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FOREWORD

THINKING DIFFERENTLY ABOUT
THE ROLE OF SCIENCE AND OUR
SUSTAINABLE FUTURES

There is increasing recognition that, despite all the potential
of science to contribute to equitable and sustainable social,
economic and environmental futures, there is a gap between
the claims of science and its delivery. The Sustainable Devel-
opment Goals (SDGs) were adopted unanimously in 2015 by
United Nations Member States. They were a mix of specific,
interconnected and somewhat vague objectives. Importantly,
unlike the earlier Millennium Development Goals, they placed
obligations on high-income countries (HICs) as well as low-
and middle-income countries. However, every assessment of
progress on the SDGs has shown dismal results, even on those
related to climate change, where much has been claimed by
science and policy communities.

Even before the SDGs were formally adopted, the science
policy community identified that the goals were intertwined
and that considering them in a siloed manner would not be
ideal.! Nevertheless, most science funding continues to be
narrowly focused in disciplinary silos. Further, the current
funding models and incentives within the institutions of the
science community, especially in HICs where most funding
for science originates, do not necessarily support the research
approaches and related outcomes that society clearly needs.
Academics might claim their research is directly relevant to
the SDGs, but little has changed since 2015. The pervasive
culture of bibliometrics, rankings, and project funding has not
diminished. In addition, the dominating policy focus within
HIC policy communities on the direct economic impacts of
research works against the very research that is most needed.

What is desperately needed is a new range of tools
that promote meaningful and tractable focus on actionable
knowledge. This means defining the problems at the com-
munity level and developing transdisciplinary and systems
approaches to research. It means accepting that end users of
research, including the community, must be engaged from
the outset in the co-design and co-creation of scientifically
rigorous and socially robust knowledge. It means that key
outputs may not appear in the journals of record on which the
academic industry has become based. Natural sciences must
engage more meaningfully with social and human sciences
and, indeed, with other knowledge systems.
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Transdisciplinary research is hard; it is very different
in approach from traditional research paradigms. Funders,
institutions, academies and others will have to adjust their
understanding of research if progress is to be significant. HIC
research funders must recognize that it is in their interests to
support and promote research led by and shaped by experts in
low- and middle-income countries, and avoid the somewhat
patronizing attitude that has too often dominated in interna-
tionally focused research.

This final report of the STRINGS project is a most valuable
addition to other arguments, such as Unleashing Science? and
the Global Sustainable Development Reports,? that have high-
lighted the mismatch between where science activity largely
sits and society’s needs. Its contribution is distinctive. It
reports on a particularly innovative bibliometric analysis sup-
ported by a survey and illustrative case analyses. The reflec-
tions and conclusions that emerge add to the arguments that
fundamental changes are needed in science systems and insti-
tutions, including those of government policy and funding,
if real progress is to be made. The report makes many telling
and empirically supported points which support this general
argument.

Its conclusions merit deep reflection by the science and
policy communities.

Sir Peter Gluckman FRS FTWAS FISC

President, International Science Council

Director, Koi T1i, The Centre for Informed Futures,
University of Auckland

Professor Heide Hackmann FISC
Former Chief Executive Officer, International Science Council
Director, Future Africa, University of Pretoria

1. International Council for Science 2017: https://council.science/wp-content/
uploads/2017/05/SDGs-Guide-to-Interactions.pdf

2. International Science Council 2021: https://council.science/wp-content/
uploads/2020/06/202108_Unleashing-Science_Final.pdf

3. United Nations Department of Economic and Social Affairs 2019:
https://sdgs.un.org/publications/future-now-science-achieving-sustainable-
development-gsdr-2019-24576
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This report presents the results of the Steering Research
and Innovation for Global Goals (STRINGS) project — a major
global study into the alignment between science, technology
and innovation (STI) and the Sustainable Development Goals
(SDGs). It highlights a glaring mismatch between STI and the
SDGs; warns that, if this mismatch is not addressed, it will
undermine progress on the SDGs; and makes recommenda-
tions about how to tackle this imbalance.

What must change:

Our findings show:

A problem of orientations
Most published research (60%-80%) and patented inventive
activities (95%-98%) are poorly aligned with the SDGs.

A problem of inequalities

High-income countries (HICs) and upper-middle income
countries (UMICs) contribute disproportionally to such
misalignment: only 30-40% of research in HICs and UMICs
is related to SDGs. In low-income countries (LICs), 60-80%
of the research is related to the SDGs, but these countries
account for only 0.2% of globally produced research. Since
most global research is produced in HICs without collabora-
tion with researchers in LICs (where SDG challenges are most
severe), there is little chance that STI can address contextual
challenges.

A problem of focus

Even though a majority of stakeholders consider social, policy
and grassroots innovations critical to addressing the SDGs,
support for these types and forms of innovations, and related
research on complex underlying social issues of deprivation,
inequality and conflict, lags far behind research and invest-
ment in hard technologies.

11 STRINGS / CHANGING DIRECTIONS

A problem of knowledge siloes

There is currently too little effort to combine research and
innovation on technical interventions with research that more
directly addresses complex underlying social issues. This is
despite evidence that different types of STI have divergent
impacts on SDG targets, leading to synergies and tensions.

A problem of regional misalignment

Countries’ research priorities are often not aligned with their
main SDG challenges. This is the case for LICs such as India
(which does not prioritize research on hunger or gender
equality), as well as for most HICs, including the USA, which do
not prioritize research on the major environmental challenges
associated with unsustainable consumption and production
patterns. Globally, military-related research is typically highly
funded, but military aims feature nowhere in the SDGs.

A problem of closing off relevant STl pathways

Diverse contexts, priorities, values and interests mean there
are many possible STI pathways to address specific SDG-re-
lated challenges. However, it remains the case that a single
pathway is usually dominant. For example, when addressing
SDG 2 (Zero hunger), breeding new seeds in laboratories
might be prioritized above conserving and exchanging seeds
from indigenous plant varieties. Similarly, closed forms of
science might be prioritized over open science practices when
addressing neglected diseases in SDG 3 (Good health and
well-being).

A problem of data

There is little systematic understanding about what exactly
is being supported by STI investments, where, and for what
purposes, and a similar dearth of data about what knowledge
is being produced and used beyond formal R&D processes.
The STRINGS project has pulled together comprehensive data
sets, surveys and in-depth case studies to enable decision
makers to better understand and shape their options. But a
major investment is also needed to gather data about knowl-
edge and innovation investment and production across all
contexts and sectors.



The result of the above problems is that the world’s efforts
in STI are insufficiently contributing to the overarching objec-
tives, encapsulated in the SDGs, that the world has decided
matter most.

How to bring about change:

This report provides evidence and tools to help enable more
active debate and exploration of alternative and more inclu-
sive STI strategies, whether within nations, regions or at a
global level. It provides several recommendations for research
funders, aid organizations, the academic community, develop-
ment agencies, policymakers, governments and civil society
organizations, as summarized below.

Increase funding for SDG-related research and
innovation - particularly in LICs; on underlying
social issues; social, policy and grassroots
innovations; and on issues that are relevant to a
region or context - to improve alignment between
SDG priorities and STI portfolios.

This includes:

involving a more diverse set of actors and interests in
research funding decisions

creating opportunities for more equitable knowledge
transfers and capacity-building

enabling more open and participatory decision-
making that identifies and implements plural funding
priorities

adopting a more holistic approach to research funding
design and evaluation, valuing constructive and
equitable partnerships, and interdisciplinary and
transdisciplinary research

© 00D

Promote a rich diversity of STI pathways to address
specific SDG challenges.

This includes:

ensuring that decisions about which STI pathways
to prioritize involve stakeholders affected by those
decisions

comparing how different kinds of STI can address
different challenges, rather than focusing on
advancing specific types of STI

maintaining a diverse and balanced portfolio of
research and innovation investments

Design accountable initiatives that strengthen
STI governance and support open and inclusive
processes of deliberation and prioritization.

This includes:

setting up a global platform observatory to conduct
regular surveys of global R&D, its diversity, inclusion,
scale, locations, purposes and impacts

bringing together constellations of funders to align
how they support SDG priorities

creating global funding pools to maximise the impact
on global challenges

Empower stakeholders to form different
interpretations of what counts as SDG-related STI.

This includes:

developing and maintaining user-friendly and open
analytical tools in collaboration with policymakers
and civil society organizations

increasing funding for national data and statistical
systems

developing STI databases to better capture activities in
social sciences, applied fields, diverse languages and
in lower-income countries

12
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e Adopted by the United Nations in 2015, the Sustainable Devel-

opment Goals (SDGs) offer a globally shared opportunity to
change the directions of science, technology and innovation
(STI) to contribute to a better and more sustainable future for
everyone.

STI can help address many SDG challenges, for example,
by increasing access to safe and nutritious food, improving
per capita economic growth, or enhancing access to trans-
port systems. However, in doing so, STI can also undermine
progress towards some of the goals, for example, through
carbon emissions or the pollution of water basins.

Our research has highlighted that current STI funding and
prioritization are poorly contributing to achieving the globally
agreed goals. Since STI funding and prioritization are largely
driven by the values and interests of a few companies, govern-
ments and financial institutions, these decisions often serve
the needs of the most influential and privileged, and may not
address pressing SDG challenges.

India, for example, is a lower-middle income country
(LMIC) that faces major challenges related to several SDGs:
SDG 2 (Zero hunger), SDG 5 (Gender equality), SDG 6 (Clean
water and sanitation), SDG 9 (Industry, Innovation and Infra-
structure), SDG 11 (Sustainable cities and communities), SDG
14 (Life below water) and SDG 15 (Life on land). However,
besides SDG§, it prioritizes research only on SDG 7 (Affordable
and clean energy) and SDG 12 (Responsible consumption and
production). Evidently, there is a major disconnect between
the problems it faces and the research it prioritizes.

Globally, in high-income countries (HICs), upper-middle
income countries (UMICs) and LMICs such as India, between
60% and 80% of publications in the Web of Science (WoS) and
between 95% and 98% of patented inventions are unrelated
to the SDGs. In low-income countries (LICs), where most SDG
challenges are worst, there is a higher share of SDG-related
research (60%-80% is related to the SDGs). However, these
countries produce an extremely low proportion of world
research (0.2%) and patented inventions (0.02%).

So how can we steer STI activities towards solving, rather
than exacerbating, SDG challenges? Just doing more R&D
will not contribute to achieving the SDGs. Depending on the
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directions of the associated STI, it can, in fact, undermine
progress towards them.

We need to change the directions of STI in order to address
the glaring misalignment between research and innovation
priorities and the SDGs. This is the only way to achieve our
SDG targets and build a better, more sustainable world.

Our approach

Determining how to invest in research and development for
the SDGs is not a simple task. There is no single definitive per-
spective or STI direction for addressing any particular SDG.
Each SDG challenge can be viewed differently, according to
diverse and plural understandings, values, interests and STI
priorities.

To help understand and better address the challenges of
investing in STI for the SDGs, while embracing the complex
relationship between STI and the SDGs, we carried out a major
global study to determine how and to what extent the world’s
STI priorities are aligned with the goals (Figure 0.1).

« We analysed scientific publications and patents data to
gather quantitative information about global research
and innovation priorities, and how these align with SDG
challenges.

+ We conducted a global survey of stakeholders to explore
views about what types of STI are needed in the future to
help achieve the SDGs. This allowed us to consider the
alignment between current and desired STI priorities.

« We interviewed local STI users, including fishers, farmers
and researchers, to explore how different actors, each with
their own priorities, are shaping local STI pathways to
tackle specific sustainability challenges. We then appraised
stakeholders’ views about how far each pathway aligns with
sustainable development objectives.

+ We produced data, mappings and case studies to gain a
better understanding of STI priorities and to illustrate
how such evidence and methods could be used in other
contexts, according to plural interpretations of SDG
challenges and STI pathways.
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By combining these analyses, we gained deep insights into
the way that particular STI priorities emerge both locally and
globally, and how STI can be steered to improve alignment
with the SDGs. Our results can help policymakers, research
funders, academics, international organizations (INGOs) and
aid organizations to make informed decisions about investing
in research and innovation that will address the SDGs and ulti-
mately create a positive impact on society.

Key findings

Problems of orientation and inequality

Current STI priorities in public and private R&D organizations
are poorly aligned with the SDGs. Our analyses of SDG-related
publications and patented inventions reveal that in HICs and
UMICS - which dominate the global research agenda - just
20-40% of all published research, and only 2-5% of all patented
inventions, relate to the SDGs (Figure 0.2). Moreover, 60% of
this research is related to just one goal: SDG 3 (Good health

and well-being), with a focus on diseases that are most preva-
lent in richer HICs and UMICs.

Meanwhile, in LICs (which face the most significant SDG
challenges), 60-80% of research and 9% of inventions relate
to the SDGs. However, their influence on the global research
agenda is minimal, as these countries produce just 0.2% of all
WoS research and 0.02% of all patented inventions (Figure 0.3).

To address local SDG challenges and inform policy deci-
sions, countries need to build their own research and prob-
lem-solving capabilities. However, there are few opportunities
for knowledge transfer and capacity-building in LMICs and
LICs. This is due to the tiny fraction of academic research
that is conducted in, or in collaboration with, these countries
and the high proportion of research in these countries that
relies on collaborations with HICs (Table 0.1). Where research
collaborations between lower-income and higher-income
countries exist, HIC research organizations tend to direct STI
funding towards issues that they believe are, or should be, pri-
orities in LICs.

Figure 0.1 / The STRINGS project: a multi-method, multidisciplinary study

DATA SOURCES

I

10,076,319

Research organizations

PUBLICATIONS

Civil society organizations (2015-2019)
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15 STRINGS / CHANGING DIRECTIONS



REPORT : OVERVIEW

Figure 0.2 / SDG-related publications in different country income
groups (2001-2019)
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The graph shows the proportion of publications that relate to any of the SDGs (1-16). Itis
based on the total number of publications in countries in each of the four World Bank income
groups (2021 definition): high-income countries (HIC); upper-middle-income countries
(UMIC); lower-middle-income countries (LMIC); low-income countries (LIC). Based on
strict interpretation of SDG-related research. See Appendix 2, Figure A.2.1 for a figure based
on the loose interpretation.

See Chapter 4 of the main report for more details.

Figures based on Web of Science data. Centre for Science and Technology Studies
(CWTS) version.

Problems of focus and knowledge siloes
We discovered that there are fewer efforts to address complex
underlying social issues, such as deprivation, inequality and
conflict (related to SDGs 1, 4, 5, 10 and 16), than to develop
technological responses to more immediate challenges, such
as access to energy (SDG 7) or drugs (SDG 3). And there is little
research that interrogates how technological responses relate
to these complex underlying social issues (Figure 0.4). For
instance, research related to building STI capabilities (such
as in SDG9) is carried out more frequently in connection to
research on technological solutions related to SDG 7 (Afforda-
ble and clean energy), SDG 8 (Decent work and economic
growth) and SDG 12 (Responsible production and consump-
tion (SDG12) than it is to the complex underlying social issues,
such as SDG 4 (Quality education), SDG 10 (Reduced inequali-
ties), SDG 1 (No poverty) or SDG 16 (Peace, justice and strong
institutions).

Focusing mainly on technological interventions in iso-
lation undermines our capacity to investigate synergies and
tensions between STI and several SDGs.
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Table 0.1a / Collaborative SDG-related publications within
and between each country group (as a percentage of global
collaborations)

COUNTRY

GROUPS HIC uMIC LMIC LiC
HIC 66.32%
uMIC 3.65% 18.69%
LMIC 1.19% 0.28% 3.78%
LIC 0.24% 0.04% 0.06% 0.30%
TOTAL 3,121,395 990,797 231,707 27,607
(71.40%) (22.66%) (5.30%) (0.63%)

Table 0.1b / Collaborative SDG-related publications within and
between each country group (as a percentage of a country group's
total collaborations)

COUNTRY

SROUPS HIC uMIC LMIC Lic
HIC 92.89% 5.12% 1.67% 0.33%
uMmIc 16.12% 82.48% 1.23% 0.18%
LMIC 22.43% 5.25% 71.27% 1.04%
Lic 37.65% 6.31% 8.75% 47.29%

1a: This shows what proportion of all global collaborative publications occurred within
(diagonal) and between (off the diagonal) country groups. For example, a publication
co-authored by authors in the USA and the UK (both HICs) would contribute to the
percentage in the top left cell. A publication co-authored by authors in the USA and Brazil
(between HIC and UMIC) would contribute to the second row of the first column). The sum of
all cells equals 100%.

1b: This shows what proportion of the collaborations within each country group occurred
within and between country groups. For example, the first row shows the country groups
involved in all collaborative research undertaken by HIC. The row total sums to 100%.

See Chapter 4 of the main report for more details.

HIC: High-income countries; UMIC: Upper-middle-income countries; LMIC: Lower-middle-
income countries; LIC: Low-income countries.

Figures are based on WoS data (CWTS version), 2015-19.
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Figure 0.3 / Country clusters based on publications and research capacity

Cluster 1:
Sustainable HICs

Cluster 2:
Mainstream HICs

Cluster 3:
Middle-income and peripheral HICs

Cluster4:
Sustainable LICs and LMICs

D No data

Cluster 1
SUSTAINABLE HICs

This group comprises the most
research-intensive HICs.

Publications

. 3.6
per capita:
2021.SD*(‘? Index 80.2
ranking®:
Proportion of SDG- 38%

related publications

They have an above average share
of publications related to:
M SDG 4 (Quality education)

M SDG 9 (Industry, innovation and
infrastructure)

M SDG 10 (Reduced inequalities)

SDG 12 (Responsible
consumption and production)

M SDG 13 (Climate action)
M SDG 14 (Life below water)

Cluster 2
MAINSTREAM HICs

Countries in this group, with the

exception of Lebanon, are all HICs.

Publications

. 1.79
per capita:
2021.SD*GI;Index 78.6
ranking*:

Proportion of SDG- 329%

related publications

They have an above average share

of publications related to:

M SDG 4 (Quality education)

M SDG 8 (Decent work and
economic growth)

M SDG 9 (Industry, innovation and
infrastructure)

M SDG 10 (Reduced inequalities)

They have a well below average

share of publications on the
environmental SDGs.

*The SDG Index measures each country's progress towards achieving the SDGs

Notes on the map: Each colour identifies one cluster of similar countries. A strict
interpretation of SDG-related research was used. Countries with less than 500 total SDG-
related publications between 2015-19 were not counted because their share of publications

per SDG is extremely volatile.

See Chapter 4 of the main report for more details.

Figures based on Web of Science data (CWTS version).
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Cluster3

MIDDLE-INCOME AND
PERIPHERAL HICs

This is the largest group,
combining those UMICs (47%)
and HICs (26%) with a below
average number of publications
per capita, alongside those LMICs
(22%) with a low number of
publications per capita.

Publications

o 03
per capita:
2021.SD*C?Index 70
ranking*:
Proportion of SDG- 29.5%

related publications

Most countries in this group
have a high share of publications
related to:
M SDG 6 (Clean water and
sanitation)
SDG 7 (Affordable and clean
energy)

UMICs and HICs in this cluster also
have a high share of publications
related to:

M SDG 8 (Decent work and
economic growth)

M SDG 9 (Industry, innovation and
infrastructure)

SDG 12 (Responsible
consumption and production)

Cluster 4
SUSTAINABLE LICs and LMICs

This group is composed mainly of
LMICs (52%) and LICs (30%).

Publications

oo 0.06
per capita:
2021.SD*(‘? Index 58.7
ranking*:
LMICs
Proportion of 55%
SDG-related
publications LICs
73%
They have a high share,

particularly in LICs, of

publications related to:

M SDG 1 (No poverty)
SDG 2 (Zero hunger)

M SDG 3 (Good health and
well-being)

M SDG 5 (Gender equality)

M SDG 6 (Clean water and
sanitation)

M SDG 16 (Peace, justice and
strong institutions)

They have an above average
share, particularly in LMICs,
of publications related to
environmental SDGs.
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Figure 0.4 / Research synergies across SDGs

Each node identifies one SDG (the size of areas and publications, while SDG 4 shares
the node is proportional to the number of only a small number of research areas and
publications relating to that SDG). Each publications with SDG 10.

colour identifies one cluster of SDGs. .
See Chapter 4 of the main report for

>KEY: The lines connect SDGs that are studied by more details.
X anumber of research areas. The thicker the L K
Natural environment line the more research areas are related Strict interpretation of SDG-related
Infrastructure SDG9 to both connected SDGs. For instance, SDG research was used.(a similar network for
I People and society Industry and 13 and 15 share a large number of research aloose interpretation is available as
infrastructure Figure A.2.8, Appendix 2).

Figures based on Web of Science data
(CWTS version). Network mapped on

VOSviewer.
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SDG 15 Life on land SDG 7 Affordable and clean energy SDG 5 Gender equality
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infrastructure . .
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production SDG 3 (Good health)
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Our global survey (Chapter 7) confirmed that the devel-
opment of one STI may positively support one SDG target but
negatively affect the progress towards another (Figure 0.5).
For example, blockchain technologies can not only speed up
access to financial services (SDG 8.10), improve waste manage-
ment (SDG 12.5) and address marine pollution (SDG 14.1), but
can also support trafficking and sexual exploitation (negatively
impacting on SDG 5.2) and is energy intensive (with a negative
impact on SDG 12.2).

Focusing on technological interventions in isolation is also
unlikely to deal with the underlying issues behind many SDG
challenges. For instance, despite the fact that education and
governance are important in tackling neglected diseases such
as Chagas, in our Argentina case study, we found that research
related to SDG 4 (Quality education) and SDG 16 (Peace, justice
and strong institutions) was infrequently carried out in con-
nection with research on SDG 3 (Good health and well-being).
In our Kenya case study, we found that access to resources
below water and on land (SDGs 14 and 15) is deeply connected

to peace, justice and institutions (SDG 16), but research on
those SDGs at the global level is rarely connected (Figure 0.4).

Social science research is needed to complement
research on technical solutions so as to better address many
of the underlying social issues. Isolating social research from
research relating to the environment, infrastructure and
growth SDGs creates ‘social blindspots’ in the research agenda.
And it prevents us from understanding the extent to which
technical research can address the underlying social issues -
or potentially not exacerbate them.

Our analyses show that SDG-related research on underly-
ing social issues is more multidisciplinary and more likely to
be used in policy and reported in the media than research on
energy or on climate change. Despite this, and the fact that it
is at least as highly rated by standard quality metrics as the
average WoS publication, it does not benefit from the same
level of collaborations across countries and is the least funded
area of research (Chapter 4).

Figure 0.5 / STl synergies across the SDGs
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Our survey (see Chapter 7 of the main report) identified 13 STl areas as synergistic - linking to three or more SDGs. The figure shows the links to various SDGs for these STl areas. Line colours
reflect a specific STl area. Line thickness is proportional to the number of survey responses that identified a specific STI-SDG link. Figures based on our Delphi survey data.
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Figure 0.6 / STl priorities identified in the STRINGS survey
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We asked stakeholders to propose the types of STl they believe could help achieve the SDGs by 2030 (see Chapter 7 of the main report). The figure shows what percentage of survey responses
suggested each type of ST, together with some examples of each type, drawn from the responses. For analysis purposes, we assigned only one STl type for each response. In practice, an

activity can fit multiple innovation types. Figures based on our Delphi survey data.

The direction of current STI differs greatly from stake-
holder priorities. Through our global survey (Chapter 7), we
gathered a range of perspectives about the potential future
contribution of STI towards the SDGs. Responses prioritized
policy innovations (37%), social and grassroots innovations
(11% and 6%, respectively), and values and direction-setting
(20%), rather than the more conventional scientific research
and market-oriented innovations (16%), which are currently
the focus of a significant proportion of global STI (Figure 0.6).

Even scientists, researchers, and technology developers
(who in total comprised 69% of survey respondents) believe
that developments in traditional scientific research alone are
not sufficient to achieve the SDGs. While the survey uncovered
a wide diversity of opinions, there was more positive agree-
ment about policy innovations than about the use of technol-
ogies. By focusing on scientific research and market-oriented
technologies, existing STI overlooks other types of innovations
that are crucial to address the complexity of the SDGs by 2030.
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A problem of regional misalignment
Countries focus to a limited extent on research related to their
major SDG challenges.

When countries specialize in research that is unrelated to
their main sustainability challenges, there is a misalignment
between research priorities and the SDGs. In Argentina, for
example, major challenges exist in relation to SDG 9 (Industry,
innovation and infrastructure), SDG 10 (Reducing inequality)
and SDG 15 (Life on land). Despite this, besides SDG15, it
prioritizes research on SDG 2 (Zero hunger), SDG 13 (Climate
action), and SDG 14 (Life below water). Only SDG 15 appears in
both lists (see Chapter 6).

Meanwhile, HICs - which have the most unsustainable
consumption patterns, generate more CO2 emissions and
contribute the most to climate change - do not specialize in
research on the major environmental challenges relating to
SDG 12 (Responsible consumption and production), SDG 13
(Climate action) or SDG 15 (Life on land).

In both examples, the countries’ research priorities are
not aligned with their most pressing SDG challenges. This is
the case for most SDGs (see Figure 0.7). In the few cases where
countries specialize in research related to their biggest chal-
lenge, this is usually the result of past research specialization
(in the case of LICs, often linked to foreign funding), rather
than a realignment of priorities following changes in SDG
challenges.
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Figure 0.7 / Alignment
between SDG
challenges and SDG
research

The charts show the relationship
between SDG challenges
(2008-2017) and SDG research
priorities (2015-2019) for SDGs
2,4,6and 13. See Chapter 6 of
the main report for more details.

Countries are shown in different
colours based on theirincome
group.

The y-axis represents the
research specialization of a
country in a certain SDG
(>0indicates thata country is
relatively specialized in research
related to that SDG. < O indicates
less specialization in this area
than the world average).

The x-axis represents SDG
challenge scores. A score of
1indicates a major challenge
(country furthest away from the
frontier in this SDG), and a score
of -1 indicates a country at the
frontier in this SDG. Each dot
indicates a country.

Figures based on Web of Science
data (CWTS version) and on the
SDG Index data.
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A problem of closing off relevant STI pathways

There is no singular, self-evident, ‘most aligned’ STI pathway,
even for the most specific of SDG-related challenges. How
pathways are prioritized depends on how a diverse set of indi-
viduals, organizations and stakeholders frame their values,
interests and priorities.

