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Abstract The importance of taking an integrative

approach to research has long been integral to sustain-

ability science, and has recently been highlighted as fun-

damental to the co-design of research and co-production of

knowledge. Just what this means, however, and how to

implement such a broad notion has escaped effective

methodological development. In order to become more

than a generic descriptor, integrative research needs to be

conceptualized and presented in ways that offer guidance

to researchers designing and conducting integrative

research projects, whilst remaining broad enough to be

relevant to the breadth and depth of sustainability-related

problems. Drawing on complexity theory and fundamental

aspects of integrative research, I present a methodological

framing that seeks to achieve this balance. Using a defi-

nition of integrative research as ‘‘research in the context of

complexity, with an action imperative’’, I draw from

complexity theory that proposes minimal specifications,

generative relationships, focusing on enablers and seeking

diversity as core features of a complexity-based approach.

On that basis I propose four principles that can be used by

researchers to guide the design and implementation of their

projects: embrace uncertainty; engage stakeholders; be

transdisciplinary; and have a learning orientation. Each of

these principles is explained, and their relationships to

research design, methodological framing, choice of

methods and project development are presented. Two

integrative research project frameworks are presented as

examples of how this principles-based approach can be

implemented in research design. Using this approach offers

a simple but powerful structure to guide integrative

research for sustainability science at the project scale.

Keywords Integration � Complex systems �
Sustainability science methodology � Research design �
Transdisciplinarity � Systems thinking

Introduction

Integration forms a major part of the rationale of sustain-

ability science and its distinctiveness from conventional

research. This can be understood as a recognition of the

limitations of increasingly fragmented science; that science

for sustainability-related problems and challenges needs to

devise ways of drawing on conventional science, whilst

allowing for the complexity of those challenges and, cru-

cially, maintaining a focus on innovation, action and

implementation. In this article I present an approach to

integrative research that can orientate researchers to the

methodological task of designing and implementing

research projects that seek to operate within the complexity

of our socio-ecological domains, with a specific aim to

contribute to action, implementation and practical change.

This work arose from exploring integrative research from

the perspective of teaching, rather than researching. It was

the result of developing and implementing a syllabus for an

innovative university course entitled ‘‘Integrative Research

Methods’’, a capstone course for final year sustainability

students in a research methods stream. While research

projects are inevitably (and appropriately) bounded and

contextualised by the problems, scales, and issues they are
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addressing, teaching integrative research required the

development of a framing that extends beyond an indi-

vidual project or program, or a cluster of methods. It

needed to document and address the fundamental charac-

teristics of integrative research, and identify ways for these

to be implemented in sustainability research design and

practice. This should be regarded as one step in a larger

process of methodological development, that does not

restrict the application of other methodologies or methods

but rather places them in an integrative framework in

which the complexity of the research is accommodated.

The framework guides and shapes the integrative, synthetic

aspects of the research project, within which more con-

ventional research components may well be placed. It

includes a definition of integrative research; an under-

standing and implementation of principles drawn from

complexity studies that can be used by researchers to guide

research project development and conduct; and principles

that encourage the emergence of new outcomes from the

basis of consideration of a small number of key processes.

While there have been attempts to formulate integrative

research methodologies (Bammer 2005), these have typi-

cally sought to adapt and develop existing methodological

approaches, such as transdisciplinary and participatory

methods and frameworks (see for example, Wuelser et al.

2011; Jahn et al. 2012; Van De Fliert and Braun 2002). In

the context of education, considerable efforts have been

made to develop effective conceptual frameworks for

guiding and developing research-led education, including

identifying a range of key student competencies (Wiek

et al. 2011), and developing and operationalising a

framework of requirements for higher education for sus-

tainability (Brundiers and Wiek 2011). The work presented

here is consistent with much of this analysis, in particular

highlighting the importance of involving students directly

in research on complex sustainability problems, and fos-

tering their own understandings of the role of research in

transformational change through direct experience.

While all of these approaches are useful, I argue that an

alternative research pathway may be constructed that is

more fully cognisant of the complexity of the problems and

challenges we are seeking to address in sustainability sci-

ence. I draw on the field of complexity science to propose a

principles-based framework approach to integrative

research that places the researcher within the complexity

we are engaging with, rather than viewing complexity as a

characteristic of the issues we are studying. This opens up

new ways of drawing together many existing principles and

practices of integrative research, offering a wide range of

options without being prescriptive, but still giving guidance

as to how to design and conduct integrative research. The

application of this approach is illustrated with reference to

student research projects. This balance between openness,

creativity and innovation with practical guidance and

design criteria may help to create a productive space for

critically and creatively engaging with the complex issues

we confront through sustainability science practice.

Background

The idea of integrative research has been a foundational

aspect of sustainability science since 1999, when the

National Research Council Board on Sustainability wrote:

‘‘Sustainability science will therefore have to be

above all else integrative science—science commit-

ted to bridging barriers that separate traditional

modes of inquiry. In particular, it will need to inte-

grate across the discipline- based branches of relevant

research described above—geophysical, biological,

social, and technological. The same can be said for

sectoral approaches that continue to treat such inter-

connected human activities as energy, agriculture,

habitation, and transportation separately. In addition,

sustainability science will need to integrate across

geographic scales to eliminate the sometimes con-

venient but ultimately artificial distinctions between

global and local perspectives. Finally, it will need to

integrate across styles of knowledge creation, bridg-

ing the gulf that separates the detached practice of

scholarship from the engaged practice of engineering

and management.’’ (National Research Council 1999,

p 283).

