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ABSTRACT

The Primary Innovation programme investigated co-innovation to solve com-
plex agricultural problems in five New Zealand primary sector projects. The
projects engaged diverse stakeholders using a collaborative, integrative process
to co-define problems, and co-create and implement solutions. Each project
included a Reflexive Monitor, who facilitated group relationships, encouraged a
systems perspective, and integration of multiple disciplinary and stakeholder
knowledges. Reflexive Monitors also encouraged reflexive practice and adap-
tive project management, while helping the team pursue the project ambition
for change. This paper, with respect to the five projects, seeks to address the
following research question: Is co-innovation an effective research approach for
achieving societal impact from innovations? To address this question, we
describe attempts to operationalise and measure co-innovation through 1)
five behavioural principles of co-innovation, 2) Reflexive Monitors’ focus on
each principle, and 3) the presence or absence of elements of the Integration
and Implementation Sciences Framework (i2S) for enhancing research impact.
We evaluate the relationship between these three process measures and pro-
ject success, measured by outputs and two proxy impact measures: partici-
pants’ subjective comparisons with the counterfactual and anticipated
achievement of desired long-term impacts. Results indicated that the five
principles of co-innovation and the presence or absence of elements defined
in the i2S framework were positively related to the three success measures. This
suggests validity of these measurement tools, and of using a co-innovation
approach and/or systematic attention to the elements of the i2S framework to
enhance the processes, outcomes and impacts of projects tackling complex
real-world problems.
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1. Introduction

This paper uses five case studies from the Primary Innovation programme to
assess how well these projects integrated knowledge, values and goals from a
range of different scientific disciplines and stakeholder groups, across multi-
ple interconnected systems to provide collaboratively developed solutions to
complex real-world problems. Primary Innovation, trialled, evaluated and
adapted a co-innovation approach to test the usefulness of co-innovation
for addressing some complex problems in New Zealand'’s agricultural produc-
tion system. This programme finished in September 2017 and has been the
subject of a number of peer-reviewed published papers (e.g. Vereijssen et al.
2017; Botha, Turner, 2017; Fielke et al. 2018), a special issue of the journal
‘Outlook on Agriculture’ (Volume 46, Issue 2, 2017) and the Primary
Innovation website (https://www.beyondresults.co.nz/primary-innovation/).
The projects engaged a diverse range of stakeholders from science, industry,
policymaking, practice and primary sector end-users, using a collaborative,
integrative process to co-define problems, and co-create and implement
solutions.

Primary Innovation was a research programme initiated to address the
issue that “Technology transfer in the NZ biological industries is substantially
under-delivering the potential impacts of new technological advances”
(Turner and Botha, 2012, p. 7). Through engagement and participation of
relevant actors in the agricultural innovation system, it is proposed that co-
innovation may enhance the societal impact of research, increasing the
uptake of improved practices and new technological innovations. Thus, a
particular focus of Primary Innovation was on the efficacy of the practice of
co-innovation to create targeted societal impact. In respect to the five Primary
Innovation projects, we seek to shed light on the following research question:
Is co-innovation an effective research approach for achieving societal impact
from innovations? Another hypothesis of Primary Innovation was that co-
innovation is better suited to more complex problems. Although we are
unable to directly address this second question in the current paper, by
examining the nature of complexity in our five case-study, real-world,
research problems, we can offer insight into differences in their structural
complexity, which have logical implications for an appropriate research focus
to achieve societal impact.

We also examine the five co-innovation projects through the lens of the
Integration and Implementation Sciences (i2S) framework developed by
Bammer (2013). This is a transdisciplinary framework for conducting action-
able research to solve complex real-world problems. The framework was also
designed as a tool to systematise the documentation of transdisciplinary
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projects and enable comparative analyses of transdisciplinary projects. We
attempt to measure, for each project, the degree to which the elements of the
i2S framework have been considered and addressed. Before discussing co-
innovation, i2S, research problem complexity and the methods developed to
measure them, we briefly introduce the five Primary Innovation projects that
served as case studies. Further details about the specific nature of each case
study may be found in Vereijssen et al. (2017).

2. The five co-innovation case studies

Nutrient Management (NM) Project — this project started in 2012 and from
conception was designed to be a co-innovation project. The aim of the NM
project was to support farmers to comply with changing, and increasingly
stringent, regional water quality regulations (Pinxterhuis et al. 2018).

Tomato Potato Psyllid (TPP) Project — this project commenced in October
2013 but only became involved with Primary Innovation (and the practice of
co-innovation) from June 2014. The aim of the TPP project was to develop
controls for the TPP, a pest damaging potato crops, for the New Zealand
potato industry (Vereijssen, Williams, 2017b).

Heifer Rearing (HR) Project — this project began in September 2013 and
from conception was designed to be a co-innovation project. The aim of the
HR project was to improve the New Zealand dairy herd reproductive perfor-
mance by lifting the proportion of heifers entering the national herd at target
live weight (Pinxterhuis et al. 2018).

Water Use Efficiency (WUE) Project - this project started in October 2012
and from conception was designed to be a co-innovation project. The aim of
the WUE project was to improve on-farm irrigation decisions using better
characterisation of irrigation demand and accurate short-term weather fore-
casts (Srinivasan, Bewsell, Jongmans, Elley 2017; 2019).

Log Segregation (LS) Project - this was a forestry sector project the aim of
which was to develop cost-effective approaches to characterise and deal with
variation in wood properties within and between trees to enhance value-
added production (Moore 2019).

3. The nature of co-innovation

Transdisciplinary research to address complex real-world problems empha-
sises the need to involve disciplinary experts along with non-academic sta-
keholders ‘to generate a shared understanding and way of tackling the
problem, which then guide the investigation and the implementation of its
findings’ (Bammer 2013, p. 8). Co-innovation puts this transdisciplinary,
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collaborative concept into practice and has gained popularity as an approach
to deal with complex issues in agricultural systems science. “The intention is
that problems are addressed through a co-evolution of technologies, prac-
tices, policies and market changes undertaken in processes of collaboration
and negotiation involving multiple stakeholders” (Coutts et al. 2017, p. 99). A
significant element of co-innovation is the involvement of appropriate pro-
cesses and actors in the research programme to ensure solution implementa-
tion via increased relevance, buy-in and aligned social, institutional and
market changes. To achieve the desired outcome - innovations in policy,
practice or technology - the actors in co-innovation are required to co-learn
about the shared problem, context and science, co-create and co-evaluate
solution ideas, and co-develop and implement them, as their involvement,
skills and roles are required (Botha, Klerkx, Small, Turner 2014).

In practice, there seems to be few hard and fast rules governing the
concept of co-innovation. Rather, co-innovation might be described as an
organically evolving toolkit of principles, practices, processes, tools and tech-
niques designed to help innovation teams come up with practical, sustain-
able solutions to complex problems (Botha et al. 2017). Co-innovation aims to
produce solutions with attributes of scientific credibility, political and orga-
nisational authority, and public and stakeholder legitimacy through the
process of fostering dialogue, engagement and co-production with actors
in each of these realms.

Numerous authors have contributed to defining different aspects of co-
innovation. Klerkx et al. (2012) and Wieczorek and Hekkert (2012) discuss its
systemic nature. Bitzer and Bijman (2015) emphasise the aspects of collabora-
tion, coordination and complementarity, while Lee, Olson and Trimi (2012)
focus on collaboration, convergence and co-creation. Kilelu et al. (2013) note
that concepts, values, technologies, and institutional rules may need to co-
evolve. Beers et al. (2016) discuss the relevance of co-learning and social
learning amongst participant stakeholders, while Klerkx and Gildemacher
(2012) note the importance of brokering in the practice of co-innovation,
and Ingram et al. (2020) highlight the role of contextual factors and facilita-
tion processes in shaping co-innovation processes.

The practice of reflection and reflexivity (Vereijssen et al. 2017; Ingram,
Gaskell, Mills, Dwyer 2020) and the use of adaptive management (Klerkx,
Aarts, Leeuwis 2010) all contribute to the concept of co-innovation. Co-
innovation teams sometimes utilise a process referred to as ‘Reflexive
Monitoring in Action’ (RMA). This is an interactive methodology to encourage
reflection and learning within groups of diverse actors that seek to contribute
to system change to deal with complex problems. Iterative, collective reflec-
tion on the barriers and opportunities of the current system helps to
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stimulate collective learning and the design of adaptive systemic interven-
tions. The RMA methodology also involves iterative reflection on the institu-
tional setting (context) in relation to the long-term ambition for change
(project purpose/end-goal) and project actions and activities and their effects
(Van Mierlo, Arkesteijn, Leeuwis 2010; Van Mierlo, Regeer, van Amstel et al.
2010b). To encourage and help innovation project teams implement the RMA
methodology, a specialist role called a ‘Reflexive Monitor’ is sometimes
employed.

