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Research and development
and innovation are essential
components of

Building New Zealand's capacity for Science-based Open Innovation

Overview

For many years there have been questions
as to the best way that research and
science can contribute to New Zealand's
prosperity. We know that our research and
science is world-class, with praise for its
high quality and quantity. But it is unclear
how excellent research publications link
to research users, with enterprises mostly
relying on outsourcing rather than investing
in technologies developed through New
Zealand research and development (R&D).

Additionally, there are long-standing issues as to how the
research and science system responds to Maori economic
and social aspirations. This includes, as the WAI 262
decision has made apparent, the need for the sector to
protect matauranga Maori.

These criticisms have placed the New Zealand science
sector under pressure, with growing demands from
funders, policymakers, industry and Maori for measurable
research impact.

What is the solution? While there is no one single answer,
there are many practical things that can be done, some
of which have been present in the research and science
sector for some time and some that are more recent
developments.

<« A nurse, Georgia, demonstrates the blood glucose control
system based on the same foundation models used in

SfTI Spearhead project, 'Home and community based care -
Type 2 diabetes; in Christchurch hospital intensive care unit.
Image courtesy of University of Canterbury.

In this second report, the Building New Zealand’s
Innovation Capacity (BNZIC) research programme

has identified several implementation actions.

These suggestions are based on our examination of
international and New Zealand-specific shifts affecting
the research, science and innovation sectors. We have
summarised these shifts into four broad trends, with one
specifically focusing on Maori innovation. To guide our
research, we have posed a set of questions about each
trend, the answers to which guide us towards addressing
some of the criticisms that have arisen over the years.

Based on these questions, this report presents findings,
observations and case studies. This gives us an evidence
base to suggest practices and pathways towards new sets
of routines in the research and science sector. While many
of our suggestions concern disparate parts of the sector,
we see them as interconnected elements. And while
some of our suggestions may reflect comments made
previously, our research provides a substantial evidence-
base for these comments.

Finally, we note that the BNZIC programme has
investigated some parts of the research and science
sector and not others. Our focus has been on individual
and team skills and capacities in relation to the
organisations within which they operate. Such a focus has
been under-researched in the New Zealand science and
innovation system.
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What is Building New
Zealand's Innovation Capacity
research programme?

The Aim of BNZIC’s Research
Programme

Through cutting edge research, there will be
new and more effective ways of equitably
accelerating physical science and engineering

innovation to businesses and Maori enterprises.

Building New Zealand’s Innovation Capacity for the benefit of people

PART ONE

This section is an overview of New Zealand'’s
science and innovation system, drawing upon
recent reports that have highlighted some of
the challenges facing New Zealand’s high-tech
research, science and innovation.

PARTTWO

In Part Two we outline some of the global
science and innovation research trends that
New Zealand is following and, in some cases,
leading. We examine these trends and the
theories behind them to provide context to
the issues discussed in the previous section.
International literature also provides indicators
and models as to which parts of our science
innovation system can change relatively easily
and which parts require different practices,
resources, and people.

PART THREE

This section lays out our observations, findings
and insights building on our overview of the
New Zealand science system and the theoretical
trends in Part Two. This section is a synthesis of
our researchers’ published and non-published
work. It also brings in additional research that

is related to or pertinent to the insights. Part
Three identifies strategies and practices that can
develop the human and relational capacities to
address SfTl's mission to enhance the capacity
of New Zealand to use physical and engineering
sciences for economic growth and prosperity.

PART FOUR

In this section we identify implications of our
research for various parts of our science and
innovation system.

Building New Zealand's Capacity for Science-based Open Innovation




Key Questions and Summary
of Potential Actions
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KEY QUESTION

B When science problems are so fundamental that
even the scientists are unsure as to how they are
best addressed without several iterations, what
strategies engage non-scientists or those from
outside a particular discipline to co-innovate in
upstream ‘blue-skies’ or fundamental science
questions?

Plan for new collaborations in a structured way

Upstream or early engagement when the science is
still uncertain is problematic. Non-science partners
are unlikely to share scientists’ values and views
because of differences in their day-to-day priorities,
demands, and institutional frameworks. Teams

and particularly Principal Investigators need to

be aware of and plan for this in a structured and
systematic way.

Redesign how teams are brought together
Itis essential to rethink the processes through
which teams are brought together to develop
collaborative science-based open innovation
projects. The models developed through SfTI -
mission labs and the C-K design for innovation
approach offer strong potential to deliver an
effective open innovation science research
programme efficiently.

Recognise and support the role of the
intermediary

Innovation intermediaries act as an ‘agent or
broker in any aspect of the innovation process
between two or more parties’ They play important
but often under-appreciated roles in creating a
shared understanding and collaboration across
innovation participants. Support is required

for not only explicit intermediaries (those who
exercise recognised innovation brokering
functions between organisations) but also implicit
intermediaries who are essential to achieving a
research objective, but whose role is often not
recognised.

1.4 Shift locations to catalyse co-innovation

Visiting stakeholder places has allowed SfTI
researchers to better canvas needs and values,
generate practical scientific insights more rapidly,
enhance trust, and shift mindsets to understand
and welcome different world views.

KEY QUESTIONS

B Are New Zealand firms with high absorptive
capacity more likely to use open innovation
strategies?

And what would they use it for?

B What if those firms are Maori — does this equally
apply?
B To what extent do New Zealand firms use closed

innovation, and is it holding them back from
superior performance?

B n relation to solving advanced technological
problems, what evidence exists of the other types
of Ol models being successfully implemented?

If so, what accounts for their success?

2.1 Encourage broader collaboration to develop

greater absorptive and desorptive capacity
Absorptive and desorptive capacities have been
shown to be critical drivers of innovation outcomes
in New Zealand, including for Maori firms, but

are not currently as widespread as needed for
increased success with open innovation. These
capacities are needed both by those in the science
sector as well as external collaborators to benefit
from inbound/outbound flows. Evidence from

a range of SfTl projects indicates that broader
external collaboration boosted science outcomes
(partly through having a lead user/market pull
perspective when developing the technology),
while also generating additional funding and

new collaboration opportunities. These outcomes
provide a platform for future collaborations.

2.2

2.3

3.1

Support the development of Coopetition or
Network Open Innovation

Intellectual Property (IP) concerns are a common
barrier. Increased opportunities and experience

in working together assist in enhancing relational
capacity of the partners, which in turn can
contribute to successful collaboration with others
in the future. Those in the science sector are well
positioned to facilitate opportunities for industry to
understand and access public IP and are in a strong
position to assist in customising or developing the
technology further.

Develop new contracting processes to protect
matauranga Maori

Maori cultural capital can generate superior
performance when cultural capital is combined
with high human and relational capital. However,
access to and benefit from science-based open
innovation can founder without a suitable
approach to Maori notions of IP and protection
of matauranga Maori. It is essential to design new
contracting processes to acknowledge and protect
matauranga and Maori cultural interests will be
crucial. Alongside this is the need for specialist
training to understand how to skilfully use these
new processes.

KEY QUESTIONS

B How is Maori science and innovation policy
impacting on individuals, teams or Maori
partners?

B What are some of the enabling practices that can
support Mdaori innovation when viewed from a
Maori perspective and what changes would be
required to implement these?

Use arange of strategies to counteract
aronga takirua

Maori scientists are currently facing aronga takirua,
or cultural double-shift, which imposes substantial
strain, tension, and work burn-out. Strategies at the

3.2

3.3

system and organisational levels to counter-act this
can include: offering more ‘weighting’in research
funding to Maori relationship-builders, and
developing a whanau-like caring and mentoring
approaches, especially for Maori Early Career
researchers. Supporting specific Maori capacity-
development for Maori can also mitigate aronga
takirua effects.

Architect processes to enhance Maori
collaboration and absorptive capacity

There are several underestimated but essential
boundary-spanning roles played by Maori within
and outside the science sector. The Maori non-
scientist‘'matchmaker’ brings together diverse
organisations and individuals by establishing and
managing partnerships. Many teams need to go
beyond matchmaking and construct science-based
open innovation research methods with Maori
enterprises. Enhancing Maori absorptive capacity
to take advantage of such science innovation can
include research co-design, funding Maori partners
as research leads, and incorporating junior Maori
researchers, even at the under-graduate or pre-
tertiary education stage.

Enhance control over Maori data in research
ecosystems

Indigenous data sovereignty (IDS) emphasises tribal
or tribal nation self-determination and autonomous
decision-making. Increased digitisation of cultural
heritage resources and taonga and international
collaborations involving genetic research from
biological taonga, limits Maori ability to maintain
their rights and interests.

Many New Zealand research institutes are involved in
research employing matauranga Maori however there
were only three policies that specifically mentioned
matauranga Maori or Maori data, and only one IP
policy addressed Maori genomic data. Therefore,
additional policy guidelines, consultation frameworks
and institutional practice protocols need to be
developed, alongside potential digital tools such as
Traditional Knowledge labels and Biocultural labels to
deal with taonga.



KEY QUESTIONS
B What capabilities enable individuals to
collaborate across boundaries?

B What are the different ways to organise
capabilities within teams? Who should have these
capabilities in teams?

B How can these capabilities be developed?

4.1 Reward science-based open innovation

capabilities

We have developed a typology, based on our
observations of SfTl scientists, that suggests

four different science orientations: traditional
scientists, tech-transfer scientists, ‘A-shaped’
entrepreneurial scientists and ‘T-shaped’ science
entrepreneurs. Scientists may adopt some or

all of these orientations depending on their
career stage, project aims, institutional context,
and individual motivation. While we have not
quantified the balance amongst the various roles
across the New Zealand science sector, it is likely
that ‘traditionalists’ are more highly represented
than other types. Hence, there is merit in
identifying further incentives for those who have,
and to encourage, a more societal and industry
orientation. In particular, this will reward Maori at
an earlier career stage.

Provide professional support and
development to enhance entrepreneurial
capabilities

Pls have a range of roles, some that align to a more
traditional science identity and some that demand
a more entrepreneurially focus. To align these
various elements is complex, and is usually ‘learned
on the job' This can lead to a sense of disconnect
between core science identity and job expectation,
sometimes experienced as violating a scientist’s
core science role. Establishing role clarity and more
targeted support can mitigate against this.

4.3 Support Pls to develop team entrepreneurial

capabilities

Our research has highlighted how prior social ties
affect the nature of external engagement and

the innovation outputs. In some teams, there is
such strong centralised control of relationship
engagement that other team members leave

this aspect to that person. In other teams

(or at particular project stages), relationship
development is more devolved, particularly where
teams have yet to develop strong relationships and
ties to partners.

This suggests that some team arrangements more
easily facilitate partner relationships than others.
In other teams, where engagements are more
tightly controlled, there may need to be deliberate
recommendations of capacity development to a
broader range of team members.

Team leaders are especially important in this
respect, including how leaders empower individual
team members to pursue innovative ideas during
or after a particular project. Our research identifies
that the configuration and leadership of a team
can lead to more or less encouragement for
entrepreneurial capabilities.

Link entrepreneurial capacity development
to day-to-day needs

Research identifies three main factors that affect
transfer of skills and knowledge gained through
capacity development to research projects:

« the value placed by scientists on capacity
development;

« the extent to which capacity-development design
mirrors the tasks scientists typically undertake; and

« the opportunity to use the newly developed skill.

Our research shows that some of SfTl's capacity
development activities resonate more strongly than
others, suggesting that one or more of the factors
are in play.

PART ONE

New Zealand’s
science and
Innovation

system

In this section we highlight some significant
changes that have occurred in Aotearoa New
Zealand’s research, science and technological
innovation system, particularly with respect to
high-tech ‘stretch’ science and innovation.

We identify the rationale behind these changes,
some key impacts, and their implications for
individuals and organisations.

Building New Zealand's Capacity for Science-based Open Innovation 11



Science and innovation ‘snapshot’

Research and development (R&D) and innovation have
been a central feature of New Zealand economic and
social policy for a number of years.” Underlying this is

a drive to improve New Zealand’s productivity that has
for some time relied on‘cheap’ labour or outsourcing
rather than investment into developing or embedding
new technologies that can drive high-value ‘weightless’
businesses.?

Significant energy has gone into understanding some of
the underlying reasons for this low productivity. Amongst
other things, there have been concerns about low
business expenditure on R&D (BERD) and an inability to
demonstrate how investment in science has added ‘value’
to the economy, despite the strength of the scientific
workforce as measured by such things as number of
science and technology graduates or the excellence of
academic publishing.? Policies such as the 2012 Business
Growth Agenda or the 2013 He Kai Kei Aku Ringa were
launched in part to target areas of high-value whether in
manufacturing and services, biotechnology or ICT or, in
the case of Maori, better engaging with the innovation
system to lift Maori productivity.*

Unsurprisingly, the science sector itself has come under
scrutiny, with increasing demands for demonstrable
research impact. While Crown Research Institutes were
set up to be industry facing, new forms of research

entity have joined them such as Callaghan Innovation,
Centres of Research Excellence (CoREs), National Science
Challenges (NSCs), Strategic Science Investment Fund
(SSIF) programmes and platforms, Regional Research
Institutes and R&D ‘accelerators’ such as Kiwinet and the
Product Accelerator. Added to these are independent
research organisations such as the Malaghan or Cawthron
Institutes as well as university tech-transfer offices
seeking to show how their research can be used for
innovation. This range of new research configurations
have in part been in response to the need to more readily
move research focus into areas of emerging opportunity
such as aerospace, renewable energy, and health
technologies® while reviewing past research approaches
to land-based industries.®

From an end-user or firm-level perspective, a central
question remains ‘what is or is not working in the New
Zealand science and innovation sector’? According to

a recent Productivity Commission report,” the dairy
industry receives useful research services from many
Crown Research Institutes (CRIs), universities and various
combinations of research networks. However, the sector
is characterised by fragmentation with multiple, and
sometimes competing, small-scale research entities and
projects. This can inhibit ‘big mission’ challenges such as
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reducing greenhouse gas emissions or reducing nitrate
leaching. Similar concerns are raised in the horticulture
sector where innovation efforts are said to be hard to
navigate, siloed and disconnected from industry needs,
although elements of the sector (such as kiwifruit) are
very open to innovation.

In contrast, the health-tech sector appears reasonably
well-funded with strong linkages between companies
and research institutes, but perhaps not enough
emphasis on commercialisation. In the software sector,
one of the key issues was the need to attract and retain
suitably qualified staff, which might be tackled through
a more dynamic ecosystem involving active leading
firms and top universities as well as enhanced digital
infrastructure.

What of the Maori end-user? Again in the Productivity
report, there are many examples of positive relationships
with science and technology organisations, particularly
where research relationships have taken the time needed
to develop an approach that, as suggested under the
Vision Matauranga policy, accepts Maori knowledge as

a valid way to understand a science problem.2 Equally,
there are examples where ill-preparedness to work
within a cultural framework have led to ‘transactional’
relationships, prioritising the researcher’s rather than

the Maori organisation’s needs.’ As outlined in a recent
report,’ Maori are increasingly demanding more of the
science and innovation system.

From a science organisation perspective, a recent review
of CRIs' found both positives and negatives in the current
configuration of the science and innovation sector. Much
of this is applicable to other research organisations such
as universities and private research organisations.

Positives included:

« Provision of core underpinning science and science
services;

+ Building partnerships with Maori;
« Increasing workforce diversity;
- New collaborative initiatives;

- Early-stage collaboration (particularly through Kiwinet)
is effective.

