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The 2030 Agenda for Sustainable Development sets out a transformative vision

which has yet to be realised for SDG14 and oceans. Recognition of the “indivisibility”

of the Goals and enhanced integration of ocean governance support this

transformation, but require at least multidisciplinary, or probably transdisciplinary,

approaches. For regions which are highly dependent on development finance, a

powerful leverage point for a transdisciplinary transformation is in the design of

development investments. The work presented here identifies design features of

ocean development-financed projects involving substantial amounts of research in

two Pacific Small Island Developing States (SIDS): Fiji and the Solomon Islands.

Transdisciplinary approaches were closely aligned to what is established as Mode 2

research modalities which focus on participation and multi-knowledge systems, as

opposed to Mode 1 which have a predominantly scientific basis. From the literature

an analytical indicator framework was developed which scored projects on their

Modes of research within four categories: Product, Process, Policy and People. This

framework was applied to five development-financed projects, and permitted the

balance of Mode 1 and Mode 2 to be assessed and significant differences between

projects identified. The work surfaces project features which can be embedded in

the design of ocean investments which promote transdisciplinarity. This tractable

and practical recognition of transdisciplinarity has connotations to the UN Ocean

Decade in its ability to deliver on its transformation rhetoric. With capacity

weaknesses and constrained financial resources in developing countries, and

urgent ocean-related challenges especially in SIDS, moving to designed-in

transdisciplinary and transformational outcomes remains a priority.

KEYWORDS
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1 Introduction

1.1 Transformation through integration

The UN 2030 Agenda for Sustainable Development sets out a transformative vision

which has yet to be realized for SDG14 (“life below water”). In the 2030 Agenda, the 17

Sustainable Development Goals (SDGs) represent a set of interrelated and indivisible

development Goals, although the strength of the connections between the Goals are

uneven (McGowan et al., 2019). Recognition of this “indivisibility” of the goals, means
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that more integrated approaches are required for this envisioned

transformation to sustainable development. SDG14 is highly

integrated to other SDGs, especially in SIDS (Small Island

Developing States) which are reliant on the ocean (e.g. Singh et al.,

2018; Singh et al., 2021). Thus, the global high-level policy frame

demands enhanced integration of ocean knowledge, management and

governance to support this transformation explicit in Agenda 2030.

Present formalized knowledge systems, derived from universities and

research institutes, are “arguably failing humanity” when compared to

global challenges (e.g. Fazey et al., 2020). For more integrated outcomes it

is necessary to traverse traditional scientific discipline boundaries and

combine or connect multiple disciplines. The necessity of working

towards integrated approaches for more sustainable outcomes, has

been embedded into some mechanisms of support, such as the UK

Research and Innovation Global Interdisciplinary Research Hubs (UKRI,

2019) through which this work was undertaken, and the Belmont Forum

which is a partnership of funding organizations, international science

councils, and regional consortia which has a Vision to support

international transdisciplinary research providing knowledge for

understanding, mitigating and adapting to global environmental change.

A review of transdisciplinary funding mechanisms concluded that

research funding agencies that have a critical role to play by directly

supporting and incentivizing transdisciplinary research (OECD, 2020). In

addition, the OECD review concluded with respect to developing

transdisciplinary approaches that “the UN and other international

bodies…. can play an important role in building consensus and catalyzing

action” and that this “requires changes not only within science systems but

also support and engagement from other sectors of society”.

This United Nations Decade of Ocean Science for Sustainable

Development (2021-2030) has a Vision for the “Science We Need for

the Ocean We Want” and a Mission which includes “transformative

ocean science solutions” (UNESCO, 2022a). The Decade requires

financial resources in the region of US $5-7 billion over the first 5

years to fully meet the needs of implementation. The Decade has a

process of endorsing existing initiatives and projects (UNESCO, 2021;

UNESCO, 2022b). Resource mobilization has secured US $855

million, primarily through existing project endorsement, and a

further US $15 million in new funds to support Decade action. A

significant resource mobilization gap of >80% is apparent over the

remaining 5 first years of the Decade; significant additional funds will

be required to meet its objectives (UNESCO, 2022b).

With the UN sustainable development transformation being

predicated on more integrated knowledge and outcomes, and

consequently increasing levels of knowledge and understanding

which traverse traditional discipline boundaries our research

focuses on the research design of the financial resource gap of the

Decade. In a perpetually resource limited environment, efficient and

effective investments become a priority. In Decade terms, this

translates to how best design future programmes, or design criteria

to endorse relevant projects, which ensure this integration-dividend is

captured and the transformation of Agenda 2030 advanced.
1.2 Transdisciplinarity for oceans

The Decade identifies that transdisciplinarity is the key to

transformative knowledge; it states that one of the barriers to
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overcome to achieve SDG14 is that transdisciplinary approaches to

ocean science require a systematic change to framing problems,

identifying resources and disseminating results (UNESCO, 2022a).

Transdisciplinary research has been defined as a comprehensive,

multi-perspective, problem- and solution-oriented approach that

transcends disciplinary boundaries and bridges science with

practice (Pohl, 2011; Franke et al., 2022). The process of joint

knowledge production between experts from different disciplines

(Coghlan and Brydon-Miller, 2014), sectors, and decision levels,

including joint problem formulation, knowledge generation,

application in both scientific and societal practice, mutual quality

control of scientific rigor, social robustness, and practical relevance

leads to transdisciplinary co-production (Polk, 2015). This concept of

‘transdisciplinarity’ was developed in the 1970s (Jantsch, 1972; Piaget,

1972) before the principle of sustainable development (Brundtland,

1987) further encouraged integrative approaches.

