating, combining, and synthesizing know-
ledge. Experts on spiders, gliders, and legal models for
collaboration were invited to the local area workshops
that launched the online tool trials, allowing scientific
and practice-based knowledge to be integrated. Further
integration could have occurred at other project stages,
such as the production of the final project report, con-
ference presentations, and journal articles, which were
influenced by landholder values and knowledge but did
not involve direct landholder involvement.

4. Usability

The framework requires that “assessment and reflec-
tion upon the social robustness and transformative ca-
pacity of outputs and outcomes occur throughout the
research process” (Polk, 2015).

Usability of outputs was a key consideration
throughout the project. This included the initial social
research to identify user needs and constraints, as well
as the design phase of the tool and the subsequent user
trials. The survey asked respondents which features
they considered most critical for a “user-friendly” tool,
with simple menu options emerging as the most highly
rated feature. However, as the survey was based on a
hypothetical tool, the user trials for the modified Gate-
way tool proved critical in identifying real-world usabil-
ity issues around importing and exporting spatial data,
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differentiating between different data types on maps,
and further refinement of menu options to reduce the
number of “clicks” required to navigate within the tool.

5. Reflexivity

The framework requires that “the project approach in-
cludes on-going scrutiny of the choices that are made
when identifying and integrating diverse values, priorit-
ies, worldviews, expertise and knowledge from both
practice and science in the research process” (Polk,
2015).

The project scrutinized decision making, assumptions,
and value-judgments at multiple stages, including con-
sultation on the project design, initial focus groups, key
informant interviews, participatory rural appraisals, and
surveys in each sub-region and follow-up workshops to
evaluate the modifications to the NSW Landcare Gate-
way. The analysis undertaken for this article also repres-
ents part of the reflexivity dimension of the project.

The workshops and survey were especially useful at
challenging assumptions and value judgements of the
project team. For example, at one participatory rural ap-
praisal workshop, researchers initially classified weed
management as a conservation practice, but the con-
sensus among landholders and agency staff was that it
was more appropriately considered a production activ-
ity, due to weeds reducing the productive potential of
the land. The landholder survey results also challenged
our assumptions about the nature of the online tool,
which was initially framed as a participatory geographic
information system (PGIS) based on the prominence of
PGIS approaches in the academic literature (e.g., Karimi
& Brown, 2017; Meyer et al., 2016; Ramsey, 2009).
However, survey respondents ranked mapping function-
ality below other features relating to data security, shar-
ing settings, and the ability to search using key terms. As
such, it was concluded that the tool should not be classi-
fied as PGIS but rather as an adaptive collaboration tool
capable of incorporating multiple data types, including
text, photos, news/events, and maps.

A final consideration relating to reflexivity is the extent
to which the product of a co-production process should
be adaptable to changing values and knowledge after
the end of the project. Once the diversity of potential
uses of the tool were identified through the survey, the
tool was explicitly designed to be adaptive in the sense
that new user types could be added, future users could
choose how they used different functions and the types
of data included could be altered to reflect changing
needs and values. The adaptive capacity of the tool is
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limited by technical and design constraints, but an ex-
plicit aim in its design was to leave space for self-organ-
ization among users and reflexive processes that
re-evaluate assumptions and value judgements about
how it should be used in an ongoing fashion.

Discussion and Implications

The application of Polk’s (2015) transdisciplinary co-
production framework to this case study has implica-
tions beyond the NSW Central Tablelands for the devel-
opment of digital online tools more broadly and for the
application of transdisciplinary innovation strategies
to other contexts. Overall, we argue that our case study
qualifies as an example of transdisciplinary co-produc-
tion, as it addresses all five of Polk’s focal areas and
landholders in the project were viewed as co-produ-
cers of an innovative digital tool rather than potential
adopters of an innovation brought in from outside the
system. However, while collaboration, usability and re-
flexivity were addressed strongly, the other two focal
areas of inclusion and integration could have been ad-
dressed to a greater extent.

With regards to inclusion, certain stakeholder groups
may have been disadvantaged by distance or Internet
access and others could have been engaged more fully,
such as agribusinesses, producer groups, protected
area managers, and indigenous land managers. Chal-
lenges around Internet access, technological literacy,
and the incorporation of indigenous knowledge are
common to other studies in rural or remote areas
(Carver et al., 2009; Wang et al., 2008) and are import-
ant factors to take into account when applying Polk’s
transdisciplinary co-production framework outside the
urban context in which it was first developed.
However, it is also important to remember that the ex-
clusion of marginalized groups is an issue across the di-
verse contexts in which digital online tools are applied,
with participation influenced by factors such as
gender, education, and affluence (Haklay, 2013).

As with inclusion, the integration of different know-
ledge types can be a challenge for digital collaboration
tools more broadly (Palomino et al., 2017). For the case
study, integration could have been enhanced by includ-
ing a greater diversity of stakeholders in the project re-
porting stages. However, other stages of the project
highlighted effective ways to integrate expert disciplin-
ary knowledge alongside local and practical know-
ledge. The participatory rural appraisal practice of
partnering outside researchers with local stakeholders
when undertaking interviews purposely encourages
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the integration of different knowledge types and has rel-
evance beyond rural contexts and online tools. The case
study also highlights the important role that reflexivity
plays in the integration of knowledge by challenging un-
derlying assumptions (e.g., about weeds being a conser-
vation issue or tools being framed primarily as mapping
tools) and thus opening participants’ minds to new per-
spectives.

One potential refinement to Polk’s 2015 framework that
emerges from the case study is the need to consider the
five focal factors not only in relation to how the
“products” of transdisciplinary co-production are ini-
tially developed but also in how they are managed and
refined into the future. In the Central Tablelands case
study, an explicit aim of the project was to develop a
tool that was adaptive to changing stakeholder values
and knowledge over time. As such, the transdisciplinary
co-production process necessarily involves a degree of
“co-management” after a product is launched. In con-
sidering what form this ongoing co-management
should take across diverse contexts, natural resource
management may offer potential insights through the
tradition of “co-management” around land and natural
resources (Berkes, 2009). “Adaptive co-management”
takes this further, with landholders, governments, and
other stakeholders working together to manage natural
resources through deliberate experiments and a process
of mutual learning (Armitage et al., 2008).

Conclusion

In contrast to the view expressed by Everett M. Rogers
in his seminal work Diffusion of Innovations, transdis-
ciplinary approaches recognize that innovations need
not be imported from outside but can arise from the in-
tegration of diverse knowledge types within a local sys-
tem through a reflexive and collaborative process of
mutual learning. Our application of Polk’s (2015) frame-
work for transdisciplinary co-production to the develop-
ment of an online collaboration tool in the NSW Central
Tablelands has revealed a range of insights that are rel-
evant to the local context. These include the need to
consider Internet access, technological proficiency, and
indigenous knowledge when developing online collab-
oration tools. However, it has also provided insights rel-
evant to a diverse range of contexts, including strategies
for integrating expert and practice-based knowledge,
the value of reflexive approaches that challenge underly-
ing assumptions, and the need for ongoing co-manage-
ment to be considered as part of the transdisciplinary
co-production process.
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Just as Rogers’ innovation diffusion model grew from
research with Iowa corn farmers to encompass a wide
range of contexts, the insights gained from the applica-
tion of transdisciplinary co-production to rural land
management has implications for many different in-
dustries and geographic settings. By encouraging col-
laboration, the integration of knowledge, and the
evaluation of underlying assumptions about the innov-
ation process, transdisciplinary approaches can
provide strategies for enhancing stakeholder inclusion
and the usability of new technological innovations.
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degradation in the Far West NSW, private land conser-
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NSW Central Tablelands.
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¢ We had the technical part ready but realized that this »
was the simple part of the challenge.

Industry partner in project ReBo,
a transdisciplinary research project described in this study

In this article, we reflect on 14 years of experience with transdisciplinary research in the
built environment. We critically consider challenges and pitfalls in relation to normative
definitions of transdisciplinary research derived from the literature. Our experiences from
five transdisciplinary research projects are presented with a focus on each project’s aim,
size, organization of work, and funding. Results show that different kinds of
transdisciplinary research approaches co-exist and that these can serve different purposes
and situations. In most cases, transdisciplinary projects lead to raised levels of awareness
of the complexity of real-world problems among participating partners. In some cases, the
outcome is a useful innovation, in order to support such innovation, a focus on real cases
is encouraged. However, there might be a trade-off between the focused attention on a real
case and the maintained interest among diverse participants in a larger project. An
important insight is that innovation and knowledge development through
transdisciplinary settings take time. It is favourable for the development of networks,
common visions, trust, and innovation if consecutive transdisciplinary projects can be
arranged with the same partners. We conclude the article by providing practical guidelines
to support the management of transdisciplinary projects.

Introduction

Transdisciplinary research approaches have been
brought forward as a means to solve and mitigate real-
world problems where disciplinary and interdisciplin-
ary research approaches fall short. Transdisciplinary re-
search or “Mode 2” knowledge production, in contrast
to traditional disciplinary “Mode 1” research, brings to-
gether researchers from different disciplines with non-
academic stakeholders from industry, the public sector,
and civil society in order to address and develop applic-
able solutions to societal problems (Brandt et al., 2013;
Gibbons et al., 1994; Lang et al.,, 2012; Spangenberg,
2011). Key benefits of this new paradigm are that it tran-
scends disciplinary boundaries and brings in know-
ledge from various communities of knowledge
—including from outside academia. Transdisciplinary re-
search also goes beyond problem analysis in search for
efficient guidance, strategies, and innovation. Through
collaboration with stakeholders, legitimacy and owner-
ship are created, which in turn build potential for the
up-take of innovation.
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Transdisciplinary approaches have been found espe-
cially relevant in the field of sustainability science as it
is normative and problem-solving oriented (Lang et al.,
2012). With its lack of innovative power, transdisciplin-
ary approaches also have particular relevance for the
built environment (Sexton & Lu, 2009). The complex
nature of the building industry makes it essential for
the research community to engage with stakeholders as
a means to reach higher degrees of applicability, for ex-
ample in relation to innovation for energy efficient
technologies (Berker & Bharathi, 2012; Oreszczyn &
Lowe, 2009). In addition, in Sweden, research funding
agencies increasingly emphasize academia-industry
collaboration by requiring participation and co-fund-
ing from non-academic stakeholders on topics related
to sustainable development of the built environment.
This co-funding can reach up to 50 % of the project
budget in order to be legitimate and can be in-kind or
ready assets.

In this article, we reflect on our practical experiences
when engaging in transdisciplinary research in the
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built environment with the aim to contribute to the de-
velopment of practical guidance for the management of
this kind of knowledge development and innovation.

Our approach is qualitative and the method is identi-
fied as reflexive retrospective (Mitev & Venters, 2009). A
reflexive approach deviates from traditional post-hoc
accounts in which the success of pre-defined objectives
and deliverables are assessed by attempting to capture
the experiences of the researchers and the non-academ-
ic partners. We broadly follow Alvesson and Skoldberg’s
(2009) four levels of reflective interpretation, as further
developed by Mitev and Venters (2009). The four levels
include reflective interpretation of:

1. The empirical material.

2. The project partners’ perspectives in relation to the
empirical material.

3. The empirical material in relation to the earlier ac-
counts of transdisciplinary research.

4. Our own personal relationship to the studied object.

Although we have experiences from about 15 transdis-
ciplinary research projects spanning a period of 14
years, here we focus on five projects — Demo04/06, 3iii,
ReBo, SIRen, and STED - that are summarized in Table
1. The projects vary in size, in terms of participants and
budget, and in organization of work, but they also rep-
resent a continuous line of investigation through con-
secutive projects.

The reflexive retrospective approach draws on the ana-
lysis of empirical material from the projects (e.g., obser-
vations, presentations, meeting notes, reports,
publications, and other project documentation), which
have been interpreted along with memories of the au-
thors. In addition, in the projects Demo04/06 and 3iii,
interviews were made with all participants during the
course of projects to capture expectations and experi-
ences, and in the case of ReBo and SIRen (Table 1),
post-project surveys among all participants. The reflec-
tion itself was made through discussions between the
authors, by writing this article, by responding to the ed-
itors’ and a reviewer’s suggestions, and by interpreting
the experiences and visualizing them in figures.

The article is structured as follows. The first two sec-
tions briefly summarize definitions and challenges for
transdisciplinary research found in the literature. After
that, results as well as our reflections from five transdis-
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ciplinary projects are presented. The presentation fol-
lows the same structure for each project describing
their aim and approach, innovation and learnings pro-
duced, and outcomes. Next, we discuss our reflections
in relation to earlier experiences of transdisciplinary re-
search. Finally, we conclude by presenting a number of
guidelines for the management of transdisciplinary re-
search projects.

What is Transdisciplinary Research?

Lang and co-authors (2012) argue that it is not possible
to give a recipe or general definition of transdisciplin-
ary research as it is in the nature of these projects to be
embedded in specific contexts. Indeed, the case-spe-
cificity makes it difficult to generalize practical experi-
ences (Bresnen & Burrell, 2013; Lang et al., 2012).
Nevertheless, the literature in the field does identify
some commonalities.

Gibbons and colleagues (1994) formulated the original
and well-cited thesis for what they called “Mode 2” as a
complementary and new way for knowledge produc-
tion to deal with problems that could not be circum-
scribed by a single existing disciplinary field. According
to them, Mode 2 knowledge production is character-
ized by five attributes:

1. Producing knowledge in a context of application. The
context-specific and problem-solving nature of
Mode 2 is organized to meet needs of a particular so-
cial setting as opposed to norms and rules of a partic-
ular discipline. The project should be responsive to
the emergent situation.