Our case studies (Chapter 8) illustrate how particular
pathways can become dominant, sometimes closing down
alternative ways to achieve the SDGs. In India, for example, we
explored two distinct STI pathways to develop and access rice
seed varieties that are resilient to the challenges of climate
change: (1) breeding new seeds in laboratories, and (2) con-
serving and exchanging seeds from indigenous plant varieties.
To what extent each pathway is prioritized depends on the
actors involved and their influence.

While many relevant STI pathways exist, a few individu-
als, organizations and stakeholders tend to be in control of STI
decisions and one (or a few) pathways will dominate in terms
of funding and policy attention, even when they are not the
most supported by wider society. This is the case in the Indian
case study. There was strong agreement among the various
stakeholders involved in our research that the conservation
pathway (which involved local civil society organizations,
seed champions and seed conservationists) was the better
performing in terms of agrobiodiversity and usability (Figure
0.8). However, unlike the breeding pathway (which involved
government institutions, universities and private firms), the
conservation pathway has received little support or invest-
ment from public institutions.

Likewise, our case studies in Argentina, India and Kenya
illustrate how certain pathways are more successful than
others in aligning diverse STI pathways with priorities and
challenges within the SDGs (Chapter 9).

Our analysis has revealed several opportunities for pol-
icymakers, national and global funders and NGOs to steer
STI activities towards solving, rather than exacerbating SDG
challenges.
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Figure 0.8 / Appraisals of seed pathways in Odisha, India
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We gathered stakeholders' views about how well two STl pathways in India could address
various sustainability issues (see Chapter 9 of the main report). Each bar represents the
range from the average optimistic score to the average pessimistic score ascribed to a
pathway by different groups of participants in our case study research. The difference
between these two scores is a measure of uncertainty, shown as the number inside each bar.
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Ways forward: our recommendations « enabling open and plural decision-making, including
identifying and implementing funding priorities through
participatory processes with civil society organizations and
research users

For STI to make a substantial contribution to address SDG-re-
lated challenges within regions, nations or at a global level, we
have provided recommendations and tools to inform effective

olicy actions and encourage active and inclusive debates. . . . Lo
policy & Increase funding of research into underlying issues of deprivation,

inequalities and conflict by:

+ increasing funding for research and innovation that focus
on the complex social, historical and political determinants
of sustainability, related to inequalities and conflicts

- steering public funding to complement, rather than follow,
private funding directed at technological solutions

Increase funding for SDG-related research and
innovation and improve alignment between STI
portfolios and SDG priorities

Research funders, aid organizations involved in research

. . . F h that Tt 1 SDGs by:
funding, INGOs and the academic community should: OCULs OTL resedrc areas LAt Connect 1o Severa s oy

+ funding more research that explicitly investigates tensions
and synergies between different aspects of sustainability

- connecting research on deep-seated issues of deprivation,
inequalities and conflict with research on more technical
solutions

Ensure STI funding and research is directed towards SDG-related

issues by:

+ directing funding in HICs and UMICs with unsustainable
consumption and production patterns towards research
that addresses environmental issues

« ensuring that national and international funding frame-
works support SDG-related research that involves a leading
role for research organizations based in LICs

+ regularly reviewing priorities for research funding based
on consultations across different disciplines and sectors
of society, in order to support shifting local and national
sustainable development priorities

« overcoming historical and ingrained patterns of funding
and responding to national and local challenges to guide
decisions in funding R&D portfolios

Involve a more diverse set of actors in research funding

decisions by:

« directly funding research institutes in LICs and including
researchers and stakeholders from these regions in the
research and decision-making processes

« ensuring that collaborative projects are equitable
partnerships, thus creating more opportunities for
equitable knowledge transfers and capacity-building

« including LIC researchers and stakeholders in the advisory
and management committees of funders, to ensure their
views are considered in planning, defining and evaluating
research agendas

Figure 0.9 / Addressing complexities through deliberate diversification

Diverse STI
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Adiverse research or innovation portfolio offers a more robust approach than
conventional policy appraisals (see Chapter 10 of the main report).
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Adopt a more holistic approach to research funding design and

evaluation by:

+ providing greater support for interdisciplinary and
transdisciplinary research, to improve the understanding

of synergies and tensions between socioeconomic, environ-

mental and infrastructure-related SDGs

« increasing the involvement of users from across policy,
industry and civil society - including marginalized knowl-
edge producers such as small farmers, water conservation-
ists and informal organizations - in the design, conduct
and evaluation of formal research and social innovations,
to address the complex, interwoven challenges of the SDGs

« adopting research evaluation measures that promote and
value the production of knowledge in multiple arenas
beyond formal science and technology, including social
innovations and ‘indigenous’ knowledge

- considering the positive and negative impacts of research
on society as perceived by different stakeholders

Promote arich diversity of STI pathways to address
the diverse SDG challenges (Figure 0.9)

Policymakers, governments, civil society and aid
organizations should:

+ Encourage debates involving and including a diverse set of
actors to help steer STI in more balanced ways.

+ Ensure decisions about which STI pathways to prioritize
involve the stakeholders affected by those decisions, to
allow more democratic representation of a wide range of
values and interests around different SDGs.

Figure 0.10 / How global governance of research and development can support the SDGs
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« Putin place processes and mechanisms, such as public
consultations or talking with diverse actors, to question
how STI pathways are analysed from diverse perspectives.

Research funders and aid organizations involved in research
funding should:

+ Compare how different STIs address different challenges,
rather than focusing on advancing specific STIs.

+ Maintain a diverse and balanced portfolio of R&D to
address challenges, particularly those that are sensitive to
different contexts.

« Promote diversity in research and innovation to counterbal-
ance specific R&D interests that might emphasize singular
directions.

+ Ensure transparent communication of research findings,
participatory involvement, open accountability and demo-
cratic governance.

Design accountable initiatives that strengthen STI
governance and support open and inclusive processes
of deliberation and prioritization (Figure 0.10)

Policymakers, INGOs, civil society organizations and aid
agencies should:

« Establish a global platform observatory to conduct regular
surveys of international R&D; its diversity, inclusion, scale,
locations, purposes and impacts (the platform would work
closely with the International Science Council, the Inter-
national Network for Government Science Advice, OECD,
UNESCO, as well as civil society, business, universities and
other users of STI).

« Bring together a ‘constellation’ of funders, civil society,
business, universities and science policy decision makers to
replicate the type of exercises undertaken by the STRINGS
project, to align research to potential challenges by using
open data, open coordination and engagement of users.

+ Organize regular gatherings to create communities of
shared purpose and understanding, as well as encouraging
wider social deliberation over the steering of policy.

Research funders should:
+ Establish formal global funding pools to combine R&D

resources on key global goals established through open and
inclusive deliberations in the global platform observatory.
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Empower stakeholders to express different
interpretations of what counts as SDG-related STI

Research funders, the academic community and aid
organizations involved in research funding should:

+ Develop and maintain open analytical tools (such as
visualization platforms - see Chapter 12) that can be
adapted and scrutinized by users in collaboration with pol-
icymakers and civil society organizations. The tools should
enable different stakeholders to decide which research
and innovation areas are most appropriate for addressing
an SDG, according to their contexts, needs, values and
aspirations (Figure 0.11).

« Develop databases to capture STI activities in social
sciences, in applied fields and in LIC and LMICs. This
includes publications in diverse languages; research
outputs other than publications and patents; adaptations of
existing technologies; and incremental innovations, social
innovations, policy innovations and grassroots innovations
outside the formal sector.

+ Improve the internal consistency, comparability and
overall quality of data, especially in LICs and LMICs.

For example, among the 388,792 data points to measure
progress in the SDGs over 2000-2021 for 193 countries
(Sachs et al. 2021), 221,426 are missing (57%); and these are
mainly from LICs and LMICs. @

Figure 0.11 / Interactive visualization of the research landscape for
SDG 7 (affordable and clean energy)

The STRINGS interactive tool (see Chapter 12 of the main report) enables users to create
their own mapping of scientific research to the SDGs. Users can adjust settings to identify
research areas that are potentially relevant for each SDG.
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SETTING THE SCENE

The Sustainable Development Goals

The 17 United Nations Sustainable Development Goals (SDGs) are a
comprehensive, internationally agreed set of objectives, adopted by the
United Nations General Assembly in 2015 as part of the United Nations
2030 Agenda for Sustainable Development.

The goals recognize that ending poverty and other deprivations must

go hand-in-hand with strategies that improve health and education,
reduce inequality, and spur economic growth - all while tackling climate
change and working to preserve our oceans and forests. They encompass
169 targets and 231 indicators of progress.

1 NO 2 IERO GOODHEALTH QUALITY
POVERTY HUNGER AND WELL-BEING EDUCATION

GENDER CLEAN WATER
EQUALITY AND SANITATION

DEGENT WORK AND 9 INDUSTRY, INNOVATION 10 REDUGED
ECONOMIC GROWTH

11 SUSTAINABLE CITIES 12 RESPONSIBLE
ANDCOMMUNITIES CONSUMPTION
ANDPRODUCTION

ANDINFRASTRUCTURE INEQUALITIES

V'S

13 CLIMATE 1 LIFE 16 PEACE, JUSTICE
ACTION ON LAND ANDSTRONG
INSTITUTIONS
W

Y,

17 fotncoonts @

SUSTAINABLE
DEVELOPMENT

GLIALS

Furtherinformation about the
Sustainable Development Goals can
be found at:
https://www.undp.org/
sustainable-development-goals

Science, technology and innovation

The 2030 Agenda acknowledges that science, technology and innovation
(STI) are vital drivers in enabling the transformation towards
prosperous, inclusive and environmentally sustainable economies.

Science refers to the production of knowledge of all kinds.

Technology is the combination of knowledge, practices and tools used to
produce any product or service.

Innovations are new orimproved products or processes, which may be
market-oriented or may involve administrative, legal, regulatory and policy
instruments or wider social, cultural or behavioural change.

O—Ob-o

7

SCIENCE TECHNOLOGY INNOVATION
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FREQUENTLY USED TERMS

The following words and phrases are
used frequently in the report. Below we
explain what we mean by these terms,
how we use them in the report, and how
they relate to each other.

Alignment

The central focus of this research is

on the alignment between science,
technology and innovation (STI) and
the Sustainable Development Goals
(SDGs): that is, how well STI pathways
offer responses to specific SDG-related
challenges. The objective of STI
governance and research funding is

to understand which STI pathways are
most strongly aligned with which SDG
challenges.

The report defines alignment using
different methods and lenses of analysis
across different chapters. These
approaches offer different ways to think
about alignment.

Directionality

Directionality refers to questions,
issues and implications around the
orientation of science, technology and
broader socialinnovations. A focus on
directionality switches the attention of
STl governance from 'how fast?’, ‘how
much?’, and ‘what is the risk?' towards
questions such as ‘which way?’, ‘who
decides?'and ‘why?".
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By considering which understandings to
privilege, whose interests to prioritize,
what values matter, and how to hold
influentialinterests to account, itis
possible to envisage alternative STI
pathways, beyond those that promote
mainstream science or economic growth.

Diversity

The report emphasizes the importance
of diversity in responses to SDG
challenges. In this context, diversity
refers not only to the variety of STI
pathways and directions pursued, but
also to how disparate they are from
each other and the balance of resource
allocations between them.

Heuristic

A method of learning or problem-solving
that allows people to discover things
themselves and learn from their own
experiences. In this report, we propose
different heuristics to study and interpret
the relations between STl and the SDGs.

Mappings

We map STl to a given SDG by identifying
the research areas and inventions

that are related to that particular goal.
Different stakeholders have different
understandings of which research areas
and innovations are relevant. As a result,
a mapping of STl to SDGs may depend

on the specific contexts, perspectives
and values of the analyst or stakeholder
conducting the analysis. Therefore,
there can be multiple meaningful and
legitimate mappings of STl to SDGs.

Plurality

In this report, plurality refers to the
vast worldwide array of interests,
values and understandings that relate
both to STl and to the SDGs themselves.
For example, the SDGs encompass
multiple challenges, each of which
can be understood from a range of
perspectives. And each STI pathway
to address the goals may also be
understood and evaluated in a variety
of different ways.

SDGs

The 17 Sustainable Development Goals
(SDGs) are at the heart of the 2030
Agenda for Sustainable Development,
adopted by all United Nations Member
States in 2015. The 17 goals are shown
on page 27.
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SDG targets

The United Nations published 169
targets for the SDGs in July 2017. Each
goal typically has between eight and
twelve targets.

The targets are either ‘outcome’ targets
(circumstances to be attained) or 'means
of implementation’ targets. The latter
targets were introduced to address the
concerns of some Member States about
how the SDGs would be achieved.

SDG indicators

Each SDG target has between one

and four SDG indicators to measure
progress. There are 231 unique SDG
indicators, with some belonging to more
than one target. Most countries do not
produce regular data for 97 of these
indicators.

SDG-related research

To map and characterize SDG-related
research, we devised a method to
associate research areas with specific
SDGs (see Chapter 4). This approach
allows us to include publications that
contribute to SDG-related research even
if they do not use SDG-specific language
in the title or abstract.
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Steering

We use the term steering to refer to the
use of policies and wider governance
arrangements to guide STl priorities in
particular directions.

Science, technology and
innovation (STI)

STlrefers to science, technology and
wider social, grassroots and policy
innovations. Further information is on
page 27.

STl pathways

STl pathways are the alternative
directions that can be taken by STl to
address particular goals in specific real-
world settings. An STl pathway involves
not just technical solutions but also the
governance mechanisms and socio-
ecological circumstances that influence
how decisions are made, what factors
are prioritized, the use of resources, and
who benefits from the solutions.

Synergies

We use the term synergies to describe
the positive interactions between SDGs.
For example, educational efforts for girls
(SDG 4) in a low-income context could
enhance maternal health outcomes
(part of SDG 3) and also potentially
contribute to poverty eradication

(SDG 1), gender equality (SDG 5), and
economic growth (SDG 8).
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Tensions and trade-offs

Tensions and trade-offs refer to the
negative interactions between SDGs.
For example, intensive agriculture is
asignificant source of greenhouse

gas emissions, so improvements in
agricultural productivity and food
production (SDG 2) can contribute
negatively to climate change (SDG 13).
Trade-offs imply a quantitative balance
between priorities, while tensions are
more complex.

Transdisciplinarity

Transdisciplinary research combines
different kinds of knowledge from
communities and stakeholders with
academic and corporate research.

By involving a greater plurality

of perspectives, it helps produce
understandings that are relevant and
valid for diverse actors to address
specific problems in particular contexts.
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> CHAPTER 1

Aligning STI with

the SDGs

An overview of the complex challenges

OVERVIEW

This chapterintroduces the key
ideas at the heart of the STRINGS
project. It explores:

¢ the importance of the
Sustainable Development Goals
(SDGs)

* the complex relationship
between the SDGs and science,
technology and innovation (STI)

¢ the challenge of how to better
align STl activities with the goals

It then explains how the STRINGS
project aims to tackle some of
these complex issues by providing
evidence and tools that help to
illustrate and better understand
misalignments between STl and
the SDGs, and ultimately to inform
the prioritizing of particular STI
pathways in relation to specific
SDG challenges.

Footnotes for this chapterare on
page 35. Afulllist of references
can be found on page 140.
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Multiple directions for progress in STI

Despite much questioning and criticism, the importance of
the SDGs in current world affairs is undeniable. Built on the
foundations of decades of collective action, social mobilization
and civic deliberation, their adoption was the culmination of
a process that had been under way for nearly half a century.?
With a scope and detail unmatched in any other single frame-
work, the goals are unprecedented in their span across social,
economic and environmental issues.

Global governance processes have now begun to wrestle
in explicit, systematic and accountable ways with the per-
ennial but neglected challenge of ‘which way constitutes
progress?’ The framework of institutions, practices, discourses
and metrics around sustainable development has a vital role
to play in guiding global progress. The practical policy impli-
cations for funding, regulating and investing in research and
innovation are profound.

'With a scope and detail unmatched
in any other single framework, the
goals are unprecedented in their
span across social, economic and
environmentalissues.’

For centuries, ‘progress’ in STI has been viewed as whatever
happens to emerge over time.2 The tacit assumption is often
that research and innovation governance is more about what
can be done, rather than what should be done. Political leaders,
for example, might assert that it is the rightful place of science
to drive wider social progress, without addressing other
drivers of progress or acknowledging that some outcomes of
science might have negative impacts. And the commonly held
view that one cannot stop scientific progress ignores the many
ways in which prioritizing certain kinds of science or inno-
vation inevitably accelerates particular types of progress and
curbs others.
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Strategies for investing in research and technology world-
wide are routinely presented as ‘pro-innovation’, with little
space for debating which particular kinds of innovations are
being favoured and by which interests.? This narrow modern-
istic vision of progress ignores contending forms of science,
alternative directions for research, and the choices between
different innovation pathways.*

SDGs enable socially deliberate STI progress

The SDGs have set in motion the building of a shared global
framework for holding research and innovation, and all kinds
of change, to account. Instead of STI priorities being driven
by the most privileged and powerful interests, the SDGs
enable and require consideration of other priorities. Instead
of research and innovation pathways being viewed as hard-
wired, the SDGs encourage an opening up of political spaces,
allowing critical questions and greater creativity in relation to
how STI can help to achieve sustainability. Instead of rhetoric
that these powerfully-backed paths are ‘pro-innovation’ (and
that their critics are ‘anti-science’), more nuanced attention
can be paid to options, values and interests that may otherwise
have remained sidelined.

How different influences shape STI

But what does this mean for scientific autonomy? Do the
SDGs threaten to introduce stifling constraints on research
and innovation? Any reasonable answer to this question must
be no. For all the importance of the scientific values of inde-
pendence, openness and scepticism, research and innovation
have nonetheless always been subject to cultural, political and
economic influences. Worldwide, many powerful interests and
structures encourage particular directions for research and
innovation and suppress others - too often reinforcing existing
inequalities.

Overall, those areas of research that offer the greatest
potential in terms of private profit, market control, national
advantage or military domination tend to benefit from the
largest funding streams and the most enthusiastic political and
commercial support.5 It is a reflection of this internal politics
of science, for instance, that the largest single area for public
STI funding around the world is military and security related.¢

Political missions are typically focused around specific
types of technology as a means to an end (for example, aer-
ospace, nuclear, machine learning, nanotechnology, or gene
editing) rather than on the ends in themselves (for example,
goals relating to food, water, energy, shelter, mobility or
communications).” The result has been a tendency to pri-
oritize advanced technology over other kinds of innovation
that might be more effective in achieving the SDGs. In food
and agriculture, for example, molecular genetics tends to be
disproportionately supported, compared with other scientific
methods or social, political or behavioural approaches.8
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Likewise, within science itself, there can be a tendency
to prioritize research that focuses on the reductive categories
(such as genes or functional molecules), over which intellec-
tual property rights can most easily be exercised. This can lead
to the side-lining of research that takes a more societal, rela-
tional or systemic approach. Although this type of research
can be more difficult to appropriate, it can often be far more
effective in addressing the SDGs.®

This focus on particular STI categories also means that
negative impacts can be overlooked. For example, while there
is much focus on the opportunities offered by digital technol-
ogies in relation to achieving the SDGs, less attention is given
to the extent to which these technologies can drive inequalities
by further concentrating data ownership and market power.®

It is crucial to recognize that all innovation is at least as
much social as it is technological, and that many of the most
promising technological innovations in relation to the SDGs
are dependent on behavioural, organizational and political
change.!® There is very little that new technologies can achieve
on their own.!

The role of the SDGs in steering STI

In short, the SDGs offer a means for researchers, funders, pol-
icymakers and societies at large to reflect, in fair and account-
able ways, on which directions for research or innovation are
most likely to count as progress in relation to the SDGs.

However, the most appropriate direction for research or
innovation in any given context is typically far from self-ev-
ident. There is no sustainability goal or metric so precise
that it is not possible for views to legitimately diverge. Thus,
prioritizing the directions for STI in relation to the SDGs is an
unavoidably qualitative and political challenge.

This does not mean, however, that anything goes. Across
all views, some possible directions for science and technology
may be quite easily set aside in favour of alternative pathways.
This may be especially so in relation to some of the influential
drivers of research and innovation that are absent from the

SDG framework, such as private profit, market share, national
prestige or military dominance.

The role of the SDGs in helping to steer more sustainable
STI is not about asserting any specific political agenda, but
about defining a shared political space to oversee the current
drivers and directions in STI. A full range of scientific disci-
plines and fields of engineering or wider social practice are
free to make the case for why, and under what conditions,
particular directions for innovation may offer the best route
to sustainability in a particular setting. The important point
is for these contending cases to be rigorously scrutinized,
rather than simply imposed or assumed in favour of the most
powerful interests. This report makes a small contribution
towards this end.

Dimensions of complexity around STl and the SDGs

Multiple aspects of the SDGs

Of course, many uncertainties, complexities and obstacles
lie in the path of these ambitions. The SDGs span multiple
aspects of, and perspectives on, human well-being, social
equity and ecological integrity. The 17 goals, 169 targets and
231 indicators are just the visible tip of an iceberg of deeper
implications and entanglements between ostensibly discrete
issues. Addressing any one of these issues inevitably affects
others. The history of technology is replete with examples of
powerfully-backed ‘solutions’ to one problem becoming causes
of another, sometimes more serious, calamity.1! The lessons
for research and innovation are profound.

Variety of STl activities and actors

Another crucial factor is the wide scope and variety of STI
activities. The category system used by the OECD yields 42
broad fields of STI research and development, each divided
into multiple individual topics, disciplines and associated com-
munities of interest.12 The Institute for Scientific Information’s
classification scheme, as used in this report, divides science
into 254 subject categories, each with its own priorities,

Figure 1.1 / Dimensions of complexity
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can affect ability to address many SDGs.
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addressed through the contrasting lenses of more than 21,000
academic journals.3 In the field of technological applications,
the International Patent Classification divides technology into
around 70,000 distinct areas.4

These contrasting fields of science and innovation are
comparable in their multiplicity to the complexities of the
problems they seek to solve. STI is practised by diverse indi-
viduals and communities of researchers, all with their own
aims and values. It takes place in a range of institutionalized
disciplines, each with their own distinctive understandings
and cultures. And the priorities for research and innovation
are strongly shaped by governments and businesses, driven by
specific interests and politics.

Variations in socio-ecological contexts

Cutting across these complexities are enormous variabilities
of context. With close to 200 nation states and even more offi-
cially-recognized nationalities in the world,!s there exists a
vast array of geographical, jurisdictional and cultural settings
in which diverse forms of research and innovation seek to
address a multiplicity of social and environmental challenges.

Beyond this, the world supports an estimated 108 types
of ecosystem, each with its own implications for relations
between society, technology and environment.6 To take
another important indicator of divergent context, there are
now more than 500 cities in the world of more than one
million inhabitants, each with its own distinctive history and
constituting issues.

Across this bewildering vista, there are stark differences
in power, privilege and capacity. The per capita income of the
richest countries of the world, for instance, is well over 100
times that of the lowest income countries. National govern-
ments differ from each other by a factor of more than 100,000
in the resources they can mobilize, with wealth concentrated
massively at the top of this distribution. Production in some
sectors is similarly concentrated in a few firms with the
highest shares of capital and mark-ups, especially in industries
with rapid rates of innovation.

Such inequalities exert crucial influences on the ability to
address many SDGs. For instance, countries may differ by a
factor of 42 in their neonatal mortality rate; of 10 in the share
of population with access to electricity; of 50 in the share of
population with access to the internet; of 2,500 in the number
of scientific and technical journal articles per 1,000 popula-
tion; and more than 1,000 in per capita energy related CO:
emissions. Fairness and equality in and around STI are crucial
to achieving sustainability.

Diverse perspectives

One key aspect in achieving greater fairness and equality lies
in acknowledging the inherently political (not just technical)
dimensions around both sustainability challenges and STI
directions. Each one of the multiple permutations of SDG
issues, STI possibilities and socio-ecological contexts can be
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viewed from a plurality of contrasting political perspectives,
built on different values, interests and understandings.

It is clear that the number of contending STI ‘directions’
and ‘pathways’ to achieve the SDGs extends across many
orders of magnitude. Assumptions that only one STI pathway
offers a self-evident, sound science or pro-innovation way
forward in any given context are clearly mistaken or mislead-
ing. Questions are always to be asked over why any research or
innovation pathway should be supported more than another,
which interests to prioritize, whose values count, and how to
hold influential interests to account.

Addressing the challenges of aligning STl with SDGs

Amid such complexities, it is clear that there can be no one-
to-one mapping of STI solutions onto problems. There is no
shortage of particular interests asserting the sustainability
benefits of their own favoured directions for research or inno-
vation. Nor is there any shortage worldwide of mission-ori-
ented agencies addressing specific aspects of the SDGs in
terms of their own remits, for instance by asserting claims
about what particular technologies can do for sustainability,
rather than asking in more balanced ways, which STI direc-
tions would be best for specific SDG aims.?”

What needs strengthening in the governance of science
and technology around the globe are tools and resources to
support open and inclusive processes of deliberation, focusing
on alternative directions for STI in specific settings.® There is
a need for careful quantification and rigorous analysis along-
side attention to uncertainty and variability, so as to stimulate,
inform and support a lively participatory worldwide debate.

The core aim of this report is to address this need.
Building on sporadic prior efforts, we aim to provide new
evidence and tools for global mappings, clearer visualizations
and better understandings of the alignments between STI and
the SDGs. In this way, we seek to open up, motivate and guide
international governance attention to the challenge of aligning
STI more effectively with the progressive social and environ-
mental values embodied in the SDGs. See pages 34 and 35 for
further explanation of the STRINGS project’s goals.

Our aim is to enable the appropriate prioritization of the
interests of different groups, including those currently unjustly
marginalized in global research and innovation, for example,
exploited workers, disappropriated landholders, disenfran-
chised constituencies, oppressed communities, neglected
regions and excluded nations especially in the Global South.