Transdisciplinary research has been perceived to (1) tackle real

life problems, (2) address the complexity of these problems by

involving a variety of actors from science and practice and

accounting for the diversity of their perspectives, and (3) create

knowledge that is solution-oriented, socially robust, and

transferable to both scientific and societal practice (Pohl and

Hadorn, 2007; Lang et al., 2012; Berni, 2016). While there is still

ongoing debate on definitions, transdisciplinarity can be

differentiated from multidisciplinary, where knowledge stays within

discipline boundaries, and interdisciplinarity, in which knowledge is a

synthesis of disciplines in a coordinated and coherent whole. In many

ways, transdisciplinarity transcends discipline boundaries by creating

new integrated knowledge (e.g. Bammer, 2005 and Jahn et al., 2012);

this is a fundamental essence of the transformation urged by Agenda

2030, and implicit in the UN Ocean Decade.

While the precise definition and role of transdisciplinary is

becoming somewhat normalized but still debated within academia,

approaches or tools to measure of assess transdisciplinary approaches

are limited. Transdisciplinary studies are still relatively rare, making

up <10% of coastal and marine published work (Riechers et al., 2022).

Many of these studies articulate on transdisciplinarity and

codeveloping solutions-oriented science (e.g. Arkema and

Ruckelshaus, 2017, for the Caribbean ocean conservation; Syddall

et al., 2021, for Pacific tuna fisheries), sometimes focusing on specific

components of transdisciplinarity (such as knowledge integration in

Swedish water research, Hoffmann et al., 2017). Whereas, other

research discusses the form of projects that would promote

transdisciplinarity (e.g. Brink et al, 2018 for ecosystem services and

planning; Wolff et al., 2019, for management of river valleys; Franke

et al., 2022; on marine real-work laboratories to support the UN

Decade), but refrain from developing systematic analytical

approaches or tools to assess and evaluate transdisciplinary progress.
1.3 Towards transdisciplinarity by design

Considerable time and effort were expended by the authors, and

the broader team involved in the One Ocean Hub project, in framing

and structuring transdisciplinarity in a practical and functional way to

support development outcomes. A working definition emerged from

this project through a collaborative deliberative analysis, involving
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one of the authors; “Transdisciplinarity is a collaborative research

process between researchers and the individuals the research is

supposed to engage, benefit, or consider, together developing a co-

designed knowledge generation process” (Strand et al., 2022).

However, progression towards an analytical framework which

had the potential to identify and characterize the transdisciplinary

nature of ocean development investments was frustratingly elusive

(Maharaj and Hills, 2021). This maybe reflects the challenge of

moving from a well-found theoretical and conceptual basis of

transdisciplinarity formulated in the past, to practical application in

contemporary sustainability settings. In our context, literature prior

to the emergence of transdisciplinary research agendas, decades ago,

provided an entry point in practical application of transdisciplinary.

One major approach to transdisciplinarity stems from a March

2000 congress in Zurich, Switzerland, attended by ~800 people from

more than 42 countries, including industry, government, and

academics from nearly 40 disciplines (Klein, 2004). The goal of the

conference was to develop transdisciplinary practice, promote

transdisciplinary research, and create favorable institutional

structures and power incentives (du Plessis et al., 2013; Segalàs-

Coral and Tejedor, 2012). An approach was developed,

subsequently termed the Zurich approach, for which the Network

for Transdisciplinary Research (td-net) is still maintained by the Swiss

Academies of Arts and Sciences (SAAS, 2022).

In formulation the Zurich approach fundamentally drew on the

Mode approach to knowledge generation (Gibbons, 1994; Gibbons et al.,

1994). In summary, the Mode approach identifies two polarized styles or

approaches. Mode 1 focuses on problems of academic interest, which are

implemented in disciplinary ways and involve scientists doing science as

the normative process and organizational fixed hierarchical institutional

arrangements. Whereas Mode 2 involves problems located within the

domain of the solution, change-orientation in knowledge and practice

and more transient institutional arrangement, and transdisciplinary

research methods (Gibbons, 1994; Gibbons et al., 1994). Differentiation

between Mode 1 and 2 in projects and initiatives was tractable (e.g.

Mitchell, 2020); this was our entry point into contemporary ocean

development investments.

The Mode 2 approach to knowledge production was embedded in

the Zurich definition of transdisciplinarity and deliberation and

discourse around transdisciplinarity were mainly fueled by Mode 2

knowledge production (Jahn et al., 2012). Gibbons and his colleagues

“generalized key features of transdisciplinarity – heterogeneity, social

responsibility and contextuality – into a new way to produce scientific

knowledge (Jahn et al., 2012). Consequently, the authors took the

Mode approach as a practical bifurcation for knowledge generation;

with the structure and process of Model 1 obviat ing

transdisciplinarity, whereas the structure of Mode 2 being obligate

to, or at least promulgator of, transdisciplinary approaches.
1.4 Research aim and approach

The primary aim of the research presented here was to elaborate a

tractable and practicable approach for the UN Ocean Decade to

identify transdisciplinary investments which could meet its stated

transformative agenda. A secondary aim was to provide an approach

which could be used by development partners and governments more
Frontiers in Marine Science 03
widely in designing transformative ocean-related interventions for

developing countries.

This study was targeted at two Pacific SIDS which were selected as

they were the two target countries in the region of the One Ocean Hub

project supporting this work: Fiji and the Solomons Islands (the latter

classified as a Least Developed Country). SIDS tend to have a strong

reliance on ocean resources and, the South Pacific/developing country

focus constrains itself to tractable and practical approaches due to the

“persistent disparities in ocean science capacity” (Harden-Davies

et al., 2022) and urgency of action. The approach of the authors

was to journey through the bewildering array of generic discourse of

transdisciplinary to create tangible and practical ways forward, which

could be appreciated by development partners and in government

offices in the South Pacific and elsewhere.