4. Co-innovation as practiced in Primary Innovation

Primary Innovation, while employing most of the elements of co-innovation
noted above, nonetheless, like others before, developed its own unique
version of co-innovation; focussing on the role of research in co-innovation
for societal impact. It involved taking a systemic approach in each of the case
studies (Turner, Klerkx, Rijswijk, Williams, Barnard 2016; Turner et al. 2017),
and used Social Network Analysis along with knowledge and innovation
brokering (King 2017; King, Fielke, Bayne, Klerkx, Nettle 2019). The concepts
of up-scaling and out-scaling in the agri-food sector were employed
(Beechener 2017; Beechener 2020) using a community of change (Turner et
al. 2017b). Additionally, the programme utilised monitoring and evaluation
theory and practice for learning and context-specific adaptive management
in the projects (Turner et al. 2017; Botha, Coutts, 2017; Vereijssen, Williams,
2017).

In addition, each innovation project team was assigned a Reflexive
Monitor, to assist them to put co-innovation into practice and help realise
the projects’ change ambitions/impact goals (Fielke et al. 2017; Rijswijk,
Bewsell, Small, Blackett 2015). Primary Innovation also developed a set of
guiding principles. Initially, nine principles were identified (Coutts et al. 2017)
informed by ex-post analysis of three co-innovation projects (Fielke et al.
2018), and loosely based on Nederlof et al.’s (2011) principles for agricultural
innovation platforms. During the course of the programme, these nine prin-
ciples were refined to five key principles designed to guide project teams in
their practice of co-innovation (Boyce et al. 2016).

However, despite the above similarities between the five co-innovation
projects, the teams worked independently of each other with each team
applying the principles of co-innovation in its own way, and to varying
degrees, to reflect the unique context of the project; team capabilities, and
the nature of the problem being worked on (Pinxterhuis et al. 2018). Likewise,
each group had its own Reflexive Monitor who developed a unique relation-
ship with the rest of the project team, placing differing degrees of emphasis
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on each of the five principles. Thus, there was variation amongst the co-
innovation teams with respect to their practice of the principles of co-innova-
tion and their Reflexive Monitors’ focus on the principles (Coutts et al. 2017).
For the purpose of this paper, we will expand on the latter two aspects of co-
innovation as practiced in Primary Innovation: the five principles of co-inno-
vation and Reflexive Monitoring.

5. The five principles of co-innovation

The nine principles (Coutts et al. 2017) were consolidated into the following
five behavioural principles (Boyce et al. 2016, p. 3) by drawing on lessons from
successful research projects (Turner et al. 2017):

)

Involve partners and stakeholders - this is about being inclusive of all
who may be affected by the research issue or its solution, involving
them in the research process from the beginning planning stages
(Boyce et al. 2016).

Take a problem focus - ‘The focus of your research proposal should be
on addressing a problem or realising an opportunity as the outcome of
an interactive [process] ... rather than linear technology transfer of a
solution from “experts” to “end-users” (Turner, Klerkx, Rijswijk,
Williams, Barnard 2016: p. 4 as cited in Boyce et al. 2016, p. 7).
Assemble and nurture the right team - an interdisciplinary/transdisci-
plinary research team requires a diverse range of skills, not just limited
to appropriate disciplinary and interdisciplinary skills but also including
social process skills such as collaboration, facilitation, managing group
dynamics and power hierarchies, managing interpersonal relation-
ships, brokering, negotiating, knowledge exchange, knowledge inte-
gration and science translation. The aim is to form a transdisciplinary
team capable of integrating both scientific disciplinary knowledge
along with local knowledge and expertise of the lay or interested
public (Boyce et al. 2016).

Front up: Share results early and often - “Supporting a team using a co-
innovation approach involves researchers fronting-up to research pro-
gramme participants early and often in order to share data and results
as they emerge, rather than waiting until the end of the research”
(Boyce et al. 2016, p. 11).

Plan-Do-Observe-Reflect: the action learning cycle — “The Plan - Do -
Observe (Monitor) — Reflect cycle emphasises the importance of acting
on what is discovered in the Observe stage. The intention of this
principle is to maintain: a focus on action” (Boyce et al. 2016, p. 13).
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Echoing Coutts et al. (2017), our first hypothesis regarding the five case
studies was:

H1: The stronger the practice of the principles of co-innovation in a project
the greater the probability of the project achieving its desired long-term
impact.

To test this hypothesis a scale was developed to measure the degree to
which each co-innovation project team practiced each of the five principles. A
measure of project output fitness for purpose, and two proxy measures of
project impact, were developed as evaluation criteria to test hypothesis 1.

6. Reflexive monitoring

In the Primary Innovation case studies, Reflexive Monitoring in Action (RMA)
was an important aspect of the operationalisation of co-innovation. This was
supported by the assignment of a Reflexive Monitor to each team.

The Reflexive Monitors’ roles evolved during the lifetime of Primary
Innovation, but it became clear across the separate projects that there was
no single definition, and that the role was dependent on the group and
project (Fielke et al. 2017). Most of the Reflexive Monitors had a background
in social sciences, facilitation and negotiation skills as well as an understand-
ing of social research skills, such as qualitative interviewing and analysis
(Payne 2017). Van Mierlo et al. (2010b) identified two main methods, at
opposite ends of a continuum, that may be used by a Reflexive Monitor:
from appreciative inquiry to critical realism. The Reflexive Monitors in Primary
Innovation identified the major tasks that they carried out as (Payne 2017):

e Supporting role - supporting project manager/team leader and wider
project team

e Getting the project team to where it needs to go

¢ |dentifying conflict - helping to constructively address conflict

¢ Data collector/evaluator - monitoring and making sure the project is on
track

e Facilitating project meetings

e Providing feedback to the project team

e Making sure that the right stakeholders are involved and that everyone
has a chance to participate.

The Reflexive Monitor was not necessarily deeply involved in the project
research but was required to have a good understanding of the goals of
the project and relationship with the project manager, who must also have an
understanding of the co-innovation process and the role of the Reflexive
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Monitor. A significant component of a Reflexive Monitor’s role was under-
standing and managing group dynamics and interpersonal relationships
amongst the project team. When the five principles of co-innovation were
developed, it became the Reflexive Monitors’ job to encourage the practice of
the five principles in the projects.

Therefore, our second hypothesis was:

H2: The greater a reflexive monitor’s focus on ensuring the project practiced
the principles of co-innovation, the greater the probability of the project
achieving its desired long-term impact.

To test this hypothesis a scale was developed to measure the degree of
emphasis a Reflexive Monitor placed on the practice of each of the five co-
innovation principles. The output fitness for purpose measure and the two
proxy measures of project impact, were used as evaluation criteria to test
hypothesis 2.

Next, we briefly overview a recently developed framework for conducting
research addressing complex real-world problems, the Integration and
Implementation Science Framework (i2S) and propose hypothesis 3.

7. Integration and implementation science framework

Another, perhaps more systematic, approach to dealing with complex real-
world problems is the Integration and Implementation Science Framework
(i2S) proposed by Gabriele Bammer (2013). The discipline of Integration and
Implementation Sciences (i2S) arose as a response to the question ‘How can
academic research enhance its contribution to addressing widespread pov-
erty, global climate change, organised crime, escalating healthcare costs or
the myriad other major problems facing societies’ (Bammer 2013, p. 3).

The i2S framework is as an effort to systematise an approach to what is
variously called multi-disciplinary, interdisciplinary, transdisciplinary, action
research, systemic intervention or integrative applied research. Bammer
(2013), in noting that there was no systematic way of approaching, planning
or describing these kinds of research projects, which tackled complex real-
world problems collaboratively, sought to develop a framework that would
systematise the process of integrating disciplinary and stakeholder knowl-
edge, dealing with remaining unknowns and implementing research solu-
tions. Bammer argued that there is a need for a common systematic
framework to enable comparative description and analysis across multiple
transdisciplinary studies to understand what works and what does not work,
and therefore help progress the science of transdisciplinary research.



NJAS: IMPACT IN AGRICULTURAL AND LIFE SCIENCES 13

Such a framework would have to handle systems, values, contexts,
unknowns, and imperfection; which reductionist disciplinary approaches are
unable to competently address. Systems require a holistic understanding but
may have undefined boundaries, feedback loops and non-linear processes,
spatial/temporal cause-effect delays, and emergent properties. Consequently,
manipulation of systems components can sometimes lead to unexpected or
unintended consequences; therefore, the framework must include ongoing
monitoring, evaluation and reflection regarding the research intervention
and resulting system change. Value conflicts are common in transdisciplinary
research projects. These arise from competing values and different desired
end-goals, held by different legitimate stakeholders in the research process or
intervention. Value conflicts must also be revealed and addressed through
the transdisciplinary research framework (Ingram, Gaskell, Mills, Dwyer 2020;
Turner et al. 2020a).

