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¢ Boundaries generate turbulence. Boundaries are encountered ”
through exploration, and the process of exploration is messy
... Yet, it is within this messiness and the associated tensions
of shared and differing perspectives, and often at the points
of intersections of diverse ideas, new possibilities emerge and
new solutions and/or approaches are generated, which, in
turn, inspire and lead to transformation.

Lonnie Rowell, Margaret Riel, and Elena Polush (2017b)

Action research — both as praxis but also from a critical orientation — can elaborate modes
of action, identifying the borders and margins that act as both the productive spaces for
collaboration as well as the fuzzy areas that require reflection and clarification. In this ex-
ploratory case study, action research is used to follow an additive manufacturing project
team in real time as it navigates fuzzy areas to integrate knowledge to produce commer-
cializable science innovation in one of New Zealand’s National Science Challenges
(NSC): Science for Technological Innovation — Kia Kotahi Mai: Te Ao Pitaiao me Te Ao
Hangarau (SfTI). Through action research as praxis and as critical orientation, we have
identified key mechanisms in interdisciplinary and transdisciplinary research for com-
mercialization, particularly in the context of New Zealand’s indigenous Maori people.
Our preliminary analysis indicates that an explicit understanding of the fuzzy spaces can
help teams find creative and collaborative means to navigate the productive but challen-
ging “interstices of disciplines” (Mengis et al., 2018) to produce science innovation and
discoveries and to galvanize relationships with industry and Maori participants. The find-
ings also indicate that action research can promote structural, relational, and knowledge

changes within teams, helping them solve complex problems in real time.

Introduction

Recent research into “real world problems” (Carr et al.,
2018) has noted the need for interdisciplinarity. Such
aspirations have been a feature of “grand challenges”,
which galvanize collaborations between governments,
academia, and industry, directing the science sector to
pursue “societal goals” (Kaldewey, 2018) in areas as di-
verse as health and development, global food security,
climate change, energy, and aging populations.

Action research — both as praxis but also from a critical
orientation (Bleach et al., 2016; Rowell et al., 2017a) —
can elaborate modes of actions, identifying the borders
and margins that act as both the productive spaces for
collaboration as well as the “fuzzy” spaces that require
clarification. In this study, we show how action re-
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search can be used to navigate such fuzzy spaces to
help researchers understand how to integrate know-
ledge to produce commercializable science innovation
in New Zealand’s National Science Challenges (NSC).
New Zealand has heavily invested in physical sciences
and engineering research to grow the country’s eco-
nomy through a ten-year national science challenge:
Science for Technological Innovation - Kia Kotahi Mai:
Te Ao Pitaiao me Te Ao Hangarau (S{TT).

The SfTI challenge has brought together interdisciplin-
ary research teams to collaborate with enterprises — in-
cluding Maori, New Zealand’s indigenous people - to
help unlock innovation and contribute to the country’s
economy. The combination of different specialized
knowledge domains across numerous public and
private organizations has the potential to both propel
and obstruct innovation. If the SfTI approach to innova-
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tion is to succeed, then it is important to look for ways
to minimize or eliminate the barriers and increase or
accelerate the innovation enablers, with such findings
expected to be shared and incorporated more widely
across the traditional science boundaries.

In order to build this evidence base, a team of social sci-
ence researchers — the Building New Zealand’s Innova-
tion Capacity team (BNZIC) — has been following “in
real time” the diverse projects that have been funded
through SfTI. The BNZIC team has adopted an action
research approach to identify the tensions and the
structural and relational mechanisms that inhibit and
promote innovation knowledge transfer. The team ad-
opted two action research modes: action research as
praxis and action research as critical orientation.
Through these two modes, the BNZIC team has identi-
fied that research interstices, in both their physical and
abstract forms (Corsaro, 2018; Huang & Huang, 2013),
should be consciously foregrounded in interdisciplin-
ary and transdisciplinary research to accelerate such
teams’ progress towards their innovation objectives
and to more consciously include Maori participants
who might contribute towards such innovation. Such
foregrounding has allowed the BNZIC team to provide
reflections back to the science teams to help them un-
derstand the processes, people, and resources required
to achieve the SfTI mission.