To this, we would also add that a distinguishing feature

of New Zealand’s science and innovation system is

its relative inter-connectedness, with few degrees of
separation in terms of identifying expertise that can be
‘tapped into’ quite quickly. This may explain why, in some
high-tech fields of research, the same individuals appear
on many projects across the sector as a whole, particularly
where such skills are in high demand. This equally applies

to business contacts, where within SfTl we have observed
that there was a general willingness for industry to
become involved as advisors or reference groups.

Negatives, however, included:

- overlaps and fragmentation in the science system in
some areas of research;

the cost of collaboration and concerns about
intellectual property (IP);

« ongoing competition among CRIs and with other parts
of the science system;

lack of adaptivity, such as assembling cross-disciplinary
teams with new research capabilities to tackle areas of
emerging priority;

+ Maori under-representation in the science system
generally, with those in the system stretched because
they are often implicitly expected to assist with cultural
double-shift or‘aronga takirua’;

the issue of cultural appropriation, as embodied by
Wai 262;

- the high cost, effort and time to prepare competitive
bids relative to low success rates and value of contracts;

« CRI commercialisation portfolios lack the scale and
diversity to manage risk.

In addition to the above, Covid-19 has accelerated or
exacerbated some of the risks in parts of New Zealand’s
high-tech system. For example, we were struck by the
reliance on international PhD students to fulfil particular
niches in many of our project teams. With the borders
closed, it became apparent that New Zealand has not
been able to recruit into advanced science areas such
as data modelling or software engineering. Will these
be continuing gaps? Will it force a rethink on how New
Zealand recruits and retains its skilled future innovation
workforce? Additionally, the ‘work-from-home’ culture
enforced by Covid-19 has had an impact on individuals
across all sectors re-assessing their priorities. While
entrepreneurial cultures can drive innovation, they can
also lead to employee ‘burn-out; risking organisations’
ability to deliver expected R&D outcomes sustainably.'?

Third, while businesses have been willing to advise
science teams, when it comes to owning potential
Intellectual Property from that advice or involvement,
businesses potentially move into a competitive framing,
making collaboration less likely. Given engagement
with businesses is seen as important for increasing
impact, “how can this be overcome to deliver value for
‘fragmented’ industries, as noted by the Productivity
Commission?”'?

Impacts for organisations
and individuals

What does this ‘snapshot’ indicate? First, research,
science and innovation can contribute and are expected
to work toward enhancing New Zealand’s economic
and social well-being. Second, over a number of years
new or re-oriented organisational forms have arisen to
be responsive to this mandate, including to meet the
specific needs of Maori. Third, there are many examples
where government-funded support for science and
technology has been essential to the growth of
enterprises as well as to the health and well-being of
the general public and the environment.

However, each new initiative also creates added
complexity not only in navigating new organisational
forms with new research priorities and mandates but also
in developing new sets of expectations at the individual
level along with the need to develop or connect different
types of relationships across organisations. Given that
individuals are often involved in multiple organisational
forms simultaneously, this complexity requires that
competing pressures be resolved.

As the snapshot highlights, there have been many policy,
strategy, funding streams, organisational and network
changes. These have been implemented separately to
address various ‘failures’in the innovation system. Both
the CRI review and Productivity Commission reports
identify weaknesses and also potential remedies.
However, our research focus is at a different level. While
we are interested in the broader macro-levels of the
system — which we turn to in the second section of

this report — we also are interested in organisations
themselves, the individuals within those organisations,
their relationships with each other and their practices and
technologies that together are the innovation system.

There are many ‘systems’ theories that can help explain
and account for what we have seen in our research. Such
theories underpin our research into understanding New
Zealand's science and innovation ‘culture(s). We use this
word guardedly and in a defined-sense, which we explore
in the next section. We believe it helps to explain why
some groups and individuals are able to respond to
science innovation policy shifts and why others find it
difficult, irrelevant or an unnecessary ‘tick-box’ to be
grudgingly accommodated.
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"Each new initiative also creates added
complexity not only in navigating new
organisational forms with new research
priorities and mandates but also in
developing new sets of expectations at the
individual level."

While it is relatively easy to label individuals as either
the accelerators or blockers of change, we know that

it is much more complicated than this. For example,
competitive funding might seem to be an important
driver of innovative science - science that can connect
to real-world’ problems. But given low individual success
rates, is it in fact an innovation blocker with applications
written, at least on paper, to ensure success through risk
avoidance and protecting track records?

Our research implicitly brings to light crucial assumptions
by examining models that take a different approach.

Some of our research has focused on individual
propensities and capabilities (the micro-level) and

how to guide, train or educate for science-based open
innovation, a term which we define more precisely in the
next section. We have examined a host of other factors,
particularly the practices and ‘tools’ that enable teams
and groups to establish, organise and inter-relate to
each other and to businesses and Maori organisations.
And while macro-level policy and funding underpin our
research, values and cultures that are enacted through
communities of practice, organisations and institutions
also play a role in our research.

In the next section, we traverse some of the international
literature that lies behind our research and that can help
to contextualise features of the New Zealand innovation
system. While New Zealand has its own distinctiveness,
such as its reliance on primary exports and the increasing
rise of the Maori economy, its approach to innovation is
also reflective of a number of international trends.
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PART TWO

Global trends in
research, science
and innovation

Aotearoa New Zealand has a science innovation
ecosystem that is unique in some respects yet
also has similarities to systems found elsewhere.
We briefly outline four broad trends drawn
from local and international research literature
to provide context to the issues discussed in
the previous section. Such literature provides

a basis for understanding which parts of our
science innovation system are amenable to
change relatively easily and which parts require
different practices, resources, and people.
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At a fundamental level, SfTl as an innovation
organisation in the science sector has set out
to change practice: in how it brings research
teams together; in how it provides support for
the research projects in a‘hands-on way’; in
how it relates to its key industries and partners;
and in how it supports individuals. A practice is
a 'routinized type of behaviour which consists
of several elements, interconnected to one
another'!

These interconnected elements include objects,
mental models/activities, knowledge and

understanding, know-how and states of emotion.
Practices are inherently social and involve shared
understandings of how ‘things are done”: they are

what individuals do while interacting with and
shaped by the context in which they operate.

In this report, we spend some time unpicking
the context so that we are able to understand
scientist and organisational habits. In turn this
helps us better recognise some of the nuances

and complexities of the issues that SfTl is trying

to address to achieve its mission.

Beyond Traditional Science

Increasingly stakeholders expect, and government
funders dictate, that non-scientists are involved in

the development, organisation and outcomes of the
science and technology sectors. This expectation has
been built up and expanded on through concepts such
as Mode 2 and ‘post-normal’ science in contrast to
Mode 1 traditional or ‘normal’ science? (see Table 1).

Table 1: Comparison of knowledge production in science
(Adapted from Gibbons® & Nowotny et al*).

Mode 1 (Traditional Science)

Theoretically driven

University and institution centered
Discipline based and uni-disciplinary
Experimentally focused

Hierarchical

Investigator produced

Prioritizes scientific autonomy

Seeks universality

Mode 2 (Beyond-traditional Science)

Application oriented

Subject to multiple accountabilities — university, institute,
political, economic, public stakeholders
Interdisciplinary/transdisciplinary

Multiple and mixed methods

Mostly heterarchical

Co-produced with multiple stakeholders

Socially distributed, collaborative, transparent
Embedded in local contexts and cultures

As Table 1 shows, traditional science research involves
different sets of people, expectations and practices, with
the cultures, beliefs and values that derive from particular
modes also being distinct. The traditional science process
has innumerable strengths and achievements, not least
of which are an in-built ‘universalist’ frame of reference,

a clear methodological approach that ensures rigorous
and robust scrutiny of scientific claims as well as shared
language and concepts.>®’# However, this mode on its
own cannot tackle real-world social, environmental or

facts, disputed values, high stakes and the need for quick
decisions.’ In such circumstances, ‘citizen scientists,
specific communities, non-governmental or business
organisations provide local, culturally-situated and
contextualised knowledge to complement science
knowledge.’ In the New Zealand context, this includes
matauranga Maori.

Despite their significant differences, addressing missions
and global challenges require individuals, teams and
organisations to operate across multiple modes. From

an R&D innovation perspective, this has been well
understood for many years with theories and models
that promote interaction between users and scientists,
typically including a role for government. Thus, there

are national-level innovation policies,'"'? including calls
for public financing that pro-actively shapes markets

and creates innovation directions.” There are also
theories, such as ‘Triple Helix' ™ that posit the necessity of
government, business and science organisations together
creating innovation, finding application in innovation/
knowledge clusters,' science parks,'s and innovation
ecosystems.'” To these, formal and informal physically co-
located collectives have been added virtually networked
hybrid open innovation collectives such as Living Labs'®
and Knowledge Innovation Communities.™

A clear shift is that funding bodies want to see tangible
policy-relevant outputs and outcomes from their
investment as well as a range of other impacts, including
benefits for Maori. Hence, different organisational forms
have developed over the years. In the New Zealand
science innovation system, we can see from Table 2 that
various science modes are represented in different forms
of ‘hybrid’ funding and organisational mechanisms,
seeking to leverage the benefits of both the science ‘pull’
factors from society and the ‘push’factors from science.

This push/pull dichotomy is often represented in the
innovation ‘pipeline’ with fundamental research via
traditional science subsequently advanced and pushed
out to commercial use. Science and innovation theory,
though, indicates that science discovery that is pushed
out into eventual societal use is no longer, and perhaps
never has been, the pre-eminent approach. Non-
scientists increasingly demand early participation in,

Top: Underground wireless data acquisition i ‘alobal chall ' ormissions’ (such as th tructi f or insight into basi h and
I e economic ‘global challenges’ or‘missions’ (such as those co-construction of, or insight into basic research an

Sean Wu. \ 4 ' ] of the National Science Challenges), given uncertain discoveries.

Centre top: Nitrate sensor arrays — Leonie
Jones (Ngapuhi, Ngati Kahungunu ki
Wairarapa).

Centre bottom, bottom: All of researchers
workshop 2019.
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Table 2: ‘New Zealand funding and organisational mechanisms (Adapted from Smart et al.°).

Scientific specialist contributor

Non-scientific specialist contributor

Science led « Marsden Science

- Citizen/crowd science

- Endeavour-funded science

- VM-funded science

« National Science Challenges

- Centres of Research Excellence
- CRIs

Non-science led « lwi R&D e.g. VM capability funded science

+ Industrial R&D

. Technology transfer/spin-out
- Callaghan-Innovation

+ Wiki-science

« Backyard inventor
« Traditional knowledge practitioner

This earlier or ‘'upstream’ engagement can create issues for

both scientists and potential users in high-tech science
fields. NASA's Applied Science Readiness Levels (ASRLs)?'
assess whether a science proposition is progressing
through three iterations of five science ‘phases’ before

it is‘mature’ enough to be considered for technological
development (See Figure 1).

What matters is not that there are several iterations, but
that the phases are a necessary and expected part of
science methodology to ensure rigour, reproducibility
and to address uncertainties. However, what happens
when scientists are asked to innovate with those who are
not familiar with, not interested in, or do not have the
time to understand this methodology?

Resolving science uncertainty is an exciting aspect of
science, providing motivation and challenging science
teams to ‘achieve the impossible. Arguably, scientific
uncertainty is why science thrives: it distinguishes

why scientists do what they do. This, though, is rarely

a primary driver for a collaborator. In addition, greater
uncertainties can hold scientists back from collaborating,
including with non-scientists.

While commercialisation of basic science - as conceived
of in a’pipeline’model - is a valuable means by which
scientists can create economic and social impact, there
are other options to transfer academic knowledge

out into various domains. One under-examined area

is subsumed under the term‘academic engagement;

Figure 1: Early innovation pipeline process (adapted from NASA’s Applied Science Readiness Levels Phases).
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defined by Perkmann et al. as “knowledge-related
interactions by academic researchers with non-academic
organisations (... that) include collaborative research,
contract research and consulting as well as informal
activities such as providing ad hoc advice and networking
with practitioners”?

Perkmann et al’s review of the academic engagement
literature highlights:

+ engagement beyond the university takes many forms
(collaborative research, consulting, contract research,
patenting or academic entrepreneurship), with the first
three much more prevalent than the latter two (which
align more to commercialisation);

+ academic engagement is more likely undertaken by
senior, male, well-established scientists who have
strong connections across the academic community,
more publications and more government grants.
Academic engagement is complementary to, if not
essential for, research productivity;

« similarly, industry collaboration can eventually
produce a virtuous cycle with respect to productivity,
publications, grants and prominence;

- related to the previous point, academic engagement
provides more accessible opportunities for academic
scientists to mobilise key resources and funding to
support their core research agendas;

- relative to commercialisation, academic engagement is
driven and influenced more by individual-level factors
than institutional or university level factors.

Building New Zealand's Capacity for Science-based Open Innovation

For both academic engagement and commercialisation,
academics must build and broaden their strategic skills
to effectively broker the transfer of the developed
technology, regardless of institutional restrictions.” This
is in effect puts the scientist into a user role that has been
advocated internationally by Baglieri and Lorenzoni.*
They argue that scientist-user Pls are able to transfer
research to market application by leading a process that
iteratively brings together multiple perspectives and
mobilises expertise to solve the technological problems.

"The point we make here is that encouraging
or even mandating academic engagement
with non-academics is beneficial at a
number of levels. However, it comes with

its own set of issues given it can rely on
individual capacities."

KEY QUESTION

B When science problems are so fundamental that
even the scientists are unsure as to how they are best
addressed without several iterations, what strategies
engage non-scientists or those from outside a
particular discipline to co-innovate in upstream
‘blue-skies’ or fundamental science questions?

Insights into our findings are provided in Part Three
Beyond Traditional Science.
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TREND TWO

The opening up of science (or‘open science’) suggests
that science knowledge should be transparent,
accessible, shared and developed through collaborative
networks.? Such open science would enhance public
good outcomes and, through new commercially
developed tools, services, and products, also lead to
private economic benefit. Open science has both its
supporters and those who view it more cautiously.

On the one hand, as has been apparent in the context of
the Covid-19 pandemic, open science data repositories
have enabled knowledge sharing at an unprecedented
scale and speed, leading to the rapid development of
vaccines. On the other hand, and in the context of the
pandemic, not all communities have benefited equally
from open science, whether within a particular country or
across nations. Indigenous people have concerns that the
ideal of open science merely replicates exclusions that are
inherent in the science system more generally.®

One of the promises of open science is a pathway to open
innovation, with this pathway recently termed as‘open
innovation science’ (OIS). This is defined as‘a process of
purposively enabling, initiating, and managing inbound,
outbound, and coupled knowledge flows and (inter/
transdisciplinary) collaboration across organisational
and disciplinary boundaries and along all stages of the
scientific research process’?” As with any pathway, there
is a direction and hence ways to manage or guide the
direction. This forms a core theme examined within
BNZIC's research.

Open innovation (Ol) proposes that enterprises will be
more successful in innovating and creating value if they
acquire, assimilate and exploit knowledge from both
inside and outside their organisation relative to operating
in a closed innovation mode. The literature has primarily
looked at business organisations and frequently not
identified which types of Ol have proven most beneficial.
As we noted in a previous report, and as we will show
through our empirical observations, Ol theory in a New
Zealand context raises a range of questions as well
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as some answers, particularly with respect to timing

of engagement. For example, science teams are not
fixed in terms of remaining more or less open, with a
variety of individual, team and partner contextual factors
having an influence on the extent of this. New Zealand
organisations are also noted to invest less in R&D relative
to international firms, suggesting that no (or little)
innovation may be occurring, which restricts the extent
of business ‘pull’ for researchers to be open.

More recently, literature on Ol has addressed trends
toward open science, particularly in the context of being
able to solve complex technological problems.