Contexts may involve relevant but complex, social, historical, cultural,
political, economic and other circumstances, and issues of authorisation
and institutional settings. While unknowns, such as known unknowns (some
of which will be research questions), unknown knowns (e.g., tacit knowledge)
and most problematically, unknown unknowns (including the influence of
unknown factors, and the unanticipated or unforeseeable emergent conse-
guences of our research or project activities), may also play an important role
in the integration of knowledge and the successful implementation of
research solutions.

Bammer (2013, p. 18) identifies a ‘research style’ that underpins the
discipline of i2S, integrative applied research, and defines it as ‘a research
style that deals with complex real-world problems by bringing together
disciplinary and stakeholder knowledge and explicitly dealing with the
remaining unknowns, in order to use that integrated research to support
practice and policy change.’ The discipline of i2S has a theoretical structure of
three domains 1) synthesising disciplinary and stakeholder knowledge, 2)
understanding and managing diverse unknowns and, 3) providing integrated
research support for policy and practice change. It provides a five-question
framework to help ‘flesh out’ and understand how each of these three
domains is considered and acted upon in a project. These five questions are
applicable across all three domains. Bammer (2013, p. 21) gives the questions
in a generalised form (i.e., applicable across the three domains), as:

(1) What is the integrative applied research aiming to achieve and who is
intended to benefit?

(2) What is the integrative applied research dealing with - that is, which
knowledge is synthesised, unknowns considered and aspects of policy
and practice targeted?
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(3) How is the integrative applied research undertaken (the knowledge
synthesised, diverse unknowns understood and managed, and inte-
grated research support provided), by whom and when?

(4) What circumstances might influence the integrative applied research?

(5) What is the result of the integrative applied research?

These questions may be asked in any order and may be used iteratively
throughout the research programme to plan, describe/observe, and reflect.
Integrative applied research places a clear ‘emphasis on the exchange of
methodological insights between research groups working on very different
problems’ (Bammer 2013, p. 19). Each question in each domain has a series of
probes, which seek to ascertain if elements of the framework have been
considered or applied. The i2S framework with its three domains and five
questions provides a mechanism for planning, describing and documenting
the methodology, analysing the results of integrative applied research pro-
jects, and comparing across multiple transdisciplinary research projects. From
the above descriptions we may conclude that the co-innovation process is an
example of integrative applied research to find solutions to complex real-
world problems. In our five case studies the research problems lay in the
agricultural innovation systems realm.

Since the i2S framework is specifically designed to increase the value and
usefulness of research at solving complex real-world problems, and therefore
create impact, we proposed hypothesis 3:

H3: The more a project considers/addresses/applies the questions and ele-
ments of the i2S framework, the greater the probability of the project achiev-
ing its desired long-term impact.

To test this hypothesis a process and a measure were developed to test for
the presence or absence of i2S elements in the co-innovation case studies.
The output fitness for purpose measure and the two proxy measures of
project impact are used as evaluation criteria to test hypothesis 3.

Before proceeding to describe the various independent and dependent
measures developed for use in this study, we first consider the concept of
‘complexity’ in real-world problems.

8. The dimensionality of complexity in real world problems

The standard treatment of problem complexity (e.g. Patton 2011) considers
the interaction between two dimensions - the degree of (un)certainty about
how to solve the problem and the degree of (dis)agreement amongst stake-
holders about how to solve the problem. From these two dimensions, Patton
plots the location of problems in 5 spaces: 1) simple, 2) socially complicated,
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3) technically complicated, 4) complex and 5) chaotic. This treatment of
complexity resonates with potential differences and disagreements between
multiple stakeholders and scientific and knowledge uncertainty characteris-
ing complex real-world problems but does not address the layer of real-world
complexity associated with evolving interconnected systems.

Arkesteijn et al. (2015) argued that complex problems, in addition to the
dimensions of (dis)agreement and (un)certainty, have a third dimension.
Namely, systemic stability, which they define as ‘the historically grown
mechanisms that provide stability for the current system and favour existing,
undesirable but normalised social practices, and helps to explain why many
interventions fail to improve the situation’ (p. 100). This is similar to the
concepts of ‘lock-in’ (Verbong and Geels, 2010) or from a positive perspective
'resilience’, in that a highly resilient system tends to return to its original state
after perturbation (Wilson 2014).

This is a logical way of thinking about complexity for real-world problems
that involve 1) multiple affected stakeholders, who potentially disagree on
values and end goals, and may also disagree on beliefs about how the world
works (socially complex), 2) a degree of scientific uncertainty in that there are
known unknowns that can be scientifically resolved (at the lower end of
uncertainty, i.e. simple - if disagreement is low) or known unknowns the
solution to which is less certain (more complex perhaps — technically com-
plicated) and also potentially unknown unknowns (complex emergent prop-
erties) and 3) interventions required in a range of interacting systems that
may vary in their degree of stability. Figure 1, from Arkesteijn et al. (2015)
illustrates the concept.

High Complex
problems

Disagreement Systemic stability

Low

Low High
Uncertainty

Figure 1. Source: Arkesteijn et al. (2015).
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From this analysis of problem complexity, a simple three-item measure of
project complexity was developed and used to assess the dimensional com-
plexity of each project. The results of the five projects’ complexity analyses
are presented and implications of the analyses are noted for research project
focus on achieving impact addressing real-world problems.

9. Project evaluation measures

The evaluation of whether the co-innovation projects achieved their end
goals effectively, is problematic, in that the purposes/end goals/change
ambitions (desired impact) of projects addressing complex real-world pro-
blems may be expected to take many years to achieve. As the Primary
Innovation projects were just finishing at the time these data were collected,
research impacts have not yet achieved full implementation. Therefore, the
most robust project evaluation criterion, empirical measurement of impact by
end-users, is not yet available. As a substitute, or proxy, for direct impact
measurement with end-users we developed three subjective measures of
project success assessed by research project team members:

(i) A fitness of purpose measure of project outputs
(ii) A counterfactual measure of probable project impacts
(iii) An anticipatory impact measure: the project teams’ expectations that
the projects’ intended outcomes and impacts would be achieved

The development of the independent measurement variables and the validity
criteria of dependent variables’ measurements are described below in the
methods section.

10. Methods
10.1. Overview and participants

For the three evaluation measures of effectiveness of the co-innovation
projects in achieving their desired long-term impact (dependent variables’
measures), the measure of the extent to which the five co-innovation princi-
ples were enacted and the measure of the emphasis placed on the co-
innovation principles by the Reflexive Monitor (independent variables’ mea-
sures), data were collected using an on-line survey questionnaire, hosted on
the SurveyMonkey®© platform. The survey was approved by the AgResearch
Human Research Ethics process and consisted of 60 questions. After gaining
participants’ informed consent and ascertaining their innovation projects and
roles, a series of questions examined the project teams’ adherence to the five
principles of co-innovation and the role of the reflexive monitor in promoting
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the principles. Space was given for participants to make qualitative com-
ments about any of the principles and their enactment in their particular
project. The remaining questions comprised the three evaluation (indepen-
dent variables) measures of project impact. The survey was completed by
participants in the last month of the project - September 2017.

A total of 17 Primary Innovation participants (co-innovation project team
members) across the five projects were invited to complete the questionnaire
- 3 from Heifer Rearing, 3 from Nutrient Management, 2 from Water Use
Efficiency, 3 from Log Segregation, and 5 from the Tomato Potato Psyllid
project team. Sixteen of the 17 invitees responded. Participants spent an
average of 30 minutes completing the survey, with a 100% completion rate.

The data for the problem complexity measure and the measure of
absence/presence of i2S elements in each project were gathered at a day-
long workshop in February 2017, seven months before the end of Primary
Innovation. The same 17 participants invited to answer the Survey Monkey©
co-innovation questionnaire attended this earlier workshop plus a few addi-
tional relevant persons taking the total sample size across the five groups up
to 23. The complexity measure was passed out to all workshop participants as
a 1-page paper-based questionnaire. With only three items, this was com-
pleted in a few minutes and collected immediately for later analysis.