The unit of analysis was recently completed Overseas

Development Assistance (ODA) supported ocean-related projects

which were interrogated to determine their blend of Modes. To

achieve this a literature review identified design features necessary

to promulgate transdisciplinary approaches in ocean development

projects, and then recently completed ocean-related development

projects were interrogated.
2 Methodology

2.1 Development of indicators

An extensive literature analysis of published journal papers and

books was conducted in order to extract the characteristics or features

of Mode 1 and Mode 2. Each publication was reviewed in order to

identify constituent indicators. The analysis identified and extracted

features or characteristics which the authors conferred to being

indicative of either Mode 1 or 2. Consolidation of the list of Mode

1 and 2 candidate indicators removed overlapping or nested

indicators through aggregation undertaken by the authors.

Following this consolidation process, there remained 31 indicators

for Mode 1 and 37 indicators for Mode 2; indicative source references

for each indicator were retained (Table 1). Although the literature on

which the indicators emerged was extensive, some possible indicators

may have been missed in other un-read publications. However, it is a

working assumption that the 30+ indicators for Mode 1 and 2 were

adequate to characterise the project approach.

Subjective iterative shuffling of the indicators was undertaken by

the authors to try to identify coherent higher-level groupings of

indicators. This process concluded with identifying four groupings

of indicators which applied to both the Modes: Product, Process,

Policy and People. The authors termed this the 4P framework and it

was used as the basis of interrogation of specific ocean development

projects (Table 1).
2.2 Selection of ocean-related projects

Development projects which included an ocean component in the

South Pacific region and which were supported by Overseas

Development Assistance were selected for interrogation by the

4P framework.
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TABLE 1 The groups, indicators and descriptions for Mode 1 and Mode 2 which make up the 4P framework.

MODE 1

Group Indicators Summary description and indicative reference

Product a. Stepwise research
b. Conventional output
c. Scientific knowledge
d. Ascientific validity
e. Bio-social separation

f. Production led
g. Research non-ultilitarian
Academic problem-setting

a. One discovery may build upon another (Gibbons et al., 1994)
b. Conventional and applied research outcomes (Kelemen and Bansal, 2002)
c. Production of scientific knowledge (Gibbons et al., 1994, Osborne, P., 2015, Hessels and van Lente, 2008)
d. Adding to the base of disciplinary knowledge with replicability and validity (Kelemen and Bansal, 2002)
e. Permits for a more realistic description of material– biophysical and socio-cultural, epistemic structures,
within separate disciplines (Ostrom, 2007, Scholz, 2011)
f. With respect to usage, production precedes consumption (Kelemen and Bansal, 2002)
g. Not intended to support practice and that potential use do not influence research design (Kelemen and
Bansal, 2002)
Problems are set and solved in a context governed by the largely academic, interests (Gibbons et al., 1994)

Process a. Communication specialism
b. Peer accessibility

c. Consensus
d. Knowledge specialisation
e. Knowledge reliability
f. Cognitive norms

g. Pragmatic conformity
h. Disciplinary challenges

i. Discipline aligned
j. Science application
Technology transfer

a. Discrete areas of specialization communication wise (Gibbons et al., 2001)
b. All research must be communicable in a form that can be understood by one’s colleagues (Gibbons et al.,
2001)
c. Requires consensus, even if a limited one (Gibbons et al., 2001)
d. Knowledge accumulated through the professionalization of specialisation largely institutionalized in
universities (Gibbons et al., 1994)
e. Notion of reliable knowledge which preserves and upholds the integrity of scientific findings (Gibbons
et al., 2001)
f. Follows cognitive and social norms in the production, legitimation and diffusion of knowledge of this kind
(Gibbons et al., 1994; Huff, 2000)
g. Impermeable and paradigmatic conformity mostly within the limits of single disciplinary boundary
(Kelemen and Bansal, 2002)
h. The source of the intellectually challenging problems, arises largely within disciplines (Gibbons et al.,
2001)
i. Traditional disciplinary structure of science and technology (Gibbons et al., 1994)
j. Pure science, generated in theoretical/experimental environments, is applied (Etzkowitz and Leydesdorff,
1997, Knorr-Cetina, 1999)
Technology is transferred (Etzkowitz and Leydesdorff, 1997, Knorr-Cetina, 1999)

Policy a. Institutional hierarchy
b. Fixed structure

c. Institutional channels
d. Analytical focus

e. Weak accountability
f. Separate science

a. Organisationally enforces hierarchy (Gibbons et al., 1994)
b. Tends to preserve its form specifically during project implementation duration (Gibbons et al., 1994)
c. Results are communicated through institutional channels following bureaucracy (Gibbons et al., 1994)
d. Less reflexive (Gibbons et al., 2001)
e. Socially less accountable (Gibbons et al., 2001)
f. Socially less accountable (Gibbons et al., 2001)

People a. Mainly academics
b. Discipline based
c. Professional level
d. Individualistic

e. Skill homogeneity
Exclusive orientation

a. Research team composed of disciplinary experts and expatriates like scientists and academic leaders
(Gibbons et al., 1994)
b. Over-rigid and hierarchical disciplinary boundary work (Gibbons et al., 1994)
c. Highly trained individuals (Huff, 2000)
d. Supports individualism within disciplinary boundaries (Huff, 2000)
e. Homogeneity of training (Gibbons et al., 1994)
Homogeneity of training (Gibbons et al., 1994)