This article presents a deep inquiry (Riel, 2010) into in-
dividual and team practices from one of the SfTI pro-
jects: additive manufacturing. In this context, deep
inquiry refers to cyclical and interactive processes of ob-
serving, planning, acting, and reflecting (Piggot-Irvine,
2009) upon the additive manufacturing team’s innova-
tion processes. The question that has guided this in-
quiry is: How can action research, as praxis and critical
orientation, help interdisciplinary teams transform sci-
ence innovation processes, particularly in the context
of engagement with Maori? The article aims to show
how being attentive to the fuzzy spaces between indi-
viduals and groups helps navigate the productive but
challenging “interstices of disciplines” (Mengis et al.,
2018: 2; Nicolini et al., 2012) to produce science innova-
tion and to galvanize engagement with business and
Maori.

The article is divided into four sections. The first intro-
duces the broader SfTI mission and the additive manu-
facturing programme. The second describes the
research design methods and provides a brief outline of
the data collection and analysis processes. The third ad-
dresses the question of action research as transformat-
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ive praxis, outlining action research theory in reference
to critical design and boundary object theory, to explic-
ate how the research scientists are transforming prac-
tice to solve complex technical problems. The fourth
section concerns action research as critical orientation
and explores how this approach is promoting relational
and knowledge changes within the additive manufac-
turing team, to help them critically reflect upon their
engagement with Maori participants. We begin by intro-
ducing the SfTT challenge.

The SfTI National Challenge

The Science for Technological Innovation, Kia Kotahi
Mai: Te Ao Pitaiao me Te Ao Hangarau, (SfTI) challenge
aims to enhance New Zealand’s capacity to use physic-
al sciences and engineering for economic growth
through its scientific innovation and discoveries. The
challenge aims to incorporate New Zealand’s human,
relational, and technological capacities to grow the
country’s economy. The contention is that a more tech-
nology-driven and prosperous economy will emerge
from more focused and connected research efforts
(Daellenbach et al., 2017; Davenport et al., 2015; SfTI,
2018). SfTI funds projects in the areas of sensors, robot-
ics and automations, IT, data analytics and modelling,
and materials, manufacturing, and design.

Along with investment into the technical science, SfTI
supports a capacity development programme, so that
scientists might become more confident in leading con-
versations with and being more proactive in their en-
gagement with industry partners, including Maori. This
latter requirement is because of the Vision Matauranga
(Maori knowledge) science policy, which has become a
required consideration for all science funding in New
Zealand (Daellenbach et al., 2017; Davenport et al.,
2015; MoRST, 2007). In response to this policy, SfTI has
developed three pillars: to advance Maori knowledge; to
have more Maori leading and participating in technolo-
gical research; and to bring greater benefit to Maori by
prioritizing and tailoring research for Maori (SfTI,
2018).

Over 250 researchers and 29 different organizations
from across New Zealand and internationally are in-
volved in SfTT projects (SfT1, 2018). SfTI allocates fund-
ing to two levels of research: large “Spearhead” projects
and smaller “Seed” projects. There are eight Spearhead
Projects, four of which commenced in 2016, of which
one — the 3D/4D additive manufacturing of biopoly-
mers — is the subject of this case study, and to which we
now turn.
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SfTT’s additive-manufacturing project

Additive manufacturing, or 3D/4D-printing technology,
is where physical objects are created by building up
parts through the laying of materials from powder or li-
quid combined with a binding agent such as heat, UV
light, or laser (André, 2017a; Horvath, 2014; Khare et al.,
2017; Zeidler et al., 2018). 3D-printed objects are static
compared to 4D-printed objects that actuate through
triggering (sensing) elements (e.g., water and light) em-
bedded within their underlying material (Tibbits, 2014;
Tibbits et al., 2014). A 4D object’s actuation is independ-
ent of external devices or electromechanical systems,
and it is constructed using a 3D-printing platform com-
bined with a 3D/4D printing interface in a singular sys-
tem (Khare et al., 2017; Tibbits, 2014; Tibbits et al.,
2014).