Although the challenge of aligning STI with the SDGs is
highly complex and intractable, these difficulties need not
impede these progressive ambitions. Simply to ask questions
about direction is itself a crucial first step. Even relatively
incomplete and qualified evidence may prove highly valuable
in highlighting the shortcomings of dominant STI pathways in
particular settings.
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Figure 1.2 / Asummary of the goals of the STRINGS project:
from concept to implementation

For more detailed information see page 35.
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To inform the prioritizing
of STl pathways in
relation to specific SDG
challenges.

To explore guiding
examples that illustrate
the diversity of STI
pathways for given
SDG challenges.

To explore stakeholder
perspectives on future

STl priorities to achieve
the SDGs.

To establish frameworks
tointerpret STI-SDG
alignment, and to produce
interactive processes

to stimulate and focus
policymaking.

Using the above tools
to catalyse and inform
new debates, practices,
procedures and
institutions.

To guide subsequent
initiatives and processes.



Chapter1 Aligning STI with the SDGs

The STRINGS project aims to provide an
empirically-based, globally-produced
analysis to empower policy action. Our
goals are as follows:

To produce mappings that inform the
prioritizing of STI pathways in relation
to specific SDG challenges. Given the
pioneering nature of this analysis and
its early stage, these initial findings
can only be incomplete. They are
‘heuristic’ guides, rather than definitive
prescriptions. The scope and depth of
the complexities also lead to a degree
of open-endedness. These limitations
underscore, rather than diminish, the
importance of robust policy appraisal
processes. By producing quantitatively
rich and qualitatively ‘thick’ data, this
project encourages wider evidence-
gathering practices to inform policy.

To explore guiding examples, based in
particular geographical, environmental
and political settings, to yield case
studies that illustrate the diversity of
STl pathways for given SDG challenges.
These case studies also demonstrate
how active governance of the alignment
between STl and the SDGs can be
undertaken using reproducible methods
in arange of real-world circumstances.

To challenge and interrogate current
directions and priorities of STl in
particular settings. We do so by asking
rigorously about possible future STI

directions that might otherwise be
neglected; about social and political
perspectives on STl that may be
currently marginalized; and about the
practical value of fostering a greater
diversity of STI pathways.

To explore data and methods to
identify priorities, so as to:

® establish systematic frameworks
for questioning directionality and
alignment around STl and the SDGs

* pioneer new applications of
established or adapted methods

e experiment with novel hybrid
approaches (especially combining
qualitative interpretive and
quantitative analytic practices)

e produce interactive processes and
associated visualizations to help
stimulate and focus policymaking and
wider political attention

To contribute to building formative
governance networks.

Over the course of the project, we have
reached out to earlier and parallel
initiatives, involving a diversity of
actors and movements that are broadly
concerned with the same issues around
aligning STI with the SDGs.

Centring around a new global ‘platform
observatory’, our recommendations
are to engage policy actors and wider
political interests in addressing

this central challenge. By using the
above tools to catalyse and inform

new debates, practices, procedures

and institutions within and across
government, business, academic and
civil society, we aim to aid deliberation,
negotiation and the commissioning of
further analysis and institution-building.

To nurture and benchmark crucial policy
values to guide initiatives and processes.
These values include:

 rigour in addressing neglected
challenges of directionality in
STI, diversity in STI pathways and
pluralities of perspectives

transparency in the clear and
comprehensive representation of
associated issues, uncertainties and
complexities

e openness in the inclusion of diverse
perspectives, forms of expertise and,
as much as possible, data

accountability in the provision of
robust justifications for the pursuit of
particular STl responses to specific
SDG challenges

The scope and complexities of this task
mean that it will never be possible to
encompass a full or definitive picture of
the appropriate directions for research
and innovation. Nonetheless, we hope to
provide concrete data and practical tools
for provoking and guiding the many kinds
of onward progress that can meet the
challenge of the SDGs.

1. Brundtland 1987; United Nations 4. Government Office for Science, 9. Elyetal, 2010. 14. https://worldwide.espacenet.
Conference on Environment 2014. 10. Nicholls et al, 2014. com/patent/help/ipc
and Development, 1992; United 5. House of Lords, Volume 1, 2010. 11. Tenner, 1999. 15. United Nations, 2021.
Nations, 2015. 6. OECD (a), 2021; House of Lords, 12. OECD (b), 2021. 16. Keith et al, 2020.

2. Stirling, 2009. Volume 2, 2010. 13. https://clarivate.libguides.com/ 17. Miller, 2007.

3. Sveiby et al, 2012; Godin and 7. Kattel and Mazzucato, 2018. webofscienceplatform/coverage

Vinck, 2017; Wright et al, 2018. 8. House of Lords, Volume 1, 2010.
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Chapter 9 Misalignments between pathways and SDGs

Economy

Unlike the local community representatives, government
officials considered the two aquaculture pathways as the best
performing (under both optimistic and pessimistic scenarios)
for the economy issue, as shown in Figure 9.13. Cage aquacul-
ture, for example, was expected to increase fish production
and reduce conflicts.

Some government officials also expected positive
economic results from the MCS pathway, which they felt
curbed illegal fishing and increased the size and quality of fish
capture, fetching higher prices. One senior official noted:

KMonitoring and surveillance is the ultimate medicine to curb
conkict in the lake®The government should endeavour to empower
the enforcement departments to ensure that Rshing is sustainablel

Environment

For the issue of the environment, the mean optimistic score
of the MCS pathway was comparable to the highest score
associated with the cage culture pathway. Pond farming was
ranked lower under optimistic scenarios. It was also asso-
ciated with the lowest uncertainty, perhaps because private
ownership was seen as less likely to lead to coordination

/ Appraisals of the three pathways in Kenya:
government perspective

ECONOMY

POND FISHFARMING

CAGE AQUACULTURE

ENVIRONMENT

POND
MCS

CAGE

[ INCLUSION AND PARTICIPATION

Performance ranking

Each bar represents the range from the average optimistic score to the average pessimistic
score ascribed to a pathway. The difference between these two scores is a measure of
uncertainty, shown as the number inside each bar.
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problems between different actors (as compared to the other
two pathways).

Inclusion and participation
For the inclusion and participation issue, like the economy
issue, government officials attached the highest uncertainty
to the pond farming pathway. While observing the potential of
ponds for increasing production, they were concerned about
the availability of land and fish feed, as well as the lack of a
supportive policy environment under pessimistic scenarios.
RInsul cient land and inadequate sensitization from relevant
ministries have rendered pond culture unrealistici

In general, respondents observed a lack of government com-
mitment to supporting fishers, particularly small-scale pond
farmers. Fishers reported a lack of trust in state-led govern-
ance processes in relation to all three pathways. A re-orienta-
tion of state-led governance is therefore required if the three
pathways are to effectively address the SDGs.

While participants ranked the MCS pathway somewhat
lower than the two aquaculture pathways, there are significant
overlaps between the three pathways’ performance scores,
and the uncertainties associated with the three pathways are
broadly similar across plural perspectives.

The participants’ plural perspectives indicate that all three
pathways could potentially be aligned with the economic,
environmental and participatory/inclusive priorities related
to the SDGs. There is therefore a need to direct policy support
to diverse STI pathways in order to address fishing conflicts in
the Lake Victoria region of Kenya.

The MCM analyses in each of the three countries show how
different groups of stakeholders offer plural perspectives on
the alignment of diverse STI pathways with priorities and chal-
lenges embedded in the SDGs.

It is only in Argentina that the plural perspectives are in
agreement with each other, rating the open science pathway
more highly across a whole range of SDG-related issues. This
result of rare agreement revealed by an MCM exercise might
be due to the widespread disappointment with the dominant
conventional science pathway’s attempts to address Chagas.

In contrast to Argentina, our results in India and Kenya
yield more complex pictures. In India, four different perspec-
tives agree unambiguously about the superior performance of
the seed conserving pathway for the issues of agrobiodiversity
and usability. This highlights the need for sustained policy
support for this much-neglected pathway to meet SDGs 15,
13, 12, 3 and 2. However, the consensus for focusing on that
pathway alone for the other SDG-relevant issues is less clear.
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Figure 9.14 / Asummary of plural perspectives on diverse STI pathways
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Similarly, in Kenya, while the cage aquaculture pathway
is considered somewhat better performing under optimistic
conditions, by some perspectives for some issues, there is no
clear preference for just one or two of the pathways. There-
fore, our results point to the need for balanced policy support
for a diversity of STI pathways to address SDG-related issues.

To realize such support, a wide range of policy and insti-
tutional combinations may be required, transcending modern
sectoral categories that separate environmental challenges
from social and economic concerns. Thus, departments
that make social and economic policies must include the

perspectives of actors who speak for the natural environment,
including ecologists and other scientific experts, grassroots
activists and community organizations.*

In the same way, environmental policymaking must seek
to include plural perspectives, particularly of the most margin-
alized actors in society. Such perspectives are often articulated
clearly in social movements and civil society organizations
at the grassroots, which must play a central role in steering a
diversity of STI pathways towards alignment with the priorities
and values embedded in the SDGs. @

Notes

Stirling and Coburn 2014.

Stirling 2008; Arora et al. 2019; Arora and Stirling 2021.
Orina et al. 2018.

de Hoop and Arora 2021.

Hwn
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plurality of worldwide interests,
values and understandings and
to aim for a diversity of possible
STl responses to complex SDG
challenges.

e Adiverse research and

innovation portfolio enables
sensitivity to context.

Deliberate diversification

is more robust than the
conventional policy aim of
identifying a single ‘optimal’
STl pathway.

be subject to rigorous
technical analysis and vigorous
democratic oversight.

» Effectively addressing

sustainability challenges
involves building capabilities
to challenge the incumbent
power that often concentrates
around entrenched,
unsustainable STI pathways.
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Deliberate diversification of responses

r 1 Fortunately, there is a clear pragmatic option that can address
|| these challenges in fundamental ways. Although it is neither a
u panacea nor without its downsides in particular contexts, this
E o [ | practical response is diversity itself.!
Through deliberately pursuing a diversity of responses to
[ SDG challenges, governance of STI for the SDGs can:

« be sensitive to different contexts

+ hedge against uncertainties

+ accommodate ambiguities

+ mitigate adverse forms of lock-in (that is, the rules and
infrastructures that are set up for a particular way of doing
things and keep it that way)

« foster creativity and accelerate deeper forms of learning in
research and innovation themselves

Q Earlier sections of this report have explored various deep-
seated dilemmas around aligning STI pathways with the
social, economic and environmental imperatives embodied
in the SDGs. A key issue is the importance of attending to the
plurality of worldwide interests, values and understandings,
which relate both to STI activities and to the prioritizing of
issues encompassed in the SDGs.

In addressing this plurality of sustainability challenges,
this report highlights some neglected real-world governance
dilemmas in seeking to align STIs with the SDGs, as follows:

By deliberate diversification, we mean placing explicit
value on the quality of diversity in research portfolios and
innovation programmes designed to address sustainability
challenges. By ‘diversity’ in STI pathways, we refer specifically
to the following three key qualities (see Figure 10.1):2

« A variety of alternative pathways are pursued. ‘Variety’
is an integer, simply counting the number of different
pathways that might be categorized.

« Support is purposefully balanced across these pathways.
‘Balance’ is a set of fractions that add up to one, reflecting
the relative prioritizations across these different pathways.

+ Pathways are mutually disparate in their technical and
political characteristics. ‘Disparity’ is the degree of salient
difference between different pathways.

+ SDG goals, targets and metrics encompass multiple
dimensions of intersecting social, economic and ecological
challenges

+ Each dimension, and each relation between dimensions,
displays variabilities, uncertainties and ambiguities that
involve divergent understandings and perspectives

+ Each potential STI pathway that may offer a response to
these dilemmas may also be reasonably understood and
evaluated in a multiplicity of ways

Figure 10.1 / Diversity in STl pathways: the three key qualities
Diversity among STl responses
These dilemmas of plurality indicate the importance of a
diversity of possible responses to SDG challenges. At first
sight, this looks like it could compound the policy challenges. Avariety of alternative pathways are
Real-world politics, with its entrenched structures and gra- pursued.
dients of power and privilege, can put pressure on analysts
and academic researchers to represent results in ways that
artificially simplify the pluralities of the SDGs themselves and
exclude diversity in the possible responses.

Yet on the other horn of this ‘real-world’ political dilemma,
there are the ‘real real-world’ complexities of sustainability
challenges and possible research and innovation responses
themselves. The key questions are, therefore: What practi-
cal strategies are available for responding to the irreducible
complexities around alignments of STI with the SDGs? What Pathways are mutually disparate in their
operational options exist for dealing robustly with challenges technicaland political characteristics.
of plurality, uncertainty and ambiguity without simplifying or
concealing these inconvenient truths?

BALANCE

Support is deliberately balanced across
these pathways.
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The value of a diverse portfolio

By considering the properties of variety,
balance and disparity, it becomes
possible to derive a rigorous analytical
tool to measure how much and what
kinds of diversity might offer the best
response to the challenges of aligning
STI with the SDGs.5

Using this framework to systematically
modulate variety, balance and disparity
in a suite of STI pathways for a given SDG
is more easily achieved than seeking to
identify a single 'best’ response.

Through these entangled qualities, a
diverse research orinnovation portfolio
can begin to address the array of
challenges described above, as follows.

e By embracing different social and
technical attributes, a diverse portfolio
can address context-sensitivities in
ways that are not possible with any
single pathway.*

¢ By incorporating features that address
contrasting eventualities, diversity
can help build a response pool that
is more resilient in the face of deep
uncertainties than the singular options
often prioritized in mainstream policy

analysis.® Forinstance, disparities
between wind, solar and geothermal
power mean that no single cause is
likely to disrupt them all at the same
time in the way that geopolitical or
regulatory developments can affect
coal, oiland gas simultaneously.

By spanning characteristics that
appeal to contending political,
economic or socioculturalinterests,
diversity may be able to accommodate
seemingly irreconcilable ambiguities.¢
Forinstance, rural and urban
conservatives and progressives

may not be able to agree that any
single energy strategy is ‘best’. Buta
diverse portfolio of renewable options
may collectively accommodate this
plurality of perspectives and interests.

By supporting disparate research
and innovation ‘niches’, diversity

can mitigate adverse forms of path
dependency and lock-in around

any particular dominant pathway.5
Forinstance, social and grassroots
innovations for cultivating, preparing
and distributing sustainable local
produce can reduce dependency

onindustrial monocultures driving
highly processed, wasteful food
consumption.

By promoting connections and
overlaps between communities,
diversity can foster greater creativity
and accelerate deeper learning
between pathways.”

Diversification among STI pathways
can also help address issues
associated with spin-off and
trickle-down in the anticipated
secondary effects of a project or
development. These supposed
benefits (for example, artificial
intelligence for cities or civil nuclear
power) are each shaped to some
degree by some primary direction for
innovation, such as military logistics
or naval propulsion. Characteristics
imposed by this original context

(for example, hierarchical controlin
artificial intelligence or concentrated
power in nuclear technologies) can
constrain and imprint the associated
trickle-down or spin-off effects.
Promoting greater diversity can help
avoid this issue.

A remarkable picture emerges when diversity of STI
pathways is characterized in terms of these three properties.
For instance, without considering disparity, we would not
appreciate how the political-economic, technical, resource
and supply-chain attributes of wind power make it arguably
more different from both coal and nuclear power than either
of these are from the other.3? So if we ignore disparity, the
assumption might be that all pathways are equally different
from each other.

The difficulties of diversity

Of course, it is important to be open-eyed about the less
attractive attributes of diversity. Diversity in STI pathways is
not a free lunch:8 it does not necessarily come without costs.
By definition, deliberate diversification means affording rela-
tively less support for pathways that are seen to perform best
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and greater support for pathways whose overall performance
might seem weaker, but which add to overall diversity.

What diversification means, then, is that the most
favoured pathways become less dominant and more marginal-
ized pathways become more supported. From the perspective
of dominant pathways, this may appear to be a disadvantage.
But from less powerful interests or less privileged perspec-
tives, it may seem like a benefit. Under metrics associated with
the dominant view, this will look like a diversity/performance
trade-off.

Further practical challenges of deliberate diversification
include elevated transaction costs caused by administrative
inertia and the difficulty of communications across disparate
programmes.® For a particular STI pathway that might oth-
erwise have been strongly supported in a portfolio, diversifi-
cation in favour of other pathways can also involve a loss in
economies of scale.!! Some economies of scope may accrue,



CONCLUSIONS AND RECOMMENDATIONS
Chapter 10 / Diversity and plurality

but this may mean foregoing the benefits of standardization
across the portfolio as a whole,!! for example, due to increased
costs of translating between different formats. In a wider gov-
ernance context, it is also possible that diversification may
obscure broader processes of accountability.10

There may also be dangers related to particular types of
emphasis on diversity in policy discourse. If the approach to
diversity is not systematic, then well-resourced interests asso-
ciated with poorly-performing STI pathways may use diver-
sity rhetoric to encourage support for failing options. Here,
then, it is crucial to recognize that diversity (systematically
defined and analysed) is a fundamental property of a portfolio
of STI pathways as a whole. Advocacy of diversity that dispro-
portionately promotes some specific individually-favoured
innovation pathway is a sure sign of vested interests at work.
Diversity does not mean ‘do everything’, but ‘choose openly
and carefully’.10

Evaluating STI pathways

What all these considerations underscore is that deliberate
diversification of STI pathways should be subject to rigorous
and transparent technical analysis and vigorous democratic
oversight. Fortunately, an approach based on variety, balance
and disparity, as suggested here, yields a robust quantitative
framework for systematic policy appraisal of the complex
relations between diversity and performance in STI portfolios,
without vulnerability to manipulation in favour of specific
options.®

Depending on the nature of the sustainability challenge
and the wider political dynamics, policymakers can pick the
precise forms and degrees of diversity that are appropriate
for specific challenges. The extent to which the advantages of

diversification are seen to be outweighed by costs and burdens
can then be a matter for transdisciplinary analysis, inclusive
participation and wider democratic oversight.1!

If the net benefits of diversity appear minimal, then gov-
ernance may indeed prioritize a single STI pathway for the
focal SDGs. Where the balance of pros and cons lie on the side
of diversity, then more diverse STI portfolios will be justified.
More diverse portfolios may be associated with a move from
narrow elite policymaking to broader forms of governance
involving more marginalized interests and civil society. Either
way, what is crucial is that diversity in research and innovation
for sustainability becomes the focus of transparent, systematic
and accountable attention.

‘More diverse portfolios may be
associated with a move from narrow
elite policymaking to broader forms

of governance involving more
marginalized interests and civil society.

Deliberate diversification of STI pathways is not about relin-
quishing rigorous analysis and does not imply that ‘anything
goes’12 Through careful acknowledgement of the real-world
complexities identified above, deliberate diversification offers
a more robust approach than conventional policy appraisals
that tend towards pursuing singular STI pathways.

Where careful empirical attention is given - from a range
of perspectives and in both quantitative and qualitative terms —
to the attributes of a range of STI pathways, a small number of

Figure 10.2 / Addressing complexities through deliberate diversification

Adiverse research or innovation portfolio can help to address
the many complexities described above
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robust pathways will typically emerge as the strongest. Many
other possibilities will be seen as manifestly less attractive,
irrespective of the perspective. When this situation occurs,
it is possible to attach far greater confidence to the more
positive pathways than would be the case for analysis aimed
simply at engineering closure. Decisions are still taken, but
the understandings on which they are based are broader and
more robust.

Afocus on power and privilege

Ever since the Brundtland Commission in 1987,12 sustainable
development has been recognized as being just as much about
participation and democracy in the processes of governance
as it is about the various goals, targets and metrics bearing on
the outcomes (such as improved water, air and food). The 2030
SDG framework itself reaffirms and further emphasizes that
sustainability is as much about process as outcomes.

For the SDGs, this means a direct focus on how patterns of
power and privilege operate in relation to challenges of social
equality, economic well-being and ecological integrity. In
some forms and settings, power of particular kinds offers an
essential resource. In other modes and contexts, entrenched
power and privilege are among the core problems.!3

Whatever the context, effectively addressing sustainabil-
ity challenges involves building capabilities to challenge the
incumbent power that is often associated with entrenched,
unsustainable STI pathways, such as toxic chemicals, fossil
fuels, military approaches to international relations or related
nuclear infrastructures.

Whether through quantitative analysis, qualitative delib-
eration or other forms of mobilization, democracy is in this
sense about access by the least powerful to the capacities for
challenging power.!s When power remains unchallenged,
it is most likely to be regressive (rather than progressive) in
relation to sustainability challenges.16

There is a crucial responsibility for international govern-
ance of STI to give more systematic attention to the interlinked
qualities of plurality and diversity.™ In this way it is possible
to achieve the inclusive access, participatory agency and
democratic governance that are intrinsic to achieving more
democratic processes and more socially robust outcomes.1%18

Tools to map STI pathways onto SDG challenges

In the end, there can be no unequivocal or definitive con-
clusions concerning the aligning of STI diversity with SDG
plurality. Despite political pressures for policy justification,
the complex dynamics and ambiguities in research and inno-
vation and in social and ecological challenges will typically
preclude simple single prescriptions.?®

It is impossible to determine exact, final answers to
the dilemmas of aligning STI with the SDGs as one might
determine precise geometric relations in mathematics, for
example.20.21 But this does not mean that governance pro-
cesses cannot derive, in robustly qualitative ways, the broad
patterns of possible alignments. The resulting practical
pictures are ‘heuristic’ because they explore different reason-
able responses, rather than mechanisms to assert particular
solutions. Rather than pretending at a single final analytical
view, heuristics may offer a more collectively firm basis for
further investigation and learning.2223 By using an explorative,
heuristic approach to align STI with the SDGs, policymakers
and funders may obtain a useful sense of the relations between
different challenges and pathways, even if the precise details
are hazy.24:25

As has been mandated in sustainable development frame-
works from their very beginning, these plural and conditional
analytical mappings need to be complemented by transparent
communication, inclusive access, participatory involvement,
open accountability and wider democratic governance.26:27
It is through such ongoing, iterative and interactive processes
- firmly grounded in disparate geographical settings around
the world - that global research and innovation activities can
become better aligned with sustainability imperatives. @

Building on the above ideas, the following chapters present:

« the various ways that global governance can better align
STI with the SDGs (Chapter 11)

- the use of a tool to enable stakeholders to make their own
choices on the relevance of STI for SDGs (Chapter 12)

 our recommended policy interventions to address
misalignments between STI and the SDGs (Chapter 13)

Notes
1. Page,S. E., 2011. 9. Stirling, A., 2010 (a).
2. Stirling, A., 1994. 10. Grabher, G. & Stark, D., 1997.
3. Stirling, A., 2007. 11. Stirling, A., 2008.
4. Aoki, M., 1996. 12. Brundtland, G. H., 1987.
5. Brooks, H., 1986. 13. United Nations, 2015.
6. Stirling, A., 1997. 14. Stirling, A., 2019.
7. Berkes, F., Colding, J. and Folke, 15. Stirling, A., 2015.
C. eds, 2002. 16. Stirling, A., 2016.

8. Weitzman, M. L., 1992.
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Geoff Mulgan This chapter looks at options for 3. Formal global funding pools to
global governance to better align combine R&D resources on key
science, technology and innovation global goals

(STI) strategies, including
research and development (R&D)
expenditure, with the SDGs. We
propose four sets of initiatives:

4. Regular summits and
conventions to promote
discussion, absorption and
action

1. Aglobal platform observatory
with regular surveys of global
R&D, its scale, locations,
purposes and impacts

2. More organized constellations
of funders, interested parties
and science policy decision
makers to coordinate actions,
using open data, open

Footnotes for this chapter are on coordination and engagement

page 124, Afull list of references of users
can be found on page 140.
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Q Global priorities and the shifting landscape

The shape of global science, technology and innovation (STI)
has changed dramatically in the last two generations, with a
shift from government priorities - primarily defence - being
predominant to a situation in which business plays a much
larger role.

In 1960, one-third of all global research and development
(R&D) was funded by the US Department of Defense. This
investment helped the US develop many technologies which
later had other uses, including microprocessors, GPS, touch
screens and satellites. The equivalent proportion in 2016 was
just 3.6%. Although there is still a strong bias in spending to
richer countries, China, the European Union, South Korea,
Israel and many other middle-income countries have come to
see substantial R&D investment as integral to economic and
security policy.

In2019, the USA's top five tech
companies spent $106bn on R&D -
more than all of the European Union's
governments combined.’

The shift to business-led research is just as striking. In the
US, the top five tech firms’ R&D investment is now ten times
bigger than the top five defence firms. In 2019, the USA’s top
five tech companies spent $106bn on R&D - more than all of
the European Union’s governments combined. These compa-
nies have become influential in the global governance of many
areas of technology, increasingly joined by Chinese firms.

As a result, many recent technologies, including 5G
mobile, artificial intelligence (AI), quantum computing, high
performance batteries and biotech, have been primarily
developed by business, with the military later learning how
to adapt and adopt them. Social applications have tended to
come much later, if at all. The development of public sector
and social uses of mobile phones, for example, was very slow.1
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The late 2010s saw the emergence of a small ‘Al for good’
field, including several organizations interested in using Al to
support the SDGs. However, there has been very little global
debate or shaping of funding allocations and R&D priorities
in this area. This echoes the gaps in many other fields, such
as food or energy, where there has been little discussion of
alternative pathways or how policies for adoption, regulation
and experimentation could support them.

The next steps: our recommendations

There are no easy solutions to these problems, given the com-
plexity of the world’s innovation ecosystems, the number of
players and the diversity of interests. However, it is paradoxi-
cal that, in an era when it is easier than ever to share data and
knowledge globally, there is so little shared analysis or action.
This results in wasted efforts, sub-scale initiatives and mis-
alignments between research spending and public priorities.

In the future, it is possible that stronger institutions at
a global level might guide spending, rather as institutions
like the International Monetary Fund (IMF) or the World
Health Organization steer work in their fields. However, this
is unlikely to be feasible in the near term. In the meantime,
there is a strong case for much more systematic orchestration
of data and knowledge to guide action. We explore four key
approaches below.