"International research shows that science-
based OF* allows firms access to cutting-edge
scientific and specialist knowledge but that
high absorptive capacity (AC) (i.e., high

levels of scientific/technical understanding
and ability to translate into an organisational
setting) is required to identify scientific
knowledge that has potential to be turned into
marketable products.”

Thus, a firm’s AC is the main determinant of the
productivity of its science-based Ol. For Aotearoa New
Zealand, we wanted to know, is it the same?

KEY QUESTIONS
B Are New Zealand firms with high AC more likely to
utilise OI? And what would they use it for?

B What if those firms are Maori — does this equally
apply?

We address these in Part Three Opening Science for
Open Innovation.

What happens if a firm already has high AC?

Some researchers argue that closed innovation is

an efficient way to integrate less complex science
knowledge, and that therefore Ol would not provide
superior firm performance given the increased risks,
costs and time associated with communicating and
coordinating with external partners.

Where firms have low AC, Ol options® include:

« Science-based Ol - collaborations between firms
and universities, government labs, and other research
institutes in the science sector allow problems to be
addressed with external expertise.

« Coopetition Ol — when Ol is created between firms in
the same industry. For example, they can collaborate for
upstream activities, such as Research and Development
(R&D), but compete in downstream activities, such
as sales. Ol helps them jointly deal with complexity
based on similar absorptive capacity drawing on their
common knowledge bases.

Network Ol — where multiple players, networks,
ecosystems, or consortia participate to deal with
increasing complexity in technological development.
Network Ol can connect organisations that have specific
project expertise in their fields and collectively solve
highly complex problems. Several empirical studies
support the idea that network Ol is the most efficient
form for dealing with high levels of complexity.

« Crowd-sourcing Ol — where a problem-solving task
is outsourced to the public. Research shows that it
can provide optimal outcomes when relevant project
expertise is lacking but mostly in cases where there are
only moderate levels of complexity.

Given the above, research tentatively suggests that where
there is high AC and the complexity of the technology
development is also high, then science-based or network
Ol are warranted. In other cases, other types of Ol (e.g.,
coopetition, crowd-sourcing) or even closed innovation
are relevant strategies.

Table 3: Absorptive Capacity and the complexity of technology
development (Lee, et al.*’).

Complexity
High Low
Project High  Science-based Ol Flosed .
Expertise Network Ol innovation
Low  Coopetition Ol Crowd-
sourcing Ol
KEY QUESTIONS

B 7o what extent do New Zealand firms use closed
innovation, and is it holding them back from
superior performance?

B /nrelation to solving advanced technological
problems, what evidence exists of the other types
of Ol models being successfully implemented? If
so, what accounts for their success?

We address these in Part Three Opening Science for
Open Innovation.

21



TREND THREE

The Vision Matauranga science and innovation policy
reflects a unique space in New Zealand’s science and
research landscape.?' The VM policy induces us to
consider issues of social legitimacy in technological
innovation, which in turn gives rise to the development
of new modes of science organisation and science
governance. As a policy framework, VM provides
opportunity to empower Maori knowledge, people
and resources as a foundation for a thriving science
system.3?

While Vision Matauranga is specific to New Zealand,

it reflects a global trend to review the role of science

in colonisation and the ongoing structures that have
discounted, denied, or disparaged Indigenous voices
and knowledge in science and technology. The post-
colonial Indigenous rights movement that manifested

in New Zealand in the sovereignty protests of the 1960s
and 1970s* drew attention to the growing assertion of
Indigenous and non-Western science as a knowledge
system with a long history of contribution to its own

and broader science traditions.>* Indigenous and post-
colonial science scholars*2¢37 have noted that Western
scientific knowledge ‘is not the “sum of all knowledge™*®
but it is one of many types of knowledge. Despite the
ethnocentrism that has construed Indigenous knowledge
as pseudo- or unscientific or an artefact of a former
life,34° Indigenous knowledge has adapted to European
technology, while maintaining its frame of reference?'.
Such understandings have been reflected in international
conventions and declarations such as the Declaration on
the Rights of Indigenous People (2007),*? the Convention
on Biological Diversity (1992)* and the Nagoya Protocol
(United Nations 2015).*

Debates as to whether Indigenous science is science® are
unsurprising, given the differences between modes of
knowledge production advocated for complex science
projects. Such debates often lead to binaries, such as in
Table 4.

Binaries can obscure the larger mission that the use of
diverse knowledge sets can create solutions for common
and shared problems, sometimes described as ‘two-eyed
seeing’ or ‘interface’ research.*#® While such aspirations
may seem self-evident, Indigenous people have not
necessarily benefited from scientific and technological
research, especially when a Mode 1 approach is the sole
approach. Rather, as colonial experience has taught,
traditional Indigenous knowledge has often been
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appropriated without acknowledgment or recompense.
Examples of this include Brazilian rubber and Andean
cinchona bark (from which quinine is made) being
transferred by the British to Kew Gardens and then used
to develop industries in Malaya and India respectively.*

Table 4: Matauranga Maori-science binaries (Rauika Mangai*).

Matauranga Maori Science

Holistic Analytical
Accepted truths Skeptical

Based on environmental Measurement &
encounters replication

Centrifugal thinking Centripetal thinking

Highlights similarities Highlights differences

Practitioners older Practitioners younger

Time enhances knowledge Time ages science

Steadily evolving Knowledge constantly

changing

More recent examples include attempts to patent Ojibwe
wild rice, Mexican maize and Hawaiian taro*® and an
anti-malaria drug based on a French Guianan indigenous
community’s traditional medicinal knowledge.' In New
Zealand, Mary Kay Inc., a US-owned marketing business
that distributes cosmetic items, has filed many patents,
citing New Zealand endemic or near-endemic species

in the claims, including five patent families referring to
kanuka.>

Decolonisation efforts are emerging across the academy
informed by both Indigenous rights and JEDI (Justice,
Equity, Diversity, Inclusion) movements.>® Diversity,
inclusivity and equity are an increasing feature and
requirement of New Zealand’s science system as well,
with MBIE stating that “diversity is vital for our science
system to realise its full potential.”** There are, however,
mixed results on the success of such policies in
practice. International research has shown that diversity
and inclusion policies in science teams can often

lead to accusations of ‘tokenism’ with, paradoxically,

less integration of minorities into teams.** Team
diversity is more likely to be impactful when minority
scientists are more evenly represented and integrated
into organisational environments (area, sector, jobs,
organisations, informal networks).

There is a fundamental distinction between diversity as
the mere presence of minority scientists on teams or in
workplaces and their complete integration.

"Representational diversity is essential but
not sufficient to promote ‘full’ integration

and diversity, as well as innovation. It has
even been suggested that the critical mass of
a minority group in the workplace must be
more than 15 per cent to reduce the impact of
inclusion from being token."®

To mitigate against tokenism, suggested practices have
included mentoring, sponsorship, cross-communication,
increasing informal ties and social accountability (e.g.,
tying managerial reputation to goals). We comment on

these more fully in Part Three.

Increasingly, Indigenous people seek not only diversity
and inclusion in science and technology, but also
equitable benefit sharing from science discoveries and
control, often couched in terms of Cultural Intellectual
Property (CIP) and Indigenous sovereignty. Such
terminology has been particularly to the fore in terms
of data sovereignty that more broadly relates to how
individuals, collectives or nations have control over data
within and beyond their national borders.>”

"While Indigenous Data Sovereignty (IDS)
shares similar concerns of the nation state
to control flows of data, in some ways IDS

is a challenge against the nation state with
an emphasis on tribal or tribal nation self-
determination and autonomous decision-
making,*® one that reprioritises cultural and
scientific knowledge within the realm of
‘dominating’ (western) science production.”

Particularly in relation to privacy, IDS challenges
individualist approaches espousing collective principles
based on long-held world views and practices.” It is
also a chance for Indigenous people to contribute their
unique and legitimate knowledge, expanding sciences’
possibilities.

This equally applies to intellectual property (IP) rights,
where scholars have noted that it seems illogical to
Indigenous people that a patent can be awarded to an
‘inventor’to ‘improve’ plants and seed varieties when it is
based on thousands of years of traditional knowledge.®

This points to the different notions of what can be
considered a right to claim ownership, control use, and
hence capture benefit. On the one hand, the suite of tools
that make up contemporary IP regimes — patent, copyright,
design patent, trade secret, geographical indications and
plant varieties — are designed to encourage and reward
creativity and innovation in science, technology and

the arts, and hence imply what protections and rewards
can be expected. On the other hand, there is criticism

that exclusionary principles of IP are inconsistent with
customary protocols and laws governing the use of
Indigenous resources and traditional knowledge with a
complex set of custodianship responsibilities of collectively
held resources for future generations.

Such responsibilities may be articulated in terms of
Cultural Intellectual Property Rights as in Indigenous
conventions like the 1994 Mataatua Declaration and the
Declaration on the Rights of Indigenous Peoples.

The Waitangi Tribunal report WAI 262, Ko Aotearoa Ténei,
which addresses Maori claims to cultural and intellectual
property rights, reiterated the limitations of IP law

to ‘protect the underlying knowledge or philosophy
embodied in the work or consider customary law,
customary rights and customary interests in the resources
or works.! The Tribunal also reaffirmed Indigenous peoples’
rights to develop their resources to enhance prosperity
and economic development.®’

KEY QUESTIONS

B How is Mdori science and innovation policy
impacting on individuals, teams or Mdori
partners?

B What are some of the enabling practices that can
support Maori innovation when viewed from a
Maori perspective and what changes would be
required to implement these?

We provide insights in Part Three Opening Science for
Maori Innovation.
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TREND FOUR

and that this, in turn, produces particular ‘stand-alone’ Table 6: Hybrid orientations towards university-industry links (from Lam®).

elements of their identity.* More specifically, a scientist

As we noted for earlier trends, particular modes
of science follow their own methodologies, norms

and values. Hence, moving from performing Mode discussing the potential commercial applications of his Beliefs about Extent and modes Main Perceived Boundary work

1 science to practices associated with other modes or her research idea in a workshop [one identity element] academic and ofengagement  motivating legitimacy of strategies and
is not necessarily intuitive. It requires different sets may produce another identity element (entrepreneurial- industry boundary  with industry factors commercialization role identities
of attitudes, skills, tools and practices, not only at researcher). The theorisation allows for identity elements
an individual level but also in how teams construct to both stand alone and to come together to form more Type | . Believes academic + Some « Mainly to Resistance - Boundary
themselves. At a broader level, institutions also need to complex wholes. Such a view expands beyond simplistic ‘Traditional’ and industry collaborative obtain funding An assault on separation and
reorganise themselves to enable these practices. binaries that often characterise discussions about shc;uld distinct !inks bgt of an for research academic ethos and expulsion
scientists’ dispositions (i.e., is or is not ‘entrepreneurial’). and pursues intermittent :
Shiftin.g fcience modes requir'es complex anfi ongoing Taking an ideF:mtity eler’r(1ents approach aIIowi for analyiis success strictly in nature autonomy . :f;‘;'gmic role
negotiation ar.md re-construction of academic and of the actual actions connected to scientist’s identity. This academia arena identity
entrepreneurl.al identities through adaptgd and.novel suggests that some actions are more likely to produce
?;Zivr::::r;;h;:; smbaeneynn\/]vs(I;eTSa;\:/\ZS:;sollr; ;P;:Sllterature particular types of scientist identity. :I'ype n Believes + Mainly « Funding for Accommodation + Boundary
identifying the types of capabilities and behaviours Scientists’ orientations are complex and analysing them r;rr;q:;tonal gcgdemmsndld Folllabqritlve research most Not desirable test.mg and
that enable individuals and teams to operate across must allow for this. Adopting a hybrid analysis, such as ybrt Ik?e ;Jissttriynzt ObLll.lt i:\rlesrr\:wv;:tent Important but an inevitable maintenance
the science-technology boundary. There are barriers that shown in Table 6, can identify some of the underlying also recogr:nises ivolvement development « Protect
to such engagement because academia and potential beliefs and motivations that drive the behaviour of the need to in some dominaht
collaborators have different norms, values, language and individual scientists. These need to be interrogated if non- collaborate commercial ?Cad?m'c
understanding, as illustrated in Table 5. traditional orientations are a desired objective. activities identity
. . . . Such hybrid analysis matches other research that
Table 5: Academic and entrepreneurial role identity compared suggests that scientists adopting non-traditional modes Typellll Believes in the » Continuous + Funding for Incorporation and - Boundary
(from Jain et al.%). have different competencies. For example, a Type Il ‘Entrepreneurial fundamental engagement research most co-optation negotiation
Academic Entrepreneurial ‘hybrid entrepreneurial’ orientation seems to align hybrid’ importance .of ina range'of important PUrsUe commer- and expansion
with what is described as A-shaped skills,®® whereby saence-bgsmess collaborative .« Application of cialization but not « Hybrid roles
Norms Universalism Uniqueness an individual is able to integrate different disciplines collaboration but and commercial research, know-  all its associated but retain

Communism Private property

Disinterestedness Passion
Skepticism Optimism
Processes Experimentation Focus

Long-term orientation  Short-term

Individualistic/ orientation

Small group Team management
Outputs Papers Products
Peer recognition/ Profits

status

From the perspective of the individual scientist, there is
significant pressure to try to bridge these divides,% but
there is little research on how scientists and in particular
successfully funded Principal Investigators (Pls) learn or
receive preparation for such roles.

There is also little research on the enablers and barriers
to scientists transiting across or between these roles.

One idea is that certain identities, for example an
‘entrepreneurial scientist; are ‘produced’ through actions

(i.e., the two 'legs’ of the ‘A’) and graft them together to
execute a task. Individuals with such a skill set are more
likely to understand phenomena from a higher level of
abstraction and to form the metatheories needed to
push scientific boundaries. While such individuals may
be interested in applying their knowledge to the other
domain (e.g., product development), their identities are
firmly academic.

Extending this, Type IV ‘entrepreneurial’ scientists

might be viewed as having T-Shaped competencies.®’
Individuals with T-shaped talents are not just technical
specialists in a particular domain (the downward stroke of
the'T’) but also have interactional expertise and the ability
to “speak the language” of another domain (the horizontal
stroke of the ‘T’).%8 Acquisition of communication skills is
fundamental to all researchers, but communication in this
sense is more than the ability to use the language of the
other domain.® T-shaped individuals are fully conversant
with the systems or worldviews of the other domain
(whether that system is industry or Maori), whereby
identity, work routines and relationships are ‘fused’into
the science role.
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recognises the
need to maintain
boundary

activities

ledge exchange
and networking
also important

meanings

focal academic
identity

Type IV
‘Entrepreneurial’

Believes in the
fundamental
importance of
science-business
collaboration

- Continuous
engagement
in arange of
collaborative
and commercial
activities

- Strong
commercial ties
with firms

« Application of
research most
important

+ Funding for
research,
knowledge
exchange and
networking also
important

+ Personal
pecuniary gain
relevant

Acceptance and
veneration

Commerical

practices embedded

in work routines

- Boundary
inclusion and
fusion

- Fuse dual role
identities
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While both T-shaped and A-shaped skills positively
influence team performance in knowledge creation,
acquiring such skills is an expensive, time-consuming
task, so perhaps not everyone in a team needs these
skills.”® Noting that such skills may be desirable, and even
necessary, the barriers to individuals acquiring such
skills need to be recognised as well as those that affect
when or whether individuals choose to apply them.

