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different parts of the analysis and chapters. These include: 
Caroline Armitage, Tung Tung Chan, Emma Clegg, Josie Coburn, 
Briony Fane, Jude Fransman, Enric Fuster, Alessandra Galiè, 
Oscar Goyeneche, Jussi Heikkilä, Gaston Heimeriks, Bamini 
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We are grateful for the opportunity to present and receive 
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with UNCTAD and International Telecommunication Union 
(ITU); Foreign, Commonwealth and Development Office 
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76th United Nations General Assembly (SSUNGA76); UK 
Collaborative on Development Research (UKCDR) Advisory 
Group; UK Research and Innovation Global Challenges 
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innovation for the Sustainable Development Goals6.

1.  http://strings.org.uk/strings-workshop-generates-new-ideas-on-mapping-research- 
related-to-the-sdgs/

2.  http://strings.org.uk/strings-webinar-recording-how-do-evidence-based-models- 
contribute-to-the-sdgs/

3. https://us10.campaign-archive.com/?u=013f51d17543bb932531087d0&id=28756d1562
4.  https://noticias.unsam.edu.ar/2021/10/07/ciencia-y-desarrollo-sostenible-como-se- 

orienta-la-investigacion/
5.  https://fund-cenit.org.ar/proyecto-strings-que-conocimiento-necesitamos-para- 

abordar-el-chagas/
6. http://strings.org.uk/overview-of-the-strings-project-workshop-2022/
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The reflections and conclusions that 
emerge from the report add to the 

arguments that fundamental changes 
are needed in science systems 

and institutions, including those of 
government policy and funding, if real 

progress is to be made. 

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

Sir Peter Gluckman FRS FTWAS FISC
President, International Science Council

Director, Koi Tū, 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



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 Science2 and 
the Global Sustainable Development Reports,3 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 Tū, 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

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.1 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.

THINKING DIFFERENTLY ABOUT  
THE ROLE OF SCIENCE AND OUR 
SUSTAINABLE FUTURES

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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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 STI 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.

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:  
The main problems

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.

REPORT : SNAPSHOT 
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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:  
Our main recommendations

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

  
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 STRINGS   /  CHANGING DIRECTIONS
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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.

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 SDG6, 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 

REPORT : OVERVIEW

14 STRINGS   /  CHANGING DIRECTIONS



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.

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 

Figure 0.1  /  The STRINGS project: a multi-method, multidisciplinary study
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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 SDG 9) 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. 

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. 

C O UN T R Y 
G R O UP S

HIC

UMIC

LMIC

LIC

TOTAL

HIC

66.32%

3.65%

1.19%

0.24%

3,121,395
(71.40%)

UMIC

18.69%

0.28%

0.04%

990,797
(22.66%)

LMIC

3.78%

0.06%

231,707
(5.30%)

LIC

0.30%

27,607
(0.63%)

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

C O UN T R Y 
G R O UP S

HIC

UMIC

LMIC

LIC

HIC

92.89% 

16.12%

22.43%

37.65%

UMIC

5.12%

82.48%

5.25%

6.31%

LMIC

1.67%

1.23%

71.27%

8.75%

LIC

0.33%

0.18%

1.04%

47.29%

Table 0.1b  /  Collaborative SDG-related publications within and 
between each country group (as a percentage of a country group’s 
total collaborations)The graph shows the proportion of publications that relate to any of the SDGs (1-16). It is 

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.
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  Cluster 1

SUSTAINABLE HICs

 
This group comprises the most 
research-intensive HICs. 

  Cluster 2

MAINSTRE AM HICs

 
Countries in this group, with the 
exception of Lebanon, are all HICs.

  Cluster 3

MIDDLE-INCOME AND 
PERIPHER AL 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.

  Cluster 4

SUSTAINABLE LICs and LMICs 

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

They have an above average share 
of publications related to:

 SDG 4 (Quality education)

  SDG 9 (Industry, innovation and 
infrastructure)

 SDG 10 (Reduced inequalities)

  SDG 12 (Responsible 
consumption and production)

 SDG 13 (Climate action)

 SDG 14 (Life below water) 

They have an above average share 
of publications related to:

 SDG 4 (Quality education)

  SDG 8 (Decent work and 
economic growth)

  SDG 9 (Industry, innovation and 
infrastructure)

 SDG 10 (Reduced inequalities)

They have a well below average 
share of publications on the 
environmental SDGs.

Most countries in this group 
have a high share of publications 
related to:

  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:

  SDG 8 (Decent work and 
economic growth)

  SDG 9 (Industry, innovation and 
infrastructure)

  SDG 12 (Responsible 
consumption and production)

They have a high share, 
particularly in LICs, of 
publications related to:

 SDG 1 (No poverty)

 SDG 2 (Zero hunger)

  SDG 3 (Good health and 
well-being)

 SDG 5 (Gender equality)

  SDG 6 (Clean water and 
sanitation)

  SDG 16 (Peace, justice and 
strong institutions)

They have an above average 
share, particularly in LMICs, 
of publications related to 
environmental SDGs.