Collecting the i2S data took the remainder of the workshop day. Members
from each of the five project teams entered narrative data into a spreadsheet
itemising the three domains and five questions and the various probes
regarding the different elements of the i2S framework. Each group was
assisted by a facilitator trained in the i2S framework. Effectively, the spread-
sheet was a semi-structured interview schedule, which was jointly completed
by each project team’s members with guidance from the facilitators. The
result of this data collection process was qualitative data describing the
projects research process with respect to the domains, questions, and ele-
ments of the i2S framework.

10.2. Complexity measure

A 3-item measure for project complexity was developed from the Arkesteijn
et al. (2015) model of complexity. One item for each of the three complexity
dimensions. Each dimension was rated on a 12-point scale. Two items,
scientific uncertainty and system stability were rated 1 = very low and
12 = very high. The third item, stakeholder disagreement was worded such
that a very high degree of agreement was rated 1 and a very low degree of
agreement was rated as 12. Therefore, all three items have the same direc-
tionality — the higher the score, the greater the contribution of that dimen-
sion to project problem complexity. The project complexity scale dimensions
were scored by each project team in a consensus decision. The overall
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complexity of a project was defined as the mean of the three-dimensional
scores. Following Patton (2011), we categorise the scale’s levels of complexity
as 1-3 = simple problem, 4-6 = a complicated problem, 7-9 = a complex
problem, and 10-12 = a chaotic problem (a seriously complex problem).

10.3. Five principles of co-innovation compliance measure

Participants were asked to rate the extent to which they agreed that each
principle had been adhered to in their innovation project, with between five
and seven question items per principle. Seven-point Likert scale response sets
were used to measure project teams’ adherence to each of the co-innovation
principle question items (1 = strongly disagree to 7 = strongly agree). The
ratings of each principle’s question items were averaged to obtain a rating for
each principle. These five principle ratings were averaged to obtain an overall
rating for the five principles of co-innovation measure. Thus, each principle
was unit weighted in the overall five principle rating. Table 1 presents the five
principles and their respective question items.

10.4. Measure of reflexive monitors’ focus on five principles of co-
innovation

Five statements items were used to measure the degree (7-point Likert scale -
1 = strongly disagree to 7 = strongly agree) to which team members con-
sidered the Reflexive Monitors’ focused on the five principles of co-innovation
throughout their projects’ lives. Table 2 presents the five question items in
the Reflexive Monitor measure.

10.5. The i2S element measure

To collect the narrative i2S data for turning into a quantitative measure, we
first deconstructed the domains, questions and probes of the i2S framework
into discrete elements. We did this for the first four questions in each domain.
We did not do this for the fifth question in each domain because these
questions do not introduce new elements. Rather, the fifth questions were
evaluative questions in which the project teams were asked about the degree
to which they thought they had been successful in addressing the elements
of the domain. Initially, we identified 59 elements across the three domains.
However, after trialling the instrument we removed a number of elements
either on the basis that they were not practical to answer or that they seemed
to largely be repetitive of other identified elements. Thus, the instrument was
refined to 43 elements across the three domains, with domain 1 containing
19 (ex 25), domain 2 containing 9 (ex 12) and domain three containing 15 (ex
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Table 2. Reflexive Monitors' focus on five principles of co-innovation measure: scale
items.

Measure Question Item

Reflexive monitor focus on co- 1) Throughout the project the Reflexive Monitor placed strong
innovation principles focus on involving partners and stakeholders (i.e., ensuring
disciplinary, partner, and stakeholder representation, inclusion,
and participation),

2) Throughout the project the Reflexive Monitor encouraged the
team to take a problem focus,

3) The project Reflexive Monitor helped to enhance team
processes and positive interactions amongst team members
(ensuring procedural fairness regarding contribution and
influence, and helping build and maintain relationships
between team members),

4) Throughout the project the Reflexive Monitor continuously
encouraged early dialogue and discussion of project progress
and results, and

5) Throughout the life of the project the Reflexive Monitor
encouraged the project team to take a reflective, action learning
approach to the research problem and solution generation.

22). Appendix A presents a table in which the three Domains, the four
questions in each Domain, and the elements associated with each of the
question probes are listed.

Three analysts independently assessed each project team’s qualitative
responses and rated the degree to which each of the 43 elements appeared
to be present, or were addressed in the narrative descriptions of the research.
The analysts used a 5-point scale with descriptive anchors at the scale mid-
point and the two end-points where 0 = the element was absent or not
addressed in the data describing the project, the mid-point of the scale
2 = the element was present or addressed to a moderate degree, and
4 = the element was strongly present or addressed to a high degree.

The three analysts then compared their ratings for each of the elements for
each project. If there was more than 1 scale point difference between their
ratings of an element, analysts went back to the original narrative data, and
reached agreement (within 1 scale point) about that element. The final rating
for each element was the mean of the three analysts’ revised ratings. i2S
domain scores for each project were calculated by averaging element scores
within a domain. For each project, the three domain scores were averaged to
create an overall i2S framework score (i.e., an overall rating of how well the
project addressed the whole i2S framework). Figure 2 lllustrates the research
process and methodology for the three research hypotheses.



22 (&) B.SMALLETAL

10.6. Proxy measures of effectiveness of co-innovation projects in
achieving desired impact

The latter portion of the survey collected the performance criteria used to
assess the independent variables; participants were asked to evaluate the use
of the co-innovation process in each of their projects. As previously noted,
due to the fact that a true empirical measure of project impact from an end-
user perspective was not available at the time of data collection, an outputs
measure and two proxy impact measures were developed to provide the
project teams’ subjective assessments of the probable impact of each project.
Question items in these three measures took the form of statements which
participants were asked to indicate their level of agreement with using a 7-
point Likert scale (1 = strongly disagree to 7 = strongly agree).

For the first measure, consisting of five items, participants rated their
project outputs to date, assessing their degree of fitness-for-purpose. The
second measure, using seven items, asked participants to rate the extent to
which they agreed that using a co-innovation approach enhanced project
success over the counterfactual of not using a co-innovation approach.
Participants were informed that ‘This is a very subjective question and we
are interested in your best guess/intuitive response. It may help if you try to
compare your co-innovation project against another similar project where

Mixed methods research process

Operationalised 12S
Framework with a Three analysts rate the
series of probes for response for the degree
each question in to which each i2S
each Domain ﬁ element was addressed
(probes identify 12S by the project using a 0-
elements) 4 scale, O=element
1 day facilitated absent, 2=element
Pl co- workshop with moderately present,
innovation project teams to ‘ 4=element strongly
projects. — collect qualitative present
End of 5- data about the
year PI projects using the
program i2S framework

Pl project evaluation: 3 proxy impact measures
1) Fitness for purpose of project outputs
2) Counterfactual impact
3) Anticipatory impact: Project teams’ expectations that
their project’s intended impacts would be successfully
achieved overtime.

Figure 2. Process and methodology for addressing three study hypotheses.
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the principles of co-innovation were not practiced.” For the final four item
measure, participants were asked to look forward, and in lieu of elapsed time,
estimate the success of project outcomes and impacts, according to the
research problem they were addressing. Participants were informed that
‘Often the elapse of a significant time period is necessary before introduced
innovations or system interventions achieve their desired (long-term)
impacts. In lieu of elapsed time, this proxy measure of project outcome/
impact success is your subjective assessment (best guess/intuition) of the
likely long-term outcome/impacts of the project.” They were asked to ‘Think
about the wider influence of the project’s outputs and outcomes in regard to
addressing the identified research problem.” For each of these three proxy
impact measures, the overall measurement score was the mean of each
measure’s items’ ratings. Table 3 presents the three proxy impact measures
and their statement items.

11. Results and discussion
11.1. Project complexity

Table 4 presents the results of the project dimensional complexity analysis. All
five projects have an overall complexity score ranging between 7.0 and 7.7
placing them just in the complex range. However, our analysis shows that the
dimensional structure of complexity is different for each of the projects. The
implication from this result is that dimensions of greatest complexity indicate
a focal point for research emphasis for the creation of impact.

Scale: All three complexity dimensions rated on a 1-12 scale. Scientific
uncertainty: 1 = very low scientific uncertainty, 12 = very high scientific
uncertainty. Stakeholder disagreement: 1 = very low stakeholder disagree-
ment, 12 = very high degree of stakeholder disagreement. Systemic lock-in:
1 = very low degree of systemic lock-in, 12 = very high degree of systemic
lock-in. Overall complexity score = mean of three items.

For example, the TPP project has a high degree of scientific uncer-
tainty but a moderate degree of stakeholder disagreement and systemic
lock-in, which perhaps implies a need for the primary research focus for
impact to be on resolving scientific problems in the project. In stark
contrast, HR with a low scientific uncertainty score, a moderately high
stakeholder disagreement score and a very high systemic lock-in score,
has a quite different dimensional complexity structure. This structure
implies that to achieve impact the research focus will need to be on
resolving social differences and systemic implementation aspects. The
WUE project exhibits a somewhat different structural dimensionality,
with scientific uncertainty moderately high, stakeholder disagreement
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Table 4. Dimensional complexity analysis of five co-innovation projects.