Finally, while much research focuses on the capabilities
and orientations of individuals, our enquiries have led us
to consider how such capabilities are deployed internally
in teams and in and amongst institutions. For example,
teams need to integrate their knowledge to develop
new products or processes. But how does this happen?
Some research has suggested that innovation teams
need integrative capacity, which is the degree to which
a science team integrates diverse skills and activities into
a coherent whole.”’”? Integrative capacity transcends the
limits of a particular subject through the integration of
multiple ideas, viewpoints, and methodologies.”3747>7¢

In turn, this engenders trust and a shared purpose,
particularly important when problems are complex, novel
or not well-understood.

This has led us to identify the important roles of science-
based open innovation intermediaries. At their simplest,
innovation intermediaries — whether an individual
person or an organisation — act as an 'agent or broker

in any aspect of the innovation process between two or
more parties' (p.7207’). However, this definition disguises
many of their diverse functional roles that may span
from integrating internal team dynamics (i.e., integrative
capacity) to system level co-ordination or integration.”®

There are many situations in which the effective
functioning of New Zealand’s science innovation system
depends on the assistance of intermediaries. However, the

role of an intermediary is not always immediately apparent.

Science-based Open Innovation
Intermediaries

Individuals - often (but not always) the Principal
Investigator or‘leader’ of a project — who has a range
of intra-team functions such as:

« championing a project,’ by scanning, scoping
and filtering technical options for projects®#' to
make it understandable for the team.

« overcoming team resistance to integrate external
knowledge® whether socio-economic or
technical knowledge from another domain.

« removing or helping to navigate organisational
uncertainty.®

Sub-groups in an organisation (such as tech-
transfer offices) that may:

« support a team’s information exchange with
external entities and with accessing key resource
and expertise.88

« architect new collaboration processes when
upstream knowledge practices still unclear®® e.g.,
Kahui.¥

« Help a team scale-up their research through
prototyping, help with training.%#

« Protect results through IP rights advice and
management.®

Innovation system organisations e.g.,
Kiwinet, innovation incubators that help:

+ select the right collaborative partners by
bridging capability gaps, innovation needs and
vision 219293

« promote diffusion and technology transfer.*

KEY QUESTIONS

B What capabilities enable individuals to
collaborate across boundaries?

B What are the different ways to organise
capabilities within teams? Who should have these
capabilities in teams?

B How can these capabilities be developed?

In Part Three Developing Entrepreneurial
Behaviours we examine the roles and functions of
some of these different types of science-based open
innovation intermediaries.
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PART THREE

Observations,

ilglellgle S

and insights

Building New Zealand's Capacity for Science-based Open Innovation

In this section we answer our guiding questions
through observations, surveys and case studies
to build insights based on our overview of the
New Zealand science system in PART ONE and
the theoretical trends in PART TWO.
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Beyond Traditional Science: Importance of values, collaboration
design processes, innovation intermediaries and locations

KEY QUESTION

B When science problems are so fundamental that
even the scientists are unsure as to how they are best
addressed without several iterations, what strategies
engage non-scientists or those from outside a
particular discipline to co-innovate in upstream
‘blue-skies’ or fundamental science questions?

Beliefs and values underpin decisions to
engage or not

We have observed over many iterations of high-tech
project ideation and development with stakeholders,
partners and Maori collaborators that non-traditional
science modes require different relationship and
engagement processes to overcome the barriers that
we discussed in Part Two. In particular, partners are
unlikely to share scientists’ values and beliefs given that
their day-to-day realities, pressures and organisational
arrangements are different.

Given this reality, our advice is that all parties to new
collaborations will need to factor this in and plan for this
in a structured manner at the start of a project.

For example, in one Spearhead, business and scientists
came together to develop printable materials from
biological sources to reduce use of plastic polymers in

the 3-D manufacturing process. On the face of it, both
parties might be thought to have ‘'normative’ or societally-
agreed ‘environmental’ values that this research would be

Figure 2: Barriers to collaboration (Adapted from Ahuriri-
Driscoll, et al. [p.57]).

VALUES VALUES

- open knowledge - proprietary knowledge
- universal benefit  CONFLICT - individual benefit

« expert science f - practical application
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(maybe competitive advantage) (and protect environment)
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‘good for New Zealand' Hence, engagement and ongoing
interest might be expected. However, this was far from
the case in the early phases of engagement. As Figure 2
shows, ‘good for New Zealand’ environmental ideals when
looked at more closely were expressed in quite different
and potentially opposing ways.

This went beyond matters of interpretation or‘language’
barriers as to what was meant by ‘good’ for New Zealand.
In reality, what is good for New Zealand is a belief system
that is deeply practiced within communities. To get to

a point where both parties might agree on ‘good for
New Zealand'required several iterations as well as the
application of some particular tools and techniques that
we outline further in this section.

Bringing teams and stakeholders
together requires a structured design
process

Research relationships across science disciplines (cross-
disciplinary research) and beyond the science realm
(transdisciplinary research) will automatically face some
barriers. To mitigate these known barriers will require
rethinking collaboration design.

One approach has been to redesign how teams are
brought together to develop collaborative science
innovation projects to deliver nontraditional science
outcomes. This is seen in the way that SfTl has evolved
its approach from 2015 when the first four spearheads
were chosen, primarily by the research community but
informed by an industry survey and analysis of New
Zealand high-tech companies.

The current‘Mission design’approach initiated in 2017
(Figure 3) was based on the observation that scientists’
strong prior ties within their pre-existing networks would
not necessarily lead to teams crossing disciplines or
organisational boundaries, from which new technology
innovations would arise.

This is further constrained by scientists’ current human
and relational capacity. From a Maori perspective, such
prior ties were also limited and mostly transactional,
based on, as one of our informants described, getting
‘money and then we never hear from them again’.

Our current science system has been trying to move
beyond Mode 1 science through use of contestable
funding that asks applicants to develop proposals taking

Figure 3: Mission design approach?.
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into account industry or Maori. However, as the CRI report
and the more recent MBIE ‘Green paper’indicate, such
contestable funding has become ‘unproductive” and from
a Maori perspective, indicative of a temporal relationship
based on researchers’' need to gain funds for their
research. Hence, STl has been exploring new approaches
through ‘Mission-design’

As Figure 3 shows, challenges with economic impact

to which New Zealand science and engineering

might provide solutions were identified by groups of
stakeholders brought together in ‘mission labs’ (Stage
01). From this, potential novel solutions and the science
needed to specifically develop these solutions begin to
be identified, and then researchers, Maori and industry
were brought together to develop fundable projects and
teams (Stages 02-04).

Since 2017, eight Spearhead missions have been
developed or supported to be developed. Our
observation is that SfTl's revised approach since 2017 has
succeeded in achieving a range of objectives:

+ National ‘best team’ interdisciplinary or transdisciplinary
teams formed, outside of established pre-existing
science team networks.

« Maori concepts/matauranga infused into the research
design (as judged by Maori).
« Maori, early career researchers involved.

« Embeds a process that regularly engages key
informants/partners/stakeholders/users [industry/
Maori] to exchange knowledge (absorptive/desorptive
capacity).

« Embeds a process whereby potential use (whether as
commercial or social product or process) is factored into
the research plan.

However, as Table 7 shows, not all SfTl's efforts have
resulted in funded projects, some due to funding
constraints and others due to the mission not translating
into a fundable technology project. Additionally, SfTI
had to learn how to develop and manage the science
innovation process more efficiently, in order to reduce
the total time it takes to develop a project and identify

a suitable team from 1-4 years to closer to one year for
most projects.

This efficiency gain is important in a science and
innovation system with constrained resources and
timeframes. One of those limited resources is people’s
time. Developing collaborations with unfamiliar groups
to address mission concepts that require elaboration
and redefinition is time-consuming. Many large-scale
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Table 7: Mission-designed projects

Mission - . Project Project
Lab Year Mission Lab Concept Spearhead Project process start  contract start
Intelligent Oceans Precision farming technologies 9017 5018
for aquaculture
Robotics for small scale Adaptive Learning Robots
2017 production and harsh 2017 2018
environments
The Digital Marae/Whare Atea 2017 2019
Personalised Value Chain Veracity 2017 2021
Environment/Sustainability Clean Water Tech for restoring te
. 2019 2021
Technology Mana o te Wai
Biosecurity Biosecurity Technology 2020 2021
2018 Matauranga Maori and data Maori Data Sovereignty 2019
Rangatahi Rangatahi 'Bolt-on' 2019 2022
Space and Spatial Technology (funding constraints curtailed
development)

trans-disciplinary research collaborations such as

MBIE Endeavour grants, “platforms’, and NSCs can take
several years and substantial unfunded researcher time
commitments to get to the funded stage, if at all.

This upfront use of human effort (time) is viewed as a
cost by the researcher but seldom to the system as a
whole. Many researchers have articulated this lost time
as burdensome and a disincentive to the new forms of
collaboration required to drive innovation with industry
and Maori. At the macro policy level, there has been no
incentive to change the mode of operation to achieve
this stated aim of collaboration as essentially there is no
‘cost’to the system. Time is not factored into or tracked
in funding proposals - it is incurred at the micro-level
of the individual or team. Hence, inefficiency (time) and
redundancy (the ideas not funded) are occurring in the
system. This aligns to our observations in Section 3 Opening

Science for Open Innovation, whereby developing
particular competencies to enable innovation comes with
costs.

"If inefficiency and redundancy are in effect a
product of the current New Zealand system,
then it is not surprising that at the micro-
level of the team and individual it is far
more efficient to not collaborate, or restrict
collaboration to pre-existing relationships,
despite the urging of policymakers and
research institutions."
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Hence, currently it will only be certain types of
individuals who view it as worthwhile to persist with such
engagement activities. We discuss such individuals in
Section 3 Developing Entrepreneurial Behaviours.

One of the key learnings from SfTl is that these technically
complex, trans-disciplinary, geographically dispersed
projects need to be designed to address the already
known and identifiable barriers from the beginning in
order for the benefits of collaboration to be realised.

We also identified that some project development
processes are likely to be more effective and efficient
than others. Our findings in this respect are more
tentative. However, we are satisfied that having a
structured and theoretically defendable approach to
forming open innovation science teams is crucial. One
model we have examined in detail is the Concept-
Knowledge (C-K) approach which is new to the New
Zealand science innovation system. This methodology
has been applied extensively internationally in a variety
of contexts, including companies with large R&D units,
research centres, industrial clusters and inter-disciplinary
science teams. BNZIC researchers trialed a pilot of the C-K
process in 2019 to test its applicability to the New Zealand
context before running a full ‘experiment’ to develop the
Veracity Spearhead, with a project successfully developed
for a mission concept that had proved problematic.

Given the results, BNZIC researchers believe that the C-K
process is one potential approach to efficiently deliver
an effective science -based open innovation research
programme. Moreover, we believe that such approaches
have application more broadly across New Zealand’s
science innovation system.

CASE STUDY ONE

Concept-Knowledge

What is the C-K method?

C-Kis a theory of reasoning for situations that require
innovative approaches and provides a structured
framework to facilitate the design of yet unknown
'objects' based on existing sets of knowledge. It is
particularly effective when there is a need to generate
alternatives to current thinking or approaches,* helping
to expand existing knowledge and counter 'fixation,
whereby rigid allegiance to prior sets of knowledge can
impede insight and hence alternative ways to address a
problem, issue or approach.

C-K provides options for new/radical knowledge (science)
that are built-in upfront to the collaboration process.

This is due to how C-K’s framework of knowledge
exploration structures expansion of knowledge from
other disciplinary domains through an interplay between
creative concept (that which may be possible but

yet unproven); and knowledge (that which is already
possible).

Figure 4: C-K Three-step Methodology

C-K offers a formal framework where creative thinking,
learning, knowledge structuration, knowledge sharing,
and innovation principles are not external to the
approach but are the central core of the theory itself.?
In other words, C-K controls for randomness and chance
of innovation by making creative insight integral to
the science-knowledge collaboration process. The
many options that are created through C-K are made
transparent and continue to remain in play, should
alternate science approaches be required to those that
are selected for development.

C-K uses a structured three-step methodology (see
Figure 4) that flexes to accommodate different types of
participants e.g. technical experts, users, researchers,
‘lay’ stakeholders, designers. At the end of the process,
researchers will have a clear idea of not only whether
their science is novel (i.e. radical), but also whether it is
commercialisable. In other words, it is more efficient on
individual time and effort, with participants clear on
whether to pursue a project or not.
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Why C-K was used for the Veracity project

As identified earlier, the Veracity project took four years
to develop from concept to final accepted proposal.
BNZIC researchers noted that despite best efforts and a
considerable amount of time, Veracity's forerunners of
‘Personalised Value Chain’and ‘Exchange in the Digital
Age’failed to land on a fundable project.

With this in mind, a full C-K cycle was run entirely online
over three months via a facilitator in Australia. A key
expectation was that, not only would there be a‘stretchy’
funded proposal from the cycle of workshops (9x60 to
90-minute sessions, i.e., 12 hours in total), but also that
many of the barriers we had observed in other teams as
they began and developed their research and relationships,
would be overcome or mitigated (see Table 8). While the
whole process was run ‘virtually’ (given New Zealand’s
Covid-19 situation), feedback from the participants was
largely positive about the C-K process itself.

Table 8: Barriers to the spearhead formation

Barrier Breakdown of the barriers

Collaboration Disciplinary/expertise silos; lack of
a common language; knowledge
misalignment; self-reinforcing prior

knowledge.

Team formation Role integration; aligning objectives;
alignment of technical/expert

knowledge.

Time Time taken to align expectations;
time taken to build relationships and
trust.

Knowledge Access to breadth and depth of

technical knowledge; agreeing on
‘stretch’ of and approach to the
research problem; the complexity of
the research problem.
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"Beyond the ability to conceptualise ideas
differently, the C-K process allowed me to
explore the ideas of others and expand

how I think about solutions. | think that C-K
could be more than one dimension, in that

it encourages you to think about a reality or
alternative hypotheses. So, in that sense, | think
that it's quite good, because it forces you to re-
examine the assumptions that you’re making,
and what would happen if this assumption
was not true."

Our preliminary analysis suggests that facilitation can
support researchers to avoid barriers, such as discussion
of workload and individual recognition common in
research organisation settings, to focus on the central
idea and project challenge, and to address that challenge
using their skills and knowledge. Researchers spent more
time thinking collaboratively about innovation ideas, and
less about workload and recognition.

However, as with critiques of crowdsourcing, some
participants whose expertise did not get included in the
eventual project were unhappy that the time and ideas
that they had invested was not rewarded.

Intermediaries at all levels are
crucial to a well-functioning
science-based open innovation
system

As noted in Part Two, intermediaries play an
important but often under-appreciated role in a
system seeking science-based open innovation.
In this section, we focus on two different

types of intermediaries - explicit and implicit
intermediaries.

We define an explicit intermediary as one whose a
role comes with a recognised specific innovation
brokering function between individuals or
organisations. Implicit intermediaries are individuals
or groups who are essential to the achievement

of a particular science objective but who have an
additional and implied function over and above the
role for which they are recognised.

Here we present four case
studies.

Three cover explicit intermediary functions —
Principal Investigators, University technology
transfer offices and designers — and one is on the
implicit role of the Pakeha principal investigator
working on Maori-focused research.

CASE STUDY TWO

The Principal Investigator
as intermediary

Publicly funded scientists are increasingly expected to
produce impactful research from which stakeholders
external to the research (e.g., industry) can capture
value,® that is, engage with and benefit from the
research.” Publicly funded science often suffers from
value ‘slippage;® whereby the potential value capture
within the public funding research ecosystem remains
unfulfilled. One of our BNZIC researchers investigated
41 publicly funded principal investigators (Pls) in

New Zealand to provide insight on this, with the
intermediary roles of Pls highlighted as crucial.®

Two distinct mechanisms — boundary spanning and
brokering - are instrumental for Pls to improve the impact
and reach of funded research (see Figure 5 over page).