MODE 2

Characteristics Indicators References

Product a. Diverse range of intellectual
products which are of interest to social,

scientific, economic and political
domains

b. Transient knowledge
c. High applicability

d. Transdisciplinary knowledge
e. New norms

f. Highly integrateable
g. Discoveries unconfined to

disciplines
h. Balanced creatively
i. In-house expertise

Sensitivity

a. More diverse set of intellectual and social demands where results are communicated to those who have
participated in the course (Gibbons et al., 1994)
b. Production of transient knowledge (Kelemen and Bansal, 2002)
c. Applied and applicable research outcome (Kelemen and Bansal, 2002)
d. Knowledge created is transdisciplinary and from a broader range of considerations (Gibbons et al., 1994)
e. New norms emerge that are appropriate to transdisciplinary knowledge Gibbons et al., 1994)
f. The determinants of a potential solution involve the integration of different skills in a framework of action
(Gibbons et al., 1994)
g. The discoveries lie outside the confines of any particular discipline and practitioners need not return to it
for validation (Gibbons et al., 1994)
h. The creative act lies just as much in the capacity to mobilize and manage these perspectives and
methodologies, their ‘external’ orchestration, as in the development of new theories or conceptualisations, or
the refinement of research methods, the ‘internal’ dynamics of scientific creativity (Knorr-Cetina, 1999)
i. Knowledge is embodied in the expertise of individual researchers and research teams as well as
conventional research products like journal articles or patents (Knorr-Cetina, 1999)
Sensitivity to the impact of the research is built in from the start (Gibbons et al., 1994)

Process a. Transdisciplinary
b. Accountability and transparency

c. Vital processing period

a. More diverse set of intellectual and social demands (Gibbons et al., 1994)
b. Results are communicated to those who have participated in the course (Gibbons et al., 1994)
c. The diffusion of the results is initially accomplished in the process of their production and subsequent

(Continued)
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The project selection criteria were:
Fron
a. The project was targeted at Fiji and Solomon Islands which

were One Ocean Hub target countries.

b. The project had to be recently completed so that final

documentation was accessible.

c. The project appeared to involve multiple ocean-relevant

disciplines.

d. The project included a research-type component, in that

creating new knowledge and understanding was an objective.
Extensive internet search and then targeted discussions with local

contacts (usually Project Manager/Director or Technical Staff who

were involved in implementation of the projects) by the authors

through email or direct conversation to establish the correct

documents to review, led to the selection of the following projects

for which comprehensive reporting was available:
tiers in Marine Science 05
1) National Marine Ecosystem Service Valuation (MESV) for Fiji

and Solomon Islands, a part of the Marine and Coastal

Biodiversity Management in Pacific Island Countries

(MACBIO) project.

2) National Ecosystem and Socio-Resilience Analysis and

Mapping (ESRAM) for Fiji and Solomon Islands, a part of

Pacific Ecosystems-based Adaptation to Climate Change

(PEBACC) project.

3) Reweaving the Ecological Mat (REM) project for Fiji.
2.3 Application of the 4P framework

Each project output was reviewed in detail to identify the presence

of each of the 68 indicators in the 4P framework. Differences between

the exact wording of indicators and the reporting documents were
TABLE 1 Continued

MODE 1

Group Indicators Summary description and indicative reference

d. Composite and multidimensional
e. Highly inclusive

f. Contextual knowledge production
g. Supports mutual learning

h. Capacity and consensus building
i. Heterogenous group

j. Permeable research boundaries
k. Best practices
Collaborative

diffusion occurs primarily as original practitioners move to new problem contexts (Gibbons et al., 1994)
d. Quality control process is composite and multidimensional (Gibbons et al., 1994)
e. Socially extended process which accommodates many interests in a given application process (Gibbons
et al., 1994)
f. Knowledge is generated within a context of application (Etzkowitz and Leydesdorff, 1997; Knorr-Cetina,
1999)
g. Mutual learning among scientists and practitioners about a complex, societally relevant problem may be
seen as the kernel of transdisciplinary processes (Scholz, 2000; Scholz et al., 2000).
h. Capacity building among all participants; consensus building about what the main problems are, including
their genesis and transformation, strategies for mitigating emerging conflicts in a process (Scholz and Steiner,
2015)
i. Heterogeneity of skills and expertise to the problem-solving process (Gibbons et al., 2001)
j. Transdisciplinary and permeable research boundaries (Kelemen and Bansal, 2002)
k. Theoretical perspectives and practical methodologies to solve problems (Knorr-Cetina, 1999)
l. Policy-oriented collaborative research processes in a greater variety of contexts (Russell et al., 2008)

Policy a. Feedback encouraged
b. Permits more freedom

c. Change valued
d. Quality control

e. Context of application

a. Both practitioners and social policy professionals facilitate the flow of feedback, learning and reflexivity
(Gibbons et al., 1994; Tranfield and Starkey, 1998)
b. Emergence of loose organizational structures, flat hierarchies, and open-ended chains of command
(Gibbons et al., 2001)
c. Research and situated learning are embedded with action or change processes (Eden and Huxham, 1996)
d. Quality control is exercised as a socially extended process (Gibbons et al., 1994)
Additional criteria are added through the context of application which now incorporates a diverse range of
intellectual interests as well as other social, economic or political ones (Gibbons et al., 1994)

People a. Socially accountable and reflexive
b. Social scientists

c. Cross, multi and transdisciplinary
group

d. Pluralist and participatory
e. Team based

f. Heterogeneous mixture
g. Mutual learning

h. Elements of relationality
i. Creative and cooperative

j. Quite flexible

a. Socially accountable and reflexive (Gibbons et al., 1994)
b. Pluralist and participatory (Kelemen and Bansal, 2002)
c. Creativity is manifested as a group phenomenon with the individual’s contribution seemingly subsumed
(Gibbons et al., 1994)
d. Characterised by transdisciplinarity (Gibbons et al., 1994)
e. Institutionalised in a more heterogeneous and flexible socially distributed system (Gibbons et al., 1994)
f. Correlated to the socially distributed knowledge production system (Gibbons et al., 1994)
g. Facilitated process of mutual learning between science and society that relates a targeted multidisciplinary
or interdisciplinary research process (Jantsch, 1972; Scholz, 2000; Klein et al., 2001)
h. Multi-stakeholder discourse for developing socially robust orientations about a specific real-world issue
(Jantsch, 1972; Scholz, 2000; Klein et al., 2001)
i. Creation of a more cooperative mode of knowledge production (Gibbons et al., 1994; Eden and Huxham,
1996; Tranfield and Starkey, 1998)
j. Considerable flexibility in the approach (Gibbons et al., 1994)
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permitted for inclusion if the sense of use was similar. The presence of

each indicator was verified by an extracted reference from the official

project documents. To reduce possible bias, the initial findings

obtained were sent to the other author for verification.