Additive manufacturing enables flexible production of
personalized products, with reduced costs of produc-
tion and wastage of feedstock resources (André, 2017a;
Weller et al., 2015). It also allows for fast prototyping by
reducing the number of intermediaries between the de-
signer and the final product, speeds up product cre-
ation and production time, and reduces storage costs
(André, 2017a, b). 3D/4D printing technology also
poses challenges, in particular, the manufacturing feed-
stock that is mostly from non-renewable sources,
which poses environmental dangers (Huang & Huang,
2013; Zeidler et al., 2018).

Responding to such opportunities and challenges, a
geographically dispersed, cross-disciplinary team, com-
posed of chemists, engineers, and designers, is working
towards developing bio-based 3D/4D materials and
equipment in New Zealand (Zeidler et al., 2018). To
confirm that this new technology is attuned to market
demands (Edwards, 2005; Mdenpdd et al., 2016) the
team has built-in regular engagement with industry.

Combining knowledge across different specialized do-
mains can either propel or impede innovation. This de-
pends on how knowledge is shared, incorporated, and
transformed across boundaries (Carlile, 2004; Corsaro,
2018). According to Hsiao, Tsai, and Lee (2012), a
boundary refers to the limits or the interstices of a do-
main, which may be “physical, geographical, social,
cognitive, relational, cultural, temporal/spatial, divi-
sional, occupational, and disciplinary”.

Recognizing boundaries is an essential part “of systems
work/inquiry/thinking” (Williams & Imam, 2007 in
Rowell, Riel, & Polush, 2016). Such recognition raises
actors’ awareness of the tensions in boundaries, open-
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ing up dialogical spaces to transform and catalyze
knowledge (Rowell et al., 2017a). Recognition of these
boundaries through the BNZIC team’s action research
with the science team in the context of their interac-
tions with industry and Maori aims to transform sci-
ence innovation praxis — both practically and critically.
We now explore the research design and methods.

Research Design and Methods

This is an exploratory case study that was conceived as
a “real-time” examination with the BNZIC team of so-
cial scientists following the additive manufacturing
team as they developed their ideas and technologies.
An ethnographic approach (Agar, 1996; Gibson-Gra-
ham, 2014; Hymes, 2013) was chosen given the explor-
atory nature of the science in a newly-formed science
team with a very broad mandate to develop novel and
commercializable research. The BNZIC researchers
used a range of data collection methods including ob-
servations and active participation at team meetings
and social occasions; examination of science reports
and emails; informal and formal interviews; and sur-
veys.

This case study draws on the draft report and presenta-
tion supplemented by the additive manufacturing
team’s science reports, as well as broader SfTI reports
about the additive manufacturing team’s research.
These reports are complemented by 28 semi-structured
and open-ended interviews with the additive manufac-
turing team members as well as participants who took
part in the team’s workshops with industry. These inter-
views took place over a 30-month period and were au-
dio recorded then transcribed (Lapadat, 2000; Lapadat
& Lindsay, 1999; Scheurich, 1995). A qualitative data
analysis software package, NVivo, was used to organize
and code data with an inductive approach adopted to
analyzing the data (Braun & Clarke, 2006).

In the following section, we give a brief overview of the
aims and processes of action research. We then assess
how this approach has informed the additive manufac-
turing team to transform science and engagement prac-
tice.

Transforming Praxis in the SfTT Additive-
Manufacturing Project

Action research refers to a participatory process that
seeks to bring together practice, theory, and reflexivity
in order to develop practical solutions (Reason & Brad-
bury, 2001). In the additive-manufacturing project, two
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orientations of action research were combined: prag-
matic and critical (Hadfield, 2012; Johansson &
Lindhult, 2008). Within a pragmatic orientation, re-
searchers and practitioners reflect upon their ongoing
process of engagement and knowledge creation to act
concurrently to overcome existing obstacles. Within a
critical orientation, researchers and practitioners inter-
rogate power relations (Johansson & Lindhult, 2008). In
the additive manufacturing project, coordinated action
was needed to create new innovation knowledge for
commercialization (pragmatic orientation) while critic-
al reflection (critical orientation) was required to trans-
form knowledge and relationships between researchers
and Maori.