2. Transdisciplinary, demanding real-world problem
settings and integration of different disciplines and
skills.

3. Heterogeneous and organizationally diverse. The
real-world problem requires transient teams whose
membership changes to respond appropriately to the
emergent situation.

4. Socially accountable and reflexive. The participants
need to be sensitive to the actual and perceived im-
pacts of their activity by interests outside the action
group necessitating a deeper appreciation of the re-
search process itself on the part of the participants.

5. Diverse quality controls that reflect the concerns of a
broader community of interest.
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Based on a review of a larger number of transdisciplin-
ary research projects, Lang and co-authors (2012) de-
scribe three phases that such projects follow. In the first
phase, the collaborative team is set up and together
they develop an understanding of the problem and de-
cide upon models for working. It is essential in this
phase that the real-world problem is translated into a
boundary object, meaning an object or a concept that
serves as an interface between the boundaries of differ-
ent disciplines, organizations, and cultural communit-
ies. A boundary object has been described as socially
enacted and open for interpretation and negotiation
(Styhre & Gluch, 2010). It should be fluid enough to
bridge various communities while at the same time ro-
bust enough to maintain a common identity across
sites (McGreavy et al., 2013). Another key aspect in the
first phase is to develop a “common language” among
participants. In the second phase, the research is co-
produced. Finally, in the third stage, knowledge should
be re-integrated and applied both in scientific and soci-
etal practice. Lang and co-authors (2012) emphasize
that the produced knowledge can be tools or enhanced
processes but can also be more indirect results such as
learnings and new perspectives.

Even if there are many commonalities and a consensus
about the main features of transdisciplinary research,
there is still a disagreement about their reciprocal im-
portance. Transdisciplinary research has been criti-
cized for reinforcing the loss of academic autonomy
and adding to the subordination of academic science to
market forces (Grey, 2001). Balsiger (2004) questions
the real scientific need for transdisciplinary research
and argues that it is more a principle than a scientific
approach. Shinn (2002) describes transdisciplinary re-
search to be more of a social platform than a scientific
methodology. Leydesdorff and Etzkowitz (1998) argue
that the increasing academy-practice collaboration is
not so much a result of a transition towards Mode 2 re-
search but a cause for this development, as society is
characterized by a “disorganization” of institutional
barriers.

Several authors argue that there is no clear distinction
between Mode 1 and Mode 2 research and they instead
mostly overlap (Bresnen & Burrell, 2013; Ziman, 1996).
Pohl and colleagues (2010) state that transdisciplinary
research does not have to be participatory (Pohl, 2011).
Elzinga (2008) says that the degree of participation de-
pends on the goal of the project. What is important is to
reach valuable knowledge that grasps the complexity,
takes into account diverse perspectives, links the ab-
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stract and the case specific, and develops both descript-
ive and practical knowledge for the “common good”
(Pohl, 2011). Spangenberg (2011) suggests a distinction
between science for sustainability (rather monodiscip-
linary) and science of sustainability (interdisciplinary
and transdisciplinary).

A controversy is apparent with respect to descriptive
and practical knowledge in transdisciplinary research,
also called “knowledge first” or “process-orientation”
(Miller, 2013; Wittmayer & Schépke, 2014), and whether
the scientist should take a role as “descriptive analyst”
or “transformational activist” (Wiek et al., 2012). The
process-orientation approach emphasizes relevance
and actionable knowledge, defined as knowledge that
can “change professional practice or social institutions
through active and transformative participation of
those working within a particular setting” (Crawford,
1995). The creation of an arena (Eden et al., 2005;
Falkheden & Malbert, 2004; Loorbach, 2007; (Pohl et al.,
2010) is a core activity in process-oriented projects, to
host meetings, discussions, and reflections to support
social learning. Such arenas have been described as a
protected space (Loorbach, 2007) or a neutral space
where participants can meet on an equal footing, bey-
ond the constraints of roles, power dynamics, and limit-
ations of specific projects (Falkheden & Malbert, 2004).
Transdisciplinary projects should benefit from a non-
hierarchical approach to knowledge production
(Balsiger, 2004). These social platforms and protected
spaces need to be maintained during the course of the
projects (Wittmayer & Schédpke, 2014), and regular
meetings should be held on an ongoing basis to sup-
port the interest in the group (Deprés et al., 2004).

Challenges of Transdisciplinary Research

Reported practical insights from working with transdis-
ciplinary projects show that the transition from Mode 1
to Mode 2, and on to more collaborative science, is not
effortless. Conflicts have been observed in projects
where the expertise of institutions has been devalued
and where existing hierarchies have been challenged
(Berker & Bharathi, 2012). Interdisciplinary meetings
can lead to conflicts about ontologies and methodolo-
gies, while the transdisciplinary approach in itself can
be problematic in terms of producing legitimate results
that are acknowledged as reliable and valid (Lang et al.,
2012; Wiek et al., 2012). Suspicion that academic know-
ledge is inadequate for use in practice might also be
prevailing (Argument et al., 1998). Furthermore, joint
knowledge production can suffer from confounded
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agendas, reluctance to face exposure, and varying value
preferences (Wiek et al., 2012). Lang and co-authors
(2012) and Wittmayer and Schépke (2014) describe
challenges with unbalanced ownership of problems, in-
sufficient legitimacy of the team or the actors involved,
and the fear of failure. There can also be a mismatch
between academics wishing to offer solutions that will
be implemented in the long term and companies seek-
ing to implement short-term solutions to the problems
they are experiencing today (Argument et al., 1998;
Falkheden & Malbert, 2004). Also, some academics
have experienced proprietary control of results on the
behalf of participating companies, something that will
inhibit open knowledge development and diffusion
(Lang et al., 2012; Mitev & Venters, 2009).

While benefiting from an accuracy of research topic
and broader interest in results, transdisciplinary re-
search also puts strain on the research process, on
workload, and the possibilities for achieving scientific
credits (Berker & Bharathi, 2012; Lang et al., 2012). The
management of the project can be a puzzle. The re-
searchers will find themselves in new roles for which
they are not appropriately trained (Wittmayer & Schip-
ke, 2014). They will need to deal with tensions that can
arise between participants and assume a role of know-
ledge broker or facilitator. These new roles need time
and resources to develop skills. Wittmayer and Schéapke
(2014) argue that “institutional space” is needed from
the universities and from funding agencies to support
researchers in their production of scientific publica-
tions as well as their handling of processes to improve
the societal relevance of results. Lack of time and re-
sources for organizations to engage in the transdiscip-
linary projects can hinder the co-production of
knowledge, but also individual’s (non-)willingness to
adapt and share knowledge (Gluch et al., 2013). Anoth-
er inhibiting factor is discontinuous participation
among staff of collaborating companies and organiza-
tions change workplace (Lang et al.,, 2012). In their
study of an arena in the built environment, Gluch, Jo-
hansson, and Réisdnen (2013) found that the motiva-
tion to share knowledge is related to each individual
participant’s expectation of, and invested interest in,
arena activities.

Experiences from Five Projects
Five cases of transdisciplinary research illustrate prac-

tical experiences with this form of research. The selec-
tion reflects differences in size, funding, and approach
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of the projects (Table 1). At the same time, they demon-
strate a chronological development of working with
transdisciplinary research through consecutive projects.

Demo 04/06 - Demonstration Projects for Sustainable
Building

Aim and approach: These first two transdisciplinary
projects followed a tradition of engaging in action re-
search in the Department of Architecture at Chalmers
University of Technology in Gothenburg, Sweden. They
were motivated by an observed gap of innovation from
demonstration projects to mainstream sustainable
building (Femenias, 2004). The objective for Demo
04/06 was to further understand but also support innov-
ation in sustainable building by sustaining a knowledge-
sharing arena around six ongoing frontline demonstra-
tion projects for sustainable building (Rubino, 2006).
Developers, architects, and technical consultants en-
gaged in these projects met 3 to 4 times a year to discuss
problems and experiences. The explorative arena was
designed and led by the researchers. At times, the arena
was opened up to external participants. Connected to
the arena, there were change agents, actors, and organ-
izations identified as possible agents to diffuse know-
ledge outside the arena.

Learnings and innovation: The arena was appreciated
and well-attended by collaborating as well as external
companies. Sustainable building was still in its infancy,
and practical experiences and built examples earned
much attention. However, the good results from the
demonstration projects were not diffused and, even
more important, they were seldom taken up by the or-
ganizations that were involved in them. Demonstration
projects continued to be one-off investments without
any larger impact on the industry. The project analyzed
a number of inhibiting factors based on socio-technical
transformation theory (Rubino, 2009).

The legacy of these first projects is the building of trust
and relations with a local network of industry partners.
This has been an important foundation for new collab-
orations and transdisciplinary projects.

Outcomes: The project led to a PhD thesis (Rubino
2009) and to a number of other scientific papers (Eden
et al., 2005; Femenias, 2005; Femenias et al., 2008). The
projects also resulted in a guidebook, which was a kind
of hypothesis for an improved innovation process
among construction clients (Femenias, 2009).
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Table 1. Information about the five transdisciplinary research projects carried out from 2004-2018

Project

Aim

Size

Budget

Demo 04/06
2004-2009

Understand and support
knowledge transfer
between demonstration
projects

Medium

20-30 participants evolving around 6
case projects: 1 academic institution
and 1 academic discipline; 15 public
and private organizations

Phase 1 (04): 1.10M SEK (~$160K CAD)
research funding

Phase 2 (06): 3.17M SEK (~$450K CAD)
research funding

3iii

2009-2013

Understand and support
innovation processes in
client organizations

Small

8-10 participants: 1 academic
institution with 2 academic
disciplines; 1 national public client
organizations; 2 municipal client
organizations

2.20M SEK (~$315K CAD) research funding
2.36M SEK (~$340K CAD) in in-kind and 600K
SEK (~$85K CAD) in effective as co-finance

Request: minimum of 50% co-finance of
which 20% in ready money

ReBo
2010-2012

Define and support
integrated sustainable
renovation

Medium

20-30 participants evolving around 3
case projects: 1 academic institutions

2.46M SEK (~$350K CAD) research funding
2.50M SEK (~$360K CAD) in-kind co-finance

with 4 disciplines; 13 private and

Request: 50% co-finance

public organizations/companies

STED Develop and support Medium
uptake of digital tools for

2016-2018 sustainable design

Countries

12-15 participants: 4 academic
institutions with 2 disciplines; 5
architect offices in the Nordic

1.20M NOK (~$190K CAD) research funding
1.20M NOK (~$190K CAD) in-kind co-finance

Request: 50% co-finance

SIRen Develop tools, share
knowledge, and support
innovation for
sustainable integrated

renovation

Large
2014-2018

organizations

>50 participants: 10 academic
institutions and 5 disciplines; 21
private and public companies and

23M SEK (~$3.3M CAD) research funding
23M SEK (~$3.3M CAD) in-kind co-finance

Request from funder: 50% co-finance

3iii — Initiating and Implementing Innovation for Sus-
tainable Building

Aim and approach: As a result of the lack of innovation
for sustainable building, 3iii was initiated with the spe-
cific aim to understand innovation processes in client
organizations, which is a key actor to innovate for sus-
tainable building. 3iii engaged a small number of parti-
cipants, a few of whom had established connections
with common interest from Demo04/06. The project
and the arena were driven by the academic actors and
focused mainly on description and knowledge-first.
The project was encircled around project workshops
and traditional descriptive studies of the organizations
involved, their innovation systems, and a smaller num-
ber of sustainable building projects.
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Learnings and innovation: The project experienced
problems with trust between the academic institution
and some of the partners. A particular challenge was
that one of the collaborating partners underwent a lar-
ger re-organization during the project. Also, the em-
ployee from that organization that initially discussed
the participation in the project retired before the pro-
ject started. The search for replacement employees
delayed the project start by almost six months. Further-
more, the new employees joined the project mainly out
of obligation, and they expressed a lack of interest and
almost distrust towards the aim and the leadership of
the project. At that time, all municipal organizations in
the city experienced internal investigations to fight cor-
ruption, which could also explain their opposition to
studies of their internal processes.
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Equally, in one of the other participating organizations,
some employees were rather unwilling to provide data.
This could be explained by the challenge that the re-
sponsible participant had in generating interest and
trust for the research projects among other employees in
their organization. In later stages, a conflict arose
between the researchers and the “implementation
agent”, a role assigned to one industry participant by the
funding agency to ensure the implementation of results
from the research project.

Over the course of the project, the participating client or-
ganizations did achieve some successful innovations in
sustainable building. Although the motivation to adopt
and implement innovations had been enhanced, new
problems were detected and studied such as the gap
between planned and evaluated energy efficiency.

Outcomes: The project has been presented in scientific
papers (Bougrain & Femenias, 2016; Femenias et al.,
2009; Femenias & Kadefors, 2011), a scholarly book
chapter (Bougrain & Femenias 2017), a popular science
book chapter (Kadefors & Femenias, 2012), and in a new
guideline for systematic innovation in client organiza-
tions (Kadefors & Femenias, 2014). Over 300 copies of
the guidelines were distributed, and the content was
presented during several well-attended seminars.

ReBo - Strategies for Integrated Sustainable Renovation

Aim and approach: The aim of this project was to frame
problems of sustainable renovation through develop-
ment of strategies to support decision making for sus-
tainable renovation of multi-residential buildings from
the Swedish pre-boom “Folkhem” period (~1940-1960).
The point of departure was to weigh environmental per-
formance, energy efficiency, and cost-effectiveness with
cultural, historical, architectural, and social values when
making decisions about building renovations and altera-
tions. A further aim was knowledge sharing.