Complexity dimension HR NM WUE TPP LS
Scientific uncertainty 4.5 9 8 9.5 8
Stakeholder disagreement 8 7 4 6 7
Systemic lock-in 10 7 1 6 8
Overall Complexity score 7.5 7.7 7.7 7.2 7.0

quite low but very high systemic lock-in. Thus, in this case the primary
focus for project impact should be on the science problem and the
systemic implementation aspects.

This analysis suggests that the dimensional complexity structure of a real-
world research problem is an important consideration to the research focus of
the project. Figure 3 shows the overall project complexity, and the dimen-
sional complexity structure of the five case study projects. The focus of the
research process for real-world impact for each of the dimensions of structure
and the overall degree of project complexity are also indicated.

11.2. Independent variables

11.2.1. Five principles of co-innovation measure

Table 5 presents participants’ perceptions of the degree to which their
project team adhered to each of the principles of co-innovation. Scores
are averages of the question item responses (7-point Likert scales,
1 = strongly disagree, 7 = strongly agree) for each principle. The table
also shows the average score for each project team across all five
principles (i.e. that project team'’s five principles of co-innovation score)
and the average five principles of co-innovation score across all five co-
innovation projects (i.e., total average).

Across all five project teams the average of the five principles of co-
innovation measures equalled 5.1, with individual project team’s average
scores ranging from a low score of 3.2 (TPP) to a high score of 6.3 (WUE).
This spread indicates that the different project teams applied the various
principles of co-innovation to different extents. This variation is useful for
our purposes. The question becomes: is this variation in the dependent
variable positively reflected in variation in the proxy impact criteria
measures? Similarly, there was considerable variation in the ratings
given to the different principles by the different project teams, ranging
from a low of 2.6 (TPP, 4. Front up: Share results early and often) to a
high of 6.8 (WUE, 4. Front up: Share results early and often).

We now consider the results for each of the five principles in each project.
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Implications of structural complexity of research problem
High

scientific
uncertainty ‘ Science/tech emphasis

Co-innovation,
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Figure 3. Structural complexity of primary innovation projects and suggested emphasis
for different dimensional complexity.

Table 5. The extent to which participants agree that their project adhered to the five
principles of co-innovation.

Principle HR NM WUE TPP LS Average
Principle 1: Involving partners and stakeholders 51 6.1 6.5 29 57 53
Principle 2: Taking a problem focus 6.1 59 52 38 57 53
Principle 3: Assembling the right team 42 64 64 34 52 5.1
Principle 4: Fronting up: Sharing results early and often 47 64 68 26 49 5.1
Principle 5: Using the action learning cycle 41 57 64 31 52 49
Average 48 6.1 6.3 32 53 5.1

Scale: 1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree

11.2.2. Principle 1: Involving partners and stakeholders

11.2.2.1. Quantitative data. All project members, excepting those from
TPP, felt there was a relatively strong focus on identifying and involving all
relevant stakeholders and science disciplines from the projects’ beginnings
(mean scores between 5 and 6.3). However, responses were stratified in
regard to building stakeholder relationships, ongoing stakeholder involve-
ment, and the introduction of new stakeholders when needed. This stratifica-
tion saw WUE consistently scored as most positive, followed by NM and LS as
moderately positive, and HR as less positive. Interestingly, this pattern was
consistent with how participants scored their Reflexive Monitors’ application



NJAS: IMPACT IN AGRICULTURAL AND LIFE SCIENCES . 27

of this principle, suggesting participants considered ongoing adherence to
principle 1 as the Reflexive Monitors’ responsibility. The exception to this
pattern was TPP, who scored their Reflexive Monitor as performing moder-
ately well at focusing on this principle, despite scoring overall performance
on principle 1 as poorest for all other questions. This indicates that consider-
ing principle 1 at the very beginning of the project is critical, and TPP did not
have this opportunity as their project started before their involvement in
Primary Innovation. This conclusion is consistent with the findings of
Vereijssen et al. (2017) and Vereijssen, Williams et al. (2017b).

11.2.2.2. Qualitative data. Participants’ comments suggested that project
leader outlook and personality interactions in the project team strongly
influenced whether this principle could be implemented and continue to
be applied effectively throughout the course of the project ... attempts were
futile as the Programme Leader just wanted to run [their] fundamental
science project as per contract with MBI’ and ‘The various personalities of
the project team did not always facilitate ongoing and full utilisation of co-
innovation principles.’

11.2.3. Principle 2: Take a problem focus

11.2.3.1. Quantitative data. Although TPP was consistent in being scored
lowest, HR and NM ratings of ‘taking a problem focus’ were high, and WUE
was somewhat lower. The HR and NM project teams scored themselves highly
on having a clearly identified and defined problem, which was consultatively
defined and considered all disciplines. Conversely, WUE rated themselves
only moderately on these aspects, but considered that the project team
was prepared and able to redefine the problem to a much greater degree
than HR and NM. Interestingly, however, WUE outperformed HR and NM in
adaptive use of the principle 2, and in regard to scoring the Reflexive Monitor
as encouraging the project team to implement the principle. These findings
suggest that benefitting from the use of principle 2 is contingent on not only
having a clear problem definition at the beginning, but also adaptive con-
sideration of the problem. Vereijssen et al. (2017) and Coutts et al. (2017) also
point to the need for adaptive problem definition in co-innovation projects.

11.2.3.2. Qualitative data. Politics between people appeared to be the
most significant barrier to the successful and ongoing implementation of
principle 2 ‘There is quite a degree of contested knowledge between growers
and processors as this is the basis of their transactional relationship. Finding
common ground can be challenging’. Pre-defined agendas, differing view-
points and positions taken by organisations were mentioned as critical issues
and barriers, which project teams raised ‘Due to externally imposed resource
constraints and team dynamics utilisation of co-innovation principles was
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greater in the earlier parts as compared to the latter parts of the project.’
Similar issues and barriers to co-innovation were also noted by Pinxterhuis et
al. (2018).

11.2.4. Principle 3: Assembling the right team

11.2.4.1. Quantitative data. While both the NM and WUE project teams
rated their performance on principle 3 as relatively high and consistent across
the questions, the HR project team demonstrated greater variation. While HR
considered that the project team included an adequately diverse group of
stakeholders, as a group, they rated collaborative performance as low in
regard to having complementary skills, knowledge and personalities in the
team. While the LS team was also relatively consistent across principle 3, they
noted their performance in regard to having the necessary social process
skills for bridging stakeholder relationships to be weaker. This suggests there
is a complex multidimensionality to assembling the right team, from diverse
stakeholders and disciplines, to complimentary personalities, skills and effec-
tive team leadership.

11.2.4.2. Qualitative data. Several participants commented that their pro-
ject team was unbalanced in some regard, such as having too many technical
skills or too many social process skills "We probably could have involved more
facilitators and systems thinkers into the conversation, e.g.,, members of the
Value Chain Optimisation team at Scion. The project team is probably biased
towards technical skills’ and ‘The project team was too heavily slanted to soft
skills rather than having technical experts in the focus area.’

11.2.5. Principle 4: Fronting up: Sharing results early and often

11.2.5.1. Quantitative data. Efforts of the project leader to encourage and
facilitate good communication among the project team appeared to be an
important factor in determining how much communication occurred in
reality. Interestingly, there was a large amount of variation in how partici-
pants’ rated team leaders’ attitudes towards good communication, with
between 2 and 6 points of variation, in three of the projects. Regular dis-
semination of information and progress reports was rated at a maximum (7)
for NM and WUE, while TPP participants disagreed that there was regular
information sharing, and LS was neutral. These findings did not map directly
onto whether participants felt there was an adequate plan developed for
early and ongoing dissemination of project findings. That is, LS rated this
question relatively high, while information sharing in the project team was
not seen as regular. This suggests that two separate plans may be needed for
internal sharing within the project team, and external information sharing
with stakeholders.
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11.2.5.2. Qualitative data. Based on participants’ comments, a barrier to
sharing information among and outside of the project team was the percep-
tion that findings other than those ready for implementation were not useful
to share. Researchers were described as reluctant to share results before they
are definite, and this was recognised as an issue when early engagement and
feedback were critical components within co-innovation ‘Researchers are in
general hesitant to bring out results while doing the work, because prelimin-
ary results do not tell the whole story, and messages may change.” One
research participant noted that it is very important stakeholders understand
that ‘untested knowledge holds risks if acted on, [and] this must be off-set
against the value of early dialogue/debate of early results’.