In boundary spanning, Pls cross academic/organisational
boundaries and enlist the attention of a diverse range of
otherwise disinterested ecosystem actors, such as policy
makers, societal end-user communities and commercial
agents.

These Pls seek to ensure their research is: closely aligned
with and supports the needs of government policy
priorities; producing outcomes that are translated to
benefit public communities; or undertaking research
that generates industry interest and opportunities for
commercial application. Through purposeful engagement
with separate ecosystem actors, Pls extend value capture
in publicly funded research by expanding the boundaries
of interest in, and use of, their research. Their efforts can
generate new project ideas, expanding research funding
or leading to greater application.

Pls also use their intermediary position within the public
funding research ecosystem to connect otherwise
disconnected constituents. Brokering is distinct from
boundary spanning as the capturing of value in use takes
place across multiple actors as opposed to boundary
spanning between two positions, i.e. science to business
or science to government. Through brokering, value
that arises from the exchange between the research
community and funding bodies through PI-led funded
projects is then captured in use in an integrated manner
among multiple stakeholders.
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CASE STUDY THREE

Technology Transfer Offices - innovation
ecosystem brokers and intermediaries

Research
Community

Value capture in
exchange through
Pl-led funded
projects and
programs

Funding
Search

EXPLORATION -------=-=-=-smcmemnno

P> BOUNDARY

SPANNER @ @

BROKER

........ » EXPLOITATION

Figure 5: Scientist Impact and value capture through funded research

Through brokering, Pls skillfully identify, leverage and
balance multiple ecosystem interests among policy
makers, funding bodies, industry, community end-users,
and universities simultaneously. As an example, a Pl was
able to integrate government/industry/society interest
for a project that would decrease health expenditure,
benefit economic productivity (e.g. job creation or limit
absenteeism) and improve educational and health
outcomes.

The research shows that brokering has some benefits that
are less accessible through purely boundary crossing.
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Specifically, the balancing approach inherent in brokering
multi-stakeholder interests helps ensure that the self-
interested needs of any individual ecosystem actor (be

it scholarly, societal users, commercial, governmental,
funding body) do not dominate at the expense of

others. As the intermediary between actors, Pls not only
stimulate and balance engagement among different
ecosystem actors, they also increase the chances of
engagement among them which can result in further
value creation and capture. Such a role, however, will
require the development of relevant skills and capabilities
(see Section 3 Developing Entrepreneurial Behaviours).

The core role of university Technology Transfer Offices
(TTOs) is to fulfil the protection and exploitation of
intellectual property (IP),"® with performance typically
measured through patents, licences and start-ups/spin-
off firms."" Research attention on TTOs has primarily
focused on the extent to which they meet these
performance expectations.’? For academic scientists,
TTOs are important boundary spanners between
academia and industry.’>

They help some academics understand the needs of
industry and access critical resources, expertise and
support in the commercialisation process.'>'® On

the other hand, with an increasingly constrained
public funding environment, university management
increasingly looks to TTOs to generate additional
earnings.

Such income can both protect existing research activities
and help pursue future research breakthroughs.
Moreover, proficiency in research commercialisation and
technology transfer activities can enhance the reputation
and prestige of the university, thus helping to recruit and
retain leading researchers and increase student intake.”'®

More recently, there has been increasing research
attention on how TTOs build strong relationships with
a more diverse set of entrepreneurial and innovation
ecosystem stakeholders outside of the university. This
requires system wide brokerage capacity among
TTOs, and as such TTOs need to position their mission,
structures, strategy and services accordingly.™

Our BNZIC study on this emerging role of TTOs examined
various factors that influence the role of TTOs.* The
research uncovered 19 factors — nine macro level, six
meso level and four micro level (see Figure 6). It shows
how TTOs proactively synthesize these cross-level factors,
thereby expanding their widely-recognised role from
University-Industry intermediary to entrepreneurial
and innovation ecosystem broker.

More precisely, the research shows that TTOs should

be understood as critical ecosystem intermediaries
whose services help to lower barriers to value creation
and to accelerate productive entrepreneurship activities
in the territories in which they operate.” The research
also highlights how TTOs need to master a more
proactive strategic approach to effectively balance
strategic actions targeted at the macro and meso levels
against technology transfer operational efficiency and
effectiveness at the micro-level.

Notably, BNZIC researchers identified that resource
constraints within TTOs are likely to affect the extent to
which they can fulfil this expanded role effectively. Because
the SfTl team has acknowledged this issue at a national
level or ecosystem level, dedicated commercialisation
resources were allocated within the Challenge to support
this important intermediation function in order to leverage
the potential of brokering earlier in science projects.
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Figure 6: New Zealand TTO’s ecosystem brokering role*?
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CASE STUDY FOUR

Designers are boundary spanners,? linking the lab,
society, and the market** by embedding a creative

and market orientation into the innovation process.?*?
Increasingly, design is seen as a valuable contribution
to open innovation, as designers move from their more
recognisable concerns of aesthetic and functional
design (see Table 9) to upstream involvement in
product development.” Thus, at least in the business
world, there is recognition of the value of design
thinking and designers,® with some evidence that
design-centric organisations show above-average
economic performance®

The design process itself acts as an interface between
science and user.3°3' By creating a physical or visual object
from ‘raw’ science, designers help scientists imagine
applications for their research while potential users
imagine new uses for the science. This creation of objects
(whether as sketches, plans, maps, demonstrators or
prototypes) can align various stakeholder motivations in
the innovation process, creating shared understanding,
value and trust.32* Such visible or tangible ‘artefacts’act
as‘boundary objects’ that share, co-ordinate or translate
abstract science knowledge amongst and across different
expert and non-expert groups.3*3>363738 SfT| projects were
at times in a non-engagement ‘limbo’ waiting for physical

Table 9: Orders of Design (From Rothkotter, Garner & Vajna®).

boundary objects to be developed, delaying interactions
within and outside of the research team. Hence designers
can accelerate necessary relationships at an earlier phase
of development.

Design-led or design-informed open innovation science
is not a common practice in New Zealand. Scientists
frequently see designers as ‘stylists’ (providing first order
skills — see Table 9), arguing that they themselves ‘design’
their research experiments, circuits, surveys, and clinical
trials.** When a science project is in a very early phase,
designers require new science-focused capabilities (third
order skills). Designers may also need capabilities for
coordinating partnerships within a team or with external
stakeholders or that enable them to be involved in the
upstream scoping of a product.*'#*** These ‘fourth order’
design skills consider how humans integrate with systems
and ecosystems.*

To move towards third and fourth order skills

requires new forms of organising innovation practice.
Internationally, examples such as Massachusetts
Institute of Technology’s Media Lab draw on co-located
groups and Harvard'’s University Biodesign Lab, where
multidisciplinary teams of designers, engineers, and
medical researchers work on wearable robotic devices.

Order First Second Third Fourth
Process Visual communication | The design of physical | Design-thinking Design of systems and
through signs and objects. applied at an early environments and how

symbols.

materials and methods

Designers’ Communicate scientific | Create new physical
interface with research through
science posters, figures, for manufacturing.
data plots, symbols,
drawings, renderings.
Example Renderings of potential | Algal bio-ink.

applications for a
biophotovoltaic device.

science phase.

Design activities
investigate process of
scientific research.
Exploration of
uncertainty to support
scientific exploration.

Service design.

human beings integrate
into these.

Multidisciplinary design
lab connects design and
science.

Designer physically
located within the
laboratory.

Biodesign Lab (Harvard)
Media Lab (MIT).
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In Germany, the Fraunhofer Institute has been running a
study on the impact of designers in academic high-tech
startup teams® In the UK, the Design Council developed

a training programme to coach scientific teams to apply
divergent thinking approaches and to develop prototypes
employing new technologies from their research.

Our observations of the role of the embedded designer
as a deliberate mechanism to bridge the science and
industry worlds identified real value in making this a far
more regular occurrence in upstream science.

These observations are based on our longitudinal
observations of the additive manufacturing team’s
design-informed science approach* and our experiment
of incorporating a designer in the ideation of a new
Spearhead (Veracity). In the additive manufacturing
spearhead, we saw designers’ capabilities used across all
four design orders (see Table 10).

The iterative interaction amongst industry, designers and
scientists led to increased enthusiasm and alignment for
the Spearhead’s research, with a clearer articulation of
how industry might eventually use the technology being
developed. That is, the ‘stretch goal’ of the Spearhead

Table 10: Design orders in AM Spearhead

(a typical Mode 1 science objective) transformed into

a shared ‘benefit to New Zealand’ objective with value
capture by multiple stakeholders. This shared value was
recognised by both scientists and industry. In comparison
to early interactions, the scientists became more
stimulated by industry’s suggestions for the direction of
the science as it “forced the sciencey engineering people
to go, okay, can we (develop that)?” For another, industry
interactions helped “to wake up and come out of the
normal lab in science and get exposed to the outside
world’, with a comment from a workshop observer that
“maybe (the scientists) feel a little bit more open to
taking on suggestions.” For industry, comments such as
science and industry having a “very common passion”and
appreciating the chance to “work together ... there are
so few opportunities to actually do that” demonstrated
increased alignment.

While these are positive indications of engagement, the
next phase of research will indicate the extent to which
industry changes its approach to R&D and whether these
relationships continue or lead to new forms of business
arrangements.

Order

Process

Example from
AM Spearhead

First

Visual communication
through signs and
symbols.

CAD drawing of a swim
fin that might be used as
a target printed object.

Second

The design of physical
objects.

Demonstrators of
potential uses of
biomaterials using new
printing techniques.

Third

Design-thinking applied
at an early science
phase.

“The (science is)

getting pushed from
design applications for
materials specifically

for them, and then the
other way around where
we're responding to
properties and materials”
(Designer).

Fourth

Design of systems and
environments and how
human beings integrate
into these.

“Maybe just as a stimulus
for the bigger picture.. .
. as a framework for the
conversation... If there
is some kind of design
they’re thinking in terms
of a big picture that
provides immediately a
framework for people to
start hanging some of
these solutions or these
ideas onto” (Scientist).
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CASE STUDY FIVE

Pakeha intermediaries in
Maori-focused research

Maori researchers and community partners make

up only a small percentage (13%) of those who have
been involved in SfTl projects. Hence, much of the
research activity has relied on Pakeha specialists.

Here, we comment on the role of the Pakeha principal
investigator (Pl) who has to navigate the uncertainty of
working in an unknown Maori domain. Our observation
is that for those who have never worked with Maori

- likely the majority - this can at first be ‘scary; and
‘daunting’.

Through an iterative process and an openness to stepping
into a Maori world, scientists can become more reflexive.
That is, these researchers become more aware of their
responsibilities to not only the science but also to their
Maori partners in terms of desired research results.

This in turn could leads such intermediaries to review
the expectations of an academic identity, such as their
university research’s ‘publish or perish mentality’as the
following demonstrates:

| could see the importance of building that
relationship and putting that time in, even though
it will not turn up in an academic paper anywhere.

Pakeha intermediaries, in bridging or brokering with
Maori, continuously negotiate the space between the
Maori and non-Maori worlds within a context of the
science and technology. These 'negotiations’ take place
primarily through face-to-face interactions, where little by
little the scientist readjusts their positioning, redefining
their role from ‘technical scientist’ to ‘champion’for a
Maori-focused project.

[...]looking into it with a proposal that was
submitted, the best one | thought was the one [...]
[gletting iwi involved, it was, you know it had a
plan, had a strategy, and it was about involving iwi.

Examples of this shift included increased use of te reo
and comfort with/understanding of tikanga, a noticeable
transformation compared to when they first started in
the project. Use of te reo Maori may signal increased
confidence on the part of an individual; a desire to show
affiliation with the Maori partner; or the start of a more
accepting approach to incorporation of ‘things Maori’into
their wider science practice.

So, one of the highlights of that Taranaki hui

was going out and collecting flax and weaving
baskets... That very easy flow of gentle conversation
is something that | guess that's special... so I've

got students working on parts of the project this
year, that that message is really clear to them, that
kaupapa is really understood and shared...

Speculatively, this may transfer to an individual’s teaching
and mentoring roles, which may in turn, encourage others
to work on projects that are Maori focused.

While we specifically illustrate here implicit intermediaries
in Maori focused research, we have also noted others who
perform equivalent functions implicitly in other projects,
such as early career researchers, including students. The
mechanism by which they undertake such roles would be
a useful focus of future research.

4



Co-innovation through location

Much of our research has been examining how high-tech
stretch science begins to move from the lab to industry
or Maori. As we noted in Part Two, internationally there
are a number of models and approaches emphasising
co-location of scientists and partners or stakeholders. In
New Zealand, there have been various approaches to this
(e.g., with various ‘innovation’ precincts or science parks
set up over the years). Consistent with this approach,

SfTl spearhead researchers are deliberately shifting work
locations and visiting relevant environments as a way

to accelerate innovation. Visiting stakeholder places

has allowed SfTl researchers to better canvas needs

and values, generate applicable scientific insights more
rapidly, enhance trust, and shift mindsets to understand
and welcome different worldviews. A key observation is
that the shift in physical location enabled researchers to
explore knowledge from a different lens as the following
quotations show:

Having a different experience to the day to day

(for example, getting a scientist to go and visit an
industry or an iwi) could help understand the needs
there - supporting those.

Even with the vine pruning, we had professors
out there in the field in a vineyard, holding
secateurs, pruning vines, because you have to
have some domain knowledge. You can't have
zero domain knowledge, and you can't get the
domain knowledge without actually being there
and visiting them, and seeing what they're doing,
and talking to them. You still have to involve them
all the way through, so you don't do something
stupid, or go down a blind alley, not even knowing
it's a blind alley, or give them some brilliant
solution they don't even need. [...] You have to
get in your mind, what is this? Get a feel for what
they're doing. So, you can't do these projects
without visiting what you're playing with.

Observation of spearhead researchers' interactions with
industry and Maori showed the importance of site visits in
facilitating the trust-building process.*” As one researcher
explained:

Yeah, so they are trying to build a simulated forest
... because they [industry] have asked [us] to visit
and see the land. [...] they put a lot of effort into
that kind of data collection, and you need a lot of
time to build that kind of small forest. It’s a lot of
trees. So, it's a quite generous thing that they [the
industry] provide it too, [...]. | think that is trust.
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While industry stakeholders signal trust in the spearhead
researchers by offering up resources, time and access,
researchers were still expected to visit the industry's
physical site to gain relevant and applicable knowledge.

"Physical settings also have the impact of
influencing social interactions, collaboration,
and idea generation* with the researchers'
visit to the industry site empowering industry
to co-create the direction of the research
project. Not visiting may involve less time and
resources, but mean that less trust, sharing and
considerations of next options are the likely
end results."

For Maori, co-creation processes such as wananga can
only happen onsite so that the ‘context’ of the research
is understood, as a BNZIC researcher noted during the
development of the Cleanwater tech Spearhead:

The field trip provided further context of (the)
relationship with (the) awa, highlighted mahinga
kai areas where food (was) gathered, outlined
impacts of extraction of shingle on fisheries

and river, erosion issues highlighted, wahi tapu
identified, sites of significance, health and
wellbeing, planting opportunities, retirement of
land for planting, history of areas provided and
aspirations for (the) area and catchment.