Pragmatically oriented action research is often com-
posed of a hybrid methodology that aims to connect
theory to practice. Rowell and co-authors (2017a) em-
phasize that co-constructing common ground between
researchers and practitioners creates the platform for
action. To establish this common ground, the BNZIC
team took a “spiral of steps” approach (Lewin, 1946;
Minkler, 1981) by attending 13 formal meetings, work-
shops, and team-building functions (dinners and labor-
atory visits); observing and taking part in presentations;
and offering regular formal and informal reflections at
the individual and group levels. This embedded but re-
flexive participatory approach enabled some key in-
sights to be shared.

The first insight is how design acts as an upstream in-
novation catalyst through the iterative embodiment of
innovation prototypes based on the designers’ under-
standing of the scientists’ technically uncertain re-
search. By identifying how design literally objectifies
boundaries between the downstream understandings
and expectations of end users and the upstream sci-
entific invention of the researchers, the BNZIC team
showed the value of design in very early science. De-
signers are more commonly used as a mid-stream
mechanism (Luo, 2015), when the technical uncertain-
ties of the science have been worked out and the re-
searchers have set the direction for the science (Friesike
et al.,, 2015; Schuurbiers & Fisher, 2009). In the additive-
manufacturing project, the designers have worked in
tandem with the scientists to act as boundary interme-
diaries between the uncertainty of the scientists’ new
technology and the market demand of industry. This is
an important consideration for not only the additive-
manufacturing team but also the wider SfTI challenge.

The following quotation exemplifies how many of the
scientists felt during early meetings with industry:
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“Well the problem is that the meeting was all
about what they [emphasis added] wanted; so one
group ... wanted us to print an airline seat and all
kinds of weird things. I'm scared they get disap-
pointed when they now hear we’re actually dealing
with science stuff and we’re not actually focusing
on one end product.” (Additive-manufacturing
scientist)

The comments that the meetings were all about what
they (i.e., industry) wanted and that the project was
really about “science stuff” can be considered an ex-
ample of a “cognitive trap” where participants draw
quick conclusions based on their own experiences and
expectations rather than on direct observation and in-
teraction with others (Butler & Roberto, 2018). Such cog-
nitive traps interfere with knowledge co-creation at a
boundary interstice because they hinder collaboration.
In contrast, Butler and Roberto (2018) identify that a
design-led approach creates pathways to connect the-
ory and practice by first developing empathy, and then
through the ideation and prototyping-testing processes.

Developing empathy is a “human-centred” process
(Kimbell, 2011) supporting understandings about and
expectations of end users. A key feature of the additive-
manufacturing project has been its formalized meetings
with industry representatives. Involving companies up-
stream has been a boundary challenge requiring skilled
facilitation. Initially, a business facilitator was used to
identify industry’s interest in 3D-printed biomaterials,
however, subsequent meetings have focussed more on
developing shared understanding of what makes an im-
pact for industry. Developing empathy for industry’s
viewpoint, needs, and concerns has been an iterative
process. A professional external contractor skilled in
bridging diverse worldviews has been employed to ex-
plore not only the possibilities of the unknown science
but also to allow both scientists and industry to “under-
stand each other’s language” (Additive-manufacturing
scientist). The shift from the concerns expressed in an
early workshop to a more collaborative understanding
is expressed in the following:

“[The] team came together with members all in
one room. Wouldn’t have expected to get that far
in one day. Eight organizations with people from
different sectors and capabilities. Intense and fo-
cused and good will and wanting to make it work.”
(Additive-manufacturing participant)

What part did BNZIC play in this iteration? While the
leadership team had planned for regular interaction
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with industry, the draft report after the first year
showed the value of continuing to focus on empathy de-
velopment between industry and science as opposed to
a process of merely listening to industry as evident in
the initial meeting. In other words, research focus on
the pragmatics of empathy has reinforced and con-
firmed a practice in this upstream science, giving con-
fidence to continue in this direction. Additionally, this
finding posits that empathy intermediaries are not only
a “nice to have” at the start of a science process, but
can play an important role throughout the innovation
process enabling industry to have early insight into the
science. Co-innovation, rather than a theoretical
concept, becomes more of a reality with such an ap-
proach.