Inspired by the arena concept, successfully developed
and applied in the Demo 04/06 project, the ReBo project
focused on knowledge and innovation on sustainable
renovation by gathering partners from industry and the
public sector (Thuvander et al.,, 2011) using the arena
model.

Experiences: The ReBo project was mainly process-ori-
ented and the large group of practitioners meet for dis-
cussions, workshops, and common study trips (Figure
1). Without having consulted practical literature on
transdisciplinary research, which was scarce at the time,
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ReBo naturally followed the three steps later described
by Lang and co-authors (2012). Initially, the researchers
stepped back and let the arena develop a common un-
derstanding of the problem. One of the results was that
participants in the arena decided after several meetings
to complement the expertise in the group by inviting
the Swedish tenants association to participate.

The first phase became rather long and unfocused until
the group decided to centre the discussions around a
few real cases of renovation, which the property owners
in the group were planning for. At the same time as this
was a way forward, it also split up the arena. In the
second phase, work was carried out in smaller groups
encircling some of the property owners and their real
cases. One of these sub-projects was successful in creat-
ing a boundary object, a process matrix for integrated
sustainable renovation, which made the subject more
tangible for all involved (Thuvander et al., 2013).

The project met a few challenges. As in the previous
projects, there was a discontinuity of participants as in-
dividual employees from participating organizations
were replaced during the course of the project. The re-
searchers also underestimated the importance of in-
forming the new participants about the specificity of
the process-oriented and non-hierarchical transdiscip-
linary project set-up. A new participant, for whom this
kind of transdisciplinary project was unfamiliar, ques-
tioned the approach and asked the researchers to take
stronger leadership of the process. This event created a
bit of a confusion in the arena, and even made the re-
searchers start to question their approach and outline
for the project.

Figure 1. Workshop in the Rebo project 2011, held in a
bus during a study trip
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The project also suffered from a confusion between a
“real” renovation project, which engaged other consult-
ants not involved in the research, and the parallel “shad-
ow” (i.e., non-paid) investigations in the ReBo arena.
The fuzzy delimitation between the research project and
the real renovation projects also affected the innovation
processes as practical and economic aspects, upheld by
the property owners, ruled out even the theoretical in-
vestigation of new innovative solutions and strategies.

Learnings and innovation: The ReBo project was an eye
opener for participants about the complexity of this
kind of sustainable renovation, as indicated in the open-
ing quotation of this article. However, the project also
resulted in some concrete knowledge production and in-
novation. A process matrix developed in the later phases
of the project (Thuvander et al., 2014) was later on used
by the property owner that was involved in its develop-
ment. However, the matrix was of less practical value for
the other industry partners in the arena. The process
matrix was further developed in two new transdisciplin-
ary research projects, SIRen and STED, as described be-
low.

Outcomes: The project resulted in scientific papers (Fe-
menias et al., 2013; Thuvander et al., 2011; Thuvander et
al., 2012; Thuvander et al., 2013), reports (Danielsson et
al., 2014; Thuvander & Femenias, 2014), and a book
chapter (Thuvander, 2015). Some reports, conference
papers (Ottoson & Thuvander, 2013; Ottosson et al.,
2014), and a popular science article (Thuvander, et al.,
2014) were co-authored with industry partners. The pro-
ject also held a number of public outreach seminars
with good attendance.

STED - Sustainability Tools for Environmental Design

Aim and approach: The aim was to develop and support
innovation of digital tools for sustainable architectural
design focusing on new construction, as well as renova-
tion and transformation. The main aims were: 1) to de-
velop innovative generalizable system design solutions;
(2) to create innovative design methods using ICT for de-
cision support combining energy efficiency, environ-
mental design, and lifecycle thinking; and 3) to boost
knowledge creation by creating a Nordic Innovation
platform. STED, the only international project presen-
ted here, involving partners from five Nordic countries,
each co-funding 50% of the project costs.

The knowledge-sharing arena met twice a year, and in
between, three academic partners from Denmark,
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Sweden, and Norway engaged in knowledge produc-
tion with the five architect offices in Sweden, Norway,
Denmark, Finland, and Iceland. In most cases, students
were involved by working in design studios or doing a
master’s thesis.

Learnings and innovation: The knowledge-sharing
arena had the function of a discussion group with open
and vivid discussions. The participants from academia
acted as knowledge mediators but also saw the richness
of knowledge that exists at the offices and the chal-
lenges to integrating it. Not all of the involved architects
were enthusiastic about testing digital tools, something
which enriched the discussions in the arena, as provoc-
ative questions had to be dealt with.

The work with specific cases allowed the architectural
offices to test new ideas together with students and aca-
demic staff. In one of the cases, a real design proposal
was built; in another case, new digital assessment tools
were developed and implemented in the architectural
firm’s design process.

The common workshops and the push from the re-
searchers to test innovative digital tools resulted in one
office setting up a new R&D position at the office.

Outcomes: The project produced a large number of
master’s theses and some scientific publications, which
are all summarized in a co-authored popular science
book (Jensen, 2018). A final seminar book release at-
tracted an audience of nearly 100 participants in Den-
mark, which also points to a broader interest and the
potential applicability of the results.

SIRen - Sustainable Integrated Renovation

Aim and approach: SIRen is funded as a strong re-
search environment connecting different disciplines
(civil engineering, architecture, economy, sociology,
heritage studies, etc.) from 10 universities and research
institutes with over 30 building sector actors (property
owners, consultants, contractors, etc.), governmental
authorities, regional, and municipal agencies, and oth-
er non-governmental organizations. The aims are to de-
velop and share knowledge and support innovation in
sustainable renovation and to support innovation in
renovation. The larger arena meets twice a year while
small sub-groups have been formed to carry out both
knowledge-first and more process-oriented projects,
notably in connection to four real-world innovation
laboratories (Mjornell et al., 2015).
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Learnings and innovation: The strength of this large
project is that it connects multiple disciplines and com-
panies and can focus on a large variety of aspects of sus-
tainable renovation. The challenge is to keep up the
interest of all parties, including both academia and in-
dustry. Some participants have dropped off due to other
priorities and because they perhaps did not manage to
connect to some of the main activities in the arena. As
in the other projects described, the replacement of em-
ployees from engaged organizations is also a challenge
in this project.

The project is still ongoing, and the aim is to deliver a
process model to support sustainable renovation. Parts
of this model have already been tested in the real-world
laboratories with good results (Femenias et al., 2017;
Stenberg, 2015).

A recent survey among participants received more than
40 responses (Mjornell, work in progress) that reveal the
value of the arena for networking, collaboration, and
knowledge exchange, as the following examples illus-
trate:

* “Get in touch with people whom I otherwise would not
have met in such favourable circumstances.”

* “Plenty of time for discussion.”

* “Get in touch with others with similar research oppor-
tunities that you can make joint applications with.”

* “The network as a whole and the composition as ‘all’
parts of the construction process are included, from ma-
jor contractors to individual consulting companies,
from national authority to municipality.”

Outcome: The project has resulted in a large number of
scientific and popular science publications co-authored
with the academic, industry, and public authorities and
agencies. For a list of publication visit: renoverings
centrum.lth.se/siren/. The project has had a wide outreach
and has been presented widely nationally but also inter-
nationally. The project is connected to two national
knowledge centres: the National Center for Renovation
and the National Center for Sustainable Building.

Discussion

The presented cases confirm many of the earlier repor-
ted experiences with transdisciplinary projects. The
ReBo project follows the outline of transdisciplinary re-

search as described by Lang and co-authors (2012),
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without knowledge of these definitions. All projects in-
volve elements of knowledge-first and of process-orient-
ation (Miller, 2013; Wittmayer & Schipke, 2014), thus
adding to the evidence that Mode 1 and Mode 2 re-
search partly overlap (Bresnen & Burell, 2013; Ziman,
1996). All of the projects were academia-driven, but to
varying degrees. The 3iii project was more of a know-
ledge-first project and was led by the academic institu-
tion, something which led to collaboration problems
with the partners. As already stated by Gluch and col-
leagues (2013), there is a risk that a too scientific ap-
proach, a “science push”, can lead to disinterest among
participants.

ReBo and STED were more process-oriented. The ReBo
project experienced a lack of legitimacy for the research
approach and the project management among industry
partners, which is a common challenge for this type of
project (Wittmayer & Schipke, 2014). STED was at times
weighed down by long discussions. The non-hierarchic-
al knowledge production upheld in theory (Balsiger,
2004) can be difficult to reproduce in reality as this can
lead to unfocused and long discussions. Transdisciplin-
ary projects can also lead to conflicts when existing insti-
tutions and hierarchies are devalued (Berker &
Bharathis, 2012). The experiences from 3iii most likely il-
lustrate a suspicion that academic knowledge is inad-
equate for use in practice, as upheld by Argument and
co-authors (1998).

In the following subsections, we highlight two aspects
that we found are of major importance for developing
knowledge and innovation through transdisciplinary
projects. First, it is important to “maintain the space”,
which means to keep up the interest and the participa-
tion in the arena, otherwise the project will only be a
Mode 1 project. Second, transdisciplinary projects take
time. This second aspect is something that has been
brought up by earlier literature in the field (e.g., Argu-
ment et al., 1998; Deprés et al., 2004; Gluch et al., 2014).
However, in contrast to earlier literature that has fo-
cused on experiences from single transdisciplinary pro-
jects, we bring forward the meta-learning and
innovation process built up by consecutive projects over
alonger period.

Maintaining the space

One of the main challenges with transdisciplinary pro-
jects is to establish and maintain the process arena. As
stated by Lang and co-authors (2012), it is important to
have the right level and scale of participation. The parti-
cipation should be manageable and maintained
throughout the project. Although it can be argued that
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the projects are not long enough for knowledge produc-
tion and the development of common language and cul-
tures, they still take several years. Industry often works
with shorter timeframes, and the transdisciplinary pro-
ject participation is often disrupted as employees tend
to change position in the company or employer.

Thus, it is important to establish a common understand-
ing of both the problem and aim of the project. Bound-
ary objects are useful; they can be concepts or
definitions that make the discussion tangible at the
same time as they are open for further interpretations.
Our results show that, to maintain the arena and reach
the best collaborations and innovations, it can help to
focus on concrete cases or tasks and in smaller constella-
tions. This is usually done by making sub-groups within
a larger arena project (ReBo and SIRen) when entering
the knowledge creation phase, that is, in phase two ac-
cording to Lang and co-authors (2012). The motivation
for knowledge sharing is related to an active participa-
tion (Gluch et al., 2013). At the same time, making sub-
groups will challenge the validity and legitimacy in the
larger arena, and consequently the broader up-take, of
the innovation. If the project consists of a small number
of academics and many other stakeholders, making
smaller sub-groups focusing on topics that interest all
participants might overload the academics with work.

Maintaining the process arena will also be a question of
resources among the participating stakeholders. Large
companies are typically better able to pay for their em-
ployees to actively participate than small companies. In
order to engage smaller-scale technical consultants and
architect offices, it helps if they can be paid through the
research funding. However, even if the organization and
company have the resources to pay, their employees
still need to be able to set aside other tasks so they are
free to engage in the project. It is therefore better for the
company if their immediate tasks correlate with the
those of the research projects.

It takes time

Time is a crucial factor in transdisciplinary projects. For
example, companies seek short-term solutions and res-
ults (and also need these to motivate their active engage-
ment in a transdisciplinary project), whereas academic
knowledge production takes time (Argument et al,
1998). The development of common cultures and per-
spectives, which are necessary to establish collaboration
in the arenas, is also something that takes time (Gluch et
al., 2013) and requires frequent meetings (Deprés et al.,
2004).
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Wittmayer and Schédpke (2014) argue for an “institu-
tional space” provided by the university to support re-
searchers with the extra time needed for facilitating the
arena and for scientific publication. Our experience is
that, even if scientific publication can be produced
with the results from transdisciplinary projects, time is
taken from scientific publication in order to maintain
the arena, and also to produce reports and guides for
the participating stakeholders. A further challenge, as
we have experienced in Sweden, is that project reports
typically must be produced in the local language,
whereas the scientific publications typically must be in
English.

The empirical material in this study shows how several
transdisciplinary projects connect together. This has
provided a continuous learning process that might be
an alternative to the “institutional space”, which the
university might have difficulties in financing. Through
these consecutive projects, a network with common
problems and perspectives has been generated. Results
as well as working methods from one project have been
taken into the next project (Figure 2). For example, pre-
liminary results and theory on innovation processes de-
veloped in Demo04/06 were tested and further
developed in 3iii, and were later on used in STED. Fur-
thermore, the process matrix for integrated sustainable
renovation developed in Rebo has been used in SIRen
and in the STED project.

This continuity has helped the building up of sustain-
able networks. One of the architect firms participated
in four of the presented projects but with different em-
ployees and varying competences (e.g., environmental
specialist, designer, and social expert). Some of the oth-
er companies joined two of the presented projects.
Most of the industry partners joined Rebo and later on
SIRen which both focus on renovation (Figure 3). The
established networks, in which common understand-
ing of problems, have been an advantage when enga-
ging the same organization in new projects.

Finally, as discussed by Lang and co-authors (2012),
outcomes from transdisciplinary projects are not only
tools, projects, or processes. Personal insights also res-
ult, as expressed by a participant in the ReBo project in
the opening quotation for this article: “We had the tech-
nical part ready but realized that this was the simple
part of the challenge.” Our experience is that the per-
sonal insights from discussions in the process area is
an important outcome and highly valuable for academ-
ics and other participants. However, as shown by 3iii
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Figure 2. Relationship and knowledge flows between the five transdisciplinary projects

Blue @ Research organization (universities and institutes)
Grey @ Property developer/owner/manager
Red @ Architect firm
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Figure 3. The actor network representing the participating organizations in the five transdisciplinary projects and
highlighting organizations that have been involved in two or more projects. One dot represents one participating
organization and the different colours represent different types of participating organizations.
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and ReBo, for example, these projects have also resul-
ted in more direct support for innovations such as tools
for sustainable renovation that have been put into prac-
tice.