A global approach to STI goes with the grain of recent history:
the more recently created global entities are often highly spe-
cialized, dealing with major issues from migration to epidem-
ics, drugs and organized crime to cybersecurity and security.
Already air safety and intellectual property, for example, have
specialized organizations that are arguably more adaptable
than bigger, more politicized bodies. Sometimes new func-
tions have grown up within existing organizations, in the way
that the OECD has taken a lead on tax alignhment or the gov-
ernance of Al. Sometimes new bodies are established, such as
the Technology Bank, which was created to assist technology
transfer to the developing world.

A typical example of newer global partnerships is the
International Union for Conservation of Nature, which com-
prises 1,400 institutional members including nation states,
NGOs, and scientific and business organizations, and provides
analysis and ideas, some of which end up as conventions.
Gavi, the vaccines alliance, is another example: created with
the support of the Gates Foundation, it includes national gov-
ernments and United Nations agencies on its board, but these
remain in a minority. Its main task is to orchestrate knowl-
edge. Another example is the Global Fund, which has spent
nearly $50bn since 2002 in combating AIDS, TB and Malaria.2
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Most relevant to STRINGS is the rise of bodies dedicated to
orchestrating knowledge to help the world think and act, such
as the Intergovernmental Panel on Climate Change (IPCC) and
the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES). These rarely have any formal
executive power but influence decisions through mobilizing
data and knowledge.

A good starting point for improving the global governance
of R&D, and better aligning it with global goals, would be an
equivalent for STI - a global platform observatory for science
and technology (G-POST).

Such an observatory would be responsible for gathering
and harmonizing data, making forecasts, and attempting
to overcome the secrecy that surrounds R&D for military
and intelligence purposes. It would track and analyse global
patterns, and allow discussion of alternative possible ori-
entations and portfolios for R&D in particular sectors and
geographical contexts. It would need to work closely with the
International Science Council, the International Network for
Government Science Advice, OECD, UNESCO, as well as civil
society, business, universities and other users of STI.

A circular model
Experience of observatories confirms that they work best if
they operate in a circular model. Unlike a linear approach,
which simply provides data and knowledge, a circular model
recognizes that which facts are prioritized, and how they are
communicated, needs to be influenced by the likely users of
data and knowledge.

So, the primary role of a platform observatory might be to
provide easily accessible source materials, including:

+ A website that provides the best available data on R&D
options, spending levels, locations, purposes and specific
forms and directions for STI, in ways that are easy to use
and interact with, including analyses by country, sector or
technology cluster. As discussed in chapter 12, it should
allow different stakeholders to appraise which STI direc-
tions and areas apply to particular challenges. The site
could also provide comprehensive links to other validated
sources, either on specific issues or at a regional and
sectoral level.

+ An annual survey to uncover key issues and emerging
trends, along the lines of the Human Development Report,
the World Development Report or the World Happiness
Report.

These materials would be designed in cooperation with likely
users and interested parties. An observatory could provide a
living map of key issues, including:

« how R&D relates to global disease burdens
« the development of R&D capabilities in lower income
countries
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- the potential negative impacts of, and inequalities
generated by, STI

+ the development of different innovation pathways

« the national alignment between STI and the SDGs

Over time the aim would be to encompass coverage of both
upstream and downstream funding - that is, technology appli-
cations and uses as well as research - and to branch out into
social innovation, business model innovation and process
innovation, which are increasingly important to society and
the economy but are poorly captured in terms of data and
largely ignored by innovation funders.

The platform observatory could be given formal advisory
and reporting roles, for example, to the United Nations Secre-
tary-General. Alternatively, it could sit within the structures
of the United Nations Development Programme (UNDP). In
either case, such an institution would not be expensive and
could be funded in proportion to nations’ R&D spend, initially
perhaps by the G20.

Choices in creating the platform
There are choices to be made in the creation of any observa-
tory platform, including the following:

+ How much to emphasize ‘supply push’ or ‘demand pull’.
There is value in having accessible repositories of data or
knowledge but more impact is likely to be achieved through
close relationships with users, in the way, for example, that
demand for knowledge about vaccines or Covid-19
treatments accelerated collaboration.

« Whether to aim at synthetic indices or rankings or to
offer more open and plural approaches. The Human
Development Index is an example of the first while the
OECD’s well-being measures are an example of a more
flexible version.

+ How much to organize data and knowledge using sectoral
definitions or whether to focus on challenges, tasks and
missions instead.

« How much to engage users, including interested and
affected communities and citizens.

+ Whether to start small and seek incremental growth or aim
for a more ambitious start with support from a group like
the G7 or G20.

+ How far to evolve beyond an observatory into a genuine
platform that convenes commercial, governmental and
civil society interests and is open to public scrutiny, making
it easier to debate and challenge established patterns of
steering.
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Constellations focusing on SDG priorities

The second level of proposed action is through constellations
- partnerships and assemblies of key players in specific fields,
gathering around key priorities such as energy, child malnu-
trition or water, and generating shared maps of funding allo-
cations with the aim of avoiding duplication or tackling gaps.
These constellations could bring together national bodies,
major development funders, civil society and science - repli-
cating the type of exercise undertaken by the STRINGS project.

Much of the work of existing global bodies involves such
partnership and collaborative problem-solving. In some cases,
these are formal partnerships involving capital; in others they
are alliances or coalitions around specific issues such as
malaria, access to water or gender equity. Many are meta-or-
ganizations that bring together other bodies. Some compete
with each other, and some are driven by major philanthropists
and largely bypass other global entities. Their tasks are often
time-limited rather than permanent - for example, they might
address intense phases of a problem such as conflict recon-
struction, drought or famine, a refugee surge or a financial

Figure 11.1 / How global governance of research and development can support the SDGs

A GLOBAL PLATFORM CONSTELLATIONS GLOBAL REGULAR
OBSERVATORY FOR STI FOCUSING ON FUNDING SUMMITS AND
(G-POST) SDG PRIORITES POOLS CONVENTIONS

Bring
together funders,
national bodies,
civil society
and science

Regular
surveys of key
issues and
trends

Creating
communities
of shared
purpose

Aformal
pooling of
budgets

To promote

122

An interactive
website with data
on global STI

Using open
data principles
to coordinate
actions

STRINGS / CHANGING DIRECTIONS

Combine R&D
resources on key
global goals

discussion of
key issues and
challenges




CONCLUSIONS AND RECOMMENDATIONS
Chapter 11 / Options for global governance

crisis. Most combine private funding (primarily philanthropic)
and public money.

The STI equivalents could work mainly for a time-limited
period to accelerate or galvanize research on key priorities.
The principle would be open coordination rather than hier-
archical control - making visible both needs and actions, and
including actors across stakeholder groups, contexts, ethnici-
ties and institutions in defining the key priorities.

Constellations around certain issues might need to be
more permanent. Disability, for example - an issue that affects
more than a billion people worldwide - is a prime candidate
for a new constellation to coordinate research, development
and commercialization. Global work on disability requires
many things to be aligned: science and technology (to address
needs like sight, hearing, mobility), promoting policies and
new rights (including in the labour market), as well as ensuring
that people with disabilities play a full role in shaping policies.
It is a space where business could have as big a role to play
as government, for example in accelerating R&D around new
technologies for mobility.

Food is also a good example because of the range of
existing bodies such as the Commission on Sustainable Agri-
culture Intensification, processes such as the International
Assessment of Agricultural Knowledge, Science and Tech-
nology for Development, and gatherings such as the United
Nations Food Summit. A formal constellation could open up
debate about alternative pathways, including the merits of pre-
cision agriculture, GM seeds and insect growth regulators on
the one hand, and agroecological methods such as rainwater
harvesting adapted to local conditions on the other.

Such constellations could benefit from shared operating
systems, including funders committing to open data principles
(such as the 360-degree giving approach taken by many philan-
thropic funders, which makes it easy to aggregate funding and
analyse by purpose and location).3

In general, such constellations work best if they focus
on fields of action, challenges and missions rather than par-
ticular technologies. But sometimes these would need to be
complemented with constellations which focus on families of
technology, seeking out new applications. A current example
is AI: shifting R&D on AI towards the SDG goals, after the long
prioritization of military, intelligence and commercial priori-
ties. This is a field with many individual projects, but relatively
little strategic insight into alternative pathways, and little work
on the underlying data sources. Another example is the use of
collective intelligence (CI) methods. These are now being used
by dozens of the UNDP Accelerator Labs to develop innovative
ways of meeting the SDGs (including the combination of CI,
Al data and other tools). But so far they have had very little
support from the main STI funders.*
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A next step from constellations would be a formal pooling of
budgets. There is some history of doing this at scale. CGIAR
(originally the Consultative Group for International Agricul-
tural Research), for example, has operated a pooled budget
since the 1960s, amounting to over US$500 million each year,
and linking foundations including Rockefeller and Ford with
major public donors. After playing an important role in the
‘green revolution’ of the 1960s, much of its work focused on
the genetic development of crops, which sparked controversy.

Other examples include the Global Fund - which has
mobilized around US$4 billion each year to support projects
dealing with AIDS, TB and Malaria - and the Global Innovation
Fund - a recent collaboration between the UK, Sweden and
the US, involving foundations such as Omidyar and companies
such as Unilever. Gavi and later COVAX have also enabled joint
action by groups of donors and foundations.

These bodies are primarily accountable to their funders
rather than the public or potential beneficiaries, and have
been criticized for emphasizing the particular orientations
for R&D favoured by these interests. One issue for the future
would be how to ensure greater transparency and responsive-
ness to the groups they are intended to benefit.

But pooling of resources can greatly increase the impact
of spending, and it is striking that it is missing in so many
important areas - from gender equity to oceans - even though
the sums involved in the examples above are relatively small
compared to overall R&D.

There may be advantages in creating a menu of templates
for such funds: providing model legal forms, model govern-
ance and decision-making structures, and protocols for the
use of evidence and communication, for example. At present,
each is bespoke, which means high transaction costs and
unnecessary duplication.

A fourth proposal is to establish regular summits and conven-
tions. Such events play a crucial role in creating communities
of shared purpose and understanding, as well as in catalysing
or provoking wider social deliberation over the steering of
policy.

This is true of the COP series, G7 and G20 and others, which
- for all their imperfections - contribute to an alignment of
purpose. The failure to align STI with the SDGs is in part the
result of a lack of places to discuss this issue. The OECD has its
Global Science Forums and UNESCO has its Global Observatory
of Science, Technology and Innovation Policy Instrumentsé
but neither feed into aligned decision-making. The same is
true of gatherings like the STS forum?” and more recently of the
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Geneva Science and Diplomacy Anticipator (GESDA) which is
focused on anticipating future science trends.

While there are many global gatherings around science
and R&D, particularly academic gatherings such as the
Society for Neuroscience (recent attendance of 30,000),
European Society of Cardiology (32,000), and the American
Chemical Society (15,000), there are no comparable meetings
that connect to power, funding, policy and civil society, and
none that look at R&D in the round. One option would be to
combine an annual or biannual survey from the proposed
global platform observatory with a gathering to debate the
findings, key issues and gaps.

A more ambitious approach would build on the relative
openness of the COP gatherings which have succeeded in
bringing together civil society, business and scientists along-
side governments. The aim would be to combine some of the
flavour of civil society gatherings (like the World Social Forum
which flourished briefly earlier this century) with the elite
nature of gatherings like the World Economic Forum.

The way forward: inspiration, models and barriers

These options emanate from the STRINGS project but they
also have a larger context. A useful thought experiment is to
imagine that the United Nations was being invented in the
2020s rather than the 1940s.

Then the priorities included stopping interstate war,
reshaping flows of finance and helping refugees. A United
Nations being built now would place data and knowledge on
as prominent a footing as finance, reflecting an economy in
which the most valuable companies are now largely based on
data and knowledge rather than finance or oil.

So, we would not just have a World Bank and an IMF but
a global data agency, a network of ‘what works’ centres, and
platforms for experimentation, all aimed at accelerating the
achievement of the SDGs by better mobilizing the world’s
knowledge and better synthesizing it to make it useful.

The IPCC is an important example of what a more system-
atic global orchestration of knowledge could look like. It draws
on the work of thousands of scientists and many computer
models to provide the analytic underpinnings for global

negotiations on climate change. Many of the more recently
created bodies, including IPBES, have prioritized generating
and sharing knowledge in order to influence decisions and
have obvious relevance for R&D prioritization.

Systematic orchestration of data and knowledge is what
big commercial platforms, from Google to Tencent and
Amazon, already do, but they are focused on extracting profit
from data and selling consumer goods rather than reaching
goals for the public good. For now, there is no institution in
the United Nations system with responsibility for these fields,
which means initiatives are small-scale, fragmented and less
impactful than they could be.

‘Major changes in governance always
look impossible and unlikely = until they
happen. But once they have happened,
they appear obvious and inevitable.

Many initiatives are beginning, which could in time build up
to a true global knowledge commons, so that within a genera-
tion it would be possible for the world to know, interpret and
shape how it allocates scarce resources, including brainpower
and computing power, to ensure that these are better allocated
than the current system allows.

It is not hard to see the barriers. National governments are
guided by many goals in shaping STI policies, from national
glory to commercial competitive advantage. SDGs will always
sit alongside other goals. But the experience of health shows
that concerted global coordination and action is possible; coa-
litions can align the interests of business, NGOs and others;
and some politicians can see why it is in their interest to
reorient STI to the needs of their citizens.

This is why we should not be too cautious. Major changes
in governance always look impossible and unlikely - until they
happen. But once they have happened, they appear obvious
and inevitable. @

Notes

Mulgan, 2019.

www.theglobalfund.org/en

www.threesixtygiving.org

https://smartertogether.earth
https://www.oecd.org/sti/inno/global-science-forum.htm
https://en.unesco.org/go-spin

https://www.stsforum.org
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> CHAPTER 12

Making use of STI

mappings

Empowering stakeholders to select the
relevant STl for SDGs

OVERVIEW

* Existing mappings of
publications and patents hide
the diversity of ways that
STl may lead to sustainable
development.

¢ In contrast, the STRINGS
approach provides a
visualization of research
landscapes, based on research
areas, revealing a range of
diverse research options related
to one or more SDGs.

e These visualizations illuminate
gaps, potential synergies,
and currentimbalances in STI
investments.

e Qurinteractive visualization
tool allows stakeholders to

inspect research areas that are
potentially related to a given
SDG, and to develop their own
mapping, according to their
context and perspectives.

* Rather than a unique map of
STls for each SDG, there are
a multiplicity of 'mappings’
dependent on the choices made
by stakeholders.

¢ The toolis based on the Web
of Science, a mainstream
publication database with
uneven coverage. More
comprehensive databases are
needed to reflect research
activities in different disciplines
and in lower income countries.
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Introduction: allowing for choice in the exploration of
STl for the SDGs

One of the key insights of the STRINGS project is that a dis-
parate range of science, technology and innovation (STI)
activities may potentially contribute to a given sustainable
development challenge, and that stakeholders hold diverse
views about which STI directions should be pursued, accord-
ing to their particular perspectives, values, needs or interests.

This diversity of options and perspectives presents a
challenge for attempts to map STI activities to the Sustainable
Development Goals (SDGs). While conventional mapping tech-
niques work in scientific or technical fields, where differences
in understandings are relatively small, they are problematic
in the case of divergent understandings as when mapping STI
activities to the SDGs. These differences in understanding are
clear from the results of our Delphi study (chapter 7), as well
as the range of STI pathways in the case studies (chapter 8).

It is clear that a consensus cannot be reached about the
type of STI activity needed to achieve a given SDG or target.
Neither should analysts aim to construct a consensus about
the best or preferred STIs for achieving SDGs as this would fail
to respect a key SDG value, namely cultural diversity and polit-
ical autonomy, for example of indigenous people and ethnic
minorities.! Instead, analysis should embrace the plurality of
stakeholders’ perspectives about the various research direc-
tions that may contribute to the SDGs.

In this chapter, therefore, we introduce our open, inter-
active visualization tool, together with a description of par-
ticipatory processes. These tools and processes can empower
stakeholders to explore and develop their own mappings of STI
for SDGs, choosing those research areas which they perceive
as appropriate for addressing SDGs according to their context,
needs, values and aspirations.

A multiplicity of possible mappings of STI for SDGs

Previous attempts to map research efforts to the SDGs? take a
dichotomous approach: some publications or projects are clas-
sified as contributing to an SDG, while others are classified as
not contributing. These classifications are based on technical
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criteria, such as the presence of particular keywords associ-
ated with an SDG, or the similarity with a set of documents
considered central to a specific SDG by experts.

In general, these maps or research landscapes are created
by positioning publications on a two-dimensional visualiza-
tion according to their similarity in citation patterns, disci-
plines or topics. The resulting maps and landscapes are thus
contingent on inevitably subjective choices about the publi-
cation database used, the specific keywords selected, and the
particular methods of grouping and positioning publications.

Choice of database

The first challenge is the comprehensiveness of the publica-
tion database that is used to map research. It is well known that
mainstream bibliometric databases are skewed towards certain
academic fields of study, dominant languages and richer
countries.3 As a result, social and applied sciences, along with
research that is relevant to developing countries, are severely
underrepresented.4 Due to constraints in resources and time,
the STRINGS project uses the Web of Science database. This is
a major limitation of this study: future studies should aim to
use more inclusive databases such as Lens.org or OpenAlex. To
this end, we urge international bodies to support the creation
of open information infrastructures that improve the coverage
of research in middle- and low-income countries, in applied
fields and in diverse languages.>

Procedures for connecting STI to the SDGs

A more intractable challenge is the reliance on particular
procedures to characterize relations between the publications
and the SDGs. In our case, the procedure is based on keywords
associated with a given SDG. However, since SDGs are often
not explicitly mentioned in scientific publications (perhaps
because expert readers are expected to already know about,
or not be concerned with, the potential applications of the
research) the process of mapping projects or articles to the
SDGs must be carried out through an interpretative process.
Such a process is inevitably dependent on subjective under-
standings of research and the SDGs.

In some cases, there may be consensus about the value
of research for achieving the SDGs. For example, most
analysts would agree that research on malaria is important
for achieving global health. However, in a number of SDG
areas, such as SDG 2 (Zero hunger) or SDG 10 (Reduced ine-
qualities), there are stark disagreements about the potential
benefits of certain types of STI. Some stakeholders believe
that genetically modified crops will help reduce hunger, for
example, while others would argue that these approaches will
impoverish small farmers.6 Moreover, relatively little research
explicitly mentions gender equality (SDG 5), despite the large
amount of research into issues such as robotization, Al and
transportation, whose application may have an impact on
gender-based inequalities.
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Figure 12.1 / Allowing for choice in the exploration of STl related to the SDGs

THE CHALLENGES

Previous attempts to map STI for the SDGs have
produced dramatically different results due to different
underlying perspectives and approaches:

CHOICE OF DATABASE

Most mainstream bibliometric databases are skewed
towards academic fields of study, dominant languages
and richer countries - meaning informal research in
lower income countries is likely to be ignored.

CONNECTING STITO THE SDGs

The mapping process is dependent on subjective
understandings of research and the SDGs. This
invevitably influences the resulting maps.

Disparities between mapping studies

These differences in underlying perspectives and databases
have surfaced in dramatic statistical disagreements between
the findings of mapping exercises.” When comparing the
papers related to SDGs retrieved by a Bergen University team
with those retrieved by Elsevier’s study, the Bergen team found
astonishingly little overlap. For most SDGs, they found only
around 25% to 35% agreement, as illustrated in Figure 12.2.

A consortium of universities for SDGs (Aurora) also found
striking disparities between different keyword searches. For
example, between the 2020 and the 2021 versions of Elsevier’s
mapping of SDG-related publications, there is less than 33%
agreement for all SDGs except SDG 3 and 7, as shown in Figure
12.3. The comparison between Aurora’s and Elsevier’s search
strategies yields even lower overlaps: they only agree on one
or two out of every 10 publications they label as SDG-related.8
Comparisons between the Elsevier, SIRIS, and Dimensions
approaches and our own STRINGS approach have confirmed
extremely large differences.?

These findings confirm that mappings of STI to SDGs are
contingent on specific contexts, perspectives and understand-
ings. In other words, the inconsistencies between mappings
are due not only to methodological differences, but to different
interpretations, implicit in the retrieval methods, of what type
of STIs will help to achieve SDGs.

In summary, there is a multiplicity of possible mean-
ingful mappings of STI for SDGs and the difference between
mappings is significant. Under these conditions, rather than
searching for a single ‘best’ mapping, we aim to provide a
comprehensive SDG-related research landscape, allowing
stakeholders to make choices about which parts of the land-
scape are relevant according to their own perspectives and
contexts.10
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OUR APPROACH

Our interactive tool allows stakeholders to construct their
own mapping that fits their circumstances.

DIVERSITY

After identifying all research areas potentially
associated with a given SDG, stakeholders can pick
which topics to prioritize.

ALIGNMENT

Users can then check whether the research portfolio for
agiven SDG is aligned with the most pressing needs.

PLURALITY

Our tool can be used by people in various contexts with
arange of different perspectives.

Our approach: helping stakeholders develop their own
mappings of SDG-related research

To accommodate stakeholders’ varied understandings about
which STI is most relevant to a particular SDG, our approach
to mapping consists of three stages:

- Demonstrating the diversity of STI research directions for
a given SDG.

+ Examining misalignments in the distribution of
publications.

+ Understanding the plurality of views on research directions.

Diversity of research directions for a given SDG

In the first step, we aim to show the diversity of research
options by identifying the research areas potentially associ-
ated with a given SDG (see Chapter 4). The research areas for
a given SDG are visualized in a research landscape in which
they are positioned according to their similarity, as illustrated
in Figure 12.5.

The key innovation of our approach is to connect specific
research areas (based on citation clusters), rather than indi-
vidual publications, to SDGs. One advantage of this approach
is that it assigns publications to an SDG not only based on the
content of the publication, but also on the content of neigh-
bouring publications. This aggregation makes the assignation
statistically more robust.

A second advantage is that it provides a bird’s eye view
of the portfolio of topics potentially related to an SDG (in the
same way as a farmer can look at the mix of crops in their
property from a drone). This allows stakeholders to reflect on
which of these topics should be prioritized and which are less
relevant for them.
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Figure 12.2 / Comparison between results of Bergen and Elsevier
approaches to mapping SDG-related publications
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Figure 12.3 / Comparison between results of two different Elsevier
approaches (in 2020 and 2021) to mapping SDG-related publications
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The disadvantage is that it is difficult to label the contents
of the clusters with keywords that are easy to understand by
non-experts, in contrast to traditional disciplinary classifica-
tions, which are less precise but more user friendly.

In short the proposed approach goes beyond counting
whether a particular organization or country has more or less
publications relating to a certain SDG. Instead, the visualiza-
tion of a portfolio of research areas enables an analysis of how
to target specific goals by focusing efforts towards particular
directions in the research landscape.

Examining misalignments in the distribution of publications
In a second step, we examine misalignments in research
directions within an SDG. This type of analysis is important to
check whether the whole research portfolio for a given SDG is
indeed aligned with the most pressing needs or aspirations of
a given population for that SDG (see Chapter 6).

SDG 3 (Good health and well-being) is useful to illustrate
this approach. SDG 3 is the goal with by far the most related
research, in both high- and low-income countries (see Chapter
4). However, as shown in Figure 12.4, many more publications
relate to cancer, which affects relatively more people in rich
countries, than to diseases such as malaria or tuberculosis or
cardiovascular diseases which affect poorer populations (see
Chapter 4).

Provided with such information about the distribution of
health research efforts in the SDG-research landscape, stake-
holders may consider increasing their research into relatively
understudied diseases that affect poor populations, and may
choose to put less effort into fields such as some cancers,
which are already highly funded in relation to their disease
burden.

Similarly, the analysis of publication distributions may
help stakeholders to consider which approaches (and there-
fore which solutions) to prioritize for a given problem.!! For
example, decisions about research for SDG 3 depend on the
relative value accorded to prevention, care, treatment and
diagnosis. The research areas relating to SDG 3 include three
topics linked to Alzheimer’s disease (which is relevant to target
4 of SDG 3: mental health). These topics comprise one large
cluster on psychiatry and clinical neurology, one on the amy-
loid-beta proteins that cause Alzheimer’s (basic biomedicine),
and one smaller cluster focused on caregiving (gerontology).12
While all three may be relevant to achieving the SDG, there are
decisions to make: since there are no medium-term expecta-
tions of silver-bullet therapies for Alzheimer’s, which of these
three approaches deserves further support?

A plurality of views on research for the SDGs

To enable stakeholders to better prioritize among the diversity
of research options related to SDGs, it is important to assess
the potential benefits and harms to sustainable development
of different types of research. For example, it is useful to
compare the relative long-term benefits of therapeutic versus
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Figure 12.4 / Percentage of disease burdenin 2015 against
percentage of disease publications in SDG3in 2015-2019, for the
world for the main disease groups.
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preventative approaches to mental health. This is not only
technically difficult, but is also inevitably shaped by different
perspectives on the value and impact of research.

Therefore, the STRINGS proposal is to be as transparent
and flexible as possible about how topics (and associated
research areas) are related to SDGs. We are developing vis-
ualization interfaces, such as the research landscape shown
in Figure 12.5. These tools are designed to help stakeholders
explore research areas and choose which ones they consider
most relevant to each SDG, thus constructing their own
mapping of STI for SDG - a mapping that fits their particular
circumstances and preferences

As shown in Figure 12.5, the visualizations show research
areas that are potentially relevant for each SDG. Currently,
interactive functions allow users to explore the contents of
each research area. We are making efforts to improve these
platforms, but deeper expertise in visualization design and
participatory methods is needed to further develop the inter-
faces and the contextual mapping processes. The research
areas shown represent technical areas of expertise and may
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Figure 12.5 / Interactive visualization of the research landscape for SDG 7 (Affordable and clean energy)

The STRINGS interactive tool enables users to create their own mapping of scientific research to the SDGs.

Users can adjust settings to identify research areas that are potentially relevant for each SDG.
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be challenging to interpret for non-experts. More user-friendly
analytical tools will be needed to illuminate the relations
between the needs and demands of social groups and specific
research areas or other aspects of STI.