11.2.6. Principle 5: Using the action learning cycle

The seven questions for principle 5 were distributed throughout the survey,
as using the action learning cycle entails promoting reflexivity under all co-
innovation principles. Furthermore, the project team needed to take time to
apply action learning throughout the entire project, and regularly reflect on
their practice of the principles, while considering how to improve their
application of the principles.

11.2.6.1. Quantitative data. The WUE, NM, and LS project teams (in that
order) showed the greatest focus on reflection and using the action learning
cycle. HR was relatively neutral with, on average, participants neither agree-
ing nor disagreeing with the statement while TPP participants slightly dis-
agreed that their team used the action learning cycle. This pattern was
reflected in both the statements considering the action learning cycle and
reflection with respect to each of the other four principles of co-innovation
and the more general statements of reflection regarding the entire project,
the teams’ overall practice of the principles of co-innovation, and prepared-
ness to modify project activities on the basis of reflection.

11.2.6.2. Qualitative data. Participants considered that the action learning
cycle was easier to consciously put into practice if co-innovation was
embedded in the project from the beginning and if the science team leader
was supportive of the concept ‘Much easier to do this if this culture is
embedded in a project from the start. Must have support from the Project
Leader to enable this to work.’ These qualitative findings are generally
supported by the quantitative results. The TPP project, with the lowest rating
on this principle, started before becoming involved in the Primary Innovation
programme and co-innovation did not enjoy the full support of the science
team leader. The other project, which started before becoming involved with
Primary Innovation, the LS project, was rated lower on this aspect than NM,
and WUE but higher than HR. We note that, although HR was originally
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designed as a co-innovation project, the co-innovation component did not
enjoy the full support of the science team leader, whereas LS, although not
originally designed as a co-innovation project, did experience full support of
the science team leader.

11.3. Reflexive monitors support for co-innovation principles

Under each of the co-innovation principles, participants were asked to eval-
uate the degree to which their Reflexive Monitors encouraged the project
team to implement the principle in practice. Table 6 displays the average
score that each project team’s Reflexive Monitor was given across each of the
five principles, the average score of the project teams across the five princi-
ples, and the overall average score of Reflexive Monitors across all principles
and projects.

Total scores of the extent to which the Reflexive Monitors encouraged
implementation of the principles of co-innovation ranged from 3.1 (HR) to 6.2
(WUE) with the average of the Reflexive Monitors’ total scores being 4.9.
Interestingly, the ratings given to Reflexive Monitors regarding their encour-
agement of each of the co-innovation principles maps relatively closely onto
the scores given for overall performance on the co-innovation principles.

However, several key differences emerge; TPP felt their Reflexive Monitor
encouraged the co-innovation principles to a larger degree than they were
adhered to generally. These ratings appeared to be an acknowledgement
that the programme had already been operating when Primary Innovation
became involved, meaning embedding the principles post-hoc was going to
be difficult. Furthermore, a project member commented that, as the pro-
gramme leader was not on-board with co-innovation, much of the Reflexive
Monitor’s efforts ‘were futile’.

On the other hand, HR felt their Reflexive Monitor encouraged the co-
innovation principles to a lesser degree than they were adhered to generally.
In particular, the project team felt that the Reflexive Monitor did not encou-
rage implementation of principle 3, assembling the right project team. They
felt their Reflexive Monitor encouraged implementation of principle 2, take a

Table 6. The extent to which participants’ agree that their Reflexive Monitor encouraged
the project team to implement each co-innovation principle in practice.

Principle of co-innovation HR NM WUE TPP LS Average
Principle 1: Involving partners and stakeholders 33 53 65 48 57 5.1
Principle 2: Taking a problem focus 40 50 65 42 53 5.0
Principle 3: Assembling the right team 23 63 60 40 57 49
Principle 4: Fronting up: Sharing results early and often 30 47 60 44 57 48
Principle 5: Using the action learning cycle 30 53 60 40 50 47
Average (= RM's total score) 31 53 6.2 43 55 49

Scale: 1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree.
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problem focus, to a larger degree, which was reflected in their overall adher-
ence to the principle as a team. However, the project leader had reservations
regarding the co-innovation approach, and early in the project, a personality
conflict surfaced between the Reflexive Monitor and the team leader. This
conflict remained unresolved at project completion and may help explain
why this Reflexive Monitor despite, according to one participant, having
“more of a focus on Primary Innovation project outputs than on this project’s
work” received the lowest score (3.1) of all the Reflexive Monitors for encoura-
ging the team to practice the five principles of co-innovation.

There were evidently many different perspectives about the role that
Reflexive Monitors were expected to play, and the roles that they occupied
in reality. One project team felt the Reflexive Monitors’ role was as a process
coach, and to convince the team about the value of co-innovation. Another
felt it was the project team’s role to co-support their Reflexive Monitor in
aiding the team to implement the principles effectively. One project team felt
it was their Reflexive Monitor’s role to aid in conflict resolution to contribute
‘to a fair and positive working environment’, while another felt it was their
Reflexive Monitor's responsibility to share results, to engage with stake-
holders and gain feedback. Finally, one project team felt it was their
Reflexive Monitor’s role to look out for ‘blind spots’ and provide a warning.

While some project teams were generally positive about their Reflexive
Monitor, others appeared to have very high expectations about their perfor-
mance across a large range of areas, such as being able to relate well to every
member of the project team. This implies that clearer roles and responsibil-
ities are needed surrounding Reflexive Monitors, and the project team needs
to understand the role they play in also adhering to the principles of co-
innovation (see also: Fielke et al. 2017). Both quantitative data and qualitative
comments were consistent with the proposition that a supportive project
team leader enabled the Reflexive Monitors to carry out their role responsi-
bilities more effectively.

11.4. i2S element presence measure

Table 7 presents results of the analysis of the five co-innovation projects
through the lens of the i2S framework. Table 7 shows, for each co-innovation
project, the average score for each domain and the average of the three

Table 7. Absence or presence of i2S elements in each domain and overall framework.

Domain/overall framework HR NM WUE TPP LS
Average domain 1 (19 elements) 2.7 3.1 3.0 1.3 2.7
Average domain 2 (9 elements) 1.7 29 2.2 1.4 23
Average domain 3 (15 elements) 2.6 33 34 1.5 2.6

Average of three domains 23 3.1 29 14 25
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domain scores. These latter scores are the overall i2S framework scores for the
projects. Note that this method of calculating the project i2S framework
scores unit weights the three domains for each project.

Note: Scores range from 0 to 4, 0 = absence of evidence for consideration
of elements, 2 = moderate evidence for consideration of elements, 4 = strong
evidence for consideration of elements

TPP received the weakest ratings across all three domains and the overall
framework, followed by HR then LS. NM received the highest ratings across
the framework followed closely by WUE. Higher ratings indicate that a project
showed evidence of having considered more of the elements of the i2S
framework during the project research phase. Somewhat similarly to the
project teams’ application of the five principles of co-innovation and the
Reflexive Monitors’ focus on the five principles, we hypothesised that because
the framework was specifically designed to help produce research that is fit
for implementation, greater consideration of the domains and elements of
the i2S framework would lead to better real-world impact.

11.5. Project impact evaluations — dependent variable measures

As previously noted, there were three dependent variable measures devel-
oped for research impact. Table 8 presents the results regarding participants’
evaluations of their co-innovation projects’ outputs. Participants were asked
to rate their level of agreement or disagreement on a 7-point Likert scale with
5 statement items, where 1 = strongly disagree, 4 = neutral, and 7 = strongly
agree.

Regarding project outputs, participants were asked to rate how successful
their project was in delivering project outputs that met policy, industry and
end-user expectations of needs. They were also asked how successful the
project was in achieving an innovative, evidence-based solution, and in
achieving its immediate goals. Finally, participants rated the overall success
of the project in producing outputs that were fit for purpose and for adoption
by end-users.