Conclusions

Transdisciplinary research offers many opportunities,
but it also involves many challenges. One of the most
important experiences we wish to transmit is the im-
portance of time. It takes time to build up networks,
trust, and common perspectives. But, it also takes time
to develop knowledge and innovation. Often, one pro-
ject is too short, and we would advocate for planning
for continuous projects to reach sustainable results.

Our practical suggestions for others wishing to engage
in transdisciplinary research are:

* Read literature with theoretical definitions as well as
practical experiences and guidelines for how to carry
out a transdisciplinary project. Summarize important
points in a project set-up document.

* Establish an arena with interested partners with com-
petences that you think are useful, and keep the door
open for the addition of more partners and compet-
ences to join.

e Plan for how to maintain the larger arena and the in-
terest over time. Frequent meetings are needed, espe-
cially in the initial phases, in order to define common
problem views and aims.

* Describe common aims, the approach and leadership
of transdisciplinary research, rules of conduct, as well
as expectations of each participant, which should be
made available to all initial participants and new-
comers during the whole project.

e If you establish a larger national arena, local sub-pro-
jects are needed for focused work in parallel with com-
mon activities in the larger group. Search for
boundary objects (e.g., definitions, frameworks, mod-
els) that make the discussions tangible while still open
for interpretations.
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e In order to reach actionable and usable knowledge
and innovation, it helps to focus work around real
problems or cases, ideally in smaller groups.

* Search for opportunities to actively engage the parti-
cipation of industry and public actors (in terms of
time and financial resources), especially if they should
be part of an innovation process.

e Share the workload: if possible, encourage non-aca-
demic partners to write case reports or popular trade
articles, or to co-author articles.

» Make sure to establish a good network with possibilit-
ies for consecutive projects in order to further develop
common understandings and innovation.
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Transdisciplinarity at the Crossroads:

Nurturing Individual and Collective Learning

Chris Riedy, Dena Fam, Katie Ross, and Cynthia Mitchell

At each point in our lives, we are at a crossroads. We are »

the fruit of our past and we are the architects of our
future... If you want to know your past, look at your
present circumstances. If you want to know your future,
look at what is in your mind.

Matthieu Ricard
Scientist and Buddhist monk

Practitioners of transdisciplinary inquiry, which we define to include research, learning, col-
laboration, and action, encounter innumerable tensions. Some tensions are universal, while
others are unique to that particular inquiry at that point in time. Resolving these tensions re-
quires innovative practices, which emerge through experience with transdisciplinary in-
quiry. In this article, we reflect on two decades of transdisciplinary inquiry at the Institute
for Sustainable Futures. Drawing on that experience, we argue that one crucial innovative
practice is to create space for collective, reflective learning. Such learning frequently takes
place in spaces we call “crossroads”. These are formal and informal spaces where practition-
ers who have been on their own transdisciplinary learning journeys (experiencing diverse
tensions and applying diverse approaches) come together in dialogue to share, reflect, crit-
ically and constructively question, imagine, challenge, and synthesize their experiences into
collective organizational learning. Crossroads can emerge spontaneously but can also be
consciously nurtured. In our experience, they help us to sustain the innovation needed for
transdisciplinary inquiry and to avoid stagnation or routinization. At these reflective, and of-
ten times transformative, crossroads, we make sense of our messy, non-linear transdiscip-
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linary journeys and develop innovations to take our transdisciplinary practices forward.

Introduction

Practitioners of transdisciplinary inquiry encounter in-
numerable tensions. Some tensions are universal, while
others are unique to that particular inquiry at that point
in time. Some would be familiar to all researchers,
while others are specific to transdisciplinary inquiry.
Perhaps the most familiar of the latter is the trade-off
between breadth and depth of research that must be
navigated when moving beyond disciplinary boundar-
ies. There are no agreed rules or conventions for resolv-
ing such tensions. Instead, practitioners of
transdisciplinary inquiry draw on their experience to
develop and test innovative responses to tensions that
arise in their context. Given the lack of fixed rules for
resolving transdisciplinary tensions, there is much to
gain from creating spaces to share these innovations
and their outcomes. In this article, we reflect on two
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decades of transdisciplinary inquiry at the Institute for
Sustainable Futures (ISF; tinyurl.com/yczatddg), focusing
particularly on the spaces we have created to share our
experiences with each other.

The authors of this article are all researchers at ISF. Es-
tablished by the University of Technology Sydney (UTS)
in 1997, ISF is a transdisciplinary research institute with
a mission to create change towards sustainable futures.
From the outset, ISF brought together researchers and
practitioners from diverse disciplines to tackle wicked
problems (Rittel & Webber, 1973) such as climate
change, international development, resource scarcity,
and social justice. Since the earliest days of ISF, we have
conceptualized and described our research as transdis-
ciplinary. Our recent contributions to transdisciplinary
theory and practice include Mitchell et al. (2015), Fam
etal. (2017), and Fam et al. (2018).
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Our transdisciplinary approach is underpinned by sev-
eral nested communities of practice (Wenger, 1998,
2010). At a small scale, our researchers form project
teams to engage in specific research projects, typically
in close collaboration with stakeholders from govern-
ment, business, or civil society. Membership of these
project teams is fluid, shifting with each new project to
meet changing research objectives. At a larger scale, ISF
has ten research areas:

1. Cities and buildings: Improving the liveability of urb-
an environments with holistic and net-positive so-
cial, infrastructure and resource solutions.

2. Climate change and adaptation: Helping partners
adapt to the challenges of a changing climate.

3. Food systems: Transforming food systems to ensure
healthy, thriving, and food-secure communities and
businesses.

4. Energy futures: Accelerating the transition to more
decentralized energy systems that are clean, afford-
able, reliable, and empower communities.

5. International development: Working in partnerships
to end poverty and ensure sustainable development
for all.

6. Landscapes and ecosystems: Enhancing ecosystem
integrity and livelihoods by incorporating percep-
tions, values, and practices into decision making.

7. Learning and social change: Facilitating individual,
social, and organizational transformation, learning,
and change.

8. Resource futures: Advancing responsible and effi-
cient production and consumption by fostering stew-
ardship and circular resource flows.

9. Water futures: Developing restorative, sustainable,
and resilient water management solutions.

10. Transport: Providing solutions for quality transport
services that maximize productivity at least cost and
lowest impact.

Although membership of these research areas is not
fixed, they are more stable than project teams and
provide a space for ongoing learning and reflection on
project experiences related to the research area in ques-
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tion. These research areas meet regularly and these
meetings provide one space for transdisciplinary prac-
tice to develop, bounded by problem spaces rather
than disciplines.

At a still larger scale, ISF operates a graduate research
program, providing research training to masters and
doctoral students and postdoctoral fellows. Again,
membership changes as students move through the
program, but the program provides a relatively stable
reflective space for approximately 45 students and their
supervisors. In addition to individuals, project teams,
research areas, and the graduate research program, ISF
as a whole also provides space for collective reflection
through planning days, regular informal presentations
and dialogues, and staff meetings.

Although there is no consensus even within ISF on
what constitutes a transdisciplinary approach, we be-
lieve that it is:

* Purposive: positive change within a wicked situation
is an explicit goal of the research.

* Holistic: it engages with the past, present, and future
of whole systems and transgresses disciplinary and
governance boundaries.

* Participatory: given that diverse stakeholder perspect-
ives (beyond academia) are necessary to achieve pro-
gress on wicked problems, it allows us to see more of
the whole picture and encourage ownership of, and
equitable benefit from, responses.

* Innovative and experimental: it enables testing of
ideas through real-world interventions and action re-
search.

* Dynamic: the research plan adapts to the changing
context and new knowledge.

A transdisciplinary inquiry involves more than re-
search; it is an integrated process of research, learning,
collaboration, and action. It incorporates cycles of ac-
tion and practice that inform research and theory devel-
opment, which in turn inform new practice. These
cycles are connected by a constant process of reflection
and sensemaking that supports innovation and deep-
ens both theory and practice.

Our engagement with transdisciplinary approaches
over the past 20 years has been an ongoing “learning
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journey” (Crick, 2007) with many twists and turns, pro-
pelled by the exploratory work of our cohort of post-
graduate research students and the action research of
our academic staff. Writing about the learning journey
metaphor, Crick (2007) depicts the learner as “a person,
with a sense of self, identity and intention, who has an
objective or an outcome in mind, and who moves
through a particular domain, engaging in inter- and in-
tra-personal learning practices along the way”. Each
person, project team, and research area at ISF regularly
undergo markedly different learning journeys as they
engage in applied transdisciplinary inquiry. Learning
journeys are diverse due to the unique:

* topic, scale, or location of the research.

e composition, capacities, experience, and dynamics of
the internal and external team.

* methodologies created and blended for scoping, prob-
ing, inquiring, sensing, meaning-making, analysis,
synthesis, emergence, communicating, and embed-
ding the research.

Considering that ISF has over 80 staff, 45 graduate re-
search students, 400 projects per year and 10 research
areas, working across Australia and internationally, we
experience great diversity in individual and team learn-
ing about transdisciplinary inquiry. We have learned
that transdisciplinary inquiry is characterized by di-
verse tensions or challenges, experienced differently by
different individuals and teams. For example, transdis-
ciplinary inquiry may need to:

* pause to take the time required for appropriate meth-
odologies to emerge from and for the unique condi-
tions of the project (Meadows, 2008).

* justify its value, when the types of outputs of transdis-
ciplinary research are valued differently to those pro-
duced by Mode 1 science (Gibbons et al., 1994;
Mitchell et al., 2015).

e collectively explore fluid yet guiding boundaries
(Midgley, 2000).

e collaboratively reorient the goals of the research to-
ward meaningful aims yet allow for emergence
(Brown & Lambert, 2012).

* speak, interact, and integrate across disciplinary
boundaries and worldviews, while maintaining the

depth of the disciplines (Mitchell & Ross, 2017).
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* engage at the paradigmatic (Ross & Mitchell, 2018)
and worldview (de la Sienra, 2018) levels, while also
being pragmatic.

* create meaningful dialogue in an ongoing way and
generate genuine trust while engaging with challen-
ging questions of power and ownership.

* provide space for individual agency while working to-
wards a shared goal (Freeth et al., 2019).

* build capacity and capability for clients and collabor-
ators to value the processes of and insights from trans-
disciplinary approaches.

* reformulate contractual models to allow for flexibility
in specific project deliverables.

* devote time for long-term, well-funded transdisciplin-
ary projects, while recognizing that many funders are
not seeking this type of approach.

Although the authors cited above, and others, have writ-
ten much about these challenges and unexpected per-
turbances, the important point is that we are still, and
perhaps always will be, collectively learning how best to
resolve them. There is much to learn from sharing di-
verse individual and team innovation that emerges in
response to them. Therefore, learning is central to our
definition of transdisciplinary research and practice: it
underpins innovation and catalyzes organizational and
social change (Colvin et al., 2014). Further, the type of
learning required to resolve the tensions identified
above is often transformative. Transformative learning
involves “a deep shift in perspective, leading to more
open, more permeable, and better-justified meaning
perspectives” (Cranton & Taylor, 2012). Such learning is
frequently needed if we are to fully see tensions in
transdisciplinary inquiry and find innovative pathways
through them.

In this article, we reflect on how ISF achieves collective,
and often transformative, learning through sharing, dis-
cussing and reflecting on our diverse individual and
team learning journeys. There are two important as-
pects to this collective learning. First, we need to give
our researchers sufficient freedom and agency to cultiv-
ate distinct, individual learning journeys, take risks, and
develop innovative transdisciplinary inquiries. Second,
we need to create or support intersection points for col-
lective, organizational learning. These intersection
points, or “crossroads”, are places of innovation where
habitual ways of seeing the world are challenged and
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new ideas emerge. It is these crossroads that are the fo-
cus of this article. The relationship between learning
journeys and crossroads is shown conceptually in Fig-
ure 1.

Transdisciplinary Crossroads at the Institute
for Sustainable Futures

In reflecting on where innovation happens in our col-
lective transdisciplinary practice, the metaphors of
“learning journeys” (Crick, 2007) and “crossroads”
emerged. In our research projects, we are constantly
learning about the context and process of transdisciplin-
arity, and different ways to respond to the tensions and
challenges identified earlier. The unique and particular
history of individual researchers as they work on diverse
research projects creates a distinct learning journey,
which is defined by the experiences they have, the think-
ing they do, the perspectives they are exposed to, and
the practices they employ to make sense of these experi-
ences. This individual learning journey contributes to
our particular worldviews and assumptions about trans-
disciplinary inquiry (i.e., research, learning, collabora-
tion, and action).

We have found that creating collective spaces where in-
dividuals can come together and reflect on their indi-

vidual learning journeys is crucial to ISF’s
transdisciplinary practice for two reasons. First, sharing

Research
Project

R1
R2

R3

Writing
Project

experiences is itself a valuable source of learning for ISF
as an organization. Being exposed to situations others
have experienced, including alternative forms of trans-
disciplinary practice, adds to our own experience and
may trigger ideas that we can apply in our own research
projects or warn against particular approaches. For ex-
ample, one of the authors tested an idea for rapidly es-
tablishing transdisciplinary research teams through an
intensive workshop process inspired by social innova-
tion labs (Westley et al., 2012) and found it was not pos-
sible to short-circuit the lengthy trust-building and
dialogue process that typically characterizes the start of
a transdisciplinary research project. Sharing this experi-
ence, in this case through a collective writing project,
helps others to avoid going down a similarly unproduct-
ive path. Second, reports from other learning journeys
may challenge aspects of our individual practice that
have become rigid and may be stifling innovation.