This process provides a dataset of the presence/absence of 68

indicators, across two Modes and four groupings, from five projects:

MESV-Fiji, MESV-Solomon Islands, ESRAM-Fiji, ESRAM-Solomon

Islands and REM-Fiji. Samples of text from project documents which

helped to identify presence of indicators are provided (Table 2). All

indicators were assumed to be independent and were equally

weighted in the subsequent analysis, as there was no rational a

priori basis for weighting.
Frontiers in Marine Science 06
2.4 Statistical analysis

Statistical analysis was undertaken to determine the difference

between Mode 1 and Mode 2 indicators by project. c2 analyses were

undertaken between each project pair, with the null hypothesis that

the expected distribution of indicators present for Mode 1 and for

Mode 2 was equal between pairwise projects. A Bonferroni adaptation

was applied to the significance level of the c2 value to reduce the

chance of obtaining false-positive results (type I errors) when multiple

pairwise tests are performed on a single set of data (Sokal and Rohlf,

1995). The Bonferroni adaptation involved dividing the c2 value by

the total number of pairwise tests undertaken for each of the
TABLE 2 Example compilation of edited extracts from the reports on which indicator presence was determined, divided into the 4P groups for brevity.

CHARACTERISTICS

MODE 1 INDICATORS

MESV (Fiji) ESRAM
(Solomon
Islands)

REM (Fiji)

Product 4.1. Fiji-MESV, pg 3: Under the MACBIO
project, IUCN Oceania is primarily
responsible for conducting national economic
assessments of marine and coastal ecosystem
services in all five MACBIO countries,
including conducting a data gap analysis.
National reports on the value of marine and
coastal ecosystem services will be provided to
countries to inform marine spatial planning
and marine resource management in general.
This is one of those reports.

3.10 ESRAM-SI, pg
16: Figure 1-1 shows
the key components
of the PEBACC
project, which are:
(1) ecosystem and
socio-economic
resilience analysis
and mapping
(ESRAM) study –

baseline study for
adaptation planning
at national,
provincial and
community levels; (2)
EbA options
assessment – EbA
options analysed,
prioritised and plans
developed; (3)
implementation plans
– EbA plans
implemented with
demonstrated
benefits; and (4)
communications and
outreach products
developed to
promote integration
of EbA options into
climate change
policies, plans and
projects

4.1 REM-PS, pg 3: The primary purpose is to introduce and profile the
project and garner support of the church and civil society leaders for
the project through bilateral meetings, briefings and discussions. This is
the primary purpose of these visits. The follow-up visits are for
monitoring purposes and to conduct further awareness and training on
the project. Regional and international conference. The purpose is to
reflect, establish networks, advocate for development alternatives, and to
profile the project and the work of the churches on development and
ecology. These are also opportunities to learn and share experiences on
development and ecology from the Pacific region.

Process 3.2. Fiji-MESV, pg 69: A range of activities
address the three broad areas which are
implemented in an integrated manner that
combines scientific research to inform policy
with communication as a means of
disseminating research information.

3.1 ESRAM-SI, pg
16: communications
and outreach
products developed
to promote
integration of EbA
options into climate
change policies, plans
and projects (SPREP
2016).

3.1 REM-PS, pg 3: Regional conference for advocacy training, including
media advocacy, and advocacy strategising. This is crucial to enhancing
the profile of the project and to raising questions in the region about
development and ecology. Part of this advocacy strategy is to build a
regional network on development and ecology among church and civil
society leaders, and the dissemination of information and relevant
media articles. Policy briefs on various aspects of development and the
ecology. These policy briefs are mainly for churches and civil society.

Policy 2.1. Fiji-MESV, pg B: The MACBIO Project
has undertaken economic assessments of Fiji’s
marine and coastal ecosystem services and

2.1 ESRAM-SI, pg
48: Effective
institutional

2.1 REM-CN, pg 2: Since the 2006 political coup in Fiji, there have been
a number of developments that have impacted upon structures and
relationships in regional politics and implicitly on the leadership and

(Continued)
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TABLE 2 Continued

CHARACTERISTICS

MODE 1 INDICATORS

MESV (Fiji) ESRAM
(Solomon
Islands)

REM (Fiji)

supports the integration of results into
national policies and development. 2.7. Fiji-
MESV, pg 10: There are three regional
organisations that play a major role in use
and management of marine and coastal
resources, the Secretariat of the Pacific
Community (SPC), the Pacific Islands Forum
Fisheries Agency (FFA) and the Secretariat of
the Pacific Regional Environment Program
(SPREP). (Gillett and Tauati, 2018). The SPC
has an active role in assisting member
countries with marine and coastal fisheries
development and management and also in
developing scientific research and data
collection on the state of marine resources.
The FFA is more oriented to assisting
member countries in management of tuna
resources, including surveillance, economic
and legal aspects. SPREP has been charged by
the governments and administrations of the
Pacific region to help with the protection and
sustainable development of the region’s
environment. Other regional organisations,
such as the University of the South Pacific
(USP), have different levels of involvement in
marine and coastal resources. planning.

administrations are
imperative for
environmental
management and
enforcement of
environmental
legislation and
policies.

stewardship task of the faith-based Christian organisations in the
Pacific. For example, the increasing influence of the Melanesian
Spearhead Group (MSG) and the emergence of the Pacific Islands
Development Forum (PIDF) have presented challenges to existing
regional bodies such as the Pacific Islands Forum Secretariat (PIFS) and
the reshaping and refocusing of political and developmental issues and
interests on what are regarded as regional creations. In addition, the
Forum’s Pacific Plan, which acted as a guiding framework for
governance, economic development, the environment and security in
the region, came to an end in 2013. Gender based violence affects two
out of every three women in the Pacific and is a major threat to peace
and justice in the region. Gender based violence reflects systemic power
inequities in social relations. These power inequities are further
exacerbated by deteriorating social relations linked to poverty, economic
exploitation, poor education and drug and alcohol abuse.