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of SDG-
related publications

3.6

80.2

38%

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of SDG-
related publications

1.79

78.6

32%

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of SDG-
related publications

 0.3

70

29.5%

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of 
SDG-related 
publications

0.06

58.7

55% 
LMICs

LICs
73% 

Figure 0.3  /  Country clusters based on publications and research capacity

*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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Sustainable HICs     
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A cluster of SDGs related to:  
the natural environment  

SDGs 13 Climate action 

SDG 14 Life below water

SDG 15 Life on land

These are connected to the lilac cluster via: 

SDG 2 Zero hunger

SDG 11 (Sustainable cities and communities) connects to research in all three clusters.

A cluster of SDGs related to:  
economic growth, infrastructures and 
technical solutions 

SDG 6 Clean water and sanitation

SDG 7 Affordable and clean energy 

SDG 8 Decent work and economic growth

SDG 9 Industry, innovation and 
infrastructure 

SDG 12 Responsible consumption and 
production

A cluster of SDGs mainly related to:  
people and society 

SDG 1 No poverty 

SDG 4 Quality education 

SDG 5 Gender equality 

SDG 10 Reduced inequalities

SDG 16 Peace, justice and strong institutions

And the main bridge to the other clusters: 

SDG 3 (Good health)

GREEN YELLOW LIL AC

g SDG 1 
No poverty

g SDG 2  
Zero hunger

g SDG 3  
Good health and 
well-being

g SDG 4  
Quality education

g SDG 5  
Gender equality

g SDG 6  
Clean water and 
sanitation

g SDG 7  
Affordable and  
clean energy

g SDG 8  
Decent work  
and economic  
growth

g SDG 9  
Industry, innovation 
and infrastructure

g SDG 10  
Reducing inequality

g SDG 11 
Sustainable cities  
and communities

g SDG 12 
Responsible 
consumption and 
production

g SDG 13  
Climate action

g SDG 14  
Life below water

g SDG 15  
Life on land

g SDG 16  
Peace, justice,  
and strong 
institutions

g SDG 17 
Partnerships  
for the Goals

KEY:  
Sustainable 
Development  
Goals

> 

Figure 0.4  /  Research synergies across SDGs

VOSviewer

SDG 9  
Industry and 
infrastructure

SDG 8  
Decent work and 
economic growth

SDG 4  
Quality 
education

SDG 16  
Peace, justice 
and strong 
institutions

SDG 5  
Gender equality

SDG 1  
No poverty

SDG 10  
Reduced 
inequalities

SDG 15  
Life on land

SDG 14  
Life below 
water

SDG 6  
Clean water and 
sanitation

SDG 11  
Sustainable cities 
and communities

SDG 2  
Zero hunger

SDG 7  
Affordable and 
clean energy

SDG 3 
Good health and 
wellbeing

SDG 13 
Climate action

SDG 12  
Responsible 
consumption and 
production

Each node identifies one SDG (the size of 
the node is proportional to the number of 
publications relating to that SDG).  Each 
colour identifies one cluster of SDGs.

The lines connect SDGs that are studied by 
a number of research areas. The thicker the 
line, the more research areas are related 
to both connected SDGs. For instance, SDG 
13 and 15 share a large number of research 

areas and publications, while SDG 4 shares 
only a small number of research areas and 
publications with SDG 10.

See Chapter 4 of the main report for  
more details. 

Strict interpretation of SDG-related 
research was used (a similar network for  
a loose interpretation is available as  
Figure A.2.8, Appendix 2). 

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

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 
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Our survey (see Chapter 7 of the main report) identified 13 STI areas as synergistic – linking to three or more SDGs. The figure shows the links to various SDGs for these STI areas. Line colours 
reflect a specific STI 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 0.5  /  STI synergies across the SDGs
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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.

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.

Figure 0.6  /  STI priorities identified in the STRINGS survey
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We asked stakeholders to propose the types of STI 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 STI, together with some examples of each type, drawn from the responses. For analysis purposes, we assigned only one STI type for each response. In practice, an 
activity can fit multiple innovation types. Figures based on our Delphi survey 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.

Figure 0.8  /   Appraisals of seed pathways in Odisha, India
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We gathered stakeholders’ views about how well two STI 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

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 
policy actions and encourage active and inclusive debates.

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

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

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

•  enabling open and plural decision-making, including 
identifying and implementing funding priorities through 
participatory processes with civil society organizations and 
research users

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

Focus on research areas that connect to several SDGs by:
•  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

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

A diverse 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 a rich 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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•  Put in 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.

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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STI
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 or improved products or processes, which may be 
market-oriented or may involve administrative, legal, regulatory and policy 
instruments or wider social, cultural or behavioural change.