Such context can also lead to additional science
opportunities and a chance to extend technical
knowledge in a way that may have been unforeseen
without the site visit as illustrated in the Inverting
Electromagnetics — Groundwater flow Spearhead:

Hence the marae visits, and quite selfishly in terms

of a first physical test site. We had seen the [...] spit -
that's the land between [location] and the ocean - as
an almost ideal test site for two reasons really. One

is that it's relatively permeabile, so the velocities are
reasonably high. And secondly, the flow through

the spit actually does reverse at times, so there is an
ingoing flow, and as a test site that's a very valuable
addition [...] in terms of validation.

Overall, our research regularly identified that shared
understanding, value and new possibilities were
created between science team members and external
stakeholders through visits to the ‘home’locations of
those collaborating in the science project.

Opening Science for Open Innovation

KEY QUESTIONS

B Are New Zealand firms with high AC more likely to
utilize OI? And what would they use it for?

B And what if those firms are Mdori — does this
equally apply?

Absorptive and desorptive capacities
enhance performance

Two forms of open innovation are available to businesses:

inbound and outbound. Inbound Ol is when a company
acquires and applies external knowledge to its own
R&D, such as buying or licensing patents or processes
developed by another organisation. Outbound Ol is
when innovation developed in-house is transferred (i.e.,
used) externally through activities such as licensing,
joint ventures, or establishing spin-outs. Benefiting
from open innovation relies on firms having absorptive
and desorptive capacities, which support inbound

and outbound flows. Absorptive capacity is the ability
to identify, assimilate and effectively use externally
developed knowledge and technologies in your own
business. In contrast, desorptive capacity is the ability
to identify opportunities for external partners to use
internally developed technology and also involves

the skills to help that potential external partner use,
incorporate or apply that technology.

This is particularly relevant given the extent to which
knowledge/IP developed by New Zealand researchers
fails to get used and commercialised*. While aspects
of these capacities relate to technical knowledge and
skills, others are associated with understanding of
upstream and downstream innovation management
processes as well as human (influencing, collaborating,
communicating) and relational capacities (building
and maintaining networks). Forming teams where the
necessary capacities exist or can develop is, thus, crucial
to increasing the application and economic impact of
New Zealand investments in R&D.

BNZIC data from a survey of 541 New Zealand, including
Maori firms in 2020 established that businesses that
both acquired from and transferred technologies to
external providers had better financial performance than
those that engaged in only one of these Ol activities.

The data also showed that investing in either one of
the capacities enhanced the return from the other in
terms of R&D efficiency.*® Engaging in both forms of
open innovation also accelerated innovation outcomes
(as measured by the increase in new product and

new process innovations). The key takeaway for New
Zealand companies involved in R&D and innovation

is that developing dual capacities and implementing
dual strategies (the acquisition of external technologies
to enhance internal innovation initiatives with a
complementary focus on leveraging or licensing out
other inhouse R&D externally) is more effective than
operating with one of these approaches alone.

An analogous open innovation dynamic was evident in
numerous Seed projects within SfTl. Having international
collaborators was associated with completing milestones
successfully and on time, establishing new international
collaborations, and securing additional funding.
International collaborators were able to provide key
inputs such as data, equipment, or access to a testing
environment often not available in New Zealand. Over half
(54%) of such successful Seed projects also had industry-
based team members, industry advisory groups, or were
projects born directly out of industry engagement.

These combinations of factors created a simultaneous
drive for science excellence and innovation (technology
push) as well as team members playing the role of lead
user (market pull) — matching the scientist-user roles
advocated by Baglieri and Lorenzoni.*" It also highlights
that establishing industry connections at an early stage
has substantial relevance to stretch science, as has been
established for projects that have progressed to higher
Applied Science Readiness Levels.

Data from other surveys on New Zealand businesses show
that human capital and relational capital are also key
drivers of firm innovation and new product development.
New Zealand businesses that have a superior skilled
workforce and whose workforce score higher on trust
and collaboration are more likely to generate better
innovation outcomes. This includes product and process
innovation, as well as innovation speed. Thus, it is clear
that investing in innovation capacities offers the potential
for substantial returns across all stages of R&D and
commercialisation. Only a subset of New Zealand firms,
though, seem to be undertaking such investments.
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Maori cultural capital supports
superior innovation outcomes

Our data on Maori businesses indicates these
organisations share similar benefits with respect to
innovation outcomes when they have superior human
capital and relational capital. A unique aspect, however,

is that Maori businesses can leverage these factors to
achieve superior innovation outcomes most effectively

if their firm has high levels of cultural capital. Cultural
capital, here, reflects a workforce’s knowledge and skills
towards working with and respecting Maori cultural
values. Indeed, the highest levels of innovation within
Maori businesses occur when they are high in cultural
capital and high in human and relational capital. However,
such benefits are not realised by other New Zealand
businesses (non-Maori) suggesting this effect is specific to
Maori businesses only.>

A separate survey of 146 Maori businesses found a range
of capacities (including absorptive capacity, human

and relational capital) were positively associated with
product innovation, top talent retention, organisational
performance and breakthrough sales.>

While firm assets were consistently important for Maori
firm performance, the other factors (capacities) all have
significant direct effects to other mediators, ultimately
showing that better performance is achieved through a
combination (p.1).>*

Again, leveraging the benefits of innovation into
performance and new sales for Maori businesses occurred
more fully when multiple capacities were present and
supported product development activities.

Researchers at universities, CRIs and institutes represent
a primary potential source of science and engineering
expertise in New Zealand. Building human, relational and
cultural capacities within both the science and business
sectors seems essential for realising significant economic
benefits, as is encouraging more firms to engage with
science and engineering research in New Zealand.>®
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KEY QUESTIONS

B To what extent do New Zealand firms use closed
innovation, and is it holding them back from
superior performance?

B n relation to solving advanced technological
problems, do we find evidence of the other types of
Ol models being successfully implemented? If so,
what accounts for their success?

Most New Zealand firms use closed or
no innovation

Our research is consistent with other studies of businesses
in New Zealand in indicating low rates of investment in
R&D by many firms. With a specific focus on collaboration,
we found that over 60% of firms in our sample reported
having no partners for R&D. Less than 20% having only
either one or two partners.>® Thus, it is clear that for most
New Zealand firms, closed innovation remains their
typical mode of operating.

Of the firms with no partnerships (which were typically
smaller firms), 50% reported this was because R&D or
partners weren't needed, 13% viewed it as high-cost
relative to value created, while only 12% indicated they
had sufficient in-house capability. About 10% indicated
they would start using partnerships in the future, whereas
3.5% reported they were ‘unsure where to find R&D
partners. With only a small percentage viewing that they
have R&D capabilities in-house, most firms appear to be
undertaking little or no R&D or innovation activities.

When comparing firms, R&D partnerships are significantly
higher when firms are exporting (face international
competitors) and when their workforce is more educated
(connected to absorptive capacity). There was a very
strong positive association with the capability to manage
R&D relationships, which again highlights how other
capacities are crucial to engaging in open innovation.
Developing such relational capabilities across all
partners, including shared understanding of values and
priorities, will be crucial to altering the predominant firm
perspective toward innovation.

IP concerns are a frequent initial barrier

to Open Innovation

Despite benefits above that have been observed from
external knowledge commercialisation and open
innovation, many firms in New Zealand remain reluctant
to undertake such collaborations regularly. Informal
observations with industry participants associated

with SfTl research projects indicated their desire seek
competitive advantage from any R&D investments is an
additional factor affecting this. A competitive framing of
all exchanges leads firms to prefer approaches aimed
at protecting their exclusive rights to any IP generated
- a desire that again reinforces in-house initiatives and
closed innovation. IP Australia notes this as a potentially
contentious issue, stating: “As a business, you are likely
to be seeking to establish and maintain a competitive
advantage!”” With the rate of investment in R&D in New
Zealand already low, this creates a potential vicious cycle
that further constrains total investment.

IP concerns voiced by industry participants linked to
SfTI projects did pose a barrier to them engaging with
technology early.

Intellectual Property could be tricky sometimes,
especially with a company like ours. We're not a
university; we actually do have lots of commercial
clients quite sensitive over IP issues, and we do
sometimes blur the lines between projects.

Operating collaboratively with a diversity of partners
created tensions for science researchers related to

IP as well, although researcher views for handling IP
concerns often diverge significantly from industry. Being
clear on what will occur with respect to the timing of
publications,*® a central driver for researchers associated
with undertaking research, is important.

There are IP things that can be a pain in the butt.
Truly hate (it) — | wish we didn’t have to deal with IP
ever. | think any government-funded project should
just be open-source in the first place.

| hate the whole (IP) process. If you're a company,
and you're worried that someone’s going to steal
your IP; 1) you've got it — you've got a head start — if
they do a better job than you, it’s your problem - if
you want to work within capitalism, then suck it up.

However, researchers acknowledged the legitimacy and
usefulness of including a market pull for relevance within
their projects.

"I mean you're never going to get valuable

IP and entrepreneurial outcomes if you don't
have high quality research feeding into it,
long term research. And the researcher should
know that you're never going to get the real
outcomes that you want to see, say clinically,
unless there’s people on the business side who
are developing them into a product that can
be sold. Otherwise, you'’re only ever operating
in alocal environment".

IP, of course, is only then important and makes
discussions or problems if you have IP. At the
moment we don't have that, because the project
is quite young, but we are expecting this would
happen over the next two years. So, we talk with
industry and say, this is what we do - this is what
we offer - this is what we expect as an outcome
—as an output — physical, tangible output. Then
they have the right to say, we as an industry or as a
representative want that something happens with
this knowledge.

While New Zealand firms can successfully undertake
R&D internally with their own people and resources for
some innovations (closed innovation), other projects
will only come to fruition by bringing in additional and
broader expertise. Given that technology development
typically requires several stages of development prior
to commercialisation (as embodied in ASRLs in Part 2),
a more open stance toward IP management at early
phases may help to get projects started. Such a stance
would set a platform for how any subsequent phases and
options for involvement and investment are handled,
providing signals of trustworthiness from which mutual
trust may develop.®®
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CASE STUDY SIX
Competitive vs co-opetition
emphasis within sectors

Open innovation with upstream or downstream
partners is not occurring at a particularly high rate in
New Zealand. What factors are affecting this? And for
what technological initiatives might Ol be more likely?
Again, SfTl-supported initiatives have provided some
insight to this.

Our observations have shown that some project leaders/
Pls, with strong connections to industry and other key
stakeholders, are in a good position to seed discussions
about industry collaborations (Network or Coopetition Ol).
This was the case when a SfTl spearhead leader organised
and brokered a two-day facilitated forum involving
representatives of leading businesses in the same sector
as well as the sector body’s innovation manager. As

might be expected, the industry managers began from a
competitive positioning where gaining maximum leverage
from any investments in innovation or R&D constrained
their perspective on initiating joint projects.

However, a technology demonstration by a SfTl scientist
at the forum and a presentation by the managing
director of a New Zealand firm cooperating in another
sector clearly showed the forum participants that there
were projects of common interest and benefit, often
where the value relative to cost was insufficient for any
single business to invest. Assisting these stakeholders to
identify where they may have shared needs but limited
scope for leverage advantage individually was a key step
that created the basis for a joint initiative to develop.
Recognising their common need and that advantage
relative to international competitors could provide a
sufficient incentive to invest provided commitment to a
joint project, an agreement to seek government support
and a basis for establishing a platform for their sector.
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"The ability to view some issues through

a coopetition or network Ol lens is vital,
making it easier to address shared industry
needs or applications. Again, though, such
needs are best addressed by involvement of
a breadth of stakeholders, starting early in
the project formation stage and continuing
through initial development.”

Recognising that successful technology development
and associated IP might be leveraged through sales and
revenue internationally was a key factor that helped to
overcome their competitive inclination to firstly seek
individual gain for any investment in R&D and to protect
the IP. This example matches the recommendations for
holistically managing coopetition tensions proposed

by Tidstrom (2014), where clarifying and restricting

the domain of collaboration to avoid competition,
keeping commitments lower initially, and voluntary
involvement assist in building greater mutual awareness,
understanding and eventually trust.° However, the
extent to which discussions across competitors in an
industry occur currently or regularly in New Zealand
sectors is unclear, as is whether they tend to include only
prominent larger firms (who may have less incentive

to initiate collective change) vs a diversity of potential
partners including Maori and smaller organisations.

The role that the science sector might play in fostering
collaboration between competitors also warrants further
consideration.

KEY QUESTIONS

B How is science and innovation policy impacting on
individuals, teams and Maori partners?

B What are some of the enabling practices that can
support Mdori innovation when viewed from a
Maori perspective and what changes would be
required to implement these?

Science and innovation policy impacts
individual Maori researchers at a range
of levels

One of the key impacts we see is that there has been,
over the lifetime of SfTl, an increasing demand for Maori
researchers and engagement with Maori communities.
However, as noted in the CRI review report, and as our
own and others' research has shown,®' the ‘pipeline’ of
Maori science and technology researchers available is
constrained.

At an individual Maori researcher level, this demand

has led to feeling empowered on the one hand but
overwhelmed on the other. Additionally, it has called into
question Maori identity, and whether a Maori researcher
is able to fulfil their own, their team, or their employer’s
expectations about their relationship role while at the
same time performing a technical science role, and
addressing cultural responsibilities.5

We comment on this more specifically in the next section.
One SfTI Maori researcher described this as the difference
between being a scientist-who-is- Maori and a Mdori-who-
is-a-scientist, and learning which body of knowledge to
draw from.®

In analysis across a number of research organisations,

our researchers found evidence of ‘aronga takirua’

or cutural double-shift whereby Maori scientists as a
result of their own or others’ expectations experience
significant pressure and conflict in their roles as Maori and
as scientist. Thus, Maori identity can bring cultural and
scientific value on the one hand while having detrimental
consequences, such as burn-out, on the other.546

This is evident in the following quotation:

"I've been pushed a bit to my limits, but that’s
because | wanted to learn everything so fast. But |
kind of put that on myself. So | have had to re-
evaluate myself to ensure that | am going to be
okay physically and mentally.

Everything I'm doing in terms of my mabhi is
constantly requiring a lot of learning, time and
brain power. | love it, although | have to re-check
myself so that | stay sane."

Supporting Maori researchers’ te
Ao Maori competencies supports
innovation

What can mitigate against aronga takirua to enable Maori
innovation? Apart from giving additional ‘weighting’

or funding to Maori research roles to allow for Maori
relationship-building, research with our science teams
shows that taking a caring or mentoring approach is
important, particularly for Early Career researchers. For
some, this takes the form of an individual mentor - a line
manager or team leader — who pushes boundaries on
behalf of the Maori researcher:

"I've got an awesome mentor, she’s really
understanding. She’s not Maori, but she just gets
it. It's awesome. It helps that my boss is sticking his
head out to push me into things."

For others, support can be expressed through the science
team that acts as ‘whanau’ by providing support and
giving direction through developing the individual’s
needs:

"I'had an awesome team. .. They kind of just
awhi'd me along. The fact that we have a whanau
environment and we have this awesome project
- there’s this awesome capacity (development
programme) for different people from different
areas. It’s a real strength of our project.”

Where mentoring or a whanau approach are not available
in the team or the institution, other individuals or
collectives act in this capacity to enable innovation. In
SfTI's case, the Kahui Maori enabled one Maori researcher
to ‘have a voice’and interact in the broader science
system.