People 1.1. Fiji-MESV, pg 12: The responsibility of
preparing the NBSAP was delegated to the
DoE, which was guided by a steering
committee that included representatives of a
broad range of government departments,
NGOs, academics and UNDP (DoE, 2007).

1.1 ESRAM-SI, pg
10: With assistance
from SPREP, this
and the subsequent
volumes (Volumes 2
and 3) are the result
of a collaboration
between BMT WBM,
our subconsultants,
and the numerous
communities,
government and
other stakeholder
representatives who
have been involved
in the project to date.
Key project team
personnel involved in
the ESRAM process

1.2 REM-PS, pg 2: This project argues the point that indigenous and
Christian ecological frameworks (knowledge, ethics and practices), have
much to contribute to addressing the ‘ecological and developmental
crises. Ecology as understood in most Pacific indigenous communities is
both the relationship among the people in a community, and the
relationship with their natural environment.

CHARACTERISTICS MODE 2 INDICATORS

MESV (Fiji) ESRAM (Solomon
Islands)

REM (Fiji)

Product Not available 4.1 ESRAM-SI, pg
16: communications
and outreach
products developed
to promote
integration of EbA
options into climate
change policies, plans
and projects

3.7 REM-PS, pg 3: Activities: Networking, profiling and bilateral
meetings • The primary purpose is to introduce and profile the project
and garner support of the church and civil society leaders for the
project through bilateral meetings, briefings and discussions. This is the
primary purpose of these visits. The follow-up visits are for monitoring
purposes and to conduct further awareness and training on the project.
• Regional and international conference. The purpose is to reflect,
establish networks, advocate for development alternatives, and to profile
the project and the work of the churches on development and ecology.
These are also opportunities to learn and share experiences on
development and ecology from the Pacific region. Education, training,
awareness • In-country conferences for churches and civil society
organisations. These national conferences are essential, both to
introduce the project to a wider audience in the countries mentioned,

(Continued)
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TABLE 2 Continued

CHARACTERISTICS

MODE 1 INDICATORS

MESV (Fiji) ESRAM
(Solomon
Islands)

REM (Fiji)

and hence to foster interest and ownership, and also to strategically plan
with the churches how such a project can be implemented at their local
communities, why it is crucial and how it can shape internal policies
relating to development and the ecology, and the health of their people.
• Training workshops on developing ‘ecological indicators’. The
ecological indicators meant here relate to environmental and physical
health of people and the health of relationship between people and their
environment. • Public lectures on the broad theme ‘development and
the ecology’ and related topics that will further the discussions and
debates on a revised developmental mandate, content and strategies. Its
aim is to raise awareness on the need to review how development is
understood and the need for alternative thinking about development.
Advocacy • Regional conference for advocacy training, including media
advocacy, and advocacy strategising. environment and their people.

Process 1. Fiji-MESV, pg13: In 2002, the SPC
proposed a community-based fisheries
management programme for Fiji (King et al.,
2002). The programme considered an
integrated approach built on participative
learning activities that are employed in Fiji by
NGOs in dealing with communities.

3.2 ESRAM-SI, pg
11: communications
and outreach
products developed
to promote
integration of EbA
options into climate
change policies, plans
and projects.

3.1 REM-CN, pg 3: However, what is peculiarly sad in the Pacific is the
progressive abandonment of indigenous and faith-based ecological
frameworks (knowledge, ethics and practices) as legitimate ways to deal
with the fissures in the ecological framework of Pacific people. The
social context in which this follow-up project is situated is basically a
crisis of this ecological framework, understood here to mean the myriad
human relationships, and the values and ethics that govern and define
that relationship, and their relationship with the environment.

Policy Not available 2.3 ESRAM-SI, pg
11: Task 1 Ecosystem
baseline and threat
assessment; Identify
the current state of
ecosystems, trends
and drivers of change
with root causes,
scenarios, governance
factors. Identify
ecosystem types,
ecosystem services
and threats. Identify
ecosystem services
that are valued by
the community.

2.1 REM-PS, pg 3: Advocacy: Regional conference for advocacy training,
including media advocacy, and advocacy strategising. This is crucial to
enhancing the profile of the project and to raising questions in the
region about development and ecology. Part of this advocacy strategy is
to build a regional network on development and ecology among church
and civil society leaders, and the dissemination of information and
relevant media articles. Policy briefs on various aspects of development
and the ecology. These policy briefs are mainly for churches and civil
society. The focuses will include but not limited to

People 1.1. Fiji-MESV, pg 21: To this end, the
ecosystem service valuation included the
participation of government staff and local
resource managers at every opportunity to
permanently augment the capacity of country
nationals to use ecosystem data and economic
valuation in development of policies and
resource management decision-making.

1.1 ESRAM-SI, pg
28: Ecosystem
valuations can assist
resource managers to
deal with the effects
of market failures
(i.e. inability of a
market to reflect the
full social costs or
benefits of goods or
services), by
measuring their costs
to society, in terms
of lost economic
benefits (King and
Mazzotta, 2000).
These costs to society
can then be imposed
on those who are
responsible or can be
used to establish the
value of actions to
reduce or eliminate
environmental
impacts.