Given these complexities, a variety of transdisciplinary
appraisal methods, combining analytical and interpretative
as well as qualitative and quantitative approaches and capa-
bilities, will be needed to empower users to make choices.
The development of quantitative analytical tools needs to be
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intertwined with the development of social research method-
ologies for the inclusive engagement of diverse stakeholders in
the use of these tools.13

While the approach proposed in this chapter relies on
specific interfaces that are shaped by particular methodologi-
cal choices and need some further development, we believe it
offers an important way of ensuring that STI contributes to a
plural and democratic pursuit of the SDGs. @

Notes
1. Virtanen et al., 2020. 4. Vessuri et al., 2014;
2. Jayabalasingham et al., 2019; Rafols et al., 2015.
Wastl et al., 2020. 5. Vessuri et al., 2014.
3. Mongeon and Paul-Hus, 2015; 6. Ely et al. 2014; Ruttan, 2015.

Chavarro et al., 2018.
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> CHAPTER 13

Areas for policy action

Recommended interventions to address
misalignments between STl and the SDGs

OVERVIEW

We propose a transformation of
research funding and support
systems, to mobilize a diversity of
pathways to address the SDGs.

We identify four main areas
for action, with specific policy
recommendations for research
funders and policymakers:

1.Increase funding for SDG-
related research and innovation,
particularly in low-income
countries

2.Devote more funding to research

that addresses underlying social
inequalities, social innovations
and informal research, in
combination with technical
solutions

.Improve alignment between

countries’' SDG priorities and
their ST portfolios

4. Adopt a more holistic approach

to research evaluation, with
indicators and data that relate
to arange of desired inputs,
outcomes and impacts

Footnotes for this chapterare on
page 139. Afull list of references
can be found on page 140.

131 STRINGS / CHANGING DIRECTIONS



CONCLUSIONS AND RECOMMENDATIONS
Chapter 13 / Areas for policy action

Q Introduction

This chapter draws from the findings in Section 2 to outline
the main challenges and opportunities for STI policy to better
contribute to sustainable development. We identify four over-
arching areas for action, each with specific recommended
policy shifts for policymakers, researchers and funders to
meet SDG-related challenges.

Our recommendations build on and refine recent
academic and policy debates which promote shifting the
focus of R&D expenditure from mainly supporting economic
and productivity growth towards addressing sustainable
development.!

Calls for change include: revising the use of indicators to
appraise the success of investments in research and innova-
tion;? increasing the involvement of diverse researchers and
other stakeholders in setting STI funding and policy priori-
ties;3 increasing funding for interdisciplinary and transdisci-
plinary research;* and paying attention to evolving priorities
by maintaining an open portfolio of research directions.5

These shifts require a revision of funding instruments and
their governance, as discussed in Chapter 11. New systems of
monitoring and evaluation, supported by ambitious data-col-
lection, are also needed, to enable funders and policymakers
to take account of diverse and plural STI directions and of dif-
ferent ways of appraising successes and failures.

'... shifting the focus of R&D
expenditure from mainly supporting
economic and productivity growth
towards addressing sustainable
development.’

Specific policies will naturally differ across contexts. As dis-
cussed in Chapter 10, policy approaches that recognize diver-
sity are necessary to address the multiple challenges related
to the SDGs.
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Most of our recommendations are aimed at research
funders, aid agencies and philanthropies. However, research
funding systems can undergo these radical transformations
only if the broader STI policy community and innovation
system - from individual researchers to private companies,
higher education organizations and financial institutions® -
also embrace the changes.

Research and innovation are largely unrelated

to the SDGs, especially in richer countries

Our research reveals a global misalignment between the SDGs
and research and innovation priorities. Between 60% and 80%
of publications authored in high-income countries (HICs)
and upper-middle income countries (UMICs)? in the Web of
Science (WoS) between 2015-2019 are unrelated to the priori-
ties and challenges of the SDGs. This proportion falls to 20-40%
in low-income countries (LICs),8 but these countries account
for only 0.2% of the research output published globally.

The figures are even more dramatic if we consider
patented inventions, which can be taken as a proxy for inno-
vative activity. In HICs and UMICs, 97% and 98% of inventions
respectively are unrelated to SDGs, falling to 91% in LICs.?
Again, the contribution of LICs and lower-middle income
countries (LMICs) is minimal, at just 2%.

Research funding is concentrated in relatively

few organizations in HICs
LICs face larger SDG challenges than most other countries.1?
However, it is HICs and UMICs that account for the vast
majority of all WoS publications (93%) and patents (98%), and
very few of these involve partnerships with lower-income
countries. The proportion of publications and inventions
produced in collaboration between HICs or UMCs and LICs is
below 0.5%.11

While this marginal participation of a large part of the
world’s population is in part due to the WoS focus on ‘excellent’
journals in the English language,!? it also reveals the interna-
tional inequalities governing research funding. STI priorities
are driven overwhelmingly by research organizations in HICs
and a handful of large UMICs. The negligible involvement of
researchers from LMICs and LICs limits the impact of research
on the users and contexts that need it most.13

The limited participation of researchers and inventors
from LICs and LMICs also undermines the creation of research
and innovation capabilities that could enhance all compo-
nents of these countries’ research and innovation systems.#
Research and innovation capabilities have certainly been
growing and evolving in LICs and LMICs.1s However, we were
unable to fully capture these capabilities in our analysis due
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to lack of data.16é More data and research are needed to better
measure research and innovation capabilities in LICs beyond
those captured by the WoS and patents.

Our findings also show that, within countries, a significant
share of WoS SDG-related research is conducted by a few large
organizations. While economies of scale may benefit research
productivity, such concentration makes it harder to encom-
pass multiple perspectives and explore diverse STI pathways
(as recommended in Chapter 10). This is particularly the case
if representation within research organizations is biased in
terms of gender or ethnicity.?’

Fund more research and innovation that directly addresses
SDG-related issues

Our findings indicate a need for funders and policymakers
in HICs and UMICs to steer STI funding towards SDG-re-
lated challenges. This requires decisions about what types
of research and innovation are related to the SDGs (Chapter
12) and which to prioritize among complex, contrasting and
synergic directions. Defining such priorities is a crucial part
of ensuring that STI contributes to the SDGs.

Involve a wide range of actors in research funding decisions
The recent re-emergence of mission-oriented STI policies!®
may help steer STI funding towards broad SDG challenges.!®
However, such top-down missions tend to privilege a single
solution to very complex problems.20 Funders and policy-
makers should consider the relevant contexts and the plural
understandings about SDG priorities and how to address them.

To better align research funding with the complex and
diverse SDG challenges, public and private R&D funders and
policymakers should:

« involve a more distributed set of actors in the design,
implementation and evaluation of research funding

« ensure that data, monitoring and impact evaluations
underpin decisions and approaches to reorienting and
steering STI

« revisit consultative and evaluation processes regularly to
keep up-to-date with evidence and challenges

We discuss some concrete options for addressing these points
in Chapters 10 and 11.

Of course, consultation alone is not enough if it does not influ-
ence the prioritization of research funding. In some contexts,
historically entrenched funding, disciplinary priorities and
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Figure 13.1 / Area for action #1: Summary of recommendations

RECOMMENDED POLICY SHIFTS

Fund more research and innovation that directly
addresses SDG-related issues

Involve a wide range of actors in research funding
decisions

Increase the funding and inclusion of diverse research
institutes from LICs

Ensure that international collaborative research
is equitable

the interests of public and private organizations may suppress
attempts to steer funding to address the societal challenges
of under-represented groups.22 For example, the European
Commission (EC) involved citizens in the development of its
Horizon Europe funding programme.23 However, this partic-
ipatory process seems not to have created a greater diversity
of STI pathways to address societal challenges.2* Compared
with earlier EC funding programmes, it appears to have led to
only a small improvement in aligning research funding with
diverse societal values.25

By including LIC researchers and stakeholders in their
advisory and management committees, policy and funding
agencies can ensure that the views of plural stakeholders
are considered in the planning, definition and evaluation of
research agendas. Such broad-based participation tends to
lead to research with stronger impact,2¢ and can open up the
practice of science by increasing transparency. This, in turn,
may help government bodies and others to steer STI pathways
towards SDG priorities (Chapter 11).

Increase the funding and inclusion of diverse research
institutes from LICs

Since LICs focus most of their research on SDG-related issues,
increasing research funding in these countries would directly
boost research related to the SDGs. It could also improve capa-
bilities to address the SDGs where they are most needed.
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Therefore, national and international funding frameworks
should focus on supporting SDG-related research that involves
a leading role for research organizations based in LICs.
The worldwide Think Tank initiative?” and the DELTAS pro-
grammes in Africa?8 are examples of how the involvement of
LIC organizations in leading roles can help to create research
and innovation capabilities beyond academia.

Ensure that international collaborative research is equitable
Funders and donors should ensure that collaborative projects
are based on equitable partnerships.?? It is important that LIC
partners are not exclusively data providers,3° that decisions
are taken collaboratively, and that LIC researchers can access
data that is currently prohibitively expensive.3! Such equi-
table collaborations may require investment in capabilities
and capacities, and this investment should be integrated and
valued as part of funded research projects.

Equitable collaborations can also help funders, donors
and researchers in HICs and UMICs to better understand
existing research portfolios, priorities and capabilities in LICs,
thereby increasing the effectiveness of funding and avoiding
duplications.

Our analysis of Chagas-related publications revealed that
international collaborations, especially between HICs and
non-HICs, are particularly important in steering research
towards the SDGs. Collaborations between HICs and non-HICs
constitute 26% of SGD-related research on Chagas disease,
compared with just 18% of non-SDG-related research on
Chagas. Moreover, when HIC research about Chagas involved
collaborations with non-HIC authors, it was more likely to be
related to the relevant SDGs (3, 5, 11 and 15).

Science policy initiatives and research funders have been
supporting the development of research infrastructure and
capabilities in UMICs and LMICs for many years, with the aim
of creating more equal partnerships. A synthesis of evidence
related to those efforts could help to inform future policy and
investment.

Similarly, some organizations in HICs are already
pursuing funding models that prioritize LIC-based research
and amplify LIC researchers’ and stakeholders’ views about
STI priorities. These include the Swedish International Devel-
opment Agency; the International Development Research
Centre (IDRC) of Canada, which restricts the amount of money
spent on researchers in HICs; and the German International
Climate Initiative, which aims to spend at least 60% of its
funding in LICs. The UK’s Global Challenge Research Fund
also committed to building new and more equitable partner-
ships. However, an early evaluation concluded that its research
agendas were still dominated by researchers from HICs.32

An example of LICs prioritizing LIC-based research is the
Accelerating Excellence in Science in Africa initiative, which
committed to ‘shifting the centre of gravity’ for science to
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Africa. It was established jointly by the African Academy of
Sciences and the African Union Development Agency, in part-
nership with funding agencies such as the Bill and Melinda
Gates Foundation and the UK’s Wellcome Trust. Although
this initiative has run into difficulties, the concept behind its
creation was powerful.

The Forum for Agricultural Research in Africa and the
Asia Pacific Association of Agricultural Research Institutions
both foster collaborative activities between LICs on knowl-
edge exchange, knowledge management and policy advocacy.
However, neither organisation promotes much research
collaboration.

AREA FOR ACTION #2

Increase funding of research into underlying issues of
deprivation, inequalities and conflict

Challenge 1: Research on underlying issues of deprivation,
inequalities and conflict is underfunded

Underlying social issues that are central to SDG-related chal-
lenges include:

+ inequalities within and among countries (linked to SDG 10)
« gender inequality (SDG 5)

- conflict, injustice and weak institutions (SDG 16)

« poor-quality education (SDG 4).

These areas attract a low and relatively slow-growing share33
of research publications in the WoS, less funding and fewer
international collaborations than average. However, there is
evidence that research on these topics has a stronger influence
on policy and society than other areas of research.3¢ While
research and innovation tend to focus on more technical solu-
tions, social innovations are also needed to address the SDGs.

The discrepancy in research funding may be because
different challenges need different amounts of research.
Research related to societal issues may also be more common
in literature not covered in the WoS. However, the shrinking
support for research on deeply rooted inequalities - compared
to, for example, energy (SDG 7) or economic growth (SDG 8)
- is likely to be a major constraint to addressing complex pri-
orities across all SDGs.

Challenge 2: A lack of connection between social and
technicalresearch

Crucially, research related to issues of deprivation, inequal-
ities and conflict is isolated from research related to SDGs
focused on the environment, infrastructure and growth.3s Not
only does this compound the above challenge, but it also high-
lights a serious disjuncture between STI quests for infrastruc-
ture, growth and environmental integrity on the one hand
and the imperatives of poverty eradication, inclusion and
peace on the other. This situation is at odds with the multiple
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recommendations that a more holistic approach, combining
social and technical STI, is needed to address the SDGs.36

Our findings show, for example, that research related
to SDGs 16 (Peace, justice and strong institutions) is discon-
nected from research related to SDGs 14 (Life below water)
and 15 (Life on land),3” despite the well-known connections
between conflicts and access to natural resources. Indeed, our
case study on fisheries in the Lake Victoria region (Chapter
2.3) demonstrates how the governance of fishing and the
alternative pathways for improving access to fish relate to
long-standing conflicts in the region.38 Similarly, research on
SDGs 4 (Quality education) and 16 (Peace, justice and strong
institutions) is weakly connected with research on SDG 3
(Good health)3? despite the importance of governance and
education in addressing neglected diseases such as Chagas.4°

Challenge 3: The importance of social innovations and
informal research organizations in addressing the SDGs
Social factors are important in addressing the whole range of
SDGs, including environment and infrastructure-related SDGs.
In our global survey (Chapter 7), when asked about the STIs
that are likely to contribute to specific SDG targets, stakehold-
ers pointed to social, policy and grassroots innovations more
than to physical technologies. For instance, social justice,
increasing access to education, changing consumers’ behav-
iour, public health, controls on invasive species, and afforda-
ble housing were among the highest-rated innovations across
all SDGs, alongside renewable and solar energy. Despite this
high prioritization, these topics form a marginal share of pub-
lished research and do not appear among patented inventions.
Moreover, STI pathways to address SDG priorities are not
always produced in formal research organizations. Our Indian
case study# illustrates how STI pathways can be based around
‘indigenous’ or ‘traditional’ sciences and techniques. Although
these STI pathways are difficult to capture with standard data,
they must be taken seriously, considering the rich diversity of
such pathways around the world and the importance given to
grassroots and social innovations in our global survey.

AREA FOR ACTION #2

Recommended policy shifts

©

Acknowledge the relevance of social, historical, politicaland
economic issues to all SDG-related research
STI policies should put social science and humanities research
on deprivation, inequalities, conflicts and education at the
core of funding initiatives. Such a focus will enable a greater
understanding of how these issues are related to the full range
of SDGs.

Social sciences research on these issues and their impact
on the SDGs can be more contentious and harder to measure
than, for instance, research on health technologies or
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Figure 13.2 / Area for action #2: Summary of recommendations

RECOMMENDED POLICY SHIFTS

INCREASE FUNDING OF RESEARCH INTO
2 UNDERLYING ISSUES OF DEPRIVATION,
INEQUALITIES AND CONFLICT

FOCUS ON SOCIAL SCIENCES

Acknowledge the relevance of social, historical,
political and economic issues to all SDG-related
research

INVESTIGATE SYNERGIES AND TENSIONS
Focus on research areas that connect to several SDGs

INTER- AND TRANSDISCIPLINARY RESEARCH

Public research funders should lead investment in
interdisciplinary and transdisciplinary research

renewable energy technologies. The impact of social science
research on SDG targets related to deprivation, inequality,
conflict and education is more difficult to attribute to specific
projects*? than is the case for health research, for example.43
However, funders and researchers should not shy away from
investing in research on these fundamental issues. As we
recommend below, a more multidimensional approach to STI
evaluation could help.

Focus onresearch areas that connect to several SDGs
Substantially more research is needed to better understand the
synergies and tensions between the SDGs. Our research shows
that only a few research areas are relevant to several SDGs.44
For example, one large research area of more than 9,000 publi-
cations on environmental issues and economic development is
related to SDGs 12 (Responsible consumption and production)
and 13 (Climate action) as well as to SDGs 7 (Affordable and
clean energy), 8 (Decent work and economic growth) and 9
(Industry, innovation and infrastructure). A smaller research
area of around 1,700 publications that address topics related
to food insecurity is related to SDGs 1 (No poverty), 2 (Zero
hunger), 3 (Good health and well-being) and SDG 5 (Gender
equality). These are highly interdisciplinary research areas,
including research from the social sciences and humanities,
physical sciences and engineering, life and health sciences,
computer science and mathematics.

Funders may wish to learn from these areas and promote
more challenge-led, rather than disciplinary-led, research
to help understand synergies and tensions between SDGs.
Beyond those few research areas that are relevant to several
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SDGs, funders should fund more research that explicitly inves-
tigates tensions and synergies between different aspects of
sustainability. It is especially important to connect research
on deep-seated issues of deprivation, inequalities and conflict
with research on more technical solutions.*5 More research
is needed to understand, for example, how new technologies
interact with complex societal, political and historical issues.

Public research funders should lead investmentin
interdisciplinary and transdisciplinary research

Research funders and science policymakers need to take seri-
ously the production of knowledge in multiple arenas beyond
formal science and technology.*6 Social innovations, ‘indige-
nous’ sciences and traditional techniques currently struggle to
attract public funding and other support.

Greater support is also needed for interdisciplinary and
transdisciplinary research, which could improve the under-
standing of synergies and tensions between socioeconomic,
environmental and infrastructure-related SDGs. For example,
in our case study on Chagas disease,*” the bibliometric analysis
shows that interdisciplinary research helps to steer research
towards the SDGs. Open science practices, including the par-
ticipation of a diverse set of actors in research production, also
help to meet societal needs.

Beyond research, we need more funding to understand
the impacts of translating and implementing research findings
in specific contexts.*8 For example, narrowly focused biomed-
ical health research alone is unlikely to solve health issues in
LICs. To facilitate the implementation of biomedical science,
research in the humanities, social sciences and public policy
will also be needed. In the case of Chagas disease, for example,
research into public policies and institutions (SDG 16), sus-
tainable cities and communities (SDG 11) and education (SDG
4) are all relevant to tackling the disease, complementing
research more directly related to health (SDG 3).4

‘Greater supportis needed forinter- and
transdisciplinary research, which could

improve the understanding of synergies
and tensions between SDGs'

Interdisciplinary and transdisciplinary research projects can
be difficult to design, conduct and assess but there is a clear
need for STI policies to support substantially bolder efforts in
this direction.5° An important move would be to increase the
active presence of diverse stakeholders in research projects.
This should include not just academic disciplines but also
representatives from across policy, industry and civil society.
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Examples include marginalized knowledge producers such as
small farmers, forest people and water conservationists.

One option would be to complement formal research
funding agencies with agencies that actively support informal
research partnerships, including between researchers and
social innovators. Few countries currently have agencies that
promote practical and implementation research and related
capabilities in the charitable and informal sectors.

Funding and creating spaces for interdisciplinary
exchange, either within universities or with other actors such
as funding or policy agencies, would also help promote this
type of research. Chapter 11 provides examples of how this
could be facilitated globally and locally.

Historical and ingrained patterns of funding

We found that countries’ research priorities align with their
SDG priorities for only four of the SDGs: SDG 1 (No poverty),
SDG 2 (Zero hunger), SDG 3 (Good health and well-being),
and SDG 6 (Clean water and sanitation).5! However, these
prioritizations seem to be driven by historical patterns of
funding development research, rather than by SDG challenges
themselves.

LICs and LMICs need more funding to build their
own research capabilities
While most SDG challenges are worse in LICs, only a
tiny amount of SDG-related research takes place in those
regions.5253 This means research users in LICs rely on research
carried out elsewhere, which is likely to be less relevant to
their contexts. An example is the dominant focus of global
health research on diseases that cause a burden mainly to
HICs rather than LICs.5* The lack of SDG-related research in
LICs is problematic since research is one of the key ways of
creating capabilities to address SDG-related issues.55

STI pathways differ in their alignment with

different SDGs and targets

The STI pathways that become mainstream are not necessar-
ily in the best position to address the diversity of SDG-related
issues. For example, in our Indian case study, the dominant
pathway of breeding new rice varieties privileges input-inten-
sive agriculture, thereby adversely affecting agrobiodiversity
(relevant to SDG 2) and making agriculture less sustainable
(SDG 12). The alternative pathway of in-situ seed conservation
has positive impacts in both these SDG areas. However, it is
not supported by public research funding because academic
researchers consider that the dominant pathway leads to
higher yields, thus achieving the target of doubling agricul-
tural productivity (SDG 2).
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Research prioritization should be more responsive to
national and local challenges

Countries and regions should regularly review how they pri-
oritize research funding, in order to support shifting local and
national SDG priorities.

Funding portfolios should be revised frequently, based
on consultations across different disciplines and sectors of
society. LIC researchers and users should be involved more
consistently in decisions about funding research into SDG-re-
lated issues in their countries and regions. Otherwise, there
is a risk of imposing research directions and innovation
pathways that are driven by countries and organizations with
limited understanding of local challenges.

Funding research into local challenges, in consultation
with stakeholders, is also essential to create research capa-
bilities. Ensuring strong research skills and opportunities in
academia and beyond - for example, among doctors, public
administrators or farmers - can help to make STI more effec-
tive and relevant.

Open and plural decision-making is needed to develop
multidirectional funding portfolios
The diversity of SDG-related issues and STI pathways requires
a diversity of research and innovation directions.5” Research
funding should support a wide array of different subjects,
approaches and directions.

Funding programmes should prioritize diversification
and avoid closing down pathways that may be important for

Figure 13.3 / Area for action #3: Summary of recommendations
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addressing social and economic challenges.58 A portfolio
approach can be deployed to maintain a range of projects or
interventions, each looking at a different dimension that is
relevant to particular beneficiaries.® The portfolio approach
may also involve funding a variety of projects across a contin-
uum from radical to incremental innovation.é0

Funders can use participatory processes, combined with
evaluation and monitoring, to ensure that citizens’ plural per-
spectives are taken into account and to prevent STI pathways,
that are relevant to marignalized social groups, from being
closed down.! It is important to involve plural stakeholders,
especially research users and civil society organizations, in
setting research priorities and criteria to evaluate research
projects.62 Such participation is also needed in the process
of designing research funding, so that calls for proposals are
shaped by plural perspectives.3

AREA FORACTION #4

Adopt a more holistic approach to research evaluation
and data-collection

Challenge 1: The dominant evaluation systems hinder
research that is relevant to the SDGs

Traditional research evaluation (which tends to equate excel-
lence and research productivity with high-profile publications)
hinders the development of interdisciplinary research, which
is likely to have a stronger impact on the SDGs than other types
of research.64

For example, several stakeholders view research related
to SDGs 4 and 16 as important in tackling Chagas disease.
However very little medical research is carried out in these
areas, % as the research evaluation system does not reward
medical researchers for considering educational and govern-
ance implications.

Changing the evaluation system to reward social impact as
well as scientific excellence might steer research towards the
complex social issues, such as deprivation, inequalities and
governance, that are key to addressing technical challenges.

Challenge 2: Available data provide a biased picture of STI
activities

Most evaluation of STI investments is based on bibliometric
indicators produced using research outputs such as publica-
tions and patents.¢¢ Yet these are only two of many forms in
which new knowledge may manifest itself (as discussed in
Chapters 4, 5 and 12). Moreover, standard repositories such as
the WoS include mainly English language publications. Thus,
using standard bibliometric indicators provides an incorrect
and incomplete picture of the research and innovation activ-
ities in lower-income and less formal settings.é” It discounts
many of the social, policy and grassroots innovations that
stakeholders and researchers themselves consider so relevant
to achieving the SDGs (Chapter 7).
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The same limitations apply to our own analysis. Our
mapping of global STI covers only those areas where we could
access data (publications and patents). To better understand
the changes needed to achieve the full potential of STI to meet
the SDGs, we therefore combined our analysis of STI outputs
with a global survey and three in-depth case studies.

AREA FORACTION #4

Recommended policy shifts

o)
oo 0%
0-0=0:
%50 O °

A more multidimensional approach to the evaluation of
public STI
There is a need to broaden the current metrics-based approach
to assessing research in order to promote more research on
the underlying issues of deprivation, inequalities and conflict,
and to increase the recognition of social innovations, different
forms of knowledge, and the role of users. This does not mean
compromising the quality of research. Our research indicates
that SDG-related research on issues of deprivation, inequali-
ties and conflict is as excellent as the average research in the
WoS, as measured using standard bibliometric metrics.6®
Nevertheless, funders need research evaluation measures
that promote and value a diversity of research outputs and
activities that may not fit the traditional definition of ‘excellent’
research. Evaluation should consider positive and negative
impacts on society as perceived by different stakeholders. The
key is to use a multidimensional approach, such as the RQ+,7°
which promotes several different evaluation approaches,
rather than solely focusing on disciplinary excellence.
Moving away from traditional forms of evaluation requires
a greater effort in data-collection, but is also likely to deliver
development research that has a stronger impact on society.”
Monitoring, evaluation and learning techniques have evolved

Figure 13.4 / Area for action #4: Summary of recommendations
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rapidly and there is a growing body of assessment literature
to inform approaches that consider plural understandings of
diverse research pathways.”2

We propose two practical examples for developing such
measures in this report. In Chapter 6 we measure and appraise
countries’ research specializations in relation to their SDG
challenges, using data on academic publications and SDG
indicators. In Chapter 9, we appraise different STI pathways
to address SDG-related challenges in specific contexts using
multi-criteria mapping.

Funding agencies need to base their decisions on thorough
evaluations, which involve the collection of detailed data and
case studies, to better evaluate the impact of different STI
pathways on the SDGs. Many research funders are beginning
to adopt more comprehensive and finer-grained evaluations.
Some, including UKRI and IDRC, are seeking to enhance the
role of users, brokers and intermediaries in their research
funding portfolios. This may facilitate the engagement of
plural stakeholder groups with a range of perspectives on how
STI can best contribute to the SDGs. Other funding agencies
are developing innovative ex-ante approaches to inform
research funding in light of the need to address societal goals.
The Norwegian Research Council,”® for example, recently
undertook a consultative exercise, which included a foresight
and futures component, to underpin its research strategy. This
approach has the advantage of directly addressing the need to
break from old patterns and pathways.

Research funders and policymakers need to engage more
critically in analysing the relationships between research
outputs and SDG outcomes. This can work better if we have
decentralized research and funding institutions that allow
stakeholders to engage more frequently. In Chapter 11 we
provide a few concrete examples.