For others, support had to come outside the science
sector all together - through direct iwi connections, even
if not directly with their own iwi. This was described as a
‘whangai’ process, whereby the urban-raised researcher
was adopted by another tribal group, to become ‘their
scientist’ In this case, a tuakana-teina relationship
evolved with the scientist teaching about the science
and the tribal group teaching about the context of the
science, which invariably includes issues of loss — of land,
resources, te reo, economy, culture and mana.
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The matter of loss is felt particularly by urban-raised or
tribally disconnected Maori researchers because, as one
Maori scientist noted, while colleagues may be supportive
‘they just don't know what the Maori things are, and |
don’t know what the Maori things are too'

This suggests that Maori scientists learning te Ao Maori
technical competencies may require development

in specific Maori domains such as being on marae,
learning te reo Maori, attending tribal cultural events
and understanding stories of loss specific to a particular
tribal group. Knowing such ‘Maori things’ can lead

to opportunities for innovation as suggested in the
following:

"So, he's got to work on a project and it's this
perfect thing where he can work and use his skills
but he can also learn along the way and figure

out stuff as he goes. | remember saying that to Ta
Mason Durie at a hui up in Auckland. | remember
sharing a similar korero with him and he says 'Don’t
you think that's a conflict of interest?' ... and before
| could say anything, goes 'There's no such thing in
Te Ao Maori, just opportunities. So, yeah, what an
opportunity.”

Architecting new processes can enable
Maori innovation in science teams

When we consider Maori scientists from an open

science innovation perspective, we see that they have
an important functional role as‘boundary-spanners..
These intermediary roles which we have discussed in the
previous section are often under-valued.

One recognisable role is the Maori non-scientist
matchmaker who brings together different organisations
through setting up and mediating relationships®7&

For example, a number of CRIs have dedicated
matchmakers with titles such as‘General Manager Maori
Partnerships, ‘General Manager Maori Strategy and
Partnerships, or ‘Research Group Leader, Te Ao Maori.%%7071
Likewise, SfTI has specific roles and groups, such as Vision
Matauranga Advisor and the Kahui Maori. However,
matchmaking is only the start of the journey.

For many teams, there is a need to architect new
collaboration processes with Maori, something that is
often beyond the capacity of any one person, no matter
how willing. As a verb, ‘architecting’is made meaningful
through its execution, forcing us to consider the things
we do as we create information architecture. Thus, it
nudges us away from ‘routine’and towards a tighter
focus on process. Recognising this, SfTl has evolved its
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architecting processes over the years, leading to a more
nuanced understanding of what does and does not work
for Maori. For example, in the first round of Spearhead
projects in 2015, the process used to bring the teams
together was scientist driven, with a‘Maori-element’ being
‘grafted’into approaches and objectives that had been
pre-determined. In other words, there was little attempt to
architect or design collaboration processes to incorporate
a Maori approach. Consequently, few Maori were
deliberately involved as either researchers or stakeholders.

In the 2017 and 2019 rounds of Spearhead team and project
formation, where specific Maori people and concepts were
made a requirement, we see quite different collaboration
processes. For example, the pre-cursor to what was to
become the Atea project was a facilitated workshop entitled
‘digital marae’that involved a mix of Maori and non-Maori
participants who had formally developed an Expression of
Interest (Eol).

An Expression of Interest is a common method within the
research and science system to flag research capability and
to allow assessors to choose applications that should go
forward for further consideration in situations where there
is limited funding. That is, Eols act as a sorting mechanism.
Researchers have been‘enculturated’to the Eol as a
competitive process and hence calling something an Eol
comes with certain ‘normative’ expectations that may be
difficult to shake off. As we observed, participants were
‘already invested in a set of ideas which they found exciting:.

For the Maori participants, the fact that many Maori
protocols were not able to be performed - for example,
meetings taking place on a marae — meant that the
process did not necessarily ‘speak to’them. As one of our
observers commented, while the Digital Marae workshop
was billed as a type of wananga

"There was tension between a wananga
discussion first’ process and a workshop
approach or foci ‘to produce results now’

(e.g., via quick-pace two minute/five minute
brainstorming sessions). Wananga by contrast
is not restrained by time in this way. It also
naturally evolves in a collective group korero
sense where core themes, ideas or arguments
‘meet’ at a common consensus point.

These outcomes can be achieved through
workshop, but where artificial orimposed time
constraints are necessary, the common points
may be high level or lacking in depth."

An additional barrier was the way that many Maori
understood the notion of ‘cutting-edge science; or as STl
describes it ‘stretch’ science. As our overview in Section
Two indicates, science-based open innovation requires
that all parties have high technical absorptive capacity to
turn science ideas into marketable products or processes.
As we have also noted, Maori technical science capability
is still developing. Hence, for Maori, science-based open
innovation needs to be complemented with other
forms of innovation, such as network open innovation.
This is picked up in the following quotations:

"People were discussing ‘stretch’in terms of it
not necessarily meaning technology only. It may
also mean integration of people, science(s) and
technology in ways that have not been done
before. It might mean utilising and developing
existing technology, therefore!

Our focus is our people. It's creating and
maintaining and strengthening what we do with
people and being able to bring them back to

the whenua. So, if that's a stretch goal, if that's a
sticky goal, we don't care. We don't care about
terminology. Our ultimate objective is bringing our
people together. Returning them so they've got a
greater relationship with their whenua."

This may explain why it took almost two years for the Atea
and Te Tatari Raraunga projects to be finalised. Integrating
people, science and technology in new ways that were
acceptable to the kaupapa, tikanga and matauranga
involved in these two Maori-led projects meant
architecting a Maori science-based open innovation
process from scratch. As with the Veracity project
discussed earlier, architecting new processes is crucial to
successfully aligning teams for network open innovation.

Maori absorptive capacity catalyses
innovation

As we have discussed in Part Two, firms that have
complementary absorptive capacities are those that

are most likely to be able to use science-based open
innovation research, whereas in other cases other forms of
open innovation may be a better response. In some of the
SfTl projects where the Maori partner was already versed
in commercial R&D, such as in the aquaculture project, the
focus has been on the proposed technology’s usefulness
(in this case, underwater sensing to monitor mussel beds)
to enhance the tribe’s economic and social well-being. In
other projects, other techniques have been needed.

While time heavy, co-design of research objectives,
methodologies, reporting and communication has helped

with developing relationships with new partners. As well,
co-design supports the partner’s capacity to engage with
the researchers and the technology with a number of
Spearhead Seed projects adopting this approach.

Another technique has been to identify potential
undergraduate or masters’ students to engage with the
Maori entity as the following quotation notes:

And then we have students which we had the
pleasure to bring on board. A couple actually
whakapapa to Taranaki so it feels pretty awesome
to be in a position where we can try to awhi those
students, and try to teach as much as | can, and to
help them on their studies and share with them
knowledge. They also share with us the knowledge
and help us come up with ideas.

A third approach to support a Maori partner’s technical
capacity has been to involve them more intimately
through funding them as a researcher:

"We've been lucky that we've been recognised
as a full partner in this project going forward.
That was a bit of a struggle getting that
acknowledgement and we're really grateful for it.

It’s been exciting just to learn about the
background of how they build these
algorithms to interpret data, how they build
their fixes and our researchers being able to
explain that to me in plain English so that | can
go out and talk to PKW whanau and tell them
this is what'’s happening."

In this case, the Maori partner has been a key advisor and
knowledge integrator, not only to the researchers but also
to the whanau, building trust in the technology and the
researchers. This intermediary role is key if the potential
users — the whanau - are to see value and hence want to
use the technology.

Acknowledge Maori Intellectual
Property

In light of the concerns raised in “Wai 262’ or Ko Aotearoa
ténei, Maori have particular concerns including around
protection of data. Here we present findings from a
BNZIC survey undertaken in conjunction with Genomics
Aotearoa examining New Zealand research institutes’
Maori IP understanding and practices.
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CASE STUDY SEVEN

Wai 262 and New Zealand
research institutions

Wai 262 outlined a range of areas where Maori

rights and interests ought to be considered. As a
Maori research partner explained, the science sector
should be ‘acknowledging that our matauranga

has whakapapa and that’s embedded in Taranaki

and in our history’. However, attempting to align
Maori cultural concepts to current IP provisions is
challenging, as the two take completely different
approaches of balancing rights and interests through
ownership and responsibility.

Assigning Intellectual Property Rights is the basis for
identifying whose interests can be recognised in future
uses whether that be licensing to enable access through

Creative Commons or licensing for commercial outcomes.

When dealing with matauranga and taonga, Maori have
expressed the need to deal with the collective shared
interest as they transition into intellectual property
regimes (see Figure 7).

A BNZIC survey of 57 New Zealand research institutes
(response rate 29%) revealed that while a significant
proportion were involved with research using
matauranga Maori, only three of the policies made
specific reference to matauranga Maori or Maori data,

Figure 7: Balancing Individual and Collective Interests in IP
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and only one IP policy addressed Maori genomic data.
Over the past 10 years few had sought to commercialise
from matauranga Maori, although where one institution
had, there was a benefit-sharing agreement. There
appeared to be very low capacity to deal with issues

of matauranga/Maori IP rights and interests within
research organisations. This low level of understanding
of matauranga Maori was also reflected at the level of
many individual researchers in the SfTl challenge as the
following quotations from two researchers reflect:

"I don’t think | understand really what is Mdori
IP and how far does it extend?

Also,  haven't had any experience other than
these workshops that we attend - yearly
workshops — the National Science Challenges
are connecting, and the people represent who's
from Maori iwi, talking to us about all these
(Maori IP) aspects. Other than that; directly,

I have no experience there."

Additionally, BNZIC research showed that due to the
increase in global digitization of cultural heritage
resources and international collaborations involving
genetic research from biological taonga, Maori ability to
maintain their rights and interests is limited. And while
digitization may be new, as one of our Maori partners
explained, Maori have ‘always been in the data space’ with
‘a wharenui as (the) original data repository:

Enhancing control over matauranga and/or Maori data
within research and data ecosystems requires more
than just legal interventions. To address the limits of
the current IP regimes, the global Indigenous Data
Sovereignty movement has looked to develop tools and
approaches to articulate Indigenous peoples’interest,
rights and potential governance.

These include policy guidelines, consultation frameworks
and institutional practice protocols of how to deal with
Indigenous artefacts or taonga.”>’*747>7¢ Also being
developed are ‘extra-legal’ tools such as Traditional
Knowledge labels, and Biocultural labels for Indigenous
genetic resources (see Figure 8), that create an
Indigenous digital identifier for a given taonga or dataset
which ensures a record of provenance that supports
ongoing governance and/or pathways for benefit sharing
discussions.

BNZIC research has highlighted that in order to protect
matauranga and taonga a range of approaches is

Figure 8: Overview of TK and BC Labels
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required. Additionally, as the survey showed, knowledge
of these issues in research institutions is limited, and
therefore there is an opportunity to develop further
capacity whether of the specialists in these areas, or
increased education and understanding generally.

At the very least, there needs to be a review of

contract processes between institutions and Maori
partners, with clauses that acknowledge and protect
matauranga and Maori cultural interests — something
that SfTl acknowledged early on and now includes in all
contracting documentation.

The TK Labels are digital markers that establish proper attribution,
access, and use rights for traditional knowledge. The TK Labels are
designed to be customized by Indigenous communities to reflect
ongoing relationships and authority including proper use, guidelines for
action or responsible stewardship and re-use of traditional knowledge.

The BC Labels are digital markers that focus on accurate provenance,
transparency and integrity in research engagements around Indigenous
data. The BC Labels help Indigenous communities define community
expectations and consent about appropriate use of collections and data.
They connect data to people and environments over time.”
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Developing entrepreneurial behaviours

KEY QUESTIONS

B What capabilities enable individuals to collaborate
across boundaries?

B What are the different ways to organise
capabilities within teams? Who should have these
capabilities in teams?

B How can these capabilities be developed?

- ‘I think my role ... has been in just
trying to brainstorm ideas to test.

- ‘Our role in the spearhead is really
about technology development;
we're making widgets and

making sure they work'

- ‘He is the person who can really make links
into industry, work out what's going on exactly.

- ‘But what | believe is that we're researching
into the right areas that will help Maori. ..
We're incorporating tikanga at the right places.

A traditional science orientation likely
predominates in New Zealand'’s science
system

As we discussed in Part Two, moving beyond Mode 1
traditional science places different demands and
expectations on individuals and teams. Our observations
show that SfTl researchers span the different modes

(see Figure 9), with some having primarily a science
orientation involving deep and intensive activities

and relationships, while others have added a societal/
industry orientation with diversified and extensive
activities and relationships.

2

- ‘You care about your research problems,
and you can only make progress on
research problems where you have very
good, open collaborative relationships
with all sorts of people around the world.

-l operate in collaborative spaces all the time

and spaces where I'm not the technical expert...

well, actually | have sort of particular sorts of
technical expertise... the understanding | can
bring ... sort of always add value.

- ‘How can we actually change our design

processes to really consider society in its design?’
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Some SfTl researchers, whose approach aligns with
traditional science, saw their job as “to do the research”;
creating widgets that worked. Others saw their role as
more tech-transfer, doing their science so that they
couldhelp’a particular business sector or community
enterprise achieve its objectives. Then there are
entrepreneurial scientists, ‘A-shaped’ scientists, who
expand on traditional science through leveraging more
extensive transdisciplinary networks. They are motivated
to change scientific paradigms, often at the global

level. Finally, are the science entrepreneurs, those who
directly seek to change society through operating across
disciplinary and science boundaries to actively engage
in both science and societal systems — akin to ‘T-shaped’
scientists. Their vision is aimed at applying science to
deep or abiding societal issues.

To be clear, scientists may move amongst some or all of
these orientations depending on career development
stage, project objectives, institutional environment, and
individual motivation. These hypothetical orientations are
based on our observations of individuals and at this stage
of our research, we are not able to quantify the balance
amongst the various roles across the New Zealand
science sector, although it is likely that ‘traditionalists’ are
more highly represented than other types. We also are
not able to say whether science system rewards for an
entrepreneurial orientation are sufficient or well targeted
to shift individual orientations beyond the short term. We
suspect that certain types of entrepreneurialism that fall
within Mode 1 science orientation are more rewarded,
whether through PBRF, career promotions or funding.
However, we are not certain whether such incentives
reward science-based open innovation and a more
societal orientation directly. Thus, while science volume
(as measured by publications), the numbers being trained
(as measured by higher level degrees), and the size of
science teams increases, science innovation impact has
not necessarily kept pace. This is not unique to New
Zealand and has been observed elsewhere.®'

Maori researchers are more societally-
oriented at an earlier career phase

Maori career trajectories are often more societally
oriented as we noted in the previous section. Within a
‘normal’ career development pathway, scientists’ careers
develop from a deep understanding of their discipline
to broader responsibilities that may see them develop
new science paradigms. Alternately, some may be more
drawn to applied applications of their science and
pursue activities in tech transfer or industry R&D directly.

Building New Zealand's Capacity for Science-based Open Innovation

Maori scientists, in contrast, often need to juggle both
the focused and intensive activities of the traditional
scientist and, at a much earlier career phase, take on
broader societal concerns such as the impacts of colonial
experience within a discipline. Even where their focus

is tech-transfer to the Maori community, such broader
issues are never left behind. There are ways to mitigate
this reality as we outlined in Section 3 Opening Science
for Maori Innovation, however, our observation is that
these are not the norm in practice. Hence, a focus on early
career Maori science pathways is warranted.

To become more entrepreneurial may
require ‘violating’ a scientist’s identity

Research from our team has also shown that, similar

to academic entrepreneurs, funded Pls have hybrid
identities, requiring proficiency across four crucial
roles. These roles are research networker and research
contractor, which are closely aligned with traditional
academic role identities, as well as project manager
and research entrepreneur, which are more business/
entrepreneurial focused roles.