This description highlights the multi-faceted nature of

integration in sustainability science: across disciplines,

sectors, scales and between knowledge and action. There

has been a wide range of important approaches developed

over the decade since, that present different conceptual

frameworks for thinking about research in ways that are

more cognisant of complexity (both explicitly and

implicitly) and the challenges of integration. Resilience

thinking, socio-ecological systems research, adaptive

management, adaptive governance, adaptive capacity,

integrative modelling and decision support and social

learning are among the most prominent, but there are many

more (the challenges characterised here are also found in

other fields, notably public health, security studies, glob-

alisation, development, and technology studies, but an

examination of these is beyond the scope of this paper).

These concepts have shaped more holistic and systematic

ways of thinking about the relationships between social and

ecological systems, and offer a range of conceptual models

and frameworks. The importance of integration has been

reaffirmed in related fields such as global environmental

change. The major initiative Future Earth announced in

Sustain Sci

123



2012 emphasises the fundamental importance of integra-

tion: ‘‘Doing ‘Future Earth’ research means committing to

processes of co-designing research agendas and co-pro-

ducing knowledge that addresses issues of global sustain-

ability. These processes lie at the heart of the concept of

integration.’’ (Anon 2012). Yet this begs the simple but

important question of how researchers should set about (co-

)designing and conducting integrative research projects and

processes.

Despite this enthusiasm for the idea of integration, the

development of integrative research practice has been

somewhat more difficult. A recent bibliometric study, for

example, suggests that relatively few publications in the

vast field of sustainability and sustainable development

actually demonstrate cross-disciplinary work (Schoolman

et al. 2012, see also Evely et al. 2010). Literature regarding

the integrative aspects of research has tended to focus on

conceptual and practical ambiguity (van Kerkhoff 2005;

Tress et al. 2005; National Office of Atmospheric

Administration 2004; Stock and Burton 2011), or present

insightful but largely isolated examples of integrative

projects and approaches (Van De Fliert and Braun 2002;

Kueffer 2006; Sherren et al. 2010). Some authors have

sought to consolidate this disparate range of experience and

learning under the single banner of ‘transdisciplinarity’

(Lang et al. 2012; Roux et al. 2010; Hadorn et al. 2008;

Russell et al. 2008) but this has tended to be too broad and

contested a term to gain much methodological traction

(Lang et al. 2012). Other approaches that have sought to

develop integration from the perspective of research design

have tended to look at methods that perform particular

integrative tasks rather than the overarching research

design. McDonald et al. (2009) for example, document 14

dialogue-based methods for integrative research, such as

Delphi technique for integrating expert judgements and

Most Significant Change technique for evaluating complex

interventions; Liu et al. (2008) describe integrative mod-

elling as a tool for linking science and decision-making.

Other researchers have focussed on the institutional aspects

of operationalising sustainability science (e.g. Blackstock

and Carter 2007) or created frameworks for conceptualis-

ing sustainability science and integrative research at mul-

tiple scales (e.g. Jerneck et al. 2011; van Kerkhoff and

Lebel 2006).

Consequently, researchers seeking to ‘do integrative

research’ as a fundamental aspect of sustainability science

confront a bewildering array of case studies, methods,

conceptual frameworks, and diverse interpretations. In

terms of teaching, there is little clear guidance for research

design, methodology and practice at the project scale. This

was examined recently where Wiek et al. (2012, p 1)

argued that sustainability science ‘‘requires a very different

type of research and education … that enables students to

be visionary, creative, and rigorous in developing solutions

and that leaves the protected space of the classroom to

confront the dynamics and contradictions of the real

world.’’ The challenge of developing a methodology of

integrative research is that it needs to be specific enough to

offer genuine guidance in research design and implemen-

tation, yet broad enough to accommodate the wide range of

problems, perspectives and contexts that characterise

sustainability.

Implicit in much of this work is recognition of, and

efforts to address, the inherent complexity of sustainability-

related problems. Yet this issue extends well beyond sus-

tainability-related fields. Despite much rhetoric about

complexity in science, there remains surprisingly little

active development of complexity as a methodological

issue that demands serious reconceptualisation of research

design or practice (Shackley et al. 1996, but see also Ison

2010). Even the field of interdisciplinary studies ‘‘has not

yet adequately studied how systems thinking can facilitate

interdisciplinary learning and problem solving.’’ (Mathews

and Jones 2008, p. 74). Somewhat ironically, we tend to

retain simple, linear research processes for engaging with

complex, non-linear subjects: identify a topic and research

question, define a methodology and method, collect and

analyse data and draw conclusions from that. Even circular

models of research, such as those based on a ‘learning

cycle’ can represent fairly minor modifications to the

standard linear model, often simply restarting the linear

process as the project progresses. Integrative research

fundamentally rejects this linear process as a basis for

research design and practice; we, as researchers, are

embedded within the systems we are examining and

seeking to understand and act within, and so must be pre-

pared to react and respond to our emergent findings in non-

linear ways. This incorporates a genuine commitment to

reflexivity, ‘‘the capacity of an individual agent [the

researcher] to act against influences of socialization and

social structure [including, for example, disciplines], based

on critical self assessment.’’ (Spangenberg 2011, p 279).