We can think of these spaces where individual learning
journeys intersect with collective learning as “cross-
roads”. These crossroads can emerge organically,
through spontaneous conversation. However, there is
also a role for purposefully creating and nurturing such
spaces to support a transdisciplinary practice. We build
such spaces into our projects but also create them at lar-
ger scales through research area meetings, postgraduate
retreats, informal seminars, and writing projects. There
is overlap between the notion of a crossroads and

Kitchen
Conversations

Retreat

TIME

[l Formalintiatives [ Informal initiatives

Figure 1. Learning journeys and crossroads
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Wenger’s (1998, 2010) concept of a community of prac-
tice, however crossroads can be more ephemeral and
transitory. A fleeting conversation in the corridor is not
a community of practice, but it can act as a crossroads
where learning takes place. At these crossroads, differ-
ent worldviews come together and can clash or reson-
ate. These worldview interactions can trigger learning
and innovation. Several examples of crossroads are de-
scribed below.

Crossroads Example 1: Collective Writing

One of the authors spent time helping a teaching insti-
tute in New Zealand that had little transdisciplinary ex-
perience to establish a new transdisciplinary research
master’s degree. The experience is documented in
Riedy (2016). To help with teaching transdisciplinary
practice to program staff and supervisors, he developed
and used some simple definitions of transdisciplinary
research which then became embedded in his own
worldview of what transdisciplinary research is. In es-
sence, he came to think that anything that did not con-
tinuously involve non-academic participants at all
stages could not be called transdisciplinary research.
He documented this position in an early draft of a
chapter for a book edited by current and former ISF
staff.

Upon reviewing the book chapter, one of the other edit-
ors pointed out the rigidity of a definition of transdis-
ciplinary research that is not willing to compromise at
all on involvement of stakeholders. Such a definition
fails to recognize the inevitable trade-offs and tensions
that happen in practice. For example, there are stages
of the research process that stakeholders are less inter-
ested in, and there is always a balance to strike between
opportunities for participation and the other con-
straints on stakeholder time. For the author, the collect-
ive writing project acted as a crossroads where he
learned to let go of a rigid definition and be more flex-
ible in balancing the tensions associated with stake-
holder involvement. This led to innovations in his
practice for working with stakeholders. For example, he
designed a research project on cohousing for older
people that envisaged stakeholder involvement using
concentric rings — a closely involved inner ring (Steer-
ing Group) that met monthly, a supportive middle ring
(Advisory Group) that met quarterly, and an outer ring
of participants that often had only a single touch point
with the project. This proved highly effective.
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Crossroads Example 2: The Annual Graduate
Research Retreat

A two-day annual residential retreat for research stu-
dents and their supervisors is a key space for collective
learning at the intersection of theory and practice. Our
first annual retreat was held in 2002. Before each retreat,
participants engage in the design and planning of the
program to meet current collective learning needs. At
the retreat, supervisors and students deliver or particip-
ate in facilitated sessions. Examples include defining
transdisciplinary research, change creation models, sys-
tems thinking tools and methods, theories of change,
writing and publishing tips and tricks, and epistemolo-
gical stance. There is typically a mix of sessions requir-
ing deep theoretical engagement oriented towards
enabling shared conceptual leaps and time for reflection
on how these leaps might manifest in students’ and su-
pervisors’ research activities, as well as sessions more fo-
cused on practical “tips and tricks” for graduate
research.

Riedy and co-authors (2018) explored the way in which
our annual retreat functions as a community of practice.
In the current article, our focus is on its role as a cross-
roads for collective learning. Graduate research students
(and their supervisors) embark on learning journeys
that, by definition, take them into new territory; their
work must be original and innovative. When those stu-
dents engage with diverse disciplines, as they do at ISF,
a transdisciplinary practice can be greatly enriched by
sharing innovations from these journeys. While there
are many places where such sharing can take place,
holding a collective annual space open to all has been
crucial to our evolving transdisciplinary practice.

At this crossroads, where individual learning journeys
intersect, something new often emerges. We use the
phrase “Aha! moment” to capture the feeling of break-
through and innovation that can arise from our engage-
ment with each other. An “Aha! moment” can be
individual or collective. Exposed to other perspectives,
individuals form new insights that they carry back to
their individual journeys. These insights can take many
forms - new knowledge, new theories, new practices,
new questions. Collectively, we find that creating a
space for engagement with a common question or chal-
lenge leads to conceptual leaps forward that later be-
come embedded in our own transdisciplinary practice.
Many of these conceptual innovations now form the
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canon of our graduate research program, passed on to
new students in annual workshops, but developed for
the first time at retreats. It should be no surprise then
that we recommend setting aside an annual protected
space for transdisciplinary engagement — a formal
crossroads — as the centrepiece of a transdisciplinary
practice.

Crossroads Example 3: Roundtable Sessions

Earlier this year, a group of ISF researchers, from re-
search students to senior staff, met with the goal of
strengthening and diversifying ISF’s collective concep-
tion of transdisciplinary research. Our researchers’ de-
gree of engagement with theoretical and conceptual
frameworks for transdisciplinary research varies from
deep to none, although we would argue that all of them
are frequently involved in transdisciplinary research in
practice. The group organized a roundtable session and
invited ISF researchers. These sessions are held weekly
at ISF over lunch, usually with an hour allocated for
presentation and discussion.

After drawing out individual definitions of transdiscip-
linary research and presenting some favourite concep-
tual frameworks for transdisciplinary research, the
session moved into discussion. One staff member
posed a wonderful question: is sailing a ship transdis-
ciplinary? This prompted a significant pause for reflec-
tion. A response to the question took some time to
emerge and our eventual response was that it is not, for
two reasons. First, our definition of transdisciplinary re-
search stresses the goal of purposive transformation in
a wicked situation — in particular, a mission to create
change toward sustainable futures — which is not a goal
when sailing a ship. Second, we came to reflect on the
political nature of the word “transdisciplinary” and the
way in which it only makes sense in a context in which
disciplines exist, as its starting point is a critique of
those structures. It is ultimately an academic term and
may be of little value to people outside academia, in-
cluding sailors. This latter reflection was an important
collective learning emerging from this constructed
crossroads that may go on to shape the way we commu-
nicate our research approach to others.

Crossroads Example 4: Informal Unplanned
Conversation

What we have learned over time is that many stakehold-
ers expect research to be a linear, unwavering process
from beginning to end, and are uncomfortable with a
research project that adjusts based on new insights.
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That means our teams must decide whether to stay close
to the expected frame or to take a systemic approach, al-
lowing for emergence based on the complexities we col-
lectively uncover. Both approaches are valid: the former
allows more investment in data and analysis, whereas
the latter requires more investment in processes with
our partners about what constitutes valid and valuable
research.

One of the authors was awarded national funding for a
collaborative three-year transdisciplinary research pro-
ject in Indonesia on how to improve the governance of
community-based sanitation. Having no experience of
Indonesia, she took the decision to follow an emergent
approach. Costs for community-based sanitation (who
paid, how much, and when) emerged as a heavily con-
tested area. We explored people’s experience of costs
through two collaborative workshops in different
provinces with those responsible for managing these sys-
tems, and we triangulated these against the limited liter-
ature available. This gave us sufficient confidence to
stand behind a new and significant insight: that com-
munity-scale technologies placed a far higher (approx-
imately 10x) cost burden on communities than either
centralized or household-scale services.

In contrast, a colleague also working in Indonesia had
identified costs as significant within a study on private
water service provision, and was about to embark on a
very large scale quantitative household survey to devel-
op what she saw as a sufficiently defensible dataset.
Through a corridor conversation with our colleague that
began with, “How was your trip to Indonesia?”, we were
prompted to reflect on our research approach and to re-
visit assumptions of what constitutes validity in data,
analysis, and claims in transdisciplinary research. We re-
flected that neither approach is right or wrong, but that
each has different strengths and weaknesses. It was the
juxtaposition of the two methods from different teams
facing similar questions in related contexts that allowed
us to “diffract” or see the differences that matter. As a
result of this informal crossroads prompt, we revised
and clarified our representation of costs to better align
with the strengths of experiential insights but also the
lack of statistical rigour (Mitchell et al., 2016).

Conclusion

The four examples above describe constructed and
emergent crossroads where individuals come together
to engage in collective learning about transdisciplinary
inquiry. Others include international projects that ex-
pose researchers to different cultural perspectives on
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transdisciplinary inquiry, and guest lectures or present-
ations on transdisciplinary research when we check in
with our colleagues on our latest thinking. In our reflec-
tion for this article, we have recognized how crucial
such crossroads are for ongoing innovation in our indi-
vidual and collective transdisciplinary practice. To nur-
ture this innovation, we need to provide freedom for
our researchers to exercise agency and embark on their
own individual learning journeys into different contexts
(topical or cultural) within shifting project teams while
at the same time creating the space for emergent and
constructed crossroads at which “individual learners”
come back together to reflect on their learning.

There is something qualitatively different that emerges
from collective reflection spaces: prompted by the clash
and resonance of diverse perspectives, they are more
likely to lead to “transformative learning” experiences,
where perspectives shift and innovation emerges. En-
couraging our researchers to travel down different
paths with different people in different contexts means
that the experiences and perspectives that they bring
back to the collective are richer and more diverse. Con-
sciously cultivating collective reflection spaces such as
retreats, collaborative writing projects, and roundtables
creates collective opportunities for innovation arising
from individual learning. The individual learning jour-
neys refresh and reinvigorate our collective learning
and also have the potential to reinforce assumptions
picked up along the way. We believe that transdisciplin-
ary innovation needs both individual and collective
learning: crossroads where learning journeys have the
potential to intersect are essential for both. We also re-
cognize that, while ISF strives to create such cross-
roads, there is much more we still need to do if a
transdisciplinary practice is to thrive throughout ISF
and beyond. We hope the metaphor of the crossroads
will help others to structure and support innovation in
transdisciplinary inquiry.
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« The personal foundation of experience of the learner »

comprises what learners bring to any event: their
history in learning situations and more generally,
their assumptions, values, conceptual frameworks,
etc. They carry both the capabilities for learning
further and constraints such as conceptual and
emotional baggage that will make learning more
difficult for them. Learners are only partially aware
of their personal foundation of experience and may
have great difficulty in articulating any of it.

David Boud (1993)
Professor of Education and Professional Development

Transdisciplinary innovation inherently involves learning how to integrate disciplines
towards exploring a problem or towards developing a solution or technology. Thus,
transdisciplinary innovation and transdisciplinary learning are practically interchange-
able. Although transdisciplinary learning has been studied and experimented with in
educational research, the understanding of it in a professional context is limited. We
therefore aim our research at addressing this question of how people shift their practice
towards other disciplines to address complex issues. We chose to focus on a particularly
challenging context — the shift from positivist to non-positivist learning across the ca-
reer of transdisciplinary innovators when addressing complex problems. What makes
this context challenging is that the siloed and heavily specialized nature of working
within a disciplinary construct discourages collaboration on real-world complex prob-
lems. This context is also challenging because the analytic focus from positivist discip-
lines results in a reductionist approach, which limits an innovator’s ability to explore
problems holistically and abductively. An understanding of the learning experiences of
practitioners in these contexts will inform the identification of relevant variables and at-
tributes that encourage innovative learning for ultimately innovative practice. This iden-
tification might help us develop better support and education for innovation
professionals who want to adopt transdisciplinary practices for the purposes of address-
ing complex problems. In this article, we discuss the results of a series of in-depth inter-
views to understand the learning experiences of design innovation practitioners who
experienced a shift away from positivist approaches towards transdisciplinary innova-
tion practice. We explore the research approach undertaken to study the motivations
and drivers, the emotions experienced during the shift, and the implementation and dis-
semination of the new learning into professional practice.
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Introduction

With our society becoming increasingly interconnected
through advances in technology and social media, the
problems that our global communities face are increas-
ingly open, complex, dynamic, and networked (Dorst,
2017). However, complex real-world problems typically
do not yield to approaches that attempt to apply exist-
ing solutions. Thus, what is needed is a way to help re-
frame problems, and transdisciplinarity has emerged as
a promising approach to meeting this need.

Since the early 1970s, when the concept of transdiscip-
linarity was introduced to address real-world complex
problems (Piaget, 1972), several frameworks to inform
transdisciplinary ~ practice have been explored.
However, this literature (e.g.,, Binder et al., 2015;
Nicolescu, 2008; Polk, 2015) has tended towards theor-
etical rather than practitioner-based reflections on how
transdisciplinarity is experienced by innovation profes-
sionals. There is a gap in the literature in terms of how
professionals emotionally experience transdisciplinary
learning to innovate for complex problem solving; for
example, emotional insight reveals our likes, dislikes,
underlying preferences, and values, and it ultimately
determines the choices we take in what and how we
learn (Moon, 2004). By exploring professionals’ emo-
tions, preferences, and values, we can better under-
stand how transdisciplinary learning aids innovation in
complex problem settings and how we might bring oth-
ers — who do not apply transdisciplinary approaches —
into the fold of transdisciplinary practice. Understand-
ing the personal and emotional experiences before, dur-
ing, and after learning can better inform how
transdisciplinary innovation is experienced and there-
fore how we might embed transdisciplinary approaches
in the workplace.