Effectively enacting these four roles requires that Pls
develop a diverse range of skills including network
initiation and management, mentoring, sustaining and
developing the careers of those they recruit to their
teams; project management of significant budgets,

and a range of administration, human resource, legal
and media duties. Additionally, Pls are increasingly
expected to generate societal value by undertaking and
translating science. These enlarged and diverse activities
are generally learned on the job, leading to Pls at times
feeling ‘out of their depth’and ‘violating’ the scope of
what they believe is their real;, or more traditional, Mode
1 job as a scientist.”!

"A key observation is that learning through
experience is typically used to enact new roles
and responsibilities closely aligned with one’s
core sense of self, while learning through
violating a science identity is required for
roles and responsibilities that are foreign to
one’s sense of self."

With many scientists increasingly involved in activities
that require an entrepreneurial orientation that also
includes looking for opportunities with Maori, there is a
need to establish role clarity and provide appropriate
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support and professional development opportunities
for Pls, particularly with respect to Pl role preparation.
This chimes with the theory we discussed in Part Two,
whereby how a Pl thinks about and enacts their science
identity is influenced by their particular experience of
performing that identity, whether through ‘on the job’
learning or through specific academic professional
development.

Capacity development may need to
be understood in relation to team
orientation

Turning now to teams, SfTl's approach has been to focus
on individual capacity development with the expectation
that all SfTI-funded researchers should (and would) take
partin at least one opportunity per year. Data indicates
that even though capacity development is funded

and supported centrally by SfTl, over 50% of eligible
researchers within Spearhead and Seed projects have not
completed any capacity development.® Pls did, though,
undertake more capacity development.

We suggest that it is important for Pls and researchers to
establish clear roles and then to prepare for these. This

is particularly the case for Pls in relation to their role, not
only as an intermediary who can broker relationships and
span boundaries across different sectors or disciplines,
but also their role in facilitating the renewal of
innovation activities within science teams.®

For example, one of our findings is that there are distinct
models within teams for initiating and coordinating
engagements with industry and potentially other
external collaborators. One model is more centralised
with engagement funneled through a focal point or
individual, typically the PI. Through this model, one team
member takes responsibility for coordinating who, when
and how the team engages. While other team members
feed into this process and may be kept informed on this
engagement activity, they primarily focus on technical
challenges related to the project.

In the second model, boundary-spanning engagement

is a more devolved activity, with multiple if not all

team members independently pursuing industry-wide
engagement as required in attending to their own
technical tasks. Within this model, there is less focus on
central and efficient coordination of external engagement
activity and more emphasis on wider distributed and
autonomous industry engagement.

Notably, the centralised model appears to be present
within teams with stronger prior ties amongst team
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members, while the more devolved boundary-spanning
model appears to be present in models in which there are
weaker prior ties amongst team members.

This raises the issue of how prior ties might affect how
teams and team members direct their attention.

Where strong prior ties exist, there may be some hard-
wired assumptions around who is responsible or, who is
best at particular activities, such as external engagement.
Where weak prior ties exist, individual team members
appear more likely to assume responsibilities for key
outcomes themselves to legitimise their value and
contribution to the team. Again, this may indicate that
such team members are trying to expand their science
identities through performing a particular element - in
this case relationship development.

Perhaps what is important to note here is that capacity
development activities need to be nuanced in relation
to team orientations. In some types of teams such as
those where there is centralised control, there may need
to be specific strategies aimed at ensuring individual
team members, beyond but including the PI, are given
opportunities for capacity development.

How leaders structure their teams
may affect how individuals develop
relational innovation capabilities

One of our key observations is that the nature and
number of relationships with external partners shifts
during and after a project.®* While some science teams
initiate broad exchanges with a range of external
actors, these engagements undergo a gradual process
of distillation to both advance and renew the team’s
innovation activities (see Figure 10).

Figure 10 shows that while engagement early on in the
innovation process was broad and inclusive with the
involvement of many team members and outside actors,
it gradually narrows to a more select and stronger set of
ties between a smaller number of team members and
external actors.

This distillation effect is driven by several key factors:
« the need to prioritise and secure time for pressing
science and technical tasks;

« an improved ability to identify which engagements are
most valuable to the immediate needs and goals of the
project;

« stronger team cohesion and task coordination that have
developed since the project commenced.

In the Devising and coordinating phase, engagements
involve framing the initial ideas, listening widely and
brokering new connections. New connections may

bring tensions as external ideas challenge a teams’ pre-
conceived trajectory, perhaps leading to defensiveness
or explanatory type of behaviour. This creates a shift in
the team’s thinking about the new ideas forcing either

an assimilation of the ideas into the project, or rejection
due to scepticism about whether the ideas are actionable.
At this point, the team re-affirms control of the project
and streamlines who they are willing to connect with,
actively decreasing external involvement. In this phase a
team decouples from a broad search for external partners
whilst selecting and nurturing certain engagements
deemed directly relevant to the project’s goals.

The distilling phase frees up some team members to
explore other science-focused initiatives and new lines

of inquiry, some of significant potential, while they

are still working on the original project. Such inquiries
cannot be explored unless team resources are deployed
to pursue them. Team leaders who encourage team
members to pursue new (high potential-high uncertainty)
trajectories and collaborations and who build in a degree
of autonomy into their plans can be contrasted with those
who organise their teams in a more highly structured

and goal-oriented manner. Incorporating flexibility to
pursue exploratory lines of inquiry alongside ongoing
research project objectives serves to extend and renew
the innovation activities of the team.

We observe that SfTl's contracting process of including a
‘pivot’to allow an unexpected opportunity to be pursued
may be one way to signal, at least at a high level, that
flexibility in research should not be penalised.

This pattern shows what we believe is an effective
external engagement process of wide search for

Figure 10: Phases in science team engagement
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There have been over 90 types of human and relational
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and pitching coaching. As well, up until 2020, there
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such opportunities have not been a focus for some,
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to complete the science milestones in their research
contracts. This aspect has not yet been explored in any
depth.

What we can say is that there are some types of capacity
development that individuals have found valuable. To help
us understand the impact of these capacity development
opportunities in both the short and medium term, and
how this might affect the science system more broadly,

we are looking to training and development models such
as Baldwin and Ford’s Training Transfer Model.#” Although
traditionally used in an organisational context, it can be
modified to reflect the context of relational and human
capability development in SfTI.

“Transfer”in the model refers to whether training, or
in this case any form of capacity development, is used
by the individual and results in increased individual
and therefore, team or organisational performance.
Three main factors affect transfer. First, is the individual
themselves, and how they value the capacity
development, its relevance to them and whether it
supports their individual learning needs. Preliminary
findings from SfTl data suggest that some early
career researchers demonstrated greater uptake of
development opportunities, and their evaluation of
these opportunities tended to be more positive.

Second, the design of the capacity intervention, and the
extent to which it closely mirrors the organisational or
research task that will be undertaken, is a key transfer
predictor. For example, we see strong support for Vision

Matauranga opportunities and the all of researcher
workshops. From a capacity development perspective,
these align well and are likely to reflect the value they
provide the researcher in multiple areas of their work.
Similarly, researchers may benefit from the networking and
intellectual stimulation opportunities, as these are likely to
be complementary to many researchers’ other work roles.

The third aspect is the work environment, and integral

to this is the opportunity to use the newly developed
skill through support from the workplace. Again, in SfTI,
researchers tend to be more positive about the capacity
development if it is important to their day-to-day
needs, reflecting the need for SfTl to continually adapt
and be responsive to the capacity requirements.

Success can be reflected through the participants’
‘learning’ (knowledge and skills gained from the capacity
development) and ‘retention’ (using these learnings post-
capacity interventions) of their capacity opportunity as
well as ‘motivation to use’ In SfTl this has been captured
through interview data and capacity evaluations. Ideally,
in SfTl we would like participants to reach ‘maintenance’
(acquired skills are used without thinking) and
‘generalisation’ (acquired skills are applied across a range
of circumstances).

Since its initial funding, SfTl sought to build the

capacity of individuals within the science system, with
generalisation as the top-level outcome. The final stage of
BNZIC research aims to explore these latter two outcomes
in more detail.
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PART FOUR

Implications

This report has identified four key trends
affecting open innovation science. Each
trend provided a springboard whereby we
posed a set of questions, relevant to the
New Zealand science and innovation system
that we answered through our findings,
observations, strategies and illustrative
case studies. This evidence base allows us
to suggest enabling practices and pathways
towards new sets of routinised behaviours
made up of disparate but interconnected
elements.

In this final section, we outline the
implications of our recommendations
for various parts of the New Zealand and
innovation science sector.
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These recommendations have implications for the
wider science and innovation sector. Moving beyond
traditional science is a complex balance amongst policy,
funding, organisational structure, team and individual
orientation.

FOR POLICY-MAKERS AND FUNDERS

1. We see policy and resourcing that encourage or even
mandate engagement as important at the individual
level as this requires researchers to adopt an end-
user attitude and to practice entrepreneurial skills.
However, this is only a partial solution given that it
is likely most researchers fall into the category of
traditional scientist.

2. To encourage entrepreneurial capabilities, and
particularly ‘tech-transfer’ or ‘T’-shaped orientation,
consideration should be given to additional national-
level programmes and incentives. This would benefit
Maori researchers in particular.

3. Tech transfer offices are important innovation
intermediaries whose services help to lower
barriers to value creation and accelerate productive
entrepreneurship activities in the territories in
which they operate. However, they face a number
of barriers to fulfil a more strategic role within the
broader science and innovation ecosystem. Some
of these barriers need to be addressed by ‘'home’
organisations. However, others might be addressed
through streamlining cross-TTO collaborative effort.

4. Funders need to set expectations about how research
collaborations are instigated to address missions or
societal challenges. We see bottom-up expertise as
crucial to identifying the innovation areas. However,
bringing together such experts needs to be funded.
Aligned to this, we see a need to craft the next
stages of research to get to workable and realistic
technologies that can be taken up by industry or
Maori. Some of this can be embedded within the
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project itself, for example design expertise. In other
cases, particularly where the mission pathways are
ambiguous, specialist facilitation and guidance is
essential. We believe making this an expectation
and funding this would reduce the burden felt by
individual researchers and be more efficient.

Funders should incorporate flexibility into contracts
to encourage flexibility to pursue exploratory lines
of inquiry alongside ongoing research project
objectives. SfTI's contracting process of including
a’pivot’to allow an unexpected opportunity to be
pursued may be one way to signal that flexibility in
research should not be penalised.

There is a role for policy makers and funders in
supporting specific innovation ecosystems. This is not
the same as funding particular industries, although
industries are central to this. Nor is it the same as
funding particular locations or regions, although

in some cases location or region may be central to
an innovation ecosystem. Policy makers can work
with particular industries or regions — however, the
science and R&D needed should be facilitated in
collaboration with the science sector. This includes
the necessity for matauranga Maori.

We suggest that there is a need for a national
discussion about a more open stance towards
IP given it can be a barrier to upstream industry
engagement and collaboration.

Likewise, while specific advice around Wai262 is still
being developed, we see a role for policy makers

to clarify and then standardise Maori IP contracting
clauses. Some of this is starting to happen at the
individual organisation level. However, it is not yet
uniform.

Funding Maori researchers’ cultural capacity also
supports innovation. There may be a case for funding
this at a national level.

FOR RESEARCH INSTITUTIONS

10. Given the strategic importance of TTOs in the
innovation ecosystem, more focus should be on
strategic actions targeted at the macro and meso
levels augmenting technology transfer operational
efficiency and effectiveness at the micro-level.

11. To encourage entrepreneurial capabilities,
particularly a‘tech-transfer’ or ‘T'-shaped orientation,
there need to be stronger organisational rewards and
incentives. Maori researchers, in particular, would
benefit.

12. Institutions should consider how to support early
career Maori researchers. This includes mentoring,
tuakana-teina relationships with senior researchers
and whanau-like support activities.

13. PIs may experience feeling ‘out of their depth’
and ‘violating’ the scope of what they believe is
their‘real’ or more traditional role as a scientist.
Institutions should support Pls through professional
development to prepare them for entrepreneurial
activities.

FOR PRINCIPAL INVESTIGATORS AND
TEAM LEADERS

14. Pls need to understand the types of relationship
model that can characterise a team'’s operation,
particularly where strong prior ties are centralised
around core individuals. This supports the need for
focused professional development of other team
members’ relational capacity.

15. Pls and team leaders can have a strong impact
not only on technical capability but also on
entrepreneurial thinking and relationships.

FOR INDIVIDUAL RESEARCHERS

16. Understanding orientations can support a researcher
to identify the most pertinent capacity development
options to enhance entrepreneurial capabilities.

FOR MAORI

17. As Maori researchers are often more societally
oriented at an earlier stage of their career, funding
engagement roles and activities within grants is
warranted.

18. New collaborative formats should be architected
with Maori. This includes co-design of objectives,
methodologies, reporting and communication with
partners. Locations such as marae or environments
with strong Maori involvement should be part of this
and may involve Maori-specific processes, such as
wananga. This enhances Maori absorptive capacity
but itis time heavy.

19. Maori partners who act as key intermediaries should
be recompensed for this.

20. To address the limits of the current IP regimes, in
particular in relation to data, consultation frameworks
and institutional practice protocols should have
greater Maori input. Maori should also consider using
‘extra-legal’ tools such as Traditional Knowledge and
Biocultural labels.
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Glossary

Absorptive capacity (AC) - The capacity to detect,
translate, integrate, transform, and apply external
information, research and practice in an organisational
setting, typically associated with its level of scientific/
technical understanding.

Aronga takirua - The dual foci (western and Maori)
faced by Maori scientists working in multiple roles within
a research team.

Collaborative science - Science attained via
collaboration or group work.

Cross-disciplinary research - Research involving two or
more academic fields.

Cultural capital - Cultural intelligence and knowledge
as well as the ability to apply it.

Cutting-edge research - Research that is at the forefront
of a field of activity.

Desorptive capacity (DC) - The capacity to recognise
chances to leverage an organisation’s knowledge and
distribute it to other organisations.

Downstream science - Later phases of science after
experimental science that lead to the commercialisation
of science.

High-tech 'stretch' science - Science seeking to build
new knowledge that is innovative and difficult to achieve,
where there is a risk of not being successful.

Human capacity - People skills and abilities for
influencing, collaborating, and communicating.

Maori data sovereignty - Maori data governed by
Maori for Maori governance.

Longitudinal research — Research on individuals or
groups across multiple points in time or an extended
period.
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Mission-led science - Scientific endeavour seeking
knowledge creation and application driven by a common
purpose or mission addressing complex issues.

Open-innovation - Open innovation is the practice of
organisations obtaining ideas from external sources as
well as using internally-generated ideas externally.

Principal investigators (PIs) - The person responsible
for leading and managing a research grant, cooperation
agreement, contract, or other funded project.

Relational capacity - Skills and capability to engage
with others within and across disciplines and sectors.
Specifically, it refers to building and maintaining
networks with industry, Maori and other scientists across
disciplines.

Science innovation system - The people, institutions
(including research organisations and businesses),

and infrastructure engaged day-to-day in innovating,
researching and connecting with each otherin a

wide range of activities that contribute to science and
innovation.

Science sector - Organisations that carry out and
support research, science and innovation.

Science-based open innovation - The activity of
organisations relating to distributed innovation
processes, involving purposively-managed flows of
scientific knowledge across organisational boundaries.

Technical capacity - Technical expertise relating to
research in science disciplines.

Transdisciplinary research - Collaborative research
across disciplines, organisations and sectors that advance
and integrate knowledge.

Upstream science - Early science that includes basic
research, problem definition, and proof-of-concept.
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