Table 8. Evaluation of co-innovation projects’ outputs’ fitness for purpose.
Output ‘fitness for purpose’ measure items HR NM WUE TPP LS Mean

Project outputs met policy/industry/end-user expectations and 30 60 65 34 53 48
needs

Project achieved an innovative solution to the problem 50 63 60 32 60 53
Project achieved an evidence-based solution to the problem 47 67 65 32 60 54
Project achieved its immediate goals (i.e. viable solutions to 27 67 65 38 57 51

research problem)

Project produced outputs fit-for-purpose for adoption by end- 40 57 65 3.0 47 438
users

Mean (i.e. scale score) 39 63 64 33 55 5.1

Scale: 1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree
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Overall, participants were mostly positive about their project delivering
innovative and evidence-based solutions to the problem. Interestingly, parti-
cipants felt slightly less confident that their projects were successful in
producing outputs that were fit for purpose for adoption by end users. The
HR project team felt they were relatively unsuccessful at delivering on the
project’s immediate goals of delivering outputs that were viable solutions.
The rationale provided for this was that the time-intensive nature of the
process of co-innovation slowed down the delivery of the immediate outputs.
They were also less confident that their project successfully delivered outputs
that met policy, industry and end-user expectations and needs.

11.6. Project counterfactual (proxy) impact evaluation: Using co-
innovation versus alternative approaches

For this ‘counterfactual’ evaluation, participants were asked a set of questions
about their project processes, outputs, outcomes and impacts, if a co-inno-
vation approach had not been used in their project. That is, did they
believe that using a co-innovation approach improved the project more
than an alternative method would have? Aspects considered were integra-
tion of local stakeholder knowledge, degree to which outputs were fit for
purpose, identification of an implementation pathway and acceptability of
the end solution. Table 9 presents the results of the counterfactual evaluation
for the five projects.

Project mean scores for the counterfactual impact measure ranged from 4.1
(neither agree nor disagree) to 6.2 (reasonably strong agreement). The TPP and
HR had the lowest scale mean scores while NM and WUE had the highest.

Table 9. Counterfactual (proxy) impact evaluation of the five co-innovation projects.

Counterfactual measure items HR NM WUE TPP LS Mean
Co-innovation enhanced integration of local stakeholder 53 60 55 56 57 56
knowledge

Co-innovation resulted in better outputs, with greater fitness for 33 6.7 6.0 44 57 52
purpose

Co-innovation increased likelihood of achieving desired long-term 40 6.7 6.0 3.6 50 5.1
impact

Co-innovation resulted in a more clearly identified implementation 3.0 63 55 44 43 47
pathway

Co-innovation resulted in a solution more acceptable to industry 47 57 6.0 38 67 54
stakeholders

Co-innovation led to a solution more acceptable to end-users 55 60 60 34 67 55
(farmers, producers, growers)

Co-innovation led to a solution that will achieve greater adoption 40 63 6.0 36 6.0 52
and implementation by end-users

Mean (counterfactual score for each project) 43 6.2 59 41 57 5.2

Scale: 1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree
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Across the case study projects, the mean value of the counterfactual measure
was 5.2 - indicating that, generally, participants believed that using a co-
innovation approach would create greater impact than if it had not been used.

Participants were most positive about ‘using a co-innovation approach
enhanced the integration of local stakeholder knowledge throughout the
projects, than would otherwise have been the case’ (mean = 5.6). Similarly,
participants were unanimous in agreeing to a moderate to high degree that
co-innovation resulted in a solution that is more acceptable to industry
stakeholders (mean = 5.5) and end-users (mean = 5.4), than would otherwise
have been the case.

In regard to creating a solution that will achieve greater adoption and
implementation by end-users, NM, LS and WUE were all in strong agreement
(mean scores between 6 and 7). However, TPP (mean = 3.6) and HR
(mean = 4.0) were less convinced. Overall, participants were slightly less
positive that a co-innovation approach had resulted in a more clearly defined
implementation pathway than would otherwise have been the case (mean
across case study project = 4.7).

As is well documented in the literature, the down-sides of using a co-
innovation approach are the time and energy-intensive processes required.
Participants also noted that a dedicated Reflexive Monitor and project leader
are needed, to ‘make it happen’ in practice. One project team found co-
innovation slowed every step down, particularly in regard to disseminating
knowledge, as internal review processes did not acknowledge non-scientific
contributions. Additionally, the use of co-innovation principles was found to
increase the number and type of stakeholders and engagement methods
used in the research process, resulting in increased management and time
requirements (Vereijssen et al. 2017). Thompson et al. (2017, p. 34) in an
analysis of scientist and stakeholder perspectives of transdisciplinary research
claimed that ‘The most widely identified pragmatic concern was a perception
of the process being highly time-consuming and resource-intensive.
Similarly, Turner et al. (2020b) estimated that working as a multi-disciplinary
team had an extra 40% time overhead. For further reflections on the oper-
ationalisation of the i2S framework and the process of conducting this
transdisciplinary research project, see: Robson-Williams et al. (2019; 2020a,
2020b).

Participants had mixed perspectives about what co-innovation provided
as a methodology. One participant felt co-innovation provided ‘structured
guidance/checklist[s] to gauge progress throughout the life of project
towards achieving its desired outcomes’. Another felt that co-innovation
provided more structure and linked the implementation pathway from activ-
ities, to outcomes and impacts. Another participant commented that co-
innovation ‘opened the eyes’ of the project team to some degree, but did
not fundamentally affect the implementation pathway or delivery of outputs.
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Finally, one participant believed that the critical value of co-innovation was
engaging stakeholders regarding the problem and solution, not the project
contract and milestones.

11.7. Anticipatory (proxy) evaluation of co-innovation projects’
impacts

As insufficient time had passed for the full impacts of the Primary Innovation
projects to be realised, research participants were asked to estimate the likely
long-term outcomes and impacts of their projects. This included improvements
in practices, processes, policies or technologies that could have significant impact
on the problem in the long term. It also included the adoption of these improved
processes and practices, and the formation of new social networks that may
strengthen future collaboration potential. Finally, participants were asked
whether they had or were likely to develop a plan, following project completion,
for disseminating and promoting uptake of the research findings.

Participants were moderately positive in anticipating that the outputs of their
project would definitely improve practices, processes, policies or technologies,
and the adoption of these would have significant positive impacts in the long
term. They were also moderately positive that the new social networks that were
formed through their projects would add social capital and strengthen future,
sector collaborative work. While NM, WUE, and LS felt relatively sure that their
projects would achieve adoption of improved practices and processes, HR was
less certain, with two thirds of the participants from the project team indicating
that they disagreed. An HR participant’s comment suggested this was a con-
textual issue due to organisational restructuring that was preventing a plan
being created for use of the research findings. One TPP project participant
indicated that their similarly low score on estimated adoption was because the
project was focused on knowledge generation that would then be developed
and lead to greater impact. Securing ongoing funding to ensure project out-
comes were achieved and extended was an important factor mentioned by
several participants. Table 10 presents the results of the anticipatory impact
evaluation of the five projects

11.8. Correlations between the independent variable measures’ scores

We examined the correlations between the three independent variables. The
five principles score had a strong but non-significant correlation of 0.6
(p = 0.3) with the Reflexive Monitors score — note that a significant role of
the Reflexive Monitors was to encourage the team to enact the five principles.
Interestingly, a very high and significant correlation of 0.98 (p = 0.003) was
found between the five principles score and the i2S framework score. This
reflects the earlier noted similarities between the concept of co-innovation
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Table 10. Anticipatory (proxy) impact evaluations of the five co-innovation projects.

Impact expectation measure items HR NM WUE TPP LS Mean
Adequate plan co-developed for project solution implementation 40 6.0 6.0 3.0 40 4.6
Adoption of research outputs (practices, policies, processes, 50 63 60 36 63 55
technologies) could have positive long- term impact on
problem

Outcome will definitely be adoption of practices or processes with 3.3 63 6.0 32 6.0 5.0
positive long-term impacts on problem

New social networks will increase sector social capital and 50 57 65 46 60 56
strengthen future sector collaborations
Mean 43 61 6.1 36 56 5.1

Scale: 1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree.

and the i2S framework and suggests that when teams enact the co-innova-
tion principles they are also likely to be considering the elements of the i2S
framework. There was a non-significant correlation of 0.53 (p = 0.35) between
the Reflexive Monitor score and the i2S framework score.

11.9. Correlations between the dependent variables’ measurement
scores

Next, we examined the correlations between the three dependent variables.
As all three dependent variable measures (output fitness score, counterfac-
tual score, and anticipatory impact score) were designed to be project
evaluation measures, we expected them all to be reasonably strongly corre-
lated. In fact, all three correlations were greater than 0.98 (p = 0.003).

11.9.1. Comparison of independent and dependent measures’ overall
scores for the five projects

From Table 11 it may be observed that project teams that achieved higher
scores on the independent variables also tended to have higher scores on the
dependent variables. This result suggests that compliance with the five

Table 11. Comparison of independent’ and dependent? measures’ overall scores for the
five projects.