Empathy has also been key to supporting the ideation
process. Design-led ideation entails brainstorming pos-
sible solutions to meet the needs and expectations of
end users (Butler & Roberto, 2018) and to turn science
problems into innovation opportunities (Kimbell,
2011). As identified in the additive manufacturing
team’s research mission, the printing of bio-based ma-
terials was the focus of the science because:

“... at the time, there were none [sic] other than
the medical tissue stuff ... and so, basically, 3D
printing was built on the standard petroleum,
plastics, and metals. And still predominantly is. At
the time we found ... there’s still not a bio-base
out there.” (Additive-manufacturing scientist)

However, identifying an opportunity is one thing: turn-
ing it into reality with a newly formed team is another.
Unsurprisingly, there was an “element of frustration” as
the team struggled to understand the linkages between
their science, the role of the designers within the sci-
ence and the expectations of industry.

“At one end, we’ve got a selection of materials that
people think might be useful and, at the other
end, we’ve got, well, what applications we want to
use them for. So, how to join those up? And I
think, at some point, it’s a ... look there is no right
answer, there’s no wrong answer, let’s agree on a
focus and just get on and do it.” (Additive-manu-
facturing scientist)

In relation to the “how to join” problem, it was the de-
signers who provided the impetus for the scientists to
“agree on a focus”. There had been a “split of opinions”
as to whether to focus on “physical products” or “new
technologies or processes” (Additive-manufacturing
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scientist). This was resolved when, through a repetitive
series of design offerings that included speculative artic-
ulations of future 3D/4D scenarios, current products
printed using novel design approaches, and experi-
mental design methods, the scientists agreed to integ-
rate their efforts by printing demonstrators that
combined the novel chemical materials with the equip-
ment modifications needed to print the materials.
From a design perspective, a demonstrator or physical
prototype can facilitate knowledge transfer, translation,
and transformation across interdisciplinary teams
(Jensen & Kushniruk, 2016). Such prototypes “elicit a
more nuanced understanding of product attributes ...
facilitating future iterations of design” (Henderson,
1995; Seidel & O’Mahony, 2014: 694; Stigliani & Ravasi,
2012), thus helping to “describe a potential future
worth testing” (Bletcher, 2017).

Physical prototypes are also boundary objects: com-
mon points of reference that can facilitate or act as bar-
riers to effective knowledge sharing, co-ordination, and
transformation among individuals and institutions of
different specialized domains (Corsaro, 2018). In other
words, boundary objects are conduits to cross know-
ledge boundaries (Marheineke, 2016).

The following illustrates how the role of the BNZIC re-
searcher enabled reflection on prototypes as boundary
objects through the collaborative process:

BNZIC researcher: “Now that you've got some pro-
totypes or some targets that you're all agreed on,
that’s actually liberated everybody to...”

Additive-manufacturing scientist: “At least this,
now also when we have the meetings, you can ...
say, all right, you've made an ultra-light material —
what will you use it for? Up ‘till that point it was,
you make material and then look for a solution for
a problem that it could resolve. Whereas now it is,
okay - swimming fin, for example.”

In the above excerpt, while the term “boundary object”
(the swimming fin) is not mentioned by the BNZIC re-
searcher, the question allowed the scientist to reflect on
the positive shift from the frustration of the “open-
ended exploration” (Stappers, 2013) or the “suck it and
see” approach described by one scientist. Subsequent
to the above interview, the BNZIC researcher has intro-
duced the idea of the boundary object as a way for the
team to understand collectively some of the fuzzy
boundary interstices that may have led to their earlier
frustration. This concept has also allowed them to have
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a greater appreciation of why the design-led approach,
which initially was not well understood by either the
scientists or the designers has accelerated the science.
Design has helped integrate not only their collaborative
science but also created better empathy with industry
to the extent that:

“there is a real sense of excitement from industry
in terms of seeing quite tangible outcomes ... I
think they got an understanding of what it was all
about, and what was planned.” (Workshop facilit-
ator)

In the next section, we move from action research as
praxis to action research as critical orientation, and the
“spiral of steps” approach (Lewin, 1946) that has been
necessary to facilitate new thinking and new action.