Complex problems require transdisciplinary ap-
proaches (as opposed to multidisciplinary and interdis-
ciplinary approaches) such as working collaboratively
across disciplines rather than “a specialisation in isola-
tion” method (Max-Neef, 2005), adopting a systems
view (Ackoff, 1999), or working continuously for a com-
mon human and social purpose (Jantsch, 1970). At the
individual level, this means professionals will need to
step outside their area of specialization and learn how
to continuously adjust their practice with others. This
type of learning goes reflecting on what we have done
and how it may have contributed to an unexpected out-
come (Schon, 1983). Unmet outcomes or surprising in-
cidents occur when people offer their existing
knowledge (which they know works in a specific con-

timreview.ca

text) to a different context where their existing know-
ledge is seemingly inappropriate or ill-fitting. Rather
than using preconceived thinking about what should
be done in a specific context, these professionals need
to reflect on what works best for that unique situation,
and transdisciplinarity approaches enable this reflec-
tion.

Transdisciplinarity differs from interdisciplinarity and
multidisciplinary. Interdisciplinarity integrates “inform-
ation, data, techniques, tools, perspectives, concepts,
and/or theories from two or more disciplines or bodies
of specialized knowledge to advance fundamental un-
derstanding or to solve problems whose solutions are
beyond the scope of a single discipline or area of re-
search practice” (Andreasen et al., 2004). Conversely,
with multidisciplinarity, each discipline makes a separ-
ate contribution (Andreasen et al., 2004). By contrast,
transdisciplinarity has been defined as efforts conduc-
ted by actors from different disciplines working jointly
to create new conceptual, theoretical, methodical, and
translational innovations that integrate and move bey-
ond discipline-specific approaches to address a com-
mon problem (Aboelela et al., 2007).

A key feature of transdisciplinarity is the importance of
continuous learning and discovery, which is especially
relevant to today’s workplace. Now, more than ever,
professionals need to be agile in their learning and prac-
tice given they work on new challenges in new contexts,
often with fewer resources, shorter timelines, and high-
er demand for quality outcomes. However, transdiscip-
linary approaches are constantly evolving (Jantsch,
1970), transcending individual disciplines and adapting
to the changing reality of the complex issues that practi-
tioners aim to address. This changing reality means
that transdisciplinary practitioners will constantly need
to adapt their practice, which requires them to become
effective learners. In the context of innovation, the fo-
cus is currently on teaching professionals specific in-
novation methods and tools, such as design thinking
and lean and agile methods and principles. Although
these methods are useful for obvious or complicated
problems, practitioners often struggle to integrate them
or learn to adapt them to changing complex problems
and their contexts (Snowden & Boone, 2007). We there-
fore argue that, to support transdisciplinary innovation,
we need to better understand how we can support prac-
titioners to become transdisciplinary learners. To
achieve this goal, we start with building an understand-
ing of the current learning experiences of practitioners
who want to shift their practice towards transdisciplin-
ary innovation.
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Understanding the emotional experience of learning is
important because, as Boud (1993) argues, “feelings
and emotions are probably much more significant influ-
ences over what and how we learn than the ostensible
cognitive content”. Without an understanding of experi-
ence, the successful teaching and application of trans-
disciplinary processes and practices may be limited to
“tools” and “methods”. These alone do not provide sup-
port for stepping out of comfort zones and into a dy-
namic learning process that underlies transdisciplinary
innovation. We therefore need to include a focus on
learning experiences, as Ackoff (1974) argues, to pro-
mote sustainable and systemic practice to address fu-
ture complex problems. Failing to understand the
emotional learning experiences of innovative ap-
proaches represents a particular challenge for struc-
tured and rules-based disciplines (e.g., engineering,
medicine, or law) in which practitioners are being
asked to respond innovatively to increasingly intract-
able problems. For these disciplines, transdisciplinary
learning is less intuitive or seemingly less possible com-
pared to non-positivist disciplines (e.g., business,
design or anthropology).

As we have argued previously (van der Bijl-Brouwer,
2017), to advance transdisciplinary approaches such as
those required in public and social innovation, we need
to develop a more complete understanding of how and
why innovation practitioners work by including the “in-
ternal view” of this practice. This is in line with the
views of Wilber (2006) and Laloux (2014), who argue
that effective organizational management requires an
understanding of people’s beliefs and mindsets, and of
their collective culture. This will not just help us under-
stand what people do in transdisciplinary innovation,
but also why they do it. In seeking to define the experi-
ence of learning, we find definitions of emotion relative
to learning. Emotion is defined as a multifaceted phe-
nomenon (Scherer, 2005) and has three properties: im-
mediate awareness, phenomenal quality, and
intentionality (Reisenzein & Doring, 2009) Here, we
define the experience of learning as how professionals
feel during their encounter with transdisciplinary learn-
ing before, during, and after the transdisciplinary ap-
proach has been applied, and how these feelings
influence transdisciplinary behaviours in practice.

In this article, we examine the learning experience
provided by transdisciplinary innovation in a profes-
sional context. We explore the variables and attributes
underpinning transdisciplinary experiences through
the personal narratives of seven innovation profession-
als currently employed in areas of health, taxation, de-
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fence, bioscience, tertiary education, crime profession,
and management consulting. These professionals were
initially trained in rules-based disciplines such as math-
ematics, science, and engineering and, later in their ca-
reers, adopted transdisciplinary approaches to address
complex social problems.

Methodology

The objective of this research was to identify the learn-
ing experiences of transdisciplinary innovation that
could help inform how practitioners become comfort-
able with the uncertainty and learning required for
transdisciplinary innovation and how transdisciplinary
approaches are learned (beyond knowing the theoretic-
al subject matter). The focus question guiding this re-
search was: How do innovation professionals
experience transdisciplinary learning? We theorized
that this question could be examined across three
phases of the learning experience to explore how innov-
ation practitioners shifted from their original rule-
based practice (positivist) to transdisciplinary ways of
working (non-positivist). The three phases are ex-
plained below and illustrated in Figure 1:

1. Pre-learning phase: exploring the motivations and
attributes of professionals that lead to transdisciplin-
ary behaviours and ways of working

2. During-learning phase: exploring the process of
transition between disciplines

3. Post-learning phase: exploring how new knowledge,
practice, and ways of knowing are realized and imple-
mented to address complex problems

To explore these focus areas, semi-structured and in-
depth qualitative interviews were conducted with seven
innovation professionals working in complex social
problem areas across health, community justice, and
public service systems. Semi-structured in-depth qualit-
ative interviews were selected to allow subjective in-
sights and feelings to be revealed (Neuman, 2000).

The innovation professionals were selected based on
their common attribute of applying design to systemic,
structural, and complex social problems and their shift
away from their original “rules-based” (or positivist)
discipline of study. The original disciplines of study that
participants shifted away from were engineering, eco-
nomics, mathematics, biosciences, science, and psy-
chology; two participants also had additional
experience in non-positivist disciplines (religion and
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Figure 1. Conceptual research framework for examining the phases of the transdisciplinary (TD) learning experience

communications). The subjects were recruited with a
snowball approach and were identified to take part in
the research for their work as known senior innovation
leaders currently working in innovation with a focus on
addressing complex social problems such as health,
population growth, crime prevention, and environ-
mental issues.

The intent of the interviews was to unearth the feelings
experienced by the professionals while undertaking
their transdisciplinary innovation journey over the
course of their careers. To encourage participants to
discuss sentiments and reflections on their learning ex-
perience, they were asked to share their personal stor-
ies of how they came to adopt new disciplines and
practices. These personal stories often included histor-
ical timelines and explanations of decisions and turn-
ing points, such as employment leaps, job changes, or
moments of awareness that compelled participants to
pursue one opportunity over another. These interviews
were conducted over audio-visual conference calls or in
person. In addition to audio recordings, hand-written
notes were taken to allow the interviews to be synthes-
ized later. In addition to taking notes about the parti-
cipants’ comments, observations of non-explicit
communication such as tone, posture, facial expres-
sion, and vocal volume were also noted.

An inductive thematic approach was used with itera-
tions of the analysis. First, the notes were reviewed to
identify individual themes from each interview. These
individual themes were then analyzed to identify com-
monalities or patterns across the interviews. Once this
list of consolidated themes was identified, each audio
file was replayed to test the themes identified — whether
there were missing themes or patterns or conversely
any themes that conflicted with the ruling hypothesis.
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The interviews were reviewed a third time for verbatim
quotations as evidentiary support of the analysis.

Results

The results from the pre-learning phase highlighted the
importance of emotional attitude and the influence of
family in creating the appropriate environment and
mindset as motivators for pursuing transdisciplinary
learning. In the during-learning phase, we see parti-
cipants identify the limitations of their original discip-
line of choice through their “doing” learning strategy
and a drive to identify other approaches to bridge the
gap in solving complex problems. In the post-learning
phase, we identified emotional attitudes towards trans-
disciplinary learning as optimism, curiosity, excite-
ment, and determination as enablers for
transdisciplinary learning but also attributes that en-
couraged professionals to continue with their transdis-
ciplinary approaches during challenging times.

In the pre-learning phase, there were three main motiv-
ations and attributes that led professionals to transdis-
ciplinary behaviours and ways of working. The first
attribute was the motivation for pursuing transdiscip-
linary learning being a curiosity in complexity, systems,
and relationships. Four out of 7 participants discussed
their interest in complex adaptive systems as a motivat-
or for further problem exploration and complexity. Sim-
ilarly, 6 of 7 participants interviewed discussed an
interest in understanding “the system”, particularly be-
cause of an interest in connections and relationships.
The interest in complexity or applying a systems-view
to problems affirms that it is an essential ingredient for
a transdisciplinary way of working and learning, given
its focus on addressing complex problems. As high-
lighted in McGregor (2015), “complexity is a modern
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form of universal interdependence... nothing is separ-
ate... and disparate viewpoints must be voiced and in-
tegrated to solve complex human problems.”

A second attribute that led professionals to transdiscip-
linary behaviours was the motivation to address com-
plex problems as influenced by family when they were
young. During the interviews, it was revealed that parti-
cipants had rich personal stories revealing how discip-
linary and future career pathways were shaped. The
example quotation below demonstrates how curiosity
fuelled by family influence motivated an interest in sys-
tems. This interest eventually led to the adoption of
design as a way of applying transdisciplinary ways of
working to address intractable complex problems:

“As a child, I had long experiences of hospitaliza-
tion and isolation...I got through it by patterning. I
started collecting insects. I identified with systems
much earlier than I knew what the word meant. |
chose rural science at [university] because I was
home-sick and I heard a person on the ABC who
said he studied rural science because he was inter-
ested in systems, so I thought I would go and study
that. I was a fiddler and inventor and dad was a
good companion in that. We invented stuff out of
stuff. That was how I grew up! Working with dad a
lot became part of my DNA as a designer.”

In another example, a participant shares their reflec-
tions on how family played a role in their motivation to
address social justice “real-world” problems — a key
characteristic of transdisciplinary ways of working:

“My value base is very much set by my mother, my
grandmother, my great-grandmother... My values
come from the Welsh community, which is very
much matriarchal — I spent a lot of time with my
great-grandmother until she died when [ was 12
and then was [best friends] with my grandmother
until she died when I was in my mid-20s. My
grandmother was an activist. Only in retrospect do
Tunderstand that.”

It seems, therefore, that purpose and attitude toward
learning and experimentation seem to originate in
people’s upbringing.

An awareness of the limitation of the participant’s core
discipline to address complex problems’ was a third at-
tribute that bridged the pre-learning and during-learn-
ing phases. Participants identified how initial learning
choices or influences were made and shifted away from
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those choices to find other disciplinary methods that
bridged the gap. For example, participant 7 described
their initial attraction to mathematics and the certainty
it provided in its answers, but he then recognized as his
career unfolded that, for him, mathematics had limited
focus on real-world application. It was this turning
point that influenced the exploration of other ap-
proaches such as design to fill this gap. This shift was
common with almost all participants who looked to
other fields when they realised the shortcomings of
their original disciplinary pursuits. Interestingly, no
participant was able to recall or describe a time when
their original discipline of study was applied to design
to address an identified complex problem, but 4 out of
7 participants stated that their original disciplines
provided “conceptual inspiration” for transdisciplinary
learning. For example, participant 3’s reflections on the
rules-based discipline of biomedicine helped them to
become the type of design practitioner who worked on
complex problems, applying methods and tools from a
range of disciplines and approaches:

“I run experiments all the time — that’s creativity...
and I thought ‘that’s right’ — I have been designing
stuff ever since I left university! I now embrace the
scientist in me.”

In summary, it appears that flexible, collaborative, and
iterative principles as found in design can be applied to
rules-based disciplines to create new ways of working,
thinking, and addressing complex real-world problems.
As Dorst states, design is ideally positioned to contrib-
ute as a bridge builder between technology and human-
ity to help deal with complex social issues (Dorst,
2017). But the reverse — the application of rules-based
disciplines to design and transdisciplinary practice —
does not intuitively work to address complex real-
world problems. Therefore, although not all parti-
cipants applied their procedural knowledge from their
rules-based disciplines, the principles, familial influ-
ences, or innate characteristic that guided their original
disciplinary choices provided an enduring motivation
to pursue a transdisciplinary way of working.