@

Invest in collecting more inclusive STl data

To avoid undue influence from HIC priorities, funders should
give greater attention to research that is of local interest,
published in languages other than English, and available in
outlets that are accessible to research users and more open
than academic publications and patents.

It is also vital to take advantage of the enormous advances
in producing, harvesting and analysing unstructured data to
fund the collection and use of data about forms of STI other
than publications and patents.

In Chapter 12, we present a tool that enables stakeholders
to develop their own mapping of SDG-related research, while
Chapter 11 proposes ways for international bodies to collect
and monitor data on STI.

Vital to the success of all our recommendations is the
engagement of civil society actors working on informal and
small-scale research and innovation efforts across the globe.



CONCLUSIONS AND RECOMMENDATIONS
Chapter 13 / Areas for policy action

Notes

1. African Union, 2020.
Bachenheimer et al., 2017.
United Nations Development
Project, 2018. United Nations,
2014. United Nations, 2015.
United Nations, 2016a. United
Nations, 2016b. United Nations,
2016¢. United Nations, 2018.
United Nations, 2019. United
Nations, 2020.

2. Hicks et al., 2015.

3. McLean and Sen, 2019; Schot and
Steinmueller, 2018.

4. Independent Group of Scientists
appointed by the Secretary-
General, 2019.

5. Wallace and Rafols, 2015.

6. Freeman, 1995.

7. China accounts for 58% of all
UMIC publications Chapter 4.

8. Figure 4.1 in Chapter 4.

9 Figure 5.2 in Chapter 5.

10. Sachs et al, 2021.

11. Chapter 4.

12. Chavarro et al, 2018.

13. Mutapi, 2019. Koning et al, 2021.

139

14.

15.

16.

1

~

18.
19.
20.
. Stirling, 2009. Sarewitz, 2016.

2

[t

22.

23.
24,

25.
26.
27.
28.
29.

Bozeman et al, 2001. Mormina,
2019.

Arza and van Zwanenberg, 2014;
Charmes et al, 2020.

Cozzens and Sutz, 2014. Charmes
etal, 2016.

. Ginther et al, 2011. Cheng and

Weinberg, 2021. Koning et al,
2021.

Foray et al, 2012. Sampat, 2012.
Miedzinski et al, 2019.

Wright, 2012.

Parthasarathy et al, 2017.
Schneider et al, 2019.

Nelson, 2011. Wallace and Rafols,
2018.

The Democratic Society (2018).
https://www.nature.com/articles/
d41586-022-01604-3

Novitzky et al, 2020.

McLean and Sen, 2019.

Hurst, 2021.

Kasprowicz et al 2020.
Chambers, 2017; McLean and
Sen, 2019.

30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.
. Figure A.2.10 and A.2.11,

44

45.

46

Mutapi, 2019.

Volmink and Dare, 2005.

ITAD and Technopolis, 2018.
Figure 4.2 and 4.3, Chapter 4.
Figure 4.9, Chapter 4.

Figure 4.8, Chapter 4.

Nerini et al, 2018. Messerli et al,
2019. Independent Group, 2019.
Figure 4.8, Chapter 4.

Chapter 8.

Figure 4.8, Chapter 4.

Chapter 8.

Chapter 8.

Reale et al, 2018.

Wallace and Rafols, 2015.

Appendix 4.
Figure 4.8, Chapter 4.

. Messerli et al, 2019, p. 892.
47.
48.
49.
50.
51.
52.
53.

Chapter 9.

Schneider et al. 2019.
Chapter 9.

Frost et al, 2020.

Table A.1, Appendix 4.
Blom et al, 2016
Figure 6.4, Chapter 6.

END OF REPORT

STRINGS / CHANGING DIRECTIONS

54.

5

o

56.

5

~

6
6

N =

6

o

6
6

0

69
7

(=}

72

Figure 4.7, Chapter 4.

. Pavitt, 1998, Salter and Martin,

2001.
Chapter 9.

. Chapter 10.
58.
59.
60.
. Stirling et al, 2008.
. Ofir et al, 2016.

63.
64.

Wallace and Rafols, 2018.
Rafols & Yegros 2017.
Azoulay and Li , 2020.

Schneider et al, 2019.
Kraemer-Mbula et al, 2020. ITAD
and Technopolis, 2018.

. Figure 4.7, Chapter 4.
66.
. Ciarli et al, 2019,

. Ofir et al, 2016. Kraemer-Mbula

Hicks et al, 2015.

etal., 2021.

. Figure 4.9, Chapter 4.
. Ofir et al, 2016.
71.

McLean and Sen, 2019.

. Reed et al 2021.
73.
74.

Gunashekar, 2021.
Gault, 2018; Kruss, 2018.



https://www.nature.com/articles/d41586-022-01604-3
https://www.nature.com/articles/d41586-022-01604-3

Abbott, A. (2004) Methods of discovery: heuristics for the social sciences. New
York, N.Y: W.W. Norton & Co.

Adenle, A. A. et al. (2020) Science, technology and innovation for sustainable
development goals: insights from agriculture, health, environment, and
energy. Edited by A. A. Adenle et al. New York: Oxford University Press.

African Union (2020) Science, Technology and Innovation Strategy for Africa
2024. Addis Ababa: Ethiopia.

Alcamo, J., Grundy, C. and Scharlemann, J. (2018) Interactions among the
sustainable development goals ...and why they are important. University of
Sussex and Institute of Development Studies.

Allen, C., Metternicht, G. and Wiedmann, T. (2018) ‘Initial progress in
implementing the Sustainable Development Goals (SDGs): a review of
evidence from countries’, Sustainability science. Tokyo: Springer Japan,
13(5), pp. 1453-1467. https://doi.org/10.1007/s11625-018-0572-3

Allen, C., Metternicht, G., Wiedmann, T. (2019) ‘Prioritising SDG targets:
assessing baselines, gaps and interlinkages’. Sustain. Sci. 14, 421-438.
https://doi.org/10.1007/s11625-018-0596-8

Aoki, M. (1996). ‘An Evolutionary Parable of the Gains from International
Organisational Diversity’, in The mosaic of economic growth (ed. Landau R,
Taylor T, W. G.) p.263. Stanford: Stanford U.P.

Ardal, C. and Rottingen, J.-A. (2012) ‘Open source drug discovery in practice:

a case study’, PLoS neglected tropical diseases. United States: Public
Library of Science, 6(9), pp. €1827-e1827. https://doi.org/10.1371/journal.
pntd.0001827

Armitage, C. S., Lorenz, M. and Mikki, S. (2020) ‘Mapping scholarly
publications related to the Sustainable Development Goals: Do independent
bibliometric approaches get the same results?’, Quantitative science studies.
One Rogers Street, Cambridge, MA 02142-1209, USA: MIT Press, 1(3),
pp. 1092-1108. https://doi.org/10.1162/qss_a_00071

Arora, S. (2012) ‘Farmers’ Participation in Knowledge Circulation and the
Promotion of Agroecological Methods in South India’, Journal of sustainable
agriculture. Philadelphia: Taylor & Francis Group, 36(2), pp. 207-235.
https://doi.org/10.1080/10440046.2011.620231

Arora, S. and Stirling, A. (2021) To meet the Sustainable
Development Goals, we must transform innovation,

STEPS Centre Blog. https://steps-centre.org/blog/
to-meet-the-sustainable-development-goals-we-must-transform-innovation/.

Arora, S. et al. (2019) ‘Sustainable Development through Diversifying Pathways
in India’, Economic & Political Weekly, LIV(46), pp. 32-37.

Arthur, W. B. (2009) The nature of technology : what it is and how it evolves.
London: Penguin.

Arza, V. and Fressoli, M. (2018) ‘Systematizing benefits of open science
practices’, Information services & use, 37(4), pp. 463-474. https://doi.
0rg/10.3233/ISU-170861

Arza, V. and Lépez, E. (2021) ‘Obstacles affecting innovation in small
and medium enterprises: Quantitative analysis of the Argentinean
manufacturing sector’, Research policy. Elsevier BV, 50(9), p. 104324-.
https://doi.org/10.1016/j.respol.2021.104324

Arza, V. and van Zwanenberg, P. (2014) ‘Innovation in informal settings but in
which direction? The case of small cotton farming systems in Argentina),
Innovation and development. Routledge, 4(1), pp. 55-72.
https://doi.org/10.1080/2157930X.2013.876801

Azoulay, P. and Li, D (2020) ‘Scientific Grant Funding’. NBER Chapters, in:
Innovation and Public Policy, pages 117-150, National Bureau of Economic
Research, Inc. https://doi.org/10.1080/2157930X.2013.876801

Balassa, B. (1965) ‘Trade Liberalisation and “Revealed” Comparative Advantage’,
The Manchester school. Oxford, UK: Blackwell Publishing Ltd, 33(2),
pp. 99-123. https://doi.org/10.1111/7.1467-9957.1965.tb00050.x

Balconi, M., Brusoni, S. and Orsenigo, L. (2010) ‘In defence of the linear model:
An essay’, Research policy. Amsterdam: Elsevier BV, 39(1), pp. 1-13.
https://doi.org/10.1016/j.respol.2009.09.013

Barbier, E. B. and Burgess, J. C. (2017) ‘The Sustainable Development Goals
and the systems approach to sustainability’, Economics. The open-access,
open-assessment e-journal. Berlin: Sciendo, 11(1), pp. 1-23.

https://doi.org/10.5018/economics-ejournal.ja.2017-28

140

STRINGS / CHANGING DIRECTIONS

Barbier, E. B. and Burgess, J. C. (2019) ‘Sustainable development goal indicators:
Analyzing trade-offs and complementarities’, World development. Oxford:
Elsevier Ltd, 122, pp. 295-305. https://doi.org/10.1016/j.worlddev.2019.05.026

Berkes, F., Colding, J. and Folke, C. (2002) Navigating social-ecological systems :
building resilience for complexity and change. Edited by F. Berkes, J.
Colding, and C. Folke. Cambridge University Press.

Bijker, W. E., Hughes, T. P. and Pinch, T. (2012) The Social Construction of
Technological Systems: New Directions in the Sociology and History of
Technology. Cambridge, MA: The MIT Press.

Birch, K. (2020) ‘Technoscience Rent: Toward a Theory of Rentiership for
Technoscientific Capitalism’, Science, technology, & human values. Los
Angeles, CA: SAGE Publications, 45(1), pp. 3-33.
https://doi.org/10.1177/0162243919829567

Blom, A., Lan, G. and Adil, M. (2016) Sub-Saharan African science, technology,
engineering, and mathematics research : a decade of development.
Washington, DC: World Bank Group.

Boissonnat, J.D., Chazal, F. and Yvinec, M., 2018. Geometric and topological
inference (Vol. 57). Cambridge University Press.

Bornmann, L. (2013) ‘What is societal impact of research and how can it
be assessed? a literature survey’, Journal of the American Society for
Information Science and Technology. New York, NY: Blackwell Publishing
Ltd, 64(2), pp. 217-233. https://doi.org/10.1002/asi.22803

Bourgine, P. and Lesne, A. (eds) (2011) ‘Morphogenesis". Springer, Berlin,
Heidelberg. https://doi.org/10.1007/978-3-642-13174-5_1

Bozeman, B, Dietz, JS & Gaughan, M.(2001) ‘Scientific and technical human
capital: An alternative model for research evaluation’, International Journal
of Technology Management, vol. 22, no. 7-8, pp. 716-740.
https://doi.org/10.1504/IJTM.2001.002988

Breuer, A., Janetschek, H. and Malerba, D. (2019) ‘Translating Sustainable
Development Goal (SDG) Interdependencies into Policy Advice’,
Sustainability (Basel, Switzerland). Basel: MDPI AG, 11(7), p. 2092-.
https://doi.org/10.3390/su11072092

Bromham, L., Dinnage, R. and Hua, X. (2016) ‘Interdisciplinary research has
consistently lower funding success’, Nature (London). England: Nature
Publishing Group, 534(7609), pp. 684-687.
https://doi.org/10.1038/nature18315

Brooks, H. (1986). ‘The Typology of Surprises in Technology, Institutions and
Development’, in Sustainable development of the biosphere (eds. Clark, W.
C. & Munn, R. E.). Cambridge: Cambridge Press.

Brundtland, G. H. (1987) ‘Report of the World Commission on Environment and
Development: Our Common Future’. Oxford Univ Press.

Cervantes, M. and Hong, S.]J. (2018) ‘STI policies for delivering on the
sustainable development goals’, in: OECD (Ed.), OECD Science, Technology
and Innovation Outlook 2018: Adapting to Technological and Societal
Disruption. OECD Publishing, Paris. https://doi.org/10.1787/fe9c243a-es

Chambers, R. (2017) ‘Can We Know Better? Reflections for Development,
Rugby, UK: Practical Action Publishing.
https://doi.org/10.3362/9781780449449

Charmes, J., Gault, F., & Wunsch-Vincent, S. (2016). Formulating an Agenda for
the Measurement of Innovation in the Informal Economy. In E. Kraemer-
Mbula & S. Wunsch-Vincent (Eds.), The Informal Economy in Developing
Nations: Hidden Engine of Innovation? (Intellectual Property, Innovation
and Economic Development, pp. 336-370). Cambridge: Cambridge
University Press. https://doi.org/10.1017/CB09781316662076.013

Charmes, Jacques, Erika Kraemer-Mbula, and Lorenza Monaco.

(2020). ‘Informality and Innovation: An Avenue towards Bottom-up
Industrialisation for Africa?’ In Research Handbook on Development and
the Informal Economy, pp. 363-86. Edward Elgar Publishing.
https://doi.org/10.4337/9781788972802.00026

Chavarro, D., Rafols, I. and Tang, P. (2018) ‘To what extent is inclusion in the
Web of Science an indicator of journal “quality”?’, Research evaluation.
Oxford University Press, 27(2), pp. 106-118.

https://doi.org/10.1093/reseval/rvy001



https://doi.org/10.1007/s11625-018-0572-3
https://doi.org/10.1007/s11625-018-0596-8
https://doi.org/10.1371/journal.pntd.0001827
https://doi.org/10.1371/journal.pntd.0001827
https://doi.org/10.1162/qss_a_00071
https://doi.org/10.1080/10440046.2011.620231
https://steps-centre.org/blog/to-meet-the-sustainable-development-goals-we-must-transform-innovation/
https://steps-centre.org/blog/to-meet-the-sustainable-development-goals-we-must-transform-innovation/
https://doi.org/10.3233/ISU-170861
https://doi.org/10.3233/ISU-170861
https://doi.org/10.1016/j.respol.2021.104324
https://doi.org/10.1080/2157930X.2013.876801
https://doi.org/10.1080/2157930X.2013.876801
https://doi.org/10.1111/j.1467-9957.1965.tb00050.x
https://doi.org/10.1016/j.respol.2009.09.013
https://doi.org/10.5018/economics-ejournal.ja.2017-28
https://doi.org/10.1016/j.worlddev.2019.05.026
https://doi.org/10.1177/0162243919829567
https://doi.org/10.1002/asi.22803
https://doi.org/10.1007/978-3-642-13174-5_1
https://doi.org/10.1504/IJTM.2001.002988
https://doi.org/10.3390/su11072092
https://doi.org/10.1038/nature18315
https://doi.org/10.1787/fe9c243a-es
https://doi.org/10.3362/9781780449449
https://doi.org/10.1017/CBO9781316662076.013
https://doi.org/10.4337/9781788972802.00026
https://doi.org/10.1093/reseval/rvy001

Chavarro, D., Tang, P. and Rafols, I. (2014) ‘Interdisciplinarity and research
on local issues: evidence from a developing country’, Research evaluation.
Oxford University Press, 23(3), pp. 195-209.
https://doi.org/10.1093/reseval/rvu012

Cheng, F.-F. and Wu, C.-S. (2010) ‘Debiasing the framing effect: The effect of
warning and involvement’, Decision Support Systems. Amsterdam: Elsevier
B, 49(3), pp. 328-334. https://doi.org/10.1016/j.dss.2010.04.002

Cheng, W. and Weinberg, B. A. (2021) ‘Marginalized and Overlooked?
Minoritized Groups and the Adoption of New Scientific Ideas’, NBER
Working Paper Series. Cambridge: National Bureau of Economic Research.
https://doi.org/10.3386/w29179

Ciarli, T. and Rafols, I. (2019) ‘The relation between research priorities and
societal demands: The case of rice’, Research policy. Elsevier BY, 48(4),
pp. 949-967. https://doi.org/10.1016/j.respol.2018.10.027

Cimoli, M. and Katz, J. (2003) ‘Structural reforms, technological gaps and
economic development: a Latin American perspective’, Industrial and
corporate change. Oxford: Oxford University Press, 12(2), pp. 387-411.
https://doi.org/10.1093/icc/12.2.387

Colciencias (2018) Libro Verde 2030 Politica Nacional de Ciencia e Innovacién
para el desarrollo sostenibles. Bogota. https://www.colciencias.gov.co/sites/
default/files/upload/reglamentacion/resolucion_0674-2018.pdf

Confraria, H. and Godinho, M. M. (2015) ‘The impact of African science: a
bibliometric analysis’, Scientometrics. Dordrecht: Springer Netherlands,
102(2), pp. 1241-1268. https://doi.org/10.1007/s11192-014-1463-8

Confraria, H. and Vargas, F. (2017) ‘Scientific systems in Latin America:
performance, networks, and collaborations with industry’, The Journal of
technology transfer. New York: Springer US, 44(3), pp. 874-915.
https://doi.org/10.1007/s10961-017-9631-7

Confraria, H. and Wang, L. (2020) ‘Medical research versus disease burden in
Africa), Research policy. Elsevier BV, 49(3).
https://doi.org/10.1016/j.respol.2019.103916

Coulibaly, M., Silwé, K.S. and Logan, C. (2018) Taking stock
Citizen priorities and assessments three years into the

SDGs. ttps ZZWWW afrobarometer org[pubhcatlon[

Cozzens, S. and Sutz, ]. (2014) ‘Innovatlon in informal settings: reflections and
proposals for a research agenda), Innovation and development. Routledge,
4(1), pp. 5-31. https://doi.org/10.1080/2157930X.2013.876803

Dalrymple, DG. (2006) ‘Setting the Agenda for Science and Technology in the
Public Sector: The Case of International Agricultural Research’. Science and
Public Policy 33 (4): 277-90.

de Hoop, E. and Arora, S. (2021) ‘How policy marginalizes diversity: Politics of
Knowledge in India’s Biodiesel Promotion’. Science as Culture. 30.

de Rassenfosse, G. and Seliger, F. (2021) ‘Imputation of missing information in
worldwide patent data’, Data in brief. Netherlands: Elsevier Inc, 34,

Pp. 106615-106615. https://doi.org/10.1016/1.dib.2020.106615

Diamond, I. R. et al. (2014) ‘Defining consensus: A systematic review
recommends methodologic criteria for reporting of Delphi studies’, Journal
of chnlcal ep1dem1010gy New York NY: Elsevier Inc, 67(4), pp. 401-409.

Doherty, B. and Geus, M. de (1996) Democracy and green political thought:
sustainability, rights and citizenship. London: Routledge.

Donoghue, D. and Khan, A. (2019) ‘Achieving the SDGs and ‘leaving no one
behind’: Maximising synergies and mitigating trade-offs’ (No. 560). London.

Dorgé, G., Honti, G., Abonyi, J., 2018. Automated analysis of the interactions
between sustainable development goals extracted from models and texts of
sustainability science. Chem. Eng. Trans. 70, 781-786.
https://doi.org/10. ET1870131

Gyula Dorgo, Gergely Honti and Janos Abonyi (2018) ‘Automated Analysis
of the Interactions Between Sustainable Development Goals Extracted
from Models and Texts of Sustainability Science’, Chemical engineering
transactions, 70. https://doi.org/10.3303/CET1870131

Duran-Silva, N. et al. (2019) ‘A controlled vocabulary defining the semantic
perimeter of Sustainable Development Goals’ [WWW Document].
https://doi.org/10.5281/ZENODO.3567769

Ecken, P., Gnatzy, T. and von der Gracht, H. A. (2011) ‘Desirability bias in
foresight: Consequences for decision quality based on Delphi results’,

Technological forecasting & social change. New York: Elsevier Inc, 78(9), pp.

1654-1670. https://doi.org/10.1016/j.techfore.2011.05.006
Edelkamp, S. and Schrodl, S. (2011). ‘Heuristic search: theory and applications’.

Elsevier.

141 STRINGS / CHANGING DIRECTIONS

Elder, M., Bengtsson, M. and Akenji, L. (2016) ‘An Optimistic Analysis of the
Means of Implementation for Sustainable Development Goals: Thinking
about Goals as Means’, Sustainability (Basel, Switzerland). MDPI AG, 8(9),
Pp- 962-. https://doi.org/10.3390/su8090962

Elsevier (2020) ‘The Power of Data to Advance the SDGs: Mapping research for
the Sustainable Development Goals’.

Ely, A. V. et al. (2010) ‘A New Manifesto for Innovation, Sustainability and
Development - Response to Rhodes and Sulston’, European journal of
development research. London: Palgrave Macmillan UK, 22(4), pp. 586-588.
https://doi.org/10.1057/ejdr.2010.35

Ely, A., Van Zwanenberg, P. and Stirling, A. (2014) ‘Broadening out and
opening up technology assessment: Approaches to enhance international
development, co-ordination and democratisation’, Research policy.
Amsterdam: Elsevier BV, 43(3), pp. 505-518.
https://doi.org/10.1016/j.respol.2013.09.004

Etiegni, C. A. et al. (2011) ‘Mitigation of illegal fishing activities: enhancing
compliance with fisheries regulation in Lake Victoria (Kenya)’, Regional
environmental change. Berlin/Heidelberg: Springer-Verlag, 11(2),

Pp- 323-334. https://doi.org/10.1007/s10113-010-0134-4

Etzkowitz, H. and Leydesdorff, L. (2000) ‘The dynamics of innovation: from
National Systems and “Mode 2” to a Triple Helix of university-industry-
government relations’, Research policy. Amsterdam: Elsevier BV, 29(2),
pp- 109-123. https://doi.org/10.1016/S0048-7333(99)00055-4

European Commission: Directorate-General for Research and Innovation
(2021) Mission area: adaptation to climate change, including societal
transformation: foresight on demand brief in support of the Horizon Europe
mission board. Publications Office of the European Union.
https://data.europa.eu/doi/10.2777/53790

European Union (2021) Sustainable Development in the European Union:
monitoring report on progress towards the SDGs in an EU context (2021
edition).

Evans, J. A., Shim, J.-M. and loannidis, J. P. A. (2014) ‘Attention to local health
burden and the global disparity of health research’, PloS one. United States:
Public Library of Science, 9(4), pp. €90147-e90147.
https://doi.org/10.1371/journal.pone.0090147

Fonseca, L. M., Domingues, J. P. and Dima, A. M. (2020) ‘Mapping the
Sustainable Development Goals Relationships’, Sustainability (Basel,
Switzerland). MDPI AG, 12(8), p. 3359-. https://doi.org/10.3390/su12083359

Foray, D. and Gibbons, M. (1996) ‘Discovery in the context of application’,
Technological forecasting & social change. Elsevier BY, 53(3), pp. 263-277.
https://doi.org/10.1016/S0040-1625(96)00097-2

Foray, D., Mowery, D. and Nelson, R. (2012) ‘Public R&D and social challenges:
What lessons from mission R&D programs?’, Research policy. Elsevier BV,
41(10), pp. 1697-1702. https://doi.org/10.1016/j.respol.2012.07.011

Foxon, T. J. (2011) ‘A coevolutionary framework for analysing a transition to
a sustainable low carbon economy’, Ecological economics. Elsevier BV,
70(12), pp. 2258-2267. https://doi.org/10.1016/j.ecolecon.2011.07.014

Freeman, C., 1995. The ‘National System of Innovation’ in historical
perspective. Cambridge Journal of economics, 19(1), pp.5-24.

Fritz, S. et al. (2019) ‘Citizen science and the United Nations Sustainable
Development Goals’, Nature sustainability, 2(10), pp. 922-930.
https://doi.org/10.1038/s41893-019-0390-3

Frost, A. et al. (2020) ‘Understanding knowledge systems and what works
to promote STI in Kenya, Tanzania and Rwanda’. Knowledge Systems
Innovation Project (KSI).

Fukuda-Parr, S. (2016) ‘From the Millennium Development Goals to the
Sustainable Development Goals: shifts in purpose, concept, and politics of
global goal setting for development’, Gender and development. Abingdon:
Routledge, 24(1), pp. 43-52. https://doi.org/10.1080/13552074.2016.1145895

Funtowicz, S. O. and Ravetz, J. R. (1990) ‘Uncertainty and quality in science for
policy’. Springer Dordrecht. https://doi.org/10.1007/978-94-009-0621-1

Fuso Nerini, F. et al. (2018) ‘Mapping synergies and trade-offs between energy
and the Sustainable Development Goals’, Nature Energy. London: Nature
Publishing Group, 3(1), pp. 10-15. https://doi.org/10.1038/s41560-017-0036-5

Gault, F. (2018) ‘Defining and measuring innovation in all sectors of the
economy’, Research policy. Elsevier BY, 47(3), pp. 617-622.
https://doi.org/10.1016/j.respol.2018.01.007

Gewin, V. (2012) ‘Risky research: The sky’s the limit, Nature (London). England:
Nature Publishing Group, 487(7407), pp. 395-397.
https://doi.org/10.1 nj7407-.