Spangenberg goes on to expand the implications of a

reflexive position for sustainability science researchers that

resonates strongly with the complexity-based approach

presented here: ‘‘It questions assumptions such as the

objectivity of the observer, the value neutrality of science,

the kinds of values inherited and possible alternatives, and

the ability to predict future events. It requires the accep-

tance of uncertainty, ignorance and the impossibility of

knowing all relevant facts about evolving systems, and that

the existence of emergent system properties makes micro-

level explanations of macro-level system behaviour

impossible…’’ (op cit.). The implications of a reflexive and

critical approach is emerging as an important theme in

sustainability science (Jerneck et al. 2011).
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In sum then, here we are seeking to build a methodology

for integrative research that takes complexity theory as its

starting point. This inevitably draws from and overlaps

with established and emerging themes in sustainability

science literature, but seeks to reconfigure those in a way

that can specifically address project scale research design.

It is not, and should not be regarded as, a panacea for

solving complex and often intractable problems (Cartledge

et al. 2009); nor does it engage in the kind of ‘‘methodo-

logizing’’ referred to by Shackley et al. (1996), who write

that ‘‘The ever-present danger is that the methodologizing

tendency will merely offer the prospect to existing insti-

tutional forms of adapting to/coping with complexity,

without any serious questioning of their own practices, or

of the changing world in which they are operating.’’

(Shackley et al. 1996, p 217). Rather, it offers guidance

that draws on complexity theory to create a dynamic and

reflexive framework within which research practices can

be questioned and reconstructed, and the wide range of

conceptual and practical ideas relevant to integrative

research can be implemented.

Defining integrative research for sustainability

There are many different interpretations and definitions for

integration in research (Stock and Burton 2011), many of

which are vague and descriptive, rather than specific defi-

nitions (van Kerkhoff 2005). For the purposes of advancing

integrative research as a methodological concept, a degree

of specificity is required—without a functional definition it

is impossible to judge whether the research design or

outcomes were successful as integrative research. The

definition that I worked with in developing this integrative

research approach attempted to capture those aspects that

were absolutely fundamental to sustainability science, and

that highlighted what was different about integrative

research. For the purposes of this approach, integrative

research for sustainability is:

Research in the context of complexity, with an action

imperative

The idea of the context of complexity acknowledges that

not all sustainability-related research needs to directly be

addressing complexity or complex systems as their subject

matter (although many may); however, even the simplest

research questions and projects take place within complex

socio-ecological contexts. From this perspective, integra-

tive research rejects the notion that complex problems can

be addressed by artificially simplifying the research

domain and examining its component parts, and instead

retains a focus on ‘‘relevant and authentic problems’’ (Stark

and Mandl 2007, p 251). The extent to which this

complexity is brought into, or remains contextual to, the

research project is a judgement of boundaries that are at

once practical (in terms of resources available to conduct

the research), strategic (in terms of whose interests can or

must be met), and intellectual (in terms of which questions

are feasible to address given what we know) (Leach et al.

2010). Regardless, complexity inevitably frames the inte-

grative research design, a key distinction from conven-

tional research approaches that seek to abstract the research

from real-world complexity. Importantly, this positions the

researcher as a participant within that complexity rather

than a separate observer of it.

The second part of the definition, with an action imper-

ative, emphasises that integrative research needs to be

actively concerned with processes of change towards sus-

tainability. This corresponds to Wiek et al.’s (2012) dif-

ferentiation between ‘‘transformational’’ sustainability

research and ‘‘descriptive/analytical’’—the definition of

integrative research here deliberately excludes research that

is concerned primarily with the descriptive/analytical task

of increasing our understanding of sustainability-related

issues or problems, but is not seeking to see that under-

standing implemented. Rather it aims to support the

development of research projects that seek to contribute to

transformation in identified ecological, social, political,

institutional or economic arenas, and hence draw together

biophysical and social, economic, political or organisational

concerns. This reflects the idea of sustainability science as

being committed to action and change noted earlier, and

corresponds to the ‘‘need for action’’ starting point identi-

fied by Stark and Mandl (2007, p 251) in the context of

integrating basic and applied research for education.

Other elements could have been included in the definition

of integrative research for sustainability. Other authors

emphasise, for example, issues of uncertainty, scale, and

dynamics as fundamental to sustainability research (Leach

et al. 2010). It could be argued that complexity implies each of

these other dimensions, in that complex problems inevitably

invoke uncertainty, are dynamic and need to be considered

across scales. However, the value of defining integrative

research in terms of complexity in general is that it allows for

various aspects of complexity to be explored or emphasised

depending on the ways in which researchers and collaborators

seek to frame their research questions and problems.

Similarly, others may prefer more politically charged

terms such as ‘empowerment’ or ‘justice’ over the more

neutral action imperative (see, for example, Agyeman and

Evans 2004). Again, however, the aim here was to specify

a broad mandate, that could include empowerment but did

not exclude the many sustainability-related problems that

may not adopt an empowerment mandate or stance. This

clearly poses some questions in terms of where integrative

research, as conceptualised here, stands in relation to the
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fundamental concept of social justice, which will be tou-

ched on in relation to the principles presented below.