Measure Project teams’ overall scores on each measure

HR NM WUE TPP LS
Five principles' 49 6.1 6.3 3.2 53
Reflexive monitor focus’ 3.1 53 6.2 43 5.5
i2S framework' 23 31 29 14 25
Outputs fit for purpose? 3.9 6.3 6.4 33 5.5
Counterfactual® 43 6.2 5.9 4.1 5.7
Outcome/impact? 43 6.1 6.1 3.6 56

Note: with the exception of the i2S framework score, which used a 0-4 scale, where 0 = absence of
evidence of elements’ consideration, 2 = moderate evidence for consideration of elements, 4 = strong
evidence for consideration of elements, all other measures used a 1-7 Likert scale where 1 represents a
very poor evaluation and 7 represents an excellent evaluation.
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principles, considering the i2S framework domains and elements, and using a
Reflexive Monitor, may be useful practices for enhancing real-world impact
from research.

11.10. Correlational analysis between independent and dependent
variable measurement scores

Finally, Table 12 presents the correlations (and their p values) between the
independent variable measurements and the dependent variable measure-
ments. All correlations between the three independent variables and the
three dependent variables are positive and large, though not necessarily sig-
nificant at the 0.05 level. Each row of the table addresses one of our hypotheses.

Our first alternate hypothesis was: The stronger the practice of the
principles of co-innovation in a project the greater the probability of
the project achieving its desired long-term impact. The five principles
compliance measure correlates positively and significantly (p < 0.05) with all
three evaluation criteria and with the mean of the three evaluation measures.
Thus, the null hypothesis is rejected at the 0.05 level suggesting our results
are consistent with the alternative hypothesis.

Our second alternate hypothesis was: The greater a Reflexive Monitor's
focus on ensuring the project practiced the principles of co-innovation,
the greater the probability of the project achieving its desired long-term
impact. While all the correlations between the Reflexive Monitor scores and
the three evaluation measures and their mean were positive and large, none
of them were significant at the p < 0.05 level. Therefore, the null hypothesis
cannot be rejected and our second alternative hypothesis is not supported at
the 0.05 level by the current data set.

Our third alternate hypothesis was: The more a project considers/
addresses/applies the domains and elements of the i2S framework, the
greater the probability of the project achieving its desired long-term
impact. The i2S framework score correlated positively and significantly
(p < 0.05) with all three evaluation criteria and with the mean of the three

Table 12. Correlations between independent and dependent variables’ measurement
scores.

Variables Outputs Counterfactual Anticipatory Outcome Mean
evaluation evaluation score evaluation score evaluation
score score

Five principles 0.93 (p = 0.02)*  0.88 (p = 0.048)* 0.95 (p = 0.01)* 0.93 (p = 0.02)*
score

Reflexive 0.83 (p = 0.08) 0.83 (p = 0.08) 0.80 (p = 0.10) 0.82 (p = 0.09)
monitor
score

i2S elements 0.91 (p = 0.030) 0.88 (p = 0.047)* 0.94 (p = 0.020)* 0.89 (p =0.018)*

*

score

* correlation significant at p < 0.05.
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evaluation measures. Thus, the null hypothesis is rejected at the 0.05 level
suggesting our results are consistent with the alternative hypothesis. Thus, at
the arbitrary p < 0.05 level of statistical significance, our correlational results
strongly support hypotheses one and hypothesis three, however hypothesis
two is rejected. If the significance level had been set at the less stringent,
p < 0.1, all four of hypothesis two’s correlations would have been significant
and null hypothesis two would have been rejected and the alternative
hypothesis supported.

12. Study limitations

This study has several limitations that need to be considered whilst interpret-
ing the results. Case study sample size — due to the small number of case
studies involved (n = 5) in the correlational analyses testing the hypotheses
(Table 12) there was very low statistical power to find a real effect at the 0.05
level. Due to the relationship between sample size, statistical significance,
effect size, and statistical power, to achieve a statistically significant result for
our sample size, a correlation (or effect size) of at least 0.88 is required. In the
behavioural sciences, a correlation of 0.2 is considered a small effect, 0.5 is
considered a medium effect, and 0.8 is considered a large effect size (Cohen
1988). Thus, all point correlations in Table 12 are large effects (in the case of
the non-significant correlations, the large confidence interval around the
point correlation includes 0), in the cases where significance was reached,
the point size effects are very large. Nonetheless, with a sample size of n =5,
we are very reluctant to draw any generalisations, but rather consider that our
results are suggestive of relationships, and act as positive encouragement for
more research along these lines.

A second limitation is that there were a small number of respondents (from
a small population pool) from each project who were making the assess-
ments of the independent and dependent variables. Across the five case
studies and the six variable measures, participants numbered between 2-7.
With these small sample sizes psychometric analysis of the variable measures
would be inappropriate. Because such cases studies often only have a few
people in them, obtaining large enough sample sizes is difficult. Integration
of results (e.g. meta-analysis) from multiple repetitions of small sample size
projects like this might help develop reliable and valid measures.

The dimensional structure of complexity scale was a three-item measure
with only one item to measure each of the three dimensions. More items to
measure each dimension would improve the reliability of the measure, and
consequently, its potential validity.

As has been previously noted, due to the time lag between project
completion and project impact, the three dependent variable impact mea-
sures are not measures of empirical impact by end-users — the most
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appropriate type of impact measure. One was an output fitness for purpose
measure while the other two were subjective proxies impact measures — a
counterfactual impact measure and an anticipatory impact measure.
Additionally, the participants in this research were members of the project
team, rather than end-users of the project outputs, the most appropriate
group for assessing real-world impacts. Since these are subjective rather than
empirical measures - they may be subject to individual bias on the part of the
participants. To help overcome these limitations an important next step is to
conduct evaluations of the projects’ impacts with end-users after a suitable
period of time has elapsed from project completion. Such a study could also
confirm whether or not research project team members are able to judge the
likely effectiveness and impact of their research outputs.

A fifth potential limitation is in the operationalisation of the i2S framework
and the identification of the framework elements. This was primarily devel-
oped by the first two authors (with some guidance from Gabriele Bammer,
the creator of the i2S framework - though any problems with this decon-
struction are the responsibility of the current authors). Although we adapted
our original element identification, on reflection, as a result of our experience
of using the current instrument (Appendix A) to collect the data presented
above, we consider that considerable improvement may be possible.

Finally, the translation of narrative descriptions of the projects into quan-
titative scores for the absence or presence of i2S elements was a subjective
process and as such was susceptible to individual bias. Additionally, although
the original i2S narrative data was collected with the aid of facilitators knowl-
edgeable about the i2S framework, the validity of quantitative ratings was
limited by the quality of the narrative data. To help counter the potential of
individual bias, we used an inter-subjective process with three rating judges
as previously described.

13. Conclusions

First, we have demonstrated that different real-world problems may be
complex to differing degrees along three structural dimensions of complex-
ity. From this empirical result, we have analytically inferred that problems
with different structural dimensionality may require different degrees of focus
on different aspects of the research process to create the desired long-term
impacts (see Figure 3).

Second, our results supported alternate hypothesis one and are suggestive
of a positive relationship between project team compliance with the five
principles of co-innovation and success of a project in terms of our proxy
measures of impact; output’s fitness for purpose, the counterfactual, and
project team anticipation of impact.
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Third, our results supported alternate hypothesis three and are suggestive of a
positive relationship between consideration of the i2S framework domains and
elements, and three of the project evaluation measures: output’s fitness for
purpose, the counterfactual, and the project teams’ anticipation of impact.

Our results did not support hypothesis two that the Reflexive Monitors
focus on the five principles of co-innovation would be positively associated
with project impact. However, we note the large positive correlations
between Reflexive Monitors’ focus on the principles and the proxy impact
evaluations and speculate that the lack of statistical significance could be a
study artefact due to the very small sample size.

We note that these results must be interpreted with considerable caution
as outlined in the study limitations. With the current data limitations regard-
ing sample size, wide confidence intervals around the correlation effect size,
and low statistical power, we emphasise that these results must only be
considered provisional. However, we believe that the implication of our
results is that the hypotheses considered in this paper are worthy of further
empirical investigation to better understand the relationship between the
independent variables measured and the dependent impact.

We acknowledge that the best dependent variable to test the efficacy of
research impact from a co-innovation or an i2S approach would be an empirical
measure of impact, as judged by end-users, taken after a suitable temporal lapse.
However, we believe that the degree of consistency between our three depen-
dent measures is indicative of the validity of our proxy approach to impact
measurement.

Finally, we hope that our operationalisation of the i2S framework and our
methodological approach to the assessment of impact from different research
approaches provides an example of one way of testing the impact efficacy of
research approaches and perhaps an inkling of assurance for researchers using
co-innovation approaches or using the i2S framework to address real-world
problems.
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