Transforming Additive-Manufacturing En-
gagements through Critical Orientation

Action research as critical orientation involves taking a
critical stance regarding issues of social injustice and
draws on the works of diverse critical traditions (Had-
field, 2012; Johansson & Lindhult, 2008; Rowell et al.,
2017a). As such, it is emancipatory and calls for the re-
cognition of tensions and conflicting interests between
unbalanced power relations (Rowell et al., 2017a; Row-
ell et al., 2017b). Within the New Zealand context, un-
balanced power relations apply to the situation
between Maori and Pakeha (non-Maori, largely
European New Zealanders) because of New Zealand’s
colonial legacy. This history marginalized Maori life-
ways and, through the alienation of land as an econom-
ic resource, led to disproportionate levels of
socio-economic deprivation (Rewi & Ratima, 2018).
These processes continue to reproduce unequal power
relations between Pakeha and Maori (Smith, 2009), par-
ticularly as it relates to Maori science knowledge, or
matauranga. New Zealand’s Vision Matauranga (VM)
science policy, aims to “unlock the innovation potential
of Maori knowledge, resources and people to assist New
Zealanders to create a better future” (MoRST, 2007).
However, with few Maori scientists in R&D technical
areas such as additive manufacturing, Maori knowledge
and the accompanying human and relational capacity
to work with Maori communities and businesses is in-
hibited. Hence, the BNZIC researchers, one of whom is
Maori, adopted a critical orientation to analyze the hu-
man and relational capacities of the additive manufac-
turing team and to explore opportunities to implement
the VM policy in a way that addressed power imbal-
ances within the science.
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A critical perspective emphasizes that reality is subject-
ive and construed through power hierarchies (Lather,
2006) thus shaping human relations (Kincheloe &
McLaren, 2002). In this article, we adopt MacDonald
and co-authors’ (2002) critical positioning that some
groups in society are powerful, while others are power-
less or less powerful. Powerful groups have interest in
maintaining the power status quo. This can be seen in
the initial formation of the additive-manufacturing sci-
entists and in the early engagements with industry
where Maori were not represented, despite biomateri-
als derived from indigenous flora or fauna being of key
interest to Maori, who regard these as “taonga” or inher-
ently precious. Many tribal groups list such taonga with-
in their traditions and within legislation where tribes
have legal agreements or settlements with the govern-
ment.

While the leadership team was aware of the need to ad-
dress VM, the ability to enact this within the science it-
self or with industry-focused Maori relationships
proved challenging. Some team members viewed the
VM policy as the Government:

“... pushing their tokenism down the line and ex-
pecting us to do tokenistic things to solve prob-
lems that they’'ve identified. I think it’s a little bit
contrived. They’re trying to make it genuine, but
it’s still - the framework, in my opinion, is quite
tokenistic.”

Other team members rhetorically refrained from recog-
nizing or legitimizing VM as one of SfTT’s aspirations as
in the following:

“Sorry, when you say VM policy; whose [italics
added] policy?”

Action research as critical orientation requires bringing
into consciousness the reality of occupying powerful or
less-powerful positions, and finding fresh meanings for
a newly revealed reality (Freire, 1987). Disrupting no-
tions that VM is “tokenistic” or is someone else’s con-
cern - “whose policy?” involves struggle and
resistance that is often unconscious to the individual
(Johansson & Lindhult, 2008; Macdonald et al., 2002).
For the BNZIC team, the VM policy and how it is imple-
mented at the site of science production, is a border
that requires considerable interrogation if Maori know-
ledge and engagement for innovation are to be “genu-
ine”. This will require the powerful — in this, case
scientists — to “liberate” themselves from long-standing
power imbalances by assuming an active role with
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Maori via “dialogue” (Freire, 1987). This is more than
having a “token” relationship, as expressed above.
Rather, it is the practice of challenging and disputing
words and ideals expressed in spoken and written
words (Freire, 1987; McLaughlin & DeVoogd, 2004), in-
cluding understanding that language, as social practice,
is connected intrinsically with broader social and polit-
ical concerns (Freire & Macedo, 1995) as is expressed in
a policy like VM.