In the during-learning phase — exploring the process of
transition between disciplines — the learning strategy
that participants undertook to employ transdisciplin-
ary learning in practice was identified. Most parti-
cipants reflected that their most notable experiences of
transdisciplinary learning were when they were “do-
ing” it. Five of 7 participants described their way of
“learning by doing” and an additional 3 participants re-
flected that their approach to learning content was
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through other learning styles such as auditory or visual
means, for example, undertaking prolific reading and
then drawing models to interpret this reading. Al-
though most participants described their transdisciplin-
ary learning as learning by doing, we also witnessed
that participants generated their ideas, concepts, and
theories about ways to tackle complex problems in dif-
ferent ways, for example, reading, drawing, and sketch-
ing models or through conversations with others. It
therefore appears that transdisciplinary learners (and
practitioners) source their ideas in different ways but
rely on learning by doing to learn from how theory is
applied to complex contexts.

In the post-learning phase, we identified that learner at-
titude toward the learning process played an important
role in adopting transdisciplinary approaches. Attitude,
in this context, is defined as a settled way of thinking or
feeling about their transdisciplinary learning experi-
ence. Overwhelmingly, participants described having a
positive attitude towards their learning. Their positive
outlook was spurred on by their desire to learn new ap-
proaches generated by feelings of excitement, anticipa-
tion, and optimism towards their learning. Participant
7, for example, described their experience as “exciting
because we were breaking new ground...doing things
that others hadn’t done before. Although it took several
years to embody the design way... [in other words, trans-
disciplinary practice], there were clear Aha! moments.”
Participant 4, for example, talked about the learning ex-
perience as exciting because ‘I felt like the half of my
brain which was suppressed during my structured
schooling was finally freed.” Six of the 7 participants
spoke of their naturally inquisitive nature and how curi-
osity was not only an aide to help them pursue their
learning interests but also helped them to persist dur-
ing times of uncertainty or difficulty. For example, parti-
cipant 3 stated: “I saw my learning journey as a
continuum, I didn’t know what I wanted to be in 1985
but there was always [curiosity] that drew me down that
path.”

Participants acknowledged that, after reflecting on their
learning experiences, not every experience was guided
by positive emotions. Participants reported experien-
cing challenges when it came to external influencing
factors, such as convincing colleagues of the merits of
undertaking a transdisciplinary approach or pursuing
organizational change in favour of more transdisciplin-
ary innovative approaches. Five of 7 reported feeling
frustrated and challenged and experiencing scepticism
or self-doubt, particularly in circumstances where they
needed to convince their organization or unit that
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transdisciplinary ways of working would be worthwhile.
For example, one participant reflected on their profes-
sional experiences in facilitating a design-led workshop
aimed at brokering new solutions to enduring organiza-
tional problems in the health sector. The participant re-
flected that few in their workshop were convinced of
the merit of transdisciplinary approaches because they
were wed to their world views of approaching problems
in particular ways, even if these approaches failed to
work. They also noted that the challenge in generating
supporters and advocates of transdisciplinary ap-
proaches limits organizational transformation: “there
are always only one or two participants in a room that
are converted advocates to our way of working; for most
people they might find it interesting... learn a new tool
or two, but they don’t take it any further.” Indeed, some
participants found that there were organizational barri-
ers that represented challenges. These challenges re-
lated to how clients or partners struggle with adopting
change and implementing the new tools, models, and
ways of thinking they learned in the workplace, particu-
larly if the translation to profit or improved business
outcomes could not be immediately seen: “the chal-
lenges exist when I work with clients and they experience
organizational barriers... [a focus on] increasing reven-
ue or market share...it is hard for them [to implement
new ways of working].”

The challenges experienced with seeking organization-
al change in favour of transdisciplinary and innovative
ways of working had personal implications for 4 of 7
participants. These participants reported feelings of
self-doubt, reduced confidence, frustration, or confu-
sion. For example, some participants experienced frus-
tration and confusion due to the learning curve in the
new context within which they were working. Some par-
ticipants were challenged to create a shift in this con-
text by focusing on how knowledge could be applied to
real-world contexts, which was different to the normat-
ive stance of their peers, which was to specialize in their
respective field of knowledge. To quote one participant,
they stated that they experienced challenges in “trying
to convince others of the merits of design... of making
my knowledge and approach stick. I have had some
great successes but also significant challenges; it has
been a slow burn.” These participants persevered rather
than abandoned a transdisciplinary way of working due
to the advocates they found in a like-minded colleague,
client, partner, or student. These individuals became
advocates because they held similar attitudes — a curi-
ous mindset, an interest in exploration, and desire to
realize novel outcomes for profound change. Interest-
ingly, the same feelings of excitement, anticipation, and
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optimism that promoted their learning were also the
same attitudes that helped participants through these
challenging times.

Discussion

Our initial research design suggested linear shifts
between the pre-learning, during-learning, and post-
learning phases of transdisciplinary learning. However,
the results reveal a clear feedback loop where attitudes
in the pre-learning phase are enablers for a continuous
learning cycle throughout the transdisciplinary practi-
tioner’s learning experience, which begins with person-
al histories but never actually ends (Figure 2). This
feedback loop raises questions about how we amplify
traditional learning approaches to better support pro-
fessional learning as well as identifying the optimal ten-
sion between appropriate challenges and attitude as an
enabler to constructive transdisciplinary practice.

The results of this research also generated two ques-
tions that are worthy of further exploration in the study
of how transdisciplinary approaches might be shared
and learned:

1. If transdisciplinary learners and innovators are driv-
en by innate traits (for example, curiosity) shaped by
early experiences and the influence of family, to what
extent can these traits be taught (if at all) or reactiv-
ated in cases where innate traits in youth were
trained out by specialized training in adult years?

2. If the main challenges that participants experienced
are extrinsic, what are the best ways to engage with
others (particularly those with different drivers) to ex-
plore transdisciplinary approaches and overcome
these challenges?

personal
history

rule-
based
practice

The first question on teaching intrinsic drivers or traits
also raises the related question: can values be taught or
reactivated? Morrison (2001) posits that “we teach val-
ues by having them”, whereas scholars such as Schrier
and Gibson (2010) offer that values can be taught
through play and gamification. It is arguable that the
personal stories of youth and familial connection that
participants cited were attributes, traits, and beha-
viours learned because of behaviour faught by family
members. Indeed, as Adriani and Sonderegger explore
in their paper on social learning, understanding parent-
child relationships is an area of increasing focus for eco-
nomists to explore how and which information, atti-
tude, norms are shared across generations (Adriani &
Sonderegger, 2011). If this is the case, it is questionable
how formal structured learning approaches such as Mc-
Call’s 70:20:10 model for learning and development —
an approximate ratio that suggests for optimal learning,
the majority of learning (70%) should be on the job,
20% of learning should occur through learning from
others, for example, peer and mentoring support net-
works, and the final 10% only should be through formal
learning, for example, with formal coursework — would
work to create the same intrinsic drivers fused during
youth (Clardy, 2018).

Transdisciplinary innovation is impossible without col-
laboration. This research shows that, currently, trans-
disciplinary innovators have very specific attitudes and
motivations. Chances are that not every team member
will hold those attitudes and motivations, which might
impact transdisciplinary collaboration. Current trans-
disciplinary learners are the “early adopters” of trans-
disciplinary innovation, which raises the question
about how these learners are going to bring others
along on this journey. Indeed, the study provides anec-
dotal evidence that this is a key challenge for transdis-

positive learning attitude

ongoing TD
learning

external challenges

Figure 2. Enablers of the transdisciplinary learning framework
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ciplinary innovators. We therefore need to understand
how transdisciplinary learning can move beyond an in-
dividual activity, to a team or group activity, building
on theories such as organizational learning (Argyris &
Schon, 1978), leadership theory (Dinh et al.,, 2014), and
contemporary management theories such as Teal or-
ganizations (Laloux, 2014).

Finally, these variables verify what we intuitively as-
sume to know about transdisciplinary innovation prac-
tices — namely, that a positive attitude toward learning
is likely to yield more positive application of innovation
approaches. They also verify what is known in the liter-
ature about the experience of learning more generally,
which is that positive learning experiences commence
with concrete experiences (Kolb, 1984). These variables
also highlight a previously unidentified enabler of trans-
disciplinary innovation practice — the importance of fa-
milial experiences and influence in youth. These
trusted family networks of support (guardian, friends,
or others) are key to creating future practitioners with
an innovator’s mindset and a yearning interest in sys-
tems and relationships (people, process, product, etc.)
and an exploratory mindset to address enduring com-
plex problems. Familial influences embedded at youth
present interesting challenges for training adults with
incongruent values or adults who, as children, were
subject to what Elliot Eisner refers to as the “null cur-
riculum” - the creative learning that children “miss out
on when educators lack the subject knowledge, skills,
and self-confidence to deliver this learning” (Lindsay,
2015); or adults who need to be “retrained” in these
variables that had them “trained out” of them during
formative years.

We argue that the success of today’s innovation practi-
tioner as established transdisciplinary innovation
thinkers and workers are based on their access to and
involvement in supportive personal networks during
their youth. But this postulation raises the question:
what happens to children who have the world of possib-
ility closed to them, whose personal networks discour-
age creativity, curiosity, and a drive to seek out
knowledge and understanding of complex contexts? We
speculate that these youth groups are less likely later in
life to intuitively adopt different values, ways of work-
ing, or ways of thinking that promote innovation
without external intervention, such as exposure to trus-
ted networks that open to the possibility of working in-
novatively, access to an education system that further
cements and celebrates the enablers of innovation, or
formal training. Indeed, even formal transdisciplinary
innovation training has its limitations in embedding in-
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novation in organizational practice if it does not target
the other variables highlighted in this article. There is
opportunity therefore to take a collective impact ap-
proach - bringing together different organizations to
achieve long-lasting social change - to the “cradle to ca-
reer” student journey. The various intervention points
from early education, through to secondary, tertiary,
and professional education represent opportunities to
spark, revive, or amplify the required attitudes that en-
able innovation. These intervention points can help
level the playing field by providing children with equit-
able access to education through to adulthood that
fosters and promotes curiosity, an interest in systems
and relationships, and an understanding of complexity.

Conclusion

Although the search for insights into how learning is ex-
perienced is not new, this research has initiated explor-
ation into how the experience of learning is relevant to
transdisciplinary innovation. From this research, we
learn that there are at least three variables of transdis-
ciplinary learning experiences that might enable innov-
ators to shift towards more transdisciplinary ways of
working. aligned to the transdisciplinary framework of
pre-learning, during-learning, and post-learning. First,
participants’ motivations toward transdisciplinary
learning have roots in family influence, generating an
interest in areas such as complexity, systems, and work-
ing on real-world problems. Second, in the during-
learning phase, we see that a “learning by doing”
strategy helped participants identify the limitations of
their original area of disciplinary study. The con-
sequence of these limitations resulted in participants
shifting toward more generalist, holistic, and collaborat-
ive ways of working to enable a more transdisciplinary
way of working. In the post-learning phase, we see that
learner attitude underlies both the pre-learning and
post-learning phases, playing a critical role in how pro-
fessionals work in a transdisciplinary way — a learning
loop rather than a linear shift from traditional discip-
line to transdisciplinary approaches. Moreover, the par-
ticipants’ emotions guided their attitude toward
learning; the participants’ overall learning experience
was positive due to intrinsic feelings generated from
making a new discovery, creating change, or pursuing
curiosity. These positive emotions included optimism,
curiosity, excitement, and determination. When
learners faced extrinsic challenges, these positive atti-
tudes and emotions helped them preserve with the diffi-
culty of creating organizational change or persuading
others of the merits of transdisciplinarity despite negat-
ive feelings such as self-doubt and frustration.
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These variables are ultimately important because they
help us to draw from what we already know about the
general emotional experience of learning as well as re-
flect on ways in which we can promote these variables
in early childhood education through to professional
adulthood. They help pinpoint enablers for transdiscip-
linary innovation learning and practice and help us re-
flect on intervention points throughout the
whole-of-life education journey that practitioners un-
dertake to spark, revive, or amplify the required atti-
tudes that enable innovation.
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¢ We can’t solve problems by using the same kind of ”
thinking we used when we created them.
Attributed to Albert Einstein (1879-1955)
Theoretical Physicist and Nobel Laureate (1921)

As the problems that are our organizations are facing become more complex, dynamic, and
networked, they will need to become more flexible in their ability to respond. These com-
plex networked problem situations often cannot be tackled from a single-discipline per-
spective, and thus transdisciplinary innovation — that is, innovation across and between
disciplinary fields — is becoming more important. But how can we achieve innovation in
those in-between spaces, when all of our knowledge and established approaches are held
within the disciplines? In this article, we look beyond the limiting confines of traditional
disciplines by seeing them as collections of smaller units of action: practices. After a foray
into the anatomy of practices, we discuss how a design-based approach to transdisciplin-
ary thinking creates a framework for the mixing of practices, articulating new insights and
creating new possibilities for action in the space between the established professions.

Introduction

Over the last three decades, humanity has networked it-
self, to great advantage — welcome to the brave new
world of the networked society — but, in doing so, we
have also inadvertently networked our problems,
thereby creating complex tangled webs of relationships
in which progress is difficult to achieve. Our business-
as-usual way to approach problems seems to be no
match for the curious open, complex, dynamic, and
networked nature of today’s problems (Castells, 2011;
Stacey et al., 2002). Our organizations and professions
are struggling, and they seem to have no established
way to comprehend and respond to this new type of
problem situation (Boutellier, 2013). In the end, if the
problems that an organization is set to deal with be-
come more open, complex, dynamic, and networked,
the organization itself will have to become more open,
complex, dynamic and networked (McChrystal et al.,
2015). But how can it do this?