Gibbons, M. et al. (1994) The New Production of Knowledge: The Dynamics
of Science and Research in Contemporary Societies. London: Sage
Publications.



https://doi.org/10.1093/reseval/rvu012
https://doi.org/10.1016/j.dss.2010.04.002
https://doi.org/10.3386/w29179
https://doi.org/10.1016/j.respol.2018.10.027
https://doi.org/10.1093/icc/12.2.387
https://www.colciencias.gov.co/sites/default/files/upload/reglamentacion/resolucion_0674-2018.pdf
https://www.colciencias.gov.co/sites/default/files/upload/reglamentacion/resolucion_0674-2018.pdf
https://doi.org/10.1007/s11192-014-1463-8
https://doi.org/10.1007/s10961-017-9631-7
https://doi.org/10.1016/j.respol.2019.103916
https://www.afrobarometer.org/publication/pp51-taking-stock-citizen-priorities-and-assessments-three-years-sdgs/
https://www.afrobarometer.org/publication/pp51-taking-stock-citizen-priorities-and-assessments-three-years-sdgs/
https://doi.org/10.1080/2157930X.2013.876803
https://doi.org/10.1016/j.dib.2020.106615
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.3303/CET1870131
https://doi.org/10.3303/CET1870131
https://doi.org/10.5281/ZENODO.3567769
https://doi.org/10.1016/j.techfore.2011.05.006
https://doi.org/10.3390/su8090962
https://doi.org/10.1057/ejdr.2010.35
https://doi.org/10.1016/j.respol.2013.09.004
https://doi.org/10.1007/s10113-010-0134-4
https://doi.org/10.1016/S0048-7333(99)00055-4
https://data.europa.eu/doi/10.2777/53790
https://doi.org/10.1371/journal.pone.0090147
https://doi.org/10.3390/su12083359
https://doi.org/10.1016/S0040-1625(96)00097-2
https://doi.org/10.1016/j.respol.2012.07.011
https://doi.org/10.1016/j.ecolecon.2011.07.014
https://doi.org/10.1038/s41893-019-0390-3
https://doi.org/10.1080/13552074.2016.1145895
https://doi.org/10.1007/978-94-009-0621-1
https://doi.org/10.1038/s41560-017-0036-5
https://doi.org/10.1016/j.respol.2018.01.007
https://doi.org/10.1038/nj7407-395a

Ginther, D. K. et al. (2011) ‘Race, Ethnicity, and NIH Research Awards’, Science
(American Association for the Advancement of Science). Washington, DC:
American Association for the Advancement of Science, 333(6045),
pp. 1015-1019. https://doi.org/10.1126/science.1196783

Giovannini, E. et al. (2015) ‘The Role of Science, Technology and Innovation
Policies to Foster the Implementation of the Sustainable Development Goals
(SDGs)’. Report of the Expert Group “Follow-up to Rio+20, notably the SDGs.”
Brussels. https://doi.org/10.2777/245398

Global Sustainable Development Report (2019) Global Sustainable Development
Report 2019: The Future Is Now - Science for Achieving Sustainable
Development. New York: United Nations.

Godin, B. and Vinck, D. (2017) Critical studies of innovation : alternative
approaches to the pro-innovation bias. Edited by B. Godin and D. Vinck.
Cheltenham, England ; Edward Elgar Publishing.

Government Office for Science (2014) Innovation: managing risk, not avoiding
it - evidence and case studies. Annual Report of the Government Chief
Scientific Adviser 2014. London: UK Government Office for Science.

Grabher, G. and Stark, D. (1997) ‘Organizing Diversity: Evolutionary Theory,
Network Analysis and Postsocialism’, Regional studies. Cambridge: Taylor &
Francis Group, 31(5), pp. 533-544. https://doi.org/10.1080/00343409750132315

Gunashekar, S. et al (2021) ‘Addressing societal challenges in Norway: Key
trends, future scenarios, missions and structural measures’.
https://www.rand.org/pubs/research_reports/RRA966-1.html.

Gusmao Caiado, R. G. et al. (2018) ‘A literature-based review on potentials and
constraints in the implementation of the sustainable development goals’,
Journal of cleaner production. Elsevier Ltd, 198, pp. 1276-1288.
https://doi.org/10.1016/j.jclepro.2018.07.102

Guston, D. (2000). Between Politics and Science: Assuring the Integrity and
Productivity of Research. Cambridge: Cambridge University Press.
https://doi.org/10.1017/CBO9780511571480

Hardon, J. J. (1996) ‘Conservation and Use of Agro-Biodiversity’, Biodiversity
letters. Blackwell Science, 3(3), pp. 92-96. https://doi.org/10.2307/2999722

Hicks, D. et al. (2015) ‘Bibliometrics: The Leiden Manifesto for research
metrics’, Nature (London). England: Nature Publishing Group, 520(7548),
pp. 429-431. https://doi.org/10.1038/520429a

Hoogeveen, J. and Pape, U. (2019) Data Collection in Fragile States
Innovations from Africa and Beyond. 1st ed. 2020. Edited by J. Hoogeveen
and U. Pape. Cham: Springer International Publishing. https://doi.
0rg/10.1007/978-3-030-25120-8

House of Lords: Science and Technology Committee (2010) Setting priorities
for publicly funded research. Volume II: Evidence. London: Authority of the
House of Lords.

Hurst, A. W. (2021) ‘Reflections from the Think Tank Initiative and their
relevance for Canada’. Canadian Journal of Development Studies 42(3),

Pp. 292-305. https://doi.org/10.1080/02255189.2020.1820313

IAP Workgroup (2019) Improving Scientific Input to Global Policymaking: with
a focus on the UN Sustainable Development Goals.

IAP (2019) Harnessing Science, Engineering and Medicine (SEM) to Address
Africa’s Challenges.

ICG (2017) A guide to SDG interactions: From science to implementation. Paris

Independent Group of Scientists appointed by the Secretary-General. 2019.
‘Global Sustainable Development Report 2019: The Future Is Now - Science
for Achieving Sustainable Development. New York.
https://doi.org/10.1016/j.a0df.2009.10.015.

Inter-agency Task Team (2018) Science, Technology and Innovation for SDGs
Roadmaps.

Inter-agency Task Team (2020) Guidebook for the Preparation of Science,
Technology and Innovation (STI) for SDGs Roadmaps.
https://doi.org/10.1017/CBO9781107415324.004

International Council for Science (2017) A guide to SDG interactions: From
science to implementation. Paris.

International Council for Science. International Social Science Council (2015)
Review of Targets for the Sustainable Development Goals: The Science
Perspective. Paris.

Jayabalasingham, Bamini; Boverhof, Roy; Agnew, Kevin; Klein, L (2019),
‘Identifying research supporting the United Nations Sustainable
Development Goals’, Mendeley Data, V1,
https://doi.org/10.17632/87txkw7khs.1

Kaplinsky, R. (2011) ‘Schumacher meets Schumpeter: Appropriate technology
below the radar’, Research policy. Amsterdam: Elsevier BY, 40(2), pp.

193-203. https://doi.org/10.1016/j.respol.2010.10.003

142

STRINGS / CHANGING DIRECTIONS

Kaplinsky, R. et al. (2009) ‘Below the radar: what does innovation in emerging
economies have to offer other low-income economies?’, The International
journal of technology management & sustainable development. Bristol:
Intellect, 8(3), pp. 177-197. https://doi.org/10.1386/ijtm.8.3.177/1

Kasprowicz, V. O. et al. (2020) ‘African-led health research and capacity
building- is it working?’, BMC public health. London: BioMed Central, 20(1),
pp. 1-1104. https://doi.org/10.1186/s12889-020-08875-3

Kattel, R. and Mazzucato, M. (2018) ‘Mission-oriented innovation policy and
dynamic capabilities in the public sector’, Industrial and corporate change,
27(5), pp. 787-801. https://doi.org/10.1093/icc/dty032

Keesstra, S. et al. (2016) ‘The significance of soils and soil science towards
realization of the United Nations Sustainable Development Goals’, Soil.
Copernicus Publications, 2(2), pp. 111-128.
https://doi.org/10.5194/s0il-2-111-2016

Keith, David. A et al. (2020) ‘TUCN Global Ecosystem Typology 2.0: Descriptive
profiles for biomes and ecosystem functional groups’. IUCN, Switzerland.
https://doi.org//10.2305/IUCN.CH.2020.13.en

Khadse, A. et al. (2018) ‘Taking agroecology to scale: the Zero Budget Natural
Farming peasant movement in Karnataka, India’, The Journal of peasant
studies. London: Routledge, 45(1), pp. 192-219.
https://doi.org/10.1080/03066150.2016.1276450

Kline, S. J. and Rosenberg, N. (2009) ‘An overview of innovation’, Studies on
Science and the Innovation Process, pp. 173-204.
https://doi.org/10.1142/9789814273596_0009

KMFRI (2019) Socio-Ecological assessment of status of Cage Culture
Development in Lake Victoria. https://www.kmfri.co.ke/index.php/about-us/
research-centres/shimoni-research-centre/32-fresh-water-systems/170-
factsheetandhttps:/www.kmfri.co.ke/index.php/about-us/research-centres/
shimoni-research-centre/32-fresh-water-systems/170-factsheetand

KNBS (2019) Kenya population and housing census report 2019 highlights.
Nairobi, Kenya: Government Printers.

Koning, R., Samila, S. and Ferguson, J.-P. (2021) ‘Who do we invent for?
Patents by women focus more on women'’s health, but few women get to
invent’, Science (American Association for the Advancement of Science).
Washington: American Association for the Advancement of Science,
372(6548), pp. 1345-1348. https://doi.org/10.1126/science.aba6990

Kozma, C., Calero Medina, C. and Costas, R. (2018) Research funding
landscapes in Africa, in: Beadry, C., Mouton, J., Prozesky, H. (Eds.), The
Next Generation of Scientists in Africa. African Minds, Cape Town,

Pp. 26-42.

Kraemer-Mbula, E. et al. (2020) Transforming Research Excellence New Ideas
from the Global South. www.africanminds.org.za

Kruss,G. (2018) ‘Towards an agenda for measuring innovation in emerging
African economies: what can we learn from the case of South Africa?’.
Inderscience. https://www.inderscience.com/info/inarticle.php?artid=93722

Kumar, P. et al. (2018) ‘Determination of hierarchical relationships among
sustainable development goals using interpretive structural modeling’,
Environment, development and sustainability. Dordrecht: Springer
Netherlands, 20(5), pp. 2119-2137. https://doi.org/10.1007/s10668-017-9981-1

Kumbamu, A. (2020) ‘The philanthropic-corporate-state complex: imperial
strategies of dispossession from the “Green Revolution” to the “Gene
Revolution”, Globalizations. Abingdon: Routledge, 17(8), pp. 1367-1385.
https://doi.org/10.1080/14747731.2020.1727132

LaFleur, M. (2019) ‘Art Is Long, Life Is Short: An SDG Classification System for
DESA Publications’. SSRN Electronic Journal.

Le Blanc, D. (2015) ‘Towards Integration at Last? The Sustainable Development
Goals as a Network of Targets’, Sustainable development (Bradford, West
Yorkshire, England). Le Blanc, D (2015), Towards Integration at Last? The
Sustainable Development Goals as a Network of Targets. Sust. Dev., 23,
176-187. doi: 10.1002/sd.1582. Chichester: Blackwell Publishing Ltd, 23(3),
pp. 176-187. https://doi.org/10.1002/sd.1582

Leach, M., Stirling, A. C. and Scoones, I. (2010) Dynamic Sustainabilities:
Technology, Environment, Social Justice, Dynamic Sustainabilities. London:
Routledge, pp. xiv-xiv. https://doi.org/10.4324/9781849775069

Leal Filho, W. et al. (2018) ‘Reinvigorating the sustainable development
research agenda: the role of the sustainable development goals (SDG)’,
International journal of sustainable development and world ecology.
Abingdon: Taylor & Francis, 25(2), pp. 131-142.
https://doi.org/10.1080/13504509.2017.1342103

Mazzucato, M., (2018) ‘Mission-Oriented Research & Innovation in the
European Union: A problem-solving approach to fuel innovation-led

growth’. European Commission. https://doi.org/10.2777/36546



https://doi.org/10.1126/science.1196783
https://doi.org/10.2777/245398
https://doi.org/10.1080/00343409750132315
https://www.rand.org/pubs/research_reports/RRA966-1.html
https://doi.org/10.1016/j.jclepro.2018.07.102
https://doi.org/10.1017/CBO9780511571480
https://doi.org/10.2307/2999722
https://doi.org/10.1038/520429a
https://doi.org/10.1007/978-3-030-25120-8
https://doi.org/10.1007/978-3-030-25120-8
https://doi.org/10.1080/02255189.2020.1820313
https://doi.org/10.1016/j.aodf.2009.10.015
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.17632/87txkw7khs.1
https://doi.org/10.1016/j.respol.2010.10.003
https://doi.org/10.1386/ijtm.8.3.177/1
https://doi.org/10.1186/s12889-020-08875-3
https://doi.org/10.1093/icc/dty032
https://doi.org/10.5194/soil-2-111-2016
https://doi.org//10.2305/IUCN.CH.2020.13.en
https://doi.org/10.1080/03066150.2016.1276450
https://doi.org/10.1142/9789814273596_0009
https://www.kmfri.co.ke/index.php/about-us/research-centres/shimoni-research-centre/32-fresh-water-systems/170-factsheetand
https://www.kmfri.co.ke/index.php/about-us/research-centres/shimoni-research-centre/32-fresh-water-systems/170-factsheetand
https://www.kmfri.co.ke/index.php/about-us/research-centres/shimoni-research-centre/32-fresh-water-systems/170-factsheetand
https://doi.org/10.1126/science.aba6990
http://www.africanminds.org.za
https://www.inderscience.com/info/inarticle.php?artid=93722
https://doi.org/10.1007/s10668-017-9981-1
https://doi.org/10.1080/14747731.2020.1727132
https://doi.org/10.1002/sd.1582
https://doi.org/10.4324/9781849775069
https://doi.org/10.1080/13504509.2017.1342103
https://doi.org/10.2777/36546

Mbuga, J. et al. (1998) ‘Socio-economics of the Lake Victoria Fisheries Trawling
in Lake Victoria : Its History, Status and Effects’, pp. 1-33.

McCollum, D. L. et al. (2018) ‘Connecting the sustainable development goals
by their energy inter-linkages’, Environmental research letters. Bristol: IOP
Publishing, 13(3), p. 33006-. https://doi.org/10.1088/1748-9326/aaafe3

McLean, R. K. D. and Sen, K. (2019) ‘Making a difference in the real world? A
meta-analysis of the quality of use-oriented research using the Research
Quality Plus approach’, Research evaluation. Oxford University Press, 28(2),
pp. 123-135. https://doi.org/10.1093/reseval/rvy026

Messerli, P. et al. (2019) ‘Expansion of sustainability science needed for the
SDGs’, Nature sustainability, 2(10), pp. 892-894.
https://doi.org/10.1038/s41893-019-0394-z

Miedzinski, M., Mazzucato, M. and Ekins, P. (2019) ‘A framework for mission-
oriented innovation policy roadmapping for the SDGs: The case of plastic-
free oceans’. UCL Institute for Innovation and Public Purpose, Working
Paper Series (IIPP WP 2019-03).
https://www.ucl.ac.uk/bartlett/publicpurpose/wp2019-03

Miller, C. A. (2007) ‘Democratization, International Knowledge Institutions,
and Global Governance’, Governance (Oxford). Malden, USA: Blackwell
Publishing Inc, 20(2), pp. 325-357.
https://doi.org/10.1111/j.1468-0491.2007.00359.x

Miola, A. and Schiltz, F. (2019) ‘Measuring sustainable development
goals performance: How to monitor policy action in the 2030 Agenda
implementation?’, Ecological economics. Elsevier BV, 164, p. 106373-.
https://doi.org/10.1016/j.ecolecon.2019.106373

Molas-Gallart, J. et al. (2002) ‘Measuring Third Stream Activities’.

Mongeon, P. and Paul-Hus, A. (2016) ‘The journal coverage of Web of Science
and Scopus: a comparative analysis’, Scientometrics. Dordrecht: Springer
Netherlands, 106(1), pp. 213-228. https://doi.org/10.1007/s11192-015-1765-5

Mormina, M. (2019) ‘Science, Technology and Innovation as Social Goods
for Development: Rethinking Research Capacity Building from Sen’s
Capabilities Approach’, Science and engineering ethics. Dordrecht: Springer
Netherlands, 25(3), pp. 671-692. https://doi.org/10.1007/s11948-018-0037-1

Mowery, D. C. (2012) ‘Defense-related R&D as a model for “Grand Challenges”
technology policies’, Research policy. Amsterdam: Elsevier BV, 41(10), pp.
1703-1715. https://doi.org/10.1016/j.respol.2012.03.027

Moyer, J. D. and Bohl, D. K. (2019) ‘Alternative pathways to human
development: Assessing trade-offs and synergies in achieving the
Sustainable Development Goals’, Futures : the journal of policy, planning
and futures studies. Oxford: Elsevier Ltd, 105, pp. 199-210.
https://doi.org/10.1016/j.futures.2018.10.007

Mukasa, C. T., Owino, J. and West, K. (2019) ‘Conflict over Transboundary
Fishery on Lake Victoria and its management’, United Nations Environment
Programme (UNEP).

Mulgan, G. (2019) Social innovation : how societies find the power to change.
Park Hill, Bristol, UK ;: Policy Press.

Mutapi, F. (2019) ‘Africa should set its own health-research agenda’, Nature
(London). England: Nature Publishing Group, 575(7784), pp. 567-567.
https://doi.org/10.1038/d41586-019-03627-9

Nakamura, M. et al. (2019) ‘Navigating the Structure of Research on Sustainable
Development Goals’. Institute for Scientific Information.

Namubiru-Mwaura, E., Marincola, E. (2018) ‘Africa Beyond 2030: Leveraging
knowledge and innovation to secure Sustainable Development Goals’. The
African Academy of Sciences.

Nature (2021) A patent waiver on COVID vaccines is right and fair. Nature.com.
https://www.nature.com/articles/d41586-021-01242-1

Nature (2022) African researchers lead campaign for equity in global
collaborations. Nature.com.
https://www.nature.com/articles/d41586-022-01604-3

Nelson, R. R. (1994) ‘The Co-evolution of Technology, Industrial Structure, and
Supporting Institutions’, Industrial and corporate change. Oxford: Oxford
University Press, 3(1), pp. 47-63. https://doi.org/10.1093/icc/3.1.47

Nelson, R. R. (2011) ‘The Moon and the Ghetto revisited’, Science & public
policy. Beech Tree Publishing, 38(9), pp. 681-690.
https://doi.org/10.1093/scipol/38.9.681

Newbold, T. et al. (2015) ‘Global effects of land use on local terrestrial
biodiversity’. Nature Publishing Group.

Nicholls,A., Simon,]., and Gabriel,M. (2015) Eds., New Frontiers in Social
Innovation Research, vol. 21. London: Palgrave MacMillan.

Nilsson, M. et al. (2018) ‘Mapping interactions between the sustainable
development goals: lessons learned and ways forward, Sustainability
science. Tokyo: Springer Japan, 13(6), pp. 1489-1503.
https://doi.org/10.1007/s11625-018-0604-z

143

STRINGS / CHANGING DIRECTIONS

M. Nilsson, D. Griggs and M. Visbeck (2016). ‘Map the interactions between
Sustainable Development Goals’. Comment in Nature, vol. 53, no. 7607.

Nocera, J. (2021) There’s a Precedent for Overriding Patents on Vital
Medications. Bloomberg.com. https://www.bloomberg.com/news/
articles/2021-05-11/aids-drugs-in-south-africa-shows-precedent-for-
overriding-patents-on-medications

Novitzky, P. et al. (2020) ‘Improve alignment of research policy and societal
values’, Science (American Association for the Advancement of Science).
Washington: The American Association for the Advancement of Science,
369(6499), pp. 39-41. https://doi.org/10.1126/science.abb3415

Noyons, E. (2019) ‘Measuring Societal Impact Is as Complex as ABC’, Journal
of data and information science (Warsaw, Poland). Sciendo, 4(3), pp. 6-21.
https://doi.org/10.2478/jdis-2019-0012

Ntiba, M. J., Kudoja, W. M. and Mukasa, C. T. (2001) ‘Management issues in the
Lake Victoria watershed’, Lakes & reservoirs : research and management.
Melbourne, Australia: Blackwell Science Asia Pty. Ltd, 6(3), pp. 211-216.
https://doi.org/10.1046/j.1440-1770.2001.00149.x

Nyamweya, C. S. et al. (2020) ‘A century of drastic change: Human-induced
changes of Lake Victoria fisheries and ecology’, Fisheries research, vol. 230.
Elsevier BY, 230. https://doi.org/10.1016/j.fishres.2020.105564

OECD (2018) ‘Oslo Manual 2018: Guidelines for Collecting, Reporting and
Using Data on Innovation), 4th Edition, The Measurement of Scientific,
Technological and Innovation Activities, OECD Publishing, Paris/
Eurostat:Luxembourg. https://doi.org/10.1787/9789264304604-en

OECD (a) (2021), ‘Research and Development Statistics: R-D expenditure by
sector of performance and type of R-D (Edition 2020)’, OECD Science,
Technology and R&D Statistics (database)

OECD (b) (2021), ‘Main Science and Technology Indicators,’ Paris, 2021. OECD
(b) (2021), ‘Main Science and Technology Indicators.

Ofir, Z. et al. (2016) ‘Research Quality Plus (RQ+) : A Holistic Approach to
Evaluating Research.
https://idl-bnc-idrc.dspacedirect.org/handle/10625/56528.

Orina, S et al. (2018) State of Cage Culture in Lake Victoria, Kenya. Kenya.

Page, S. E. (2011) Diversity and Complexity. New Jersey: Princeton University
Press.

Palaniswamy, N., Parthasarathy, R. and Rao, V. (2019) ‘Unheard voices: The
challenge of inducing women’s civic speech’, World development, 115, pp.
64-77. https://doi.org/10.1016/j.worlddev.2018.10.007

Panda, D. and Pathak, H. (2019) ICAR-National Rice Research Institute: Genesis
and Evolution’, in Pathak, H. et al. (eds) National Rice Research Institute:
Activities, Achievements and Aspirations. Cuttack, India: ICAR-National
Rice Research Institute, pp. 1-20.

Parayil, G. (1992) ‘The Green Revolution in India: A Case Study of Technological
Change’, Technology and Culture, 33(4), pp. 737-756.
https://doi.org/10.2307/3106588

Parthasarathy, R., Rao, V., Palaniswamy, N. (2017) ‘Deliberative Inequality :

A Text-as-Data Study of Tamil Nadu’s Village Assemblies.” Policy Research
Working Paper. Washington D.C.: World Bank. http://documents.worldbank.
org/curated/en/582551498568606865/Deliberative-inequality-a-text-as-data-

study-of-Tamil-Nadus-village-assemblies
Pavitt, K. (1998) ‘The social shaping of the national science base’, Research

policy. Amsterdam: Elsevier BV, 27(8), pp. 793-805.
https://doi.org/10.1016/S0048-7333(98)00091-2

Pennington,R. and Barnett, C. (2018) RESEARCH FOR DEVELOPMENT (R4D)
INDICATORS: A REVIEW OF FUNDER PRACTICE. Brighton: ITAD and
Technopolis Group.

Pinheiro, H., Vignola-Gagné, E. and Campbell, D. (2021) ‘A large-scale
validation of the relationship between cross-disciplinary research and its
uptake in policy-related documents, using the novel Overton altmetrics
database’, Quantitative science studies. One Rogers Street, Cambridge, MA
02142-1209, USA: MIT Press, 2(2), pp. 616-642.

h : i.0rg/10.1162 137

Poole, N., Donovan, J. and Erenstein, O. (2021) ‘Viewpoint: Agri-nutrition
research: Revisiting the contribution of maize and wheat to human
nutrition and health’, Food policy, 100. Elsevier Ltd.

h : i.0rg/10.1016/j.f 1.2020.10197

Porter, T. M. (1995) ‘Trust in numbers: The pursuit of objectivity in science and
public life’. Princeton University Press.

Pradhan, P. et al. (2017) ‘A Systematic Study of Sustainable Development Goal
(SDG) Interactions’, Earth’s future. Hoboken, USA: Wiley Periodicals, Inc,
5(11), pp. 1169-1179. https://doi.org/10.1002/2017EF000632

Prahalad, C.K. and Hart, S.L. (2002). The Fortune at the Bottom of the Pyramid.
Strategy+business. 26, pp.2-14.



https://doi.org/10.1088/1748-9326/aaafe3
https://doi.org/10.1093/reseval/rvy026
https://doi.org/10.1038/s41893-019-0394-z
https://www.ucl.ac.uk/bartlett/publicpurpose/wp2019-03
https://doi.org/10.1111/j.1468-0491.2007.00359.x
https://doi.org/10.1016/j.ecolecon.2019.106373
https://doi.org/10.1007/s11192-015-1765-5
https://doi.org/10.1007/s11948-018-0037-1
https://doi.org/10.1016/j.respol.2012.03.027
https://doi.org/10.1016/j.futures.2018.10.007
https://doi.org/10.1038/d41586-019-03627-9
https://www.nature.com/articles/d41586-021-01242-1
https://www.nature.com/articles/d41586-022-01604-3
https://doi.org/10.1093/icc/3.1.47
https://doi.org/10.1093/scipol/38.9.681
https://doi.org/10.1007/s11625-018-0604-z
https://www.bloomberg.com/news/articles/2021-05-11/aids-drugs-in-south-africa-shows-precedent-for-overriding-patents-on-medications
https://www.bloomberg.com/news/articles/2021-05-11/aids-drugs-in-south-africa-shows-precedent-for-overriding-patents-on-medications
https://www.bloomberg.com/news/articles/2021-05-11/aids-drugs-in-south-africa-shows-precedent-for-overriding-patents-on-medications
https://doi.org/10.1126/science.abb3415
https://doi.org/10.2478/jdis-2019-0012
https://doi.org/10.1046/j.1440-1770.2001.00149.x
https://doi.org/10.1016/j.fishres.2020.105564
https://doi.org/10.1787/9789264304604-en
https://idl-bnc-idrc.dspacedirect.org/handle/10625/56528
https://doi.org/10.1016/j.worlddev.2018.10.007
https://doi.org/10.2307/3106588
http://documents.worldbank.org/curated/en/582551498568606865/Deliberative-inequality-a-text-as-data-study-of-Tamil-Nadus-village-assemblies
http://documents.worldbank.org/curated/en/582551498568606865/Deliberative-inequality-a-text-as-data-study-of-Tamil-Nadus-village-assemblies
http://documents.worldbank.org/curated/en/582551498568606865/Deliberative-inequality-a-text-as-data-study-of-Tamil-Nadus-village-assemblies
https://doi.org/10.1016/S0048-7333(98)00091-2
https://doi.org/10.1162/qss_a_00137
https://doi.org/10.1016/j.foodpol.2020.101976
https://doi.org/10.1002/2017EF000632

Prahalad, C. K. (2005) The fortune at the bottom of the pyramid. Philadelphia,
Pa: Wharton School.