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. SDGs

SE T TING THE SCENE

Further information about the 
Sustainable Development Goals can 
be found at:  
https://www.undp.org/
sustainable-development-goals
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By considering which understandings to 
privilege, whose interests to prioritize, 
what values matter, and how to hold 
influential interests to account, it is 
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 STI and the SDGs.

Mappings 
We map STI 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 STI 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 STI to SDGs. 

Plurality 
In this report, plurality refers to the  
vast worldwide array of interests, 
values and understandings that relate 
both to STI 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.

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 social innovations. A focus on 
directionality switches the attention of 
STI governance from ‘how fast?’, ‘how 
much?’, and ‘what is the risk?’ towards 
questions such as ‘which way?’, ‘who 
decides?’ and ‘why?’. 

FREQUENTLY USED TERMS

MappingsAlignmentDiversity
Directionality

SDGsHeuristic Plurality
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FREQUEN T LY USED T ERM S

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

Science, technology and 
innovation (STI)
STI refers to science, technology and 
wider social, grassroots and policy 
innovations. Further information is on 
page 27. 

STI pathways
STI pathways are the alternative 
directions that can be taken by STI to 
address particular goals in specific real-
world settings. An STI 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).

Tensions and trade-offs
Tensions and trade-offs refer to the 
negative interactions between SDGs. 
For example, intensive agriculture is 
a significant 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.

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.

SynergiesSDG indicatorsSDG-related research

Science, technology and 
innovation (STI)

Transdisciplinarity

STI pathways
SteeringSDG targets

Tensions and trade-offs
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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 STI and 
the SDGs, and ultimately to inform 
the prioritizing of particular STI 
pathways in relation to specific 
SDG challenges.

Andy Stirling
Joanna Chataway
Tommaso Ciarli
Pedro Conceição

This chapter introduces 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 STI activities with the goals 

IN T RODUC T ION

Aligning STI with  
the SDGs
An overview of the complex challenges

> CH A P T ER 1 

Footnotes for this chapter are on 
page 35. A full list of references 
can be found on page 140.
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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.3 This narrow modern-
istic vision of progress ignores contending forms of science, 
alternative directions for research, and the choices between 
different innovation pathways.4  

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.6  

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).7 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 

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.1 
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 
environmental issues.’

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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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 STI 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.11 The lessons 
for research and innovation are profound. 

Variety of STI 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, 

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.9 

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.9 

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.10 There is very little that new technologies can achieve 
on their own.11

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 

Figure 1.1  /  Dimensions of complexity
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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 STI 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.17  

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.9 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.

addressed through the contrasting lenses of more than 21,000 
academic journals.13 In the field of technological applications, 
the International Patent Classification divides technology into 
around 70,000 distinct areas.14 

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,15 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.16 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 CO2 
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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For more detailed information see page 35.
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The STRINGS project aims to provide an 
empirically-based, globally-produced 
analysis to empower policy action. Our 
goals are as follows:

1   
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.

2   
To explore guiding examples, based in 
particular geographical, environmental 
and political settings, to yield case 
studies that illustrate the diversity of 
STI pathways for given SDG challenges. 
These case studies also demonstrate 
how active governance of the alignment 
between STI and the SDGs can be 
undertaken using reproducible methods 
in a range of real-world circumstances. 

3   
To challenge and interrogate current 
directions and priorities of STI 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 STI that may be 
currently marginalized; and about the 
practical value of fostering a greater 
diversity of STI pathways.

4   
To explore data and methods to  
identify priorities, so as to:

•  establish systematic frameworks 
for questioning directionality and 
alignment around STI and the SDGs

•  pioneer new applications of 
established or adapted methods

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

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

5   
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. 

6   
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 

•  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 STI 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.     

The goals of the STRINGS project
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OVERVIEWAUTHORS

•  We found that many publications 
proposed approaches to shaping 
STI investments and policies 
towards the SDGs. Yet less 
effort has been made in trying 
to understand what works and 
how to evaluate the efficacy of 
different approaches.

•  By studying what has already 
been achieved, and identifying 
potential gaps and limitations 
in the literature, this chapter 
informs our own approaches and 
methods.

Hugo Confraria
Agustina Colonna
Ine Steenmans
Andy Stirling

Footnotes for this chapter are on 
page 39. A full list of references 
can be found on page 140.

•  This chapter examines 
current academic and policy 
literature about the relationship 
between STI and the SDGs. 
After developing a search 
methodology, we identified 
recent publications and 
summarised their discussions 
into four broad, related themes:

  Synergies and trade-offs 
between SDGs

  Misalignment between STI and 
the SDGs

  Approaches to shaping STI 
towards the SDGs

  Monitoring of the success of STI 
for the SDGs

IN T RODUC T ION

A review of existing 
literature
Academic and policy discussions on 
STI-SDG relations

> CH AP TER 2 
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We grouped our findings 
into four different 
themes – based on our 
interpretation of major 
topics within 58 recent