1.2 REM-PS, pg 2: The well-being and wholeness of these myriad
relationships are dependent on the ethics and values systems that
govern them. So, if there is bad political and community governance,
and lack of social justice, the consequences are likely to be seen in how
the community treats their natural environment, and the stewardship of
their land and sea resources. Conversely, if there is a lack of
appreciation of the natural environment and its significant role and
contribution to the well-being and wholeness in the lives of the
community, then the consequences are reflected somehow in how the
community governs itself, how it treats its people, the sharing of its
resources and its dispense of justice. communities and their natural
environments.
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threshold significant levels (P<0.05 to P<0.001); this meant that

higher c2 values were required to be significant.
3 Results

3.1 Analysis of indicators

The presence of each of the 68 indicators in each of the 5 analysed

projects is presented (Figure 1). The presence of multiple Mode 1

indicators can be seen in all of the projects, although REM has only

two (Figure 1A). However, REM demonstrates presence of all Mode 2

indicators, with other projects demonstrating varying frequencies of

Mode 2 indicators (Figure 1B).
3.2 Comparative analysis by Mode

The percentage of Mode 1 and 2 indicators present for were

determined (Figure 2). All projects had a combination or mix of Mode

1 andMode 2 indicators. In four of the five projects Mode 1 indicators

were more prevalent than Mode 2. However, in the REM project all

Mode 2 indicators were present.

MESV-FJ and REM were dominated by one research Mode (Mode

1 and Mode 2, respectively), whereas the three other projects had more

of a mix of Modes; ESRAM-SI had a near equal balance of Mode 1 and

Mode 2 indicators. In the analysed sample of projects, there seemed to

be a trade-off between Mode I and Mode 2, with either one Mode

dominating or a moderate balance between the two Modes.

The c2 analysis showed highly significant (P<0.001) differences

between REM and all other projects in terms of indicators (Table 3).

There was also significant differences in the same programme

(ESRAM and MESV) but implemented in Fiji and Solomon Islands
Frontiers in Marine Science 09
suggesting that national-level design and implementation approaches

are a significant factor in project delivery, even when they are under a

common multi-country programme. ESRAM-SI, with its relatively

similar balance of Mode 1 and Mode 2 indicators, was significantly

different to MESV-FI, having notably more Mode 2 indicators, but

also significantly different to REM partly through having more Mode

1 indicators. This suggested that ESRAM-SI holds a central point

which is significantly different to projects dominated by Mode 1 and

by Mode 2, and thus in a statistical sense the Mode model is not just

bipolar but a continuum.
3.3 Analysis by 4P grouping

The percentage presence of indicators with each of the 4P groups

for Mode 1 and Mode 2 was determined to indicate of the relative

strength of that group in each project. The MESV project in Fiji and

Solomon Islands demonstrated a balance towards Mode 1 with all the

4P groups in Mode 1 having a high percentage of indicators present

(over 80%, except Product in Fiji) (Figure 3). In fact all possible Mode

1 indicators were present for Process (100%) and Policy (100%) in

Fiji, and Process (100%) and People (100%) in Solomon Islands.

Whereas, the presence of Mode 2 indicators in MESV was low being 0

to 40%, except for the People group in Solomon Islands (Figure 3B).

Comparing MESV between the two countries, the Solomon Islands

has a stronger presence of Mode 2 indicators compared to Fiji. The

absence of Mode 2 Product and Policy groups in Fiji, and the People

focus on Solomon Islands, again reflect differences in implementation

between the countries.

4P analysis of the ESRAM project demonstrated a similar general

trend to MESV, with differences between the project in the way it was

implemented between the two countries and the Solomon Islands

demonstrating stronger Mode 2 elements compared to Fiji (Figure 4).
A B

FIGURE 1

Presence of indicators derived from reports of each of the 5 analysed projects for Mode 1 (A) and Mode 2 (B) (FJ = Fiji, SI = Solomon Islands).
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The REM project was focused on Fiji. The analysis indicates much

stronger Mode 2 bias in its implementation compared to both MESV

and ESRAM (Figure 5). The REM project demonstrates presence of

all of the Mode 2 indicators in each of the 4P categories. There were

some small elements of Mode I in REM, with <20% of Mode I

indicators present in Process and People groups.
4 Discussion

4.1 A lens into transdisciplinarity

Literature analysis confirmed that there was a major distinction

between Modes. Mode 1 indicators reflect a more scientifically based and

academic led venture, while Mode 2 indicators emphasized diversity,

mutualism and social aspects of research which had transdisciplinarity at

the core. The analysis presented here was conducted using the 4P’s

Framework which captures these literature-derived differential

characteristics between Mode 1 and 2. Projects like MESV-FJ proved

to be mainly Mode 1 with a focus on scientific knowledge generation in

this case in relation to ecosystem service economic valuation, while REM-

FJ proved to be predominantly Mode 2 with strong elements of

collaboration and mutual learning. The ESRAM-SI project had a

relatively balanced blend between Mode 1 and Mode 2 drawing on

both knowledge production and collaborative learning, and

demonstrating that projects can reflect a mix of Mode and 2

approaches. In our project examples, we found a range from

discipline-focused scientific knowledge production, to socialized holistic

and transdisciplinary knowledge and understanding advancement.
Frontiers in Marine Science 10
It is envisaged that the 4P framework might provide a useful

framework for assessing the blend of Mode 1 and Mode 2, with

provision of designing-in further Mode 2 characteristics which

promote transdisciplinary outcomes. The framework has relevance

before, during (such as mid-term review) and after project completion

and used to incrementally progress the transdisciplinary nature of

ocean investments. The potential of the 4P’s framework is that it

represents a practical tool for advancing the design of ocean-related

investment which promote transdisciplinary and thus the sustainable

development transformation as per Agenda 2030. Implicit in this

framework are some key requirements for development project

design, such as multi-stakeholder involvement and participation,

and inclusion of a diversity of ocean-based knowledge.