Pringle, R. M. (2005) ‘The Nile Perch in Lake Victoria: Local Responses and
Adaptations’, Africa (London. 1928). Cambridge, UK: Cambridge University
Press, 75(4), pp. 510-538. https://doi.org/10.3366/afr.2005.75.4.510

Purnell, P. J. (2022) ‘A comparison of different methods of identifying
publications related to the United Nations Sustainable Development Goals:
Case Study of SDG 13: Climate Action’.

Quinlivan, L., Chapman, D. V. and Sullivan, T. (2020) ‘Validating citizen science
monitoring of ambient water quality for the United Nations sustainable
development goals’, The Science of the total environment. Netherlands:
Elsevier BY, 699, pp. 134255-134255.
https://doi.org/10.1016/j.scitotenv.2019.134255

Rafols, I and Yegros, A. (2017) ‘Is Research Responding to Health Needs?’. http://
dx.doi.org/10.2139/ssrn.3106713

Rafols, I. and Stirling, A. (2020) ‘Designing indicators for opening up
evaluation. Insights from research assessment’.
https://osf.io/preprints/socarxiv/h2fxp/

Rafols, I. et al. (2022) ‘Mapping Mental Health & Well-being Research. An
investigation of the landscape of mental health research’.
https://doi.org/10.31235/0sf.io/smuyv

Rafols, I., Ciarli, T. and Chavarro, D. (2015) ‘Under-reporting research relevant
to local needs in the global south’. Database biases in the representation of
knowledge on rice. https://osf.io/preprints/socarxiv/3kfod/

Rafols, 1., Ciarli, T. and Chavarro, D. (2019) ‘Under-reporting research relevant
to local needs in the South. Database biases in rice research’, in: Arvanitis,
R., O’Brien, D. (Eds.), The Transformation of Research in the South. Policies
and Outcomes. Editions des archives contemporaines, France, pp. 105-110.
https://doi.org/10.17184/eac.2080

Ramirez, R. and Wilkinson, A. (2014) ‘Rethinking the 2x2 scenario method: Grid
or frames?’, Technological forecasting & social change. New York: Elsevier
Inc, 86(-), pp. 254-264. https://doi.org/10.1016/j.techfore.2013.10.020

Reale, E. et al. (2018) ‘A review of literature on evaluating the scientific, social
and political impact of social sciences and humanities research’, Research
evaluation. Oxford University Press, 27(4), pp. 298-308.
https://doi.org/10.1093/reseval/rvx025

Reed, M. et al. (2021) ‘Evaluating impact from research: A methodological
framework’, Research policy, 50(4). Elsevier BV.
https://doi.org/10.1016/j.respol.2020.104147

Reyers, B. et al. (2017) ‘Essential Variables help to focus Sustainable
Development Goals monitoring’, Current opinion in environmental
sustainability. Elsevier BV, 26-27, pp. 97-105.
https://doi.org/10.1016/j.cosust.2017.05.003

Rhoten, D. and Parker, A. (2004) ‘Risks and Rewards of an Interdisciplinary
Research Path’, Science (American Association for the Advancement of
Science). Washington: American Association for the Advancement of
Science, 306(5704), pp. 2046-2046. https://doi.org/10.1126/science.1103628

Ruttan, V. W. (2015) ‘Controversy about Agricultural Technology: Lessons from
the Green Revolution ‘Can Economic Growth Be Sustained?’
https://ageconsearch.umn.edu/record/13885/

Sachs, J. D. et al. (2019) ‘Six Transformations to achieve the Sustainable
Development Goals’, Nature sustainability, 2(9), pp. 805-814.
https://doi.org/10.1038/s41893-019-0352-9

Sachs, J., Kroll, C., Lafortune, G., Fuller, G. and Woelm, F. (2021) Sustainable
Development Report 2021. Cambridge: Cambridge University Press. https://
doi.org/10.1017/9781009106559

Salter, A. J. and Martin, B. R. (2001) ‘The economic benefits of publicly funded
basic research: a critical review’, Research policy. Amsterdam: Elsevier BY,
30(3), pp. 509-532. https://doi.org/10.1016/S0048-7333(00)00091-3

Salvia, A. L. et al. (2019) ‘Assessing research trends related to Sustainable
Development Goals: local and global issues’, Journal of cleaner production.
Elsevier Ltd, 208, pp. 841-849. h rg/10.101 10.2018.

Sampat, B. N. (2012) ‘Mission-oriented biomedical research at the NIH’,
Research policy. Amsterdam: Elsevier BY, 41(10), pp. 1729-1741.
https://doi.org/10.1016/j.respol.2012.05.013

Sanmartino, M. et al. (2015) ‘HABLAMOS DE CHAGAS APORTES PARA (RE)
PENSAR LA PROBLEMATICA CON UNA MIRADA INTEGRAL'. Buenos Aires,
Argentina.

Sarewitz, D (2016) ‘Saving Science’, New Atlantis (Washington, D.C.). Center
for the Study of Technology and Society in partnership with the Ethics and
Public Policy Center, (49), pp. 4-40.

144

STRINGS / CHANGING DIRECTIONS

Scharlemann, J. P. W. et al. (2016) Global goals mapping: the environment-
human landscape. Sussex Sustainability Research Programme, University of
Sussex, Brighton, UK and UN Environment World Conservation Monitoring
Centre, Cambridge, UK.

Scheidel, A. et al. (2017) ‘Ecological distribution conflicts as forces for
sustainability: an overview and conceptual framework’, Sustainability
science. Tokyo: Springer Japan, 13(3), pp. 585-598.
https://doi.org/10.1007/s11625-017-0519-0

Schmalzbauer, B.S. et al., (Eds.), German, M., Future, Prof, Dr (2016) The
Contribution of Science in Implementing the Sustainable Development
Goals. German Committee Future Earth. German Committee Future Earth,
Stuttgart/Kiel.

Schmidt, F. and Vanderfeesten, M. (2021) ‘Evaluation on Accuracy of Mapping
Science to the United Nations’ Sustainable Development Goals (SDGs) of the
Aurora SDG Queries’. Amsterdam.

Schmoch, U. (2008) ‘Concept of a Technology Classification for Country
Comparisons’. Final report to the World Intellectual Property Organisation.
Fraunhofer Institute for Systems and Innovation Research, Karlsruhe.

Schneider, F. et al. (2019) ‘Research funding programmes aiming for societal
transformations: Ten key stages’, Science & public policy, 46(3), pp. 463-478.
https://doi.org/10.1093/scipol/scy074

Schot, J. and Steinmueller, W. E. (2018) ‘Three frames for innovation policy:
R&D, systems of innovation and transformative change’. Elsevier.

Sebestyén, V. et al. (2019) ‘Data-driven multilayer complex networks of
sustainable development goals’, Data in brief. Netherlands: Elsevier Inc, 25.
https://doi.org/10.1016/1.dib.2019.104049

Sharma, D. (2019) What is revolutionary about the Green
Revolution?. IDS Opinion. https:/www.ids.ac.uk/opinions/

what-is-revolutionary-about-the-green-revolution/
Simon, J., Gabriel, M. and Nicholls, A. (2014) New Frontiers in Social

Innovation Research. Basingstoke: Springer Open.
https://doi.org/10.1057/9781137506801

Slaughter, S. and Leslie, L. L. (1997) Academic capitalism: politics, policies, and
the entrepreneurial university. Baltimore: Johns Hopkins U.P.

Slaughter, S. and Rhoades, G. (2005) ‘From “Endless Frontier” to “Basic
Science for Use”: Social Contracts between Science and Society’, Science,
technology, & human values. Thousand Oaks, CA: Sage Publications, 30(4),
Pp. 536-572. https://doi.org/10.1177/0162243905276503

Smith, H. (2017) Small fish, big problems: Gender based violence

in Lake Victoria’s fisheries, Duke Human Rights Center at the

Franklin Humanities Institute. https://humanrights.fhi.duke.edu/

small-fish-big-problems-gender-based-violence-in-lake-victorias-fisheries

Stirling, A. (1994) ‘Diversity and ignorance in electricity supply investment:
Addressing the solution rather than the probleny, Energy policy. Oxford:
Elsevier Ltd, 22(3), pp. 195-216. https://doi.org/10.1016/0301-4215(94)90159-7

Stirling, A. (1997) ‘Limits to the value of external costs’, Energy policy. Oxford:
Elsevier Ltd, 25(5), pp. 517-540.
https://doi.org/10.1016/S0301-4215(97)00041-4

Stirling, A. (2007) ‘A general framework for analysing diversity in science,
technology and society’, Journal of the Royal Society interface. London: The
Royal Society, 4(15), pp. 707-719. https://doi.org/10.1098/rsif.2007.0213

Stirling, A. (2008) “Opening up” and “Closing down”: Power, Participation,
and Pluralism in the Social Appraisal of Technology’, Science, technology,

& human values. Los Angeles, CA: Sage Publications, 33(2), pp. 262-294.
https://doi.org/10.1177/0162243907311265

Stirling, A. (2009) ‘Direction, Distribution and Diversity! Pluralising Progress
in Innovation, Sustainability and Development’, STEPS Working Paper 32,
Brighton: STEPS Centre Brighton.

Stirling, A. (2009) ‘From Enlightenment to Enablement: Opening Up Choices for
Innovation’, in The Innovation for Development Report 2009-2010. London:
Palgrave Macmillan UK, pp. 199-210.
https://doi.org/10.1057/9780230285477_10

Stirling, A. (2010a) ‘Multicriteria diversity analysis: A novel heuristic framework
for appraising energy portfolios’, Energy policy. Kidlington: Elsevier, 38(4),
pp. 1622-1634.

Stirling, A. (2010b) ‘Keep it complex’. Nature 468, 1029-1031.

Stirling, A. Multicriteria diversity analysis: A novel heuristic framework for
appraising energy portfolios. Energy Policy 38, 1622-1634 (2010).

Stirling, A. (2011) ‘Pluralising progress: From integrative transitions to
transformative diversity’, Environmental innovation and societal transitions.
Elsevier BV, 1(1), pp. 82-88. https://doi.org/10.1016/j.eist.2011.03.005

Stirling, A. and Coburn, J. (2014) Multicriteria mapping manual: version 1.0.
University of Sussex.



https://doi.org/10.3366/afr.2005.75.4.510
https://doi.org/10.1016/j.scitotenv.2019.134255
http://dx.doi.org/10.2139/ssrn.3106713
http://dx.doi.org/10.2139/ssrn.3106713
https://osf.io/preprints/socarxiv/h2fxp/
https://doi.org/10.31235/osf.io/smuyv
https://osf.io/preprints/socarxiv/3kf9d/
https://doi.org/10.17184/eac.2080
https://doi.org/10.1016/j.techfore.2013.10.020
https://doi.org/10.1093/reseval/rvx025
https://doi.org/10.1016/j.respol.2020.104147
https://doi.org/10.1016/j.cosust.2017.05.003
https://ageconsearch.umn.edu/record/13885/
https://doi.org/10.1038/s41893-019-0352-9
https://doi.org/10.1017/9781009106559
https://doi.org/10.1017/9781009106559
https://doi.org/10.1016/S0048-7333(00)00091-3
https://doi.org/10.1016/j.jclepro.2018.09.242
https://doi.org/10.1016/j.respol.2012.05.013
https://doi.org/10.1007/s11625-017-0519-0
https://doi.org/10.1093/scipol/scy074
https://doi.org/10.1016/j.dib.2019.104049
https://www.ids.ac.uk/opinions/what-is-revolutionary-about-the-green-revolution/
https://www.ids.ac.uk/opinions/what-is-revolutionary-about-the-green-revolution/
https://doi.org/10.1057/9781137506801
https://doi.org/10.1177/0162243905276503
https://humanrights.fhi.duke.edu/small-fish-big-problems-gender-based-violence-in-lake-victorias-fisheries/
https://humanrights.fhi.duke.edu/small-fish-big-problems-gender-based-violence-in-lake-victorias-fisheries/
https://doi.org/10.1016/0301-4215(94)90159-7
https://doi.org/10.1016/S0301-4215(97)00041-4
https://doi.org/10.1098/rsif.2007.0213
https://doi.org/10.1177/0162243907311265
https://doi.org/10.1057/9780230285477_10
https://doi.org/10.1016/j.eist.2011.03.005

Stirling, A. (2015) ‘Emancipating Transformations: from controlling ‘the
transition’ to culturing plural radical progress’, in The Politics of Green
Transformations 54-67.

Stirling, A. (2016) ‘Knowing Doing Governing: realising heterodyne
democracies’, in Knowing Governance: The Epistemic Construction of
Political Order (eds. Vof, J.-P. & Freeman, R.). MacMillan.

Stirling, A. (2018) How Deep Is Incumbency? Introducing a ‘Configuring Fields’
Approach to the Distribution and Orientation of Power in Socio-Material
Change, SPRU Working Paper Series. Brighton, UK.
https://doi.org/10.2139/ssrn.3289586

Sveiby, K. E., Gripenberg, P. and Segercrantz, B. (2012) Challenging the
innovation paradigm. Edited by K. E. Sveiby, P. Gripenberg, and B.
Segercrantz. New York: Routledge.

Tenner, E. (1999) Why Things Bite Back: technology and the revenge of
unintended consequences. New York: Vintage.

The Democratic Society (2018). ‘Citizen Participation in FP9: A model for
mission and work programme engagement’.

The World In 2050 (2018) Transformations to Achieve the Sustainable
Development Goals: Report prepared by The World in 2050 initiative.
International Institute for Applied Systems Analysis (ITASA).
https://doi.org/10.22022/TNT/07-2018.15347

UNCTAD. (2017) ‘New innovation approaches to support the implementation
of the Sustainable Development Goals’. https://unctad.org/webflyer/new-
innovation-approaches-support-implementation-sustainable-development-
goals

United Nations (2014) Science, technology and innovation for the post-2015
development agenda: Report of the Secretary-General. Geneva.

United Nations (2015) Transforming Our World: the 2030 Agenda for
Sustainable Development United Nations. New York.

United Nations (2016a) Science, technology and innovation for sustainable
development.

United Nations (2016b) Indigenous and Local Knowledge(s) and Science(s) for
Sustainable Development.

United Nations (2016c) Perspectives of Scientists on Technology and The SDGs,
in: Global Sustainable Development Report 2016. pp. 41-60.

United Nations (2018) World Economic and Social Survey 2018: Frontier
technologies for sustainable development.

United Nations (2019) The future is now - Science for achieving sustainable
development, Global Sustainable Development Report 2019. New York, NY.
https://doi.org/10.1016/S0262-4079(12)60125-0

United Nations (2020) The Sustainable Development Goals Report 2020. New
York, NY.

United Nations (2021) Member States.
https://www.un.org/en/about-us/member-states

United Nations and World Bank (2018) Pathways for Peace: Inclusive
Approaches to Preventing Violent Conflict. Washington D.C.: World Bank.

United Nations Conference on Environment and Development (1992) Agenda
21. Brazil.

United Nations Conference on Trade and Development (2017) New Innovation
Approaches to Support the Implementation of the Sustainable Development
Goals. New York and Geneva.

United Nations Conference on Trade and Development (2018) Effectively
harnessing science, technology, and innovation to achieve the Sustainable
Development Goals. Geneva.

United Nations Development Programme (2009) Capacity Development: A
UNDP Primer. New York: UNDP Capacity Development Group. OECD. 2011.
Perspectives Note: The Enabling Environment for Capacity Development.

United Nations Development Programme (2018) Development 4.0:
Opportunities and Challenges for Accelerating Progress towards the
Sustainable Development Goals in Asia and the Pacific.

United Nations Economic and Social Council (2015) Strategic foresight for the
post-2015 development agenda.E/CN.16/20, 1-19.
https://doi.org/EB.AIR/WG.5/2001/7

United Nations Educational Scientific Cultural Organization (2015) UNESCO
Science Report: towards 2030. Paris: UNESCO Publishing.

United Nations Educational Scientific Cultural Organization (2021) UNESCO
Science Report: The Race Against Time for Smarter Development. Paris:
UNESCO Publishing.

United Nations Environment Programme (2006) Lake Victoria Basin
environment outlook: environment and development. Nairobi, Kenya.

145

STRINGS / CHANGING DIRECTIONS

United Nations-Interagency Task Team (2011) Progress Report and Way forward
of the activities of the Interagency Task Team (UN-IATT) Work Stream
6 (WS6) on Capacity. Building on STI for SDGs. https://sdgs.un.org/sites/

default/files/2021-05/WS6%20progress%20report%202021.pdf
Vanderfeesten, M. and Otten, R. (2017) ‘Societal Relevant Impact: Potential

analysis for Aurora-Network university leaders to strengthen collaboration
on societal challenges’. https://doi.org/10.5281/ZENODO.1045839

Vessuri, H., Guédon, J.-C. and Cetto, A. M. (2014) ‘Excellence or quality? Impact
of the current competition regime on science and scientific publishing in
Latin America and its implications for development’, Current sociology.
London, England: SAGE Publications, 62(5), pp. 647-665.
https://doi.org/10.1177/0011392113512839

Virtanen, P. K., Siragusa, L. and Guttorm, H. (2020) ‘Introduction: toward more
inclusive definitions of sustainability’, Current opinion in environmental
sustainability. Elsevier BV, 43, pp. 77-82.
https://doi.org/10.1016/j.cosust.2020.04.003

Volmink, J. J. and Dare, L. L. (2005) ‘Addressing Inequalities In Research
Capacity In Africa: All Sides In Partnerships Must Ensure That Research
Aims To Improve The Health Of All’. British Medical Journal, 331(7519),
pp. 705-706.

Wallace, Matthew L, and Ismael Rafols. 2015. ‘Research Portfolio Analysis in
Science Policy: Moving from Financial Returns to Societal Benefits. Minerva
53 (2): 89-115. https://doi.org/10.1007/s11024-015-9271-8

Wallace, M. L. and Rafols, I. (2018) ‘Institutional shaping of research priorities:
A case study on avian influenza’, Research policy, 47 (10), pp. 1975-1989.
https://doi.org/10.1016/j.respol.2018.07.005

Walsh, P., Murphy, E. and Horan, D. (2020) ‘The role of science, technology
and innovation in the UN 2030 agenda’, Technological forecasting & social
change, 154. New York: Elsevier.
https://doi.org/10.1016/j.techfore.2020.119957

Waltman, L. and van Eck, N. J. (2012) ‘A new methodology for constructing a
publication-level classification system of science’, Journal of the American
Society for Information Science and Technology, 63(12), pp. 2378-2392. New
York, NY: Blackwell Publishing. https://doi.org/10.1002/asi.22748

Wastl, J. et al. (2020) ‘Contextualizing Sustainable Development Research’.
Digital Science. Report. https://doi.org/10.6084/m9.figshare.12200081.v2

Weitzman, ML. (1992) ‘On Diversity’. Quarterly Journal of Economics, 107 (2):
363-405.

Witte, F. et al. (1999) ‘Lake Victoria’s ecological changes and their relationships
with the riparian societies’, in Kawanabe, H., Coulter, G., and Roosevelt,

A. (eds) Ancient lakes: their cultural and biological diversity, pp.189-202.
Ghent, Belgium: Kenobi Productions.

WHO (2017) ‘Disease, Injury and Causes of Death: Country, Regional and Global
Estimates, 200-2015’.

World Health Organization and UNICEF (2017) Progress on Drinking Water,
Sanitation and Hygiene: 2017 Update and SDG Baselines. Geneva: World
Health Organization.

Wright, B. D. (2012) ‘Grand missions of agricultural innovation’, Research
policy, 41(10), pp. 1716-1728. https://doi.org/10.1016/j.respol.2012.04.021
Wright, E. O., Folbre, N., Andersson, J., Hearn, J., Himmelweit, S. and Stirling,

A. Chapter 21: ‘The Multiple Directions of Social Progress : Ways Forward’
in International Panel on Social Progress: Rethinking Society for the 21st
Century, Cambridge: Cambridge University Press, 2018.
https://doi.org/10.1017/9781108399661.008

Yegros-Yegros, A. et al. (2020) ‘Exploring why global health needs are unmet
by research efforts: the potential influences of geography, industry and
publication incentives’, Health research policy and systems, 18(1), pp. 47-47.
hi : i.org/10.11 12961-020-

Yin, Y. et al. (2021) ‘Science as a Public Good: Public Use and Funding of

Science’. Working Paper. https://www.nber.org/papers/w28748


https://doi.org/10.2139/ssrn.3289586
https://doi.org/10.22022/TNT/07-2018.15347
https://protect-eu.mimecast.com/s/9xRbCN05NTz76yJi4ezM8?domain=eur01.safelinks.protection.outlook.com
https://protect-eu.mimecast.com/s/9xRbCN05NTz76yJi4ezM8?domain=eur01.safelinks.protection.outlook.com
https://protect-eu.mimecast.com/s/9xRbCN05NTz76yJi4ezM8?domain=eur01.safelinks.protection.outlook.com
https://doi.org/10.1016/S0262-4079(12)60125-0
https://www.un.org/en/about-us/member-states.-
https://doi.org/EB.AIR/WG.5/2001/7
https://sdgs.un.org/sites/default/files/2021-05/WS6%20progress%20report%202021.pdf
https://sdgs.un.org/sites/default/files/2021-05/WS6%20progress%20report%202021.pdf
https://doi.org/10.5281/ZENODO.1045839
https://doi.org/10.1177/0011392113512839
https://doi.org/10.1016/j.cosust.2020.04.003
https://doi.org/10.1007/s11024-015-9271-8
https://doi.org/10.1016/j.respol.2018.07.005
https://doi.org/10.1016/j.techfore.2020.119957
https://doi.org/10.1002/asi.22748
https://doi.org/10.6084/m9.figshare.12200081.v2
https://doi.org/10.1016/j.respol.2012.04.021
https://doi.org/10.1017/9781108399661.008
https://doi.org/10.1186/s12961-020-00560-6
https://www.nber.org/papers/w28748

Alaa Aldoh

Lecturer, Department of Psychology,
University of Amsterdam,

The Netherlands, and

PhD Researcher, School of Psychology,
University of Sussex, UK
a.aldoh@uva.nl

Saurabh Arora

Senior Lecturer, Science Policy Research
Unit (SPRU), University of Sussex, UK
s.arora@sussex

Valeria Arza

Senior Researcher, National Scientific
and Technical Research Council
(CONICET), Research Center for
Transformation (CENIT-EEyN-UNSAM),
Argentina

varza@unsam.edu.ar

Julian Asinsten

Research Assistant, Research Center for
Transformation (CENIT-EEyN-UNSAM),
Argentina

jasinsten@unsam.edu.ar

Jacob Assa

Senior Economist and Strategic Advisor,
UNDP, Regional Bureau for Africa
jacob.assa@undp.org

Joanna Chataway

Professor and Head of Department
Science Technology, Engineering and
Public Policy (STEaPP),

University College London, UK
joanna.chataway@ucl.ac.uk

Tommaso Ciarli

Senior Researcher, UNU-MERIT,
United Nations University,

The Netherlands, and

Science Policy Research Unit (SPRU),
University of Sussex, UK
ciarli@merit.unu.edu

146

STRINGS

CHANGING DIRECTIONS

Hugo Confraria

Postdoctoral Researcher,

Research in Economics and Mathematics
(UECE/REM), School of Economics and
Management (ISEG),

University of Lisbon, Portugal, and
Visiting Research Fellow,

Science Policy Research Unit (SPRU),
University of Sussex, UK

H.Confraria@sussex.ac.uk

Agustina Colonna

Economist, Research Center for
Transformation (CENIT-EEyN-UNSAM)
Argentina; PhD student, Department
of Economics, University of Zirich,
Switzerland

agus.colonna@gmail.com

Paul Nakhungu Kombo
Environment and Natural Resource
Officer, County Government of
Busia, Kenya
okinjapaul2011@gmail.com

Nimisha Mittal

Lead Researcher, Centre for Research
on Innovation and Science Policy
(CRISP), India
nimisha61@gmail.com

Geoff Mulgan

Professor of Collective Intelligence,
Public Policy and Social Innovation,
Science Technology, Engineering and
Public Policy (STEaPP),

University College London, UK

g.mulgan@ucl.ac.uk

Nora Ndege
PhD student, Science Policy Research
Unit (SPRU), University of Sussex, UK

N.Ndege@acts-net.org

Ed Noyons

Senior Researcher, Centre for Science
and Technology Studies,

Leiden University, The Netherlands
noyons@cwts.leidenuniv.nl

John Ouma-Mugabe

Professor of Science and

Innovation Policy, Graduate School
of Technology Management (GSTM),
University of Pretoria, South Africa

john.mugabe@up.ac.za

Bhuvana N

Consultant, Centre for Research on
Innovation and Science Policy (CRISP),
India

bhuvanaditya7@gmail.com

Ismael Rafols

Senior Researcher, Centre for Science
Technology Studies; Associate Faculty,
Science Policy Research Unit,

Leiden University, The Netherlands
i.rafols@cwts.leidenuniv.nl

Ine Steenmans

Associate Professor in Futures,

Analysis and Policy, Science Technology,
Engineering and Public Policy (STEaPP),
University College London, UK
ine.steenmans@ucl.ac.uk

Andy Stirling

Professor of Science and Technology
Policy, Science Policy Research Unit
(SPRU), University of Sussex, UK
a.c.stirling@sussex.ac.uk

Rasheed Sulaiman V

Director, Centre for Research on
Innovation and Science Policy (CRISP),
India

rasheed.sulaiman@gmail.com

Alfredo Yegros

Senior Researcher, Centre for Science
and Technology Studies,

Leiden University, The Netherlands
a.yegros@cwts.leidenuniv.nl



Just doing more R&D will not
contribute to achieving the SDGs.
We need more open and inclusive

approaches to define STl priorities,
iIn order to address the current
misalignments with the goals.

Thisisvitalif we are to achieve our

SDG targets and build a better,

more sustainable world.

We need to start
changing direction...
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