Such a “dialogical space” is a work in process for the sci-
entists. In the first instance, the team sought to intro-
duce Maori high school students to 3D technology, a
practice that might be seen as an educative activity that
maintains the power status quo (i.e., the more powerful
“bringing” technology to the less powerful). When
asked about the utility of this approach, the BNZIC
team assessed that it would not meet the team’s sci-
ence objective, thus this activity was not pursued.
However, within the team itself, some individuals could
see the transformative potential of Maori knowledge.
For example, one scientist described how waste from
Maori fisheries had the potential to become additive
manufacturing feedstock, and another posited that
Maori design concepts might offer potential novel
design pathways. These insights were relayed back to
the science leadership team to identify that there were
opportunities for further Maori innovation engage-
ment.

Being open to the VM dialogic space as a site of innova-
tion opportunity — Freire’s (1987) newly revealed reality
— has been activated through the broader SfTI capacity
development programme, with one scientist noting
that:

“... the workshops they conducted at University of
Auckland, particularly around Vision Matauranga
and all that; it was really helpful ... I had a better
idea of what it actually means. So, it is allowing
me to address these issues [engagement with VM]
in a better way than what I could have done be-
fore the whole thing started. So, it opened up a
better insight into the process.”

Another scientist confessed that:

“... maybe I rolled my eyes at [VM] about two
years ago ... I now really love sitting down with,
not just a Maori researcher, but sitting down with
somebody with a Maori perspective — around why
is this material so special to you — what is the signi-
ficance of this region — why are we concerned
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about this fish waste product, and not concerned
about the economy, but what does it mean to you
as a people?”

While these human capacity activities have been help-
ful to destabilize notions that Maori are powerless
bystanders in science endeavours, they have not trans-
formed the performance of the actual science itself, in
either its design or its participants. To achieve this out-
come requires stronger measures. As suggested by the
BNZIC team, Maori artists and technicians from a na-
tional Maori arts and crafts training school were invited
to the third industry workshop. Positioning the Maori
artists as equivalent to industry moves the artists from
the “token” to the “innovation” dialogic space. While a
useful step in that the discussions at the workshop in-
volved understanding the innovation potential of 3D
and 4D materials and objects for Maori, such a position-
ing still does not truly deal with the “power structures”
(Geib, 2017) of science itself. For this to occur, the BN-
ZIC Maori researcher has suggested that the additive-
manufacturing team step out of their laboratories and
engage in the Maori world. In other words, the dialogic
space is a literal space, where power relations are re-
versed. The traditional Maori meeting space, the marae,
is one where Maori language is spoken; where tikanga
(Maori norms) govern relationships; and where mataur-
anga, traditional and transformative Maori knowledge,
provides the underpinning framework for science in-
novation. The impact of such dialogue will be observed
as the science unfolds in the forthcoming years.

Conclusion

This article presents initial findings from an additive-
manufacturing case study, to show how action research
can elucidate the fuzzy but productive boundaries that
underpin science innovation processes. The article
aimed to address how action research — both as praxis
and as critical orientation — can help interdisciplinary
teams transform science innovation processes to con-
nect with end users, whether industry or Maori.

As the case study indicates, action research as praxis
has shown that upstream design-led approaches that
focus on the creation of empathy, ideation, and proto-
typing can accelerate knowledge transfer across science
disciplinary and science-industry boundaries. This un-
derstanding shows that incorporating design thinking
in upstream exploratory science has value — both in the
way that it creates relational empathy for end users but
also as a way to resolve technical issues by co-ordinat-
ing action around actual objects. As critical orientation,
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the action research approach has identified the need
for dialogic space to be opened up, requiring the literal
border crossing from the laboratory to the marae if is-
sues of power within the science system are to be recon-
figured to take advantage of Maori innovation
knowledge.

Findings from this research have both theoretical and
practical implications that are intended to be shared
and implemented not only with the additive manufac-
turing team but also across the broader SfTI challenge.
Additionally, we have shown the value of action re-
search in the innovation space within the context of the
broad aspirations of science challenges to address real-
world problems. Despite the messiness and tensions, it
is only through exploring and reflecting on such differ-
ing perspectives at the margins of disciplines and or-
ganizations that transformative change can be enacted.
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