Incorporating complexity

Complexity is central to sustainability science, and we

need to take care to specify the way that we are incorpo-

rating complexity in this approach. Complexity has a long

and illustrative history in understanding natural and social

sciences, and socio-ecological systems were among the

first to be described in the language of complexity theory.

Our approach here, however, is not concerned with the

description of complex systems as subject matter; rather, it

is to place research (and researchers) inside those complex

systems, and draw on relevant complexity theories to

actively engage with system dynamics and change (for

similar work in the context of interdisciplinary research,

see Robinson 2008). We seek to use the ideas of com-

plexity to shape our actions as researchers, not as a theo-

retical lens through which to gather and interpret data.

There are few research fields that have explored how

complexity theory might apply to research practice, beyond

rather vague notions of inter- or transdisciplinary faculty

arrangements through which new ideas may emerge ser-

endipitously. Other areas interested in applications of

integrative research have drawn on complexity as a meth-

odological context. In the context of education research,

Stark and Mandl (2007) argue that choice of research

methods and tools, for example, need to be guided by a

complexity-based ‘‘meta-theoretical orientation [that] cor-

responds more with the complex goal structure of inte-

grative research than more unified theoretical and

methodical positions.’’

Organisational management theory offers useful guid-

ance to developing integrative research frameworks that

incorporate complexity theory into their design and prac-

tice, in order to place researchers within that complexity.

Cutting edge organisations and organisational studies have

sought to identify how best to structure work practices in

order to foster innovative solutions to complex tasks and

dynamic contexts; as this is essentially the same goal that

we are seeking in integrative research, the ideas promul-

gated in this context shape the ‘‘meta-theoretical orienta-

tion’’ taken here. While there is a wide-ranging literature in

this area (for a recent overview, see Allen et al. 2011), this

approach draws particularly on the work of Plsek and

Wilson (2001) writing from the domain of health. Plsek

and Wilson usefully distil from the broad range of organ-

isational complexity concepts and models five key strate-

gies that can be implemented in a research context:

minimal specifications; whole system performance; gen-

erative relationships; working with attractors for change;

and fostering diversity. These do not draw specific refer-

ence to other complex systems concepts, such as emer-

gence, self-organisation and self-similarity across scales

that are listed in other writings (for example, Merali and

Allen 2011) as relevant metaphors for organisational

change, but can instead be understood as the strategies that

can deliberately foster key change trajectories such as

emergence and adaptation. This is in recognition of the

limitations of drawing analogies too strongly between

complex biophysical systems and complex social systems.

Although writing from the domain of health research, the

issues and context are broadly congruent with the socio-

ecological dynamics we confront in sustainability science.

Minimal specifications

Complexity theorists have observed that innovation arises

from actors having a large range of choice in actions, cir-

cumscribed by a small number of rules or specifications.

This runs counter to most research approaches today,

which require as much of a project as possible to be agreed

and laid out in detail before the project is started, typically

before it is even funded. Logframe-based project design

and management with detailed plans, specified goals, sub-

goals, activities and milestones is the mainstay of research

practice, and is a far cry from an approach that offers

minimal specifications, and then allows participants to

range freely. Minimal specifications does not mean carte

blanche however—such specifications need to set bound-

aries, allow actors to allocate resources, give direction as to

the overarching goals in place, and give participants per-

mission to step beyond their usual roles or practices. Some

suggestions for relevant minimal specifications will be

presented below.

Whole system performance and boundary setting

As a systems-based approach, complexity theory empha-

sises the importance of considering performance in terms

of the whole system, rather than its component parts. A key

task is to define the system under investigation, and care-

fully consider the gains and losses, inclusions and exclu-

sions that are made in this boundary-setting work. Ulrich

and Reynolds (2010) extensively discuss the importance of

being aware of power relations that are exerted in this

decision-making process, and offer a suite of heuristics, or

key questions that can guide a critical approach to deciding

where the boundaries of our systems lie, and the implica-

tions of such choices. Cartledge et al. (2009) caution that

although negotiating clear boundary conditions and moni-

toring them are helpful for integrative research, they cannot

guarantee innovation and change due to political and social

lock-downs. Other aspects of whole system performance
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may be conceptual rather than political, for example an

integrative research project to conserve biodiversity that

focusses on ecosystem health rather than the protection of a

small number of identified species, represents a shift to a

more complex, integrative goal.

Generative relationships

Generative relationships emphasise the interactive nature

of complexity-based research, where new ideas, processes

and practices emerge (are generated from) relationships

amongst key actors. This casts the role of the research as

creating the spaces in which these generative relationships

can take place and flourish, convening key actors and

structuring interactions in such a way that participants are

able to interact in positive and productive ways. Partici-

patory research approaches have a long history of sup-

porting the development of generative relationships, but are

not the only option. More broadly, Allenby and Sarewitz

(2011) describe the value of ‘‘productive conflict’’ as cru-

cial to developing an anticipatory, rather than reactive,

stance towards knowledge creation. This implies

researchers deliberately opening up thinking and planning

for research to non-researchers, creating spaces for

(bounded) conflict to take place. Many participatory

research methods have been developed for this purpose,

including the use of models (Jones et al. 2009) and game

simulations (Cleland et al. 2012) to foster discussions about

the allocation of resources or environmental stresses that

may generate new ideas and possibilities that creatively

capitalise on this new opportunity. Done well, under

favourable circumstances, this allows new relationships

and pathways to emerge that could not be predicted from

the individuals alone.

Generative relationships can be harnessed early in

integrative research design through processes of collabo-

rative problem framing. For example, Lang et al. (2012),

Leach et al. (2010), and Bardwell (1991) emphasise the

importance of problem framing. Different affected or

involved groups will often frame a problem differently,

reflecting their interests, context and experience. Working

with stakeholders to collaboratively define the boundaries

of the system is itself an important starting point for

developing generative relationships.

Working with attractors for change rather than battling

resistance

In many instances, when confronted with complexity, we

spend considerable intellectual and practical resources

aiming to understand why things do not work out the way

we hoped. Barriers, gaps, roadblocks, shortcomings of all

kinds are targeted, and solutions to ‘fix’ those problems are

devised. Almost inevitably, however, when one barrier is

removed, another springs up in its place, and one person’s

‘solution’ creates another’s ‘problem’. Under complexity

theory, however, resources are directed towards under-

standing why people may choose to act differently; what

may attract them towards a particular goal or desired

change, rather than what is preventing them. This aspect of

complexity theory implies the need for integrative research

to define goals that focus on the positive aspects of change.

The field of appreciative inquiry offers some guidance to

this aspect of integrative research (Reed 2007; Cooperrider

and Whitney 2005). As Watkins and Mohr (2001) write:

‘‘…Appreciative Inquiry focuses on the generative and

life-giving forces in the system, the things we want to

increase.’’ (p 14). This harnesses the creative ability of

people in their own contexts to find innovative ways of

making those changes, once the change becomes attractive

and sought after.

Fostering variation and difference

Science, historically, has tended to favour homogeneity

over heterogeneity, the single ‘silver bullet’ solution to a

problem rather than many solutions. Complexity theory

counteracts this view, regarding variation and difference as

positive and desirable. In complex systems, predictability

is limited, so there will always be unexpected outcomes

from any intervention or change. Having multiple strate-

gies or plans or responses in place allows for more flexi-

bility in the system to react and adapt to emerging or

unpredicted outcomes.

As indicated, these features of complexity are apparent

across a range of research fields and approaches. The ref-

erences presented both above and in the next sections

should be regarded as indicative, not exhaustive. The point

of this approach is to bring them together into a single

framework that can be used to determine appropriate

strategies and methods for designing and embarking on an

integrative research project.

Minimal specifications: a principles-based approach

As noted earlier, the approach presented here seeks to

develop a productive space between dominant, detailed

plan research designs and open approaches that resist any

prescription. In keeping with the implications of com-

plexity in management theory, the first task, then, is to

develop the ‘‘minimal specifications’’. The specifications in

this approach draw from a range of key literatures. These

include participatory research, resilience thinking and

adaptive management, transdisciplinarity and social learn-

ing, but more broadly reflect common themes that are
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widely referred to throughout the range of literatures that

engage with the complexity and integrated nature of sus-

tainability-related challenges. They are presented here as

four principles of integrative research:

1. Embrace uncertainty

2. Engage stakeholders

3. Be transdisciplinary

4. Have a learning orientation

The purpose of these principles is not to act as a formula

to be followed, but rather to pose a series of questions that

research designers can ask in developing an integrative

research project. These are each discussed below.

How does my project embrace uncertainty?

Uncertainty is an inherent aspect of research into complex

systems; these systems are, by definition, dynamic and

changing and continually capable of surprise (see, for

example, Kasperson 2008; Kasperson and Kasperson

2005). The uncertainty and unpredictability of change in

complex environments is not regarded here as something to

be reduced or minimised; it is a dimension of research to be

prepared for—expect the unexpected. In terms of research

design, this means building in regular points of review and

reflection, not simply at the end of the study (for ‘next

time’) but at defined points along the way. It also requires

active surveillance; structures that can monitor relevant

processes on a more continual basis. These can be regarded

as ‘‘scheduled stops’’ along the research project, for eval-

uating progress, direction, change and response in relation

to specified indicators; or be a more fluid and continuous

approach to monitoring. What these relevant processes will

be project-dependent, and themselves subject to review,

but are important to negotiate and begin from the start.

How does my project engage stakeholders? Who?

Are these processes or strategies sufficient?

Working with stakeholders as active participants in

research projects is commonplace (Talwar et al. 2011), and

is clearly supported by considerations of complexity. Al-

lenby and Sarewitz (2011) state this clearly: ‘‘Pluralism is

smarter than expertise’’ (p 163). Blackstock et al. (2007)

propose that stakeholders are typically involved in sus-

tainability science for normative (facilitating social learn-

ing, democratising processes), substantive (understanding

multiple perspectives) and instrumental (improving buy-in

and defusing conflict) reasons. We are not, however,

advocating for ‘‘participatory’’ research in the sense that is

so often given lip service in projects of all kinds, but for a

commitment to building relationships with people beyond

the research project team who have a stake in the project

and its outcomes. From a complexity perspective, in the

absence of certainty and predictability, relationships give

an integrative research approach strength and flexibility

and create opportunities for generative relationships to

form. Given the ‘‘action imperative’’ aspect of our defini-

tion of integrative research, it makes sense for the stake-

holders to be those who can take action in relation to the

research project; although we also need to consider those

not empowered to act who are also affected by the pro-

cesses under consideration. This principle addresses the

second aspect of complex systems noted above, that of

whole system performance. One of the key drivers for

engaging stakeholders is to develop a robust understanding

of what the ‘whole system’ actually is, to collaboratively

determine what may constitute ‘performance’, and to set

functional boundaries around the area of study and the

research questions and action concerns.

Building relationships and sharing power across stake-

holders, however, is often not easy although fundamental

to both the functionality of any actions that may emerge

from the research as well as opportunities to incorporate

issues of social justice. In relation to integrative research

design, in simpler cases a small number of key stakeholders

may be involved in establishing the initial research ques-

tions, and consulted as the study progresses. In more

complex cases, resources may need to be shared more

fully, with the research becoming a less-prominent (but still

important) adjunct to a program of action and social jus-

tice. In either case and at any point along the spectrum

between them, the research needs to be designed to

incorporate qualitative and substantive input from stake-

holders as an integral part of the research process.

Is my project transdisciplinary? In what way(s)?

‘‘Transdisciplinarity’’ covers a wide-ranging academic

discourse that cannot be covered here (for a recent over-

view and perspective see Jahn et al. 2012). Here I draw on

Wickson et al. (2006), who highlight three defining char-

acteristics of transdisciplinarity as problem focus, evolving

methodology and collaboration. While collaboration over-

laps substantially with stakeholder engagement, the prob-

lem focus and evolving methodology dimensions relate to

other aspects of research practice. Sustainability science

starts with a problem focus that eschews disciplinary per-

spectives. It demands taking an emergent approach to

drawing in the research-based inputs and concepts that are

needed as a project unfolds and combining them with

experiences, insights and knowledge of stakeholders. This

requires an academic perspective that transcends disci-

plinary pre-conceptions, but is capable of understanding

and synthesising across a range of disciplinary and non-

disciplinary ideas and theories. These kinds of research
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processes have been developed under the concept of

transdisciplinarity.

A key element of the principle to ‘be transdisciplinary’

also relates to the important point of maintaining a con-

nection to ‘‘scientific practice’’ within any integrative

project, as highlighted by Lang et al. (2012). It can be easy

for theoretical development and other important aspects of

academic work, such as rigour, transparency, peer review

and dissemination to academic audiences to slip from view

in projects that are embedded in action-oriented contexts.

The transdisciplinarity principle serves as a reminder to

ensure that research continues to develop an academic

body of work and thought that abstracts from the day-to-

day project and contributes to our theoretical and meth-

odological understandings of integrative research and its

application to important socio-ecological challenges.

Does my project demonstrate a learning orientation?

Are we (researchers) engaging in structured learning

processes? How?

The final principle reflects and reinforces the previous

three, to reiterate that the objective of integrative research

is to engage in ongoing learning and action, rather than to

identify a prescriptive solution (tool, method, action) to a

complex problem—or at least be alert to any solutions

being inevitably partial, provisional, and likely to generate

new problems. It draws particularly upon the concept of

social learning in the context of sustainability ‘‘the col-

lective action and reflection that occurs amongst different

individuals and groups as they work to improve the man-

agement of human and environment interrelations’’ (Keen

et al. 2005, p 4; see also Loorbach 2010). While learning-

based approaches often imply a circular or spiral research

design, reminiscent of an adult learning cycle (Kolb 1984)

or action research processes (Reason and Bradbury 2008),

they may also be embodied as much in the language and

conduct of the research (critical, reflexive) as in the

structural design, as indicated by the second question. The

key here is to address another aspect of complex systems,

that of developing generative relationships. Generative

relationships that create innovation and new approaches

need not take place within the confines of a particular order

of events laid out in a research plan, and are as likely to

emerge through spontaneous or serendipitous contact as

through planned interactions. In other words, the principle

of learning orientation falls short of prescribing an action

research structure, taking a more flexible stance of learning

being a way of thinking about and articulating the role of

research.

This opens up the possibilities for engaging with

stakeholders and embracing uncertainty, and while circu-

larities in process that enable action research and social

learning to take place will be a highly appropriate strategy

in many cases, it is not proposed here as the only way in

which learning can be framed or manifested in integrative

research.

The integrative research framework

Taken together, the integrative research principles, whole

system performance and boundary setting, and collabora-

tive problem framing create a framework for complexity-

based integrative research, as shown in Fig. 1. These four

principles form the mainstay of the ‘minimal specifications’

indicated by complexity theory. While there are overlaps

among them, each has its own distinctive characteristics as

well; for example, while engaging stakeholders and having

a learning orientation overlap in the sense that part of the

point of engaging stakeholders is to facilitate mutual

learning, learning is also drawn from the emerging research

findings (not implied by stakeholder engagement), and

stakeholder engagement is also for the purposes of

empowerment, action and implementation (not implied by

the learning orientation). Similarly, I do not argue that these

principles are new in terms of research practice; indeed,

each of the elements in the framework have long and

established histories in sustainability research, as briefly

indicated here. Taken separately, they incorporate insights

from diverse fields, theories and practices. Yet as a set, they

allow for any of these to be used, but are not wedded to

them. The role of the principles is to allow researchers to

develop an integrative research design, or framework, for

their project that reflects these ideas in the ways that are best

suited to the questions at hand, and can be developed col-

laboratively and revised flexibly as the project progresses.

Fig. 1 Structure of the integrative research framework
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As a result the researchers and their collaborators can

choose how best to incorporate the principles, which con-

cepts, methods, processes and structures will best facilitate

their implementation in their research project, and to find

the most appropriate balance between them for the action

task at hand.

Similarly, the principles allow for a wide range of

methods to be employed in the course of a research project.

These may be quite conventional (e.g. qualitative inter-

views, ecological data collection and analysis) or be

designed to be ‘integrative’ (e.g. multi-objective decision

support systems). However, the specific research methods

need to be complemented by other structures and pro-

cesses, such as stakeholder committees, working groups,

outreach to affected communities and ongoing revision and

reflection that do not traditionally fall under the category of

‘research methods’, but are nonetheless crucial for an

integrative approach to successfully meet its principles.

Formally incorporating these into the research design and

framework integrates the research into the social and

political processes that an integrative study sits within.

Examples

The following examples are drawn from students’ work in

their final semester projects. The intention here is not to

provide a full and complete analysis of these projects,

which is beyond the scope of this paper (see Wiek et al.

2012 for a more comprehensive treatment of this issue), but

to illustrate the application of the integrative research

framework in real-world applications. The students were

tasked with identifying an issue and defining research

questions, designing a research project using the integrative

principles, and working in teams to conduct the research

over the course of the semester (for similar approaches see

Brundiers and Wiek 2011; Rowe 2007; Stauffacher et al.

2006). I have drawn two examples of the frameworks

developed by students to highlight the variety and the

strength of applying this approach to integrative research,

and have indicated in the cases where the different prin-

ciples were applied. Students were encouraged to draw

their integrative research frameworks in a visual format, an

adaptation of which is included in the diagrams.

Urban wetlands study

In this project, a team of four students developed and

undertook a project to examine the impacts of a recently

completed urban wetland construction project in a local

suburb. This was part of an ongoing program of urban wet-

land construction—the ‘action imperative’ being the gov-

ernment’s existing commitment to continuing to build urban

wetlands, with opportunities for the students’ research to

contribute to that program. They identified and contacted

relevant government staff involved in the creation of these

wetlands, and through conversation with them developed a

provisional research question (stakeholder engagement,

embracing uncertainty) to focus on the social benefits of

such projects, given that the ecological benefits were rea-

sonably well-established but the social impacts were not

(learning orientation). This interaction and openness to

collaborative problem-framing with stakeholders led to a

research question that was relevant to the future program of

work, reflecting the generative dimensions of this approach.

The students then sought and gained permission from a local

community group involved with the wetland to participate

with the community in an upcoming planting day (stake-

holder engagement), in order to observe the community

dynamics, and conduct a small number of semi-structured

interviews. In the course of these interviews they invited

several participants to a second interview,where participants

were asked to take photos in the meantime of the things that

were meaningful to them about the wetlands (being trans-

disciplinary). In the interim they discussed their preliminary

findingswith their government stakeholder, and revised their

research question to better reflect the emerging themes and

concepts as well as a better understanding of the limitations

of the project given time and resources available (embracing

uncertainty, learning orientation). They conducted the sec-

ond round of data collection using focus groups to consoli-

date their understandings from the first round of interviews

and again reflected on their research questions. Through this

they identified social benefits that were arising from the

project, and avenues for further strengthening these benefits

in future projects, sharedwith the community group andwith

the government project officers (learning orientation,

stakeholder engagement). Throughout the project the stu-

dents met regularly (at least weekly in class, but also outside

class times) to debrief on their work, consider new learning

that was arising, revisit their research questions and ongoing

plan, and adjust accordingly. Their research framework is

illustrated in Fig. 2.

This project demonstrated a number of strengths, par-

ticularly a strong commitment to engaging with, and

learning from both those in power (government officials)

and those affected by the development (the community

group). The stakeholder engagement with the government

officials facilitated both effective boundary setting through

collaboratively framing the research question, generating

new opportunities for the students and the government

representatives to investigate and learn. Similarly, the

community members had the opportunity to contribute

their experiences to future planning in a structured way,

that may not otherwise have been sought. Although limited

in scope, within the resources available they were able to
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develop good relationships and identify relevant issues that

were deemed useful by government stakeholders in the

development of further wetlands in the area. In this sense

the researchers were able to place themselves within the

complexity of the socio-ecological system they were

examining, and play a key role in articulating an aspect of

wetland development that was relevant to, and shared with,

decision-makers for future action.

Campus ecological footprint study

In this study the students worked together to identify the

‘best bets’ for reducing their campus’ ecological footprint

(Fig. 3). The ‘action imperative’ was framed by the cam-

pus’ ongoing commitment to reduce its ecological impact

across the university’s range of activities and to demon-

strate leadership in the pursuit of sustainability. The student

work involved collecting and synthesising relevant quan-

titative data regarding the inputs and outputs of the cam-

pus, identified through consultation with the relevant

campus management employees (stakeholder engage-

ment). This data was then used as a basis for a participatory

futures scenarios exercises (embracing uncertainty, trans-

disciplinarity) and focus group dialogue with students, to

generate ideas for how these environmental impacts might

be addressed (stakeholder engagement) with a particular

focus on the feasibility of addressing different sources of

impact. The futures thinking techniques, combined with the

ecological footprint results and following dialogue, artic-

ulated the possible futures for the campus, drawing on

both the quantitative and qualitative data (embracing

uncertainty, transdisciplinarity). Through this process they

identified those areas of ecological impact that were most

amenable to change, and reported those findings back to

the campus managers (stakeholder engagement, learning

orientation). They also used class time to reflect on pro-

gress and ongoing learning, to reassess their strategies and

revisit their research questions and approaches, although

reliance on existing data for the quantitative aspect of the

study meant they had less flexibility in this area.

The strengths of this project lay in a useful combination

of methods that explicitly addressed some of the key inte-

grative research principles. Ecological footprints repre-

sented the quantitative dimensions of environmental impact

that were relevant to stakeholders; futures techniques

allowed student participants to consider possible actions

whilst taking into account uncertainty; and focus group

dialogue around those scenarios developed a qualitative

basis from which to reinterpret the quantitative ecological

footprint, i.e. a transdisciplinary combination of methods.

In contrast, the previous study had used conventional

methods of interviews and focus groups, crafting their

project so that uncertainty was incorporated in the overall

research design, rather than through specific techniques.

Discussion

The student projects presented above indicate both the

efficacy and the limitations of the integrative research

framework. In a positive sense, the principles of the inte-

grative research framework served to orient the students

Fig. 2 Urban wetlands student project research framework Fig. 3 Ecological footprint student project research framework
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towards asking questions that went beyond ‘regular’

research design questions. They prioritised consideration of

how the research may actually contribute to change,

through engaging with existing commitments and ‘change

agents’; they developed and applied research techniques

and tools that worked effectively with stakeholders who

did not have the power to effect change; they reflected

upon the ongoing research process and adapted their pro-

jects as new insights emerged; and they considered

uncertainty in their research contexts and incorporated

processes for addressing it. While each of these examples

are small-scale and relatively simple (reflecting their ori-

gins in undergraduate research projects) they do demon-

strate that projects do not need to be complex in their

design and scale to be able to adopt an integrative stance

that reflects the principles and processes outlined here.

In terms of limitations, they also illustrated the challenges

of effective research in complex arenas. Many of these

challenges are well known and extensively discussed else-

where (see, for example, Lang et al. 2012; Talwar et al. 2011;

van Kerkhoff and Lebel 2006). This framework certainly

does not eliminate the difficulties associated with varying

timelines, lack of resources, communication across disci-

plines or sectors, power disparities, institutional barriers to

change or the many other factors that may fall between

research and outcomes. These were all experienced to some

degree by the students. It is arguable (probably doubtful)

whether either of these projects generated results ‘‘sufficient

for significantly contributing to solving the sustainability

problem’’ (Wiek et al. 2012) as a more rigorous analysis

would examine. Yet from the perspective of teaching, the

relevant outcomes are also in students’ capacities to identify

the characteristics their research designs and processes

should demonstrate—it is as much about asking questions

that can engage with the complexity of socio-ecological

dynamics and contribute to broader action processes as it is

about ‘finding a solution’, and experiencing these challenges

of effective sustainability science first-hand.

In this sense, the integrative research framework is as

much about processes and practices of designing and

engaging in research as it is about creating a readily

identifiable integrative ‘output’. However, it did assist

students to develop and apply the underlying thinking of

how to approach complex problems in potentially trans-

formational ways, making the connections between aspi-

rations towards transformational sustainability science and

research design and practice.

Conclusions

Integrative research to date has typically been used as a

general description for research that seeks to counter the

dominant research approach of fragmentation, between

disciplines, between researchers and practitioners, and

between research-based knowledge and action. The prin-

ciples-based approach presented here, coupled with the

preliminary tasks of problem framing and boundary setting,

offer a foundation from which we can design research that

is flexible and dynamic, yet structured in the sense that

there are guiding goals and practices to give shape and

direction to the research as it unfolds. It also offers a basis

from which students and researchers alike can engage with

the vast array of literature across this domain. Placing this

literature in the context of complexity science draws

functional connections across these fields, that researchers

can use to consider more fully why these approaches are

needed, and how they can be brought together in research

design and practice. This article has focused on the appli-

cation of this approach in an educational context. Future

work could explore the usefulness of this approach as an

analytical or evaluative framework, or for larger-scale

sustainability science project design and development.

While it is not proposed as a panacea for the resolution of

complex sustainability problems, it allows us as sustain-

ability science researchers to engage with the complexity

of the issues we are concerned with, rather than just

observing that complexity, and to incorporate the many

facets of integration presented in the original proposition of

sustainability science. In doing so, the framework approach

presented here can draw on and complement other research

approaches, conceptual frameworks and methods, yet also

gives researchers permission to be creative and active in

their pursuit of sustainability science.
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