To achieve the Agenda 2030-style transformation, further

investigation of practical implementation of multiple disciplinary

approaches in development contexts need to be progressed. Present

knowledge systems are not fit-for-purpose for the global challenges

and need vast and rapid shift in focus (Fazey et al., 2020). The 4Ps

framework captures many elements of disciplinarity drawn from the

literature, yet further frameworks and tools in securing transformative

design of ocean investments can further progress transdisciplinarity.

For example, Norström et al. (2020) focus on principles of knowledge

co-production to address complex sustainability problems, Cundill

et al. (2015) focus on team composition and the social process of

learning, and Rigolot (2020) places transdisciplinarity centrally in

Mode 2, but as “a way of being” within a broader discipline of

“integration and implementation sciences” (i2S).

Yet, to promote transdisciplinarity further as a practical

instrument for transformative outcomes, there is a need for

empirical and experiential studies on transdisciplinarity.

Complementary to sematic and conceptual progression, future work

needs to clarify the roles and responsibilities of involved actors

(Hoffmann et al., 2017), and include personal values and ethics

(Wolff et al., 2019). To move towards transdisciplinary, substantive

epistemological shifts will be required which traverse sustainability-

and development-based knowledge generation, and involve a

collaboration of scientists, funders, governments and international

organizations (OECD, 2020). The holistic but practical nature of the

4P framework has the potential to be an instrument with multiple

entry points for promoting transformative approaches for sustainable

development. With further research the 4P framework could be used

to reflect on the design and implementation of past initiatives, or for

setting guidelines or guardrails for the design of new initiatives which

aim to inculcate transdisciplinarity as a mechanism for promoting

transformative outcomes.
FIGURE 2

The percentage of indicators present in Mode 1 and Mode 2 for each
of the 5 projects.
TABLE 3 The significance of pairwise c2 tests between projects for Mode 1 and Mode 2 indicators: with NSD = not significantly different; * = P<0.05;
** = P<0.001; and *** = P<0.0001", (c2 with 3 degrees of freedom, P values with Bonferroni adaptation).

MESV-FJ MESV-SI ESRAM-FJ ESRAM-SI

MESV-SI * – – –

ESRAM-FJ NSD NSD – –

ESRAM-SI *** NSD * –

REM *** *** *** ***
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4.2 Transdisciplinarity and the UN
ocean decade

The UN Decade notes the need to move beyond “business as usual”

and towards “transformative ocean science” with the UN 2030 Agenda

being positioned as the “central framework” (UNESCO, 2022a). Asmost of

the financial resources are based on external initiatives which are endorsed

by the Decade, the procedure for endorsement of initiatives is paramount

in shaping theDecade and its outcomes. Agenda 2030 emphasizes the need

for transformational endeavors, and transdisciplinarity is seen as one way

to progress such transformation, yet this is weakly reflected in the

endorsement criteria. It should also be noted that endorsement calls

revolve around the 10 challenges stated by the UN Decade, which

include reducing pollution, protecting biodiversity, developing equitable

ocean economies and expanding Global Ocean Observing, but the criteria

are tacit on the epistemological revolution required in knowledge-systems

and transdisciplinarity for transformative outcomes (in the sense of e.g.

Fazey et al., 2020).

General terminology in the UN Decade endorsement criteria,

state, for example, that initiatives will “contribute to the achievement

of the SDGs”, and that initiatives should lead to “uptake of science

and ocean knowledge for policy, decision making, management and/
Frontiers in Marine Science 11
or innovation” (UNESCO, 2020). This is alongside more specific

criteria related to other features, including co-design, data access,

partnerships and overcome barriers to diversity and equity. The need

for integrated, multiple-discipline or transdisciplinary approaches for

transformative action is not explicitly mentioned in the endorsement

criteria. The Decade rhetoric on ocean knowledge for transformation

does not seem to be fully balanced with the constituent project

endorsement criteria.

Furthermore, contrary to the need for strong leadership in

securing the future of the oceans, the endorsement procedure

represents passive absorbance of existing funded initiatives. Only in

the case of “Potential Decade Actions” are initiatives at the design

stage and have not secured financial resources. The work presented

here has demonstrated tractable ways of analyzing project design to

determine if it prevents, or promotes, transdisciplinary, or for revising

project design such that transdisciplinarity is promoted. The

opportunity for driving forward transdisciplinary approaches with

transformational outcomes is apparent within the Decade. However,

mass endorsement of projects based on generalist guidelines may help

to reduce the significant Decade financing gap, but will passively track

“business-as-usual” and fail to meet the high-level rhetoric and

ambition of the Decade and Agenda 2030.
A

B

FIGURE 3

National Marine Ecosystem Service Valuation (MESV) analysis using showing percentage presence of indicators Mode 1 and Mode 2 in the 4P groups:
(A) Fiji, (B) Solomon Islands.
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A

B

FIGURE 4

National Ecosystem and Socio-Resilience Analysis and Mapping (ESRAM) analysis using showing percentage presence of indicators Mode 1 and Mode 2
in the 4P groups: (A) Fiji, (B) Solomon Islands.
FIGURE 5

Reweaving the Ecological Mat (REM) analysis showing percentage presence of indicators Mode 1 and Mode 2 in the 4P groups.
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5 Conclusions

Defining tractable ways forward from dialogues around

transdisciplinarity to meet the Agenda 2030 challenge for

integrated outcomes remains a challenge. The work presented

here attempts to provide a practical process contributing to the

design and assessment of transdisciplinary ocean-investments. With

limited capacity and constrained financial resources in developing

countries, and urgent ocean-related challenges especially in SIDS,

moving from “business-as-usual” approaches to transdisciplinary

and transformational outcomes is a priority. Expanding further

ocean-based knowledge, may not be a sufficient path to

transdisciplinary and transformational outcomes; this has

connotations to filling the financing gap in the UN Ocean Decade,

as well as shaping significant investments by development partners

into oceans.
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