To achieve progress in this brave new world, we have to
look for new approaches and change the very way we
think. Our common modes of thinking are organized in
(specialized) professional fields and implemented
through sophisticated organizational structures and
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processes. Yet, as the challenges before us become
more complex and networked, innovation often seems
to occur between disciplinary fields and outside of es-
tablished organizations, for example, in the unstruc-
tured activities of startup ecosystems. Highly innovative
people these days are often the ones who traverse dis-
ciplinary boundaries, who happen to bring deep know-
ledge and skills of several fields to bear on a problem or
an opportunity, combining practices in a way that cre-
ates new value (Gardner, 2006).

In this article, we will explore how a design-based ap-
proach to reframing — and the understanding of prac-
tices as layered means-ends hierarchies — can help us
find ways to mix practices across disciplinary fields,
thereby creating the type of true transdisciplinary in-
novation we need to respond to today’s complex, net-
worked problems.

The Challenge: Addressing Complex Problem
Situations

Before delving into the core part of this article — investig-
ating how the manipulation of practices can lead to
transdisciplinary innovation — we need to take two
steps back: one to understand the context in which this
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particular type of innovation is called for and a second
one to frame the process in which practices can come
together in new ways.

When problems move from being very complicated to
truly complex, our ways of addressing them should
shift accordingly (Snowden et al., 2007). We effectively
move from the field of problem solving (Simon, 1973;
Hatchuel, 2001) to complexity theory and systems
thinking (Ball, 2012). There, we can learn that, in very
complex systems, newness comes from the emergence
of order (rather than from goal-directed creation),
change is achieved through influencing the system
(rather than through implementing a plan to “solve the
problem”), and a new state of relative stability can be
created through creating resilience (rather than
through striving for an immutable structure). These sys-
tem dynamics make it hard to act upon a complex sys-
tem to address issues or create newness. Any attempt at
searching for “the” solution would be riddled with as-
sumptions: in a truly complex situation, there is no solu-
tion. The way to achieve progress is to create
high-quality intervention to bring the whole system for-
ward into a more desired state. (For details on how
such interventions can be created, see “Transformative
Theology” in Stacey and co-authors [2002]).

So, what are the key issues that face a professional in
dealing with a complex networked situation? First of all,
it is not clear where to start (this is, it is not clear how to
interpret the problem situation) and, second, it is un-
certain which relationships in the tangle are going to be
important in shaping what would be the appropriate
way forward. To overcome these challenges, we need a
propositional way of working, both in the interpreta-
tion step to create an initial understanding and in the
action/intervention step (to create feedback that will
show which relationships in the complex problem situ-
ation are key, and which ones can safely be ignored). Al-
though the interpretation step could possibly be
covered by normal inductive reasoning, the interven-
tion step requires design abduction, a much more open
way of reasoning (Dorst, 2015). In design abduction,
the practitioner enters into a thoughtful exploration by
(repeatedly) proposing a framing of the problem situ-
ation, observes what possible solution directions
emerge from these framings, and then reflects on the
fruitfulness of their actions (is this going in the right dir-
ection?). In this way, the practitioner can navigate the
complexity of the situation and “learn their way” to-
wards a solution. In this process, assumptions, as well
as established ways of working (e.g., paradigms [Kuhn,
1962]), are continually questioned.
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A First Answer from Design: Framing
Complex Problem Situations

Rushing into solving a problem without fully appreciat-
ing its complexity can easily lead to solving the wrong
problem. And the hidden assumptions of such a rushed
approach (or “knee-jerk reaction”) mean that the prob-
lem solver also misses opportunities by not making a
full use of the diversity of practices at their disposal. To
carefully approach complex problem situations, we
need to analyze them to understand how they have
been framed and explore alternative framings that
might lead to very different types of solutions. The ways
in which expert designers create such new frames have
been modelled in a frame-creation process (Dorst,
2015). Key to the creation of new frames is thinking
around the problem situation rather than confronting it
head-on. Designers have created processes that cleverly
bypass the assumptions that have led to the original
problem formulation and that take on the full complex-
ity of the broader field. The creation of new frames in
design can be modelled as a process of nine steps (Fig-
ure 1).

Within frame creation, new approaches to the complex
problem situation are achieved through accessing prac-
tices from other fields. Central to the frame-creation
process is the fifth step, where the analysis of the values
of the broader field of stakeholders in the fourth step
leads to a set of themes, from which new frames can be
created by linking to practices from other professional
fields. The first four steps lay the groundwork; the latter
steps explore the implications of the potential frames
and proposed solution directions (for an example, see
the description of the Kings Cross project in the next
section and in Dorst [2015, 2016]).

Background: An Anatomy of Practices

To understand how this frame-creation process works,
we need to take one more step back and consider the
anatomy of practices. A practice is a deliberate and co-
herent set of activities intended to achieve something.
It combines a way of seeing, thinking, and acting. Mod-
els of practices (Max-Neef, 2005) generally present
them as being layered (Jantsch, 1972), with the layers
containing statements on the “Why”, the “How”, and
the “What” (van der Bijl-Brouwer, 2014, 2017) (Figure 2).

The top layer describes the values you are setting out to
achieve. Then there is a second layer that describes the
principles and strategies chosen to achieve these val-
ues. The third layer is more tactical and describes the
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1. Archeology
-

2. Paradox

+
3. Context

v
4. Field

+

5. Themes

v

6. Frames

v

7. Futures

v

8. Transformation

v

9. Integration

Figure 1. The frame-creation process of expert designers

“How”, the method(s) through which the goal is to be
achieved. The fourth layer is that of the concrete ac-
tions that are seen as part of the practice — the “What”.

A framing is a statement that ties together the top two
layers of the practice model: value and principle. Often,
in conventional thinking, the value to be achieved and
the principles through which to achieve them are
merged. This merger is highly problematic because it
hardwires the practice into an immutable frame.
People then see one particular way of approaching the
problem as the only rational one. They talk along the
lines of “we have to achieve this, so we need to do that”.

What makes this layered model of a practice interesting
is that it opens up practices for deeper scrutiny and in-
vites consideration of a broader range of actions, be-
cause going back to first principles (starting with
values: what is this about?) makes one sensitive to the
fact that any value can be achieved by multiple prin-
ciples, through many different methods that lead to
even more possible actions. Although a practice might
look “logical” when perceived from the world of action
(bottom-up in Figure 3), we can see that they are actu-
ally open-ended.
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How did this problem come about? What has been done to solve this?

What makes this hard?

What is important to the current stakeholders?

Who could be involved, and what is important to them?

What underlying themes emerge from this broader fieid?

In what ways can those themes be addressed/actioned?

What, then, are new and interesting possible outcomes?

What changes are required to make this happen?

What can we learn? What new opportunities arise?

So, practices contain choices, which are often implicit
choices about the values we find important, the prin-
ciples we use to think about them, and the methods
and actions we are going to apply. Practices also always
contain a way of seeing the problem. Although that is
often very implicit, the example below will illustrate
how it can be hidden in the very words we use to de-
scribe a problem situation.

Frame creation is a process that expert designers de-
veloped to get around this fixation. The frame-creation

Why? (Values; deep human needs)

Why? (Principles)

How? (Methods and tools)

L What? (Actions)

Figure 2. The four layers of a practice
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Principle Principle Principle
AN
Method Method Method Method Method
\
Action Action Action Action Action Action Action Action Action

Figure 3. The open-endedness of practices

process first leads a practitioner up the four layers of
practice: from considering the existing actions and
methods to approaching the problem situation, back to
principles and the underlying values (themes). Then,
from a broad consideration of these values, new prin-
ciples, methods, and actions can be proposed. This pro-
cess includes a new selection of overlooked values,
principles, methods, and actions that potentially could
address the same problem. It also includes deriving
new combinations of existing sets of them and possibly
inventing entirely new methods and actions that are
purpose-designed to the specific context.

An example might help to clarify how the reframing of a
problem situation and the thinking of practices in
terms of these four layers can be used to adopt prac-
tices that are new to the problem situation.

The late-night problems in Kings Cross, an entertain-
ment district in the city of Sydney, have always been la-
belled as “alcohol-related violence”. This simple
statement contains the assumption (frame) that safety
and security should be assured (value), by combating
violence — and that the violence is causally related to al-
cohol consumption. The obvious way forward is then to
reduce alcohol consumption because, through that
step, violence will also decrease (principle). This can be
done through legislation (method) and increasing the
police presence to enforce the new rules (action).

This is a clear and convincing path to action, with an al-
most inescapable rationality, except that, in this case —
upon closer scrutiny — we may see that the violence that
occurs late at night is not necessarily alcohol related. A
reframing of the problem is necessary, and one of the
most fruitful frames in the initial Kings Cross project ex-
ecuted by the Designing Out Crime research centre was
built on the metaphor of seeing the area as a music fest-
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ival. This is a radical reframing of the problem situ-
ation, miles away from seeing it as a crime problem.
Thus, the frame of a “music festival” opens up the prob-
lem situation. The new value set to strive for includes a
vibrant, night time economy, the principle to achieve
this by is metaphorically “creating a music festival”, the
methods to achieve this are varied, but they centre
around seeing the city council as the event manager, us-
ing methods from many different professional fields
(e.g., event management, behavioural psychology, eco-
nomics, visual communication, education, fluid dy-
namics). This approach leads to fruitful new actions:
the violence and misdemeanors could be managed by
making sure there is appropriate transport out of the
area late at night, providing enough public toilet facilit-
ies, diversifying the entertainment offerings, creating
“chill-out” spaces, rerouting traffic, improving manage-
ment of taxi queues, having “Kings Cross Guides” wel-
come the party goers into the area, creating safe spaces
for sobering up, etc — thereby reducing frustration,
boredom, and violence (Dorst, 2015, 2016).

Second Answer: Transdisciplinarity and the
Mixing of Practices

Problems often arrive at an organization’s doorstep as a
call for action - the pressure is that we need to act, ur-
gently, to change an unwanted situation into a better
one. This means that, more often than not, the first at-
tempts to solve a problem are based on the existing ac-
tions, methods, and principles of an organization. This
makes absolute sense: the expertise and resources are
available so that the problem can be solved both effi-
ciently and at speed. Yet, knee-jerk reactions do not al-
ways suffice, and by holding on to such “best
practices”, we do not look beyond what worked in the
past. In a rapidly changing environment, the assump-
tions and simplifications that were part and parcel of
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that “best practice” might not hold anymore (Boutelli-
er, 2013). To access other practices, we need to reframe
the problem situation. To break free, we need to recog-
nize that the (routine) reactions are not the sole or ne-
cessary solution to the problem, and they perhaps offer
a very sub-optimal solution. The above model of prac-
tices shows that, on reflection, there are always alternat-
ive ways of approaching a problem arena.

Yet, this is not easy. Confronted with the new complex
networked reality we have created for ourselves, we
struggle to step back and create new approaches: our
disciplinary and organizational structures hold us back
from doing so. By just looking at practices, we (tempor-
arily) ignore these structures, routines, and norms, and
we create a new playing field for fresh approaches to
the problem situation to emerge. This transdisciplinary
playing field comes with the freedom to branch out and
learn from many disciplines that might have principles,
methods, and actions that might be adopted or adapted
into the problem situation.

An example of such exchanging, recombining, or mix-
ing of practices is (a byproduct of) the development of
the of a new transdisciplinary Bachelor degree at the
University of Technology Sydney: the Bachelor of Creat-
ive Intelligence and Innovation (cii.uts.edu.au), which is
built from the practices contained in 25 degrees across
the university. During the development of this degree, a
staff member from the Faculty of Design, Architecture
and Building came to discuss the exchange of practices
with people from the Faculty of Law. The law represent-
atives were interested in some practices from design.
They framed the question by explaining that currently,
law is almost always “too late” — when a new technical
development emerges, the law profession only starts fo-
cusing on its issues once the first case is brought before
the court. These court cases tend to take long, be ex-
pensive, and inadvertently hold up innovation. Yet,
design has sophisticated practices for “looking ahead”
(scenario methods, technology roadmaps, forecast-
ing/backcasting, etc.). Conversely, the design represent-
ative sought to learn how the law field deals with
precedent — court cases are kept and archived as situ-
ated knowledge so that, when the need arises, the earli-
er judgment can be retrieved and the old context in
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which it arose can be compared with the current one
before the court. A subtle language game has been built
up to guide the interpretation. This practice is in
marked contrast to the field of design, which has no sys-
tematic way of dealing with memory at all: when
designing for a current challenge, one might be trying
to use an earlier design instance for inspiration, but
there is no way for the designer to identify the most ap-
propriate earlier design and access the contextual in-
formation needed to understand it. Thus, the field of
design has a lot to learn from law — not by adopting the
practices as they are, but by adapting them to fit the
field (Dorst, 2017).

Conclusion: Towards Transdisciplinary
Innovation

As we have seen, the frame-creation process provides
us with a thoughtful way to re-interpret and rethink ex-
isting problem situations, and to identify practices from
various fields and disciplines that could be brought to
bear (as shown in the first example above). We reframe
when we are forced away from our normal (knee-jerk)
action orientation and have to go back to first prin-
ciples. From this deep rethinking, we can then access
the broadest possible collection of principles, methods,
and actions, while considering how they may assist us.
This type of deeply considered innovation-between-
fields leads to the adoption of principles and practices
that are completely new to the problem situation.

While framing “reshuffles” the position of practices rel-
ative to complex issues, the description of practices in
terms of the four layers also opens up the possibility
and the freedom for practices from different
fields/backgrounds to be mixed and cross-linked in an
open “practice dialogue” (such as happened in the
second example above).

Reframing and the capability to create open practice
dialogues are key elements of the transdisciplinary
thinking we need to deal with today’s open, complex,
dynamic, and networked problem situations. In leaving
behind the stable structures of disciplines and organiza-
tions, one learns to truly value the practices they con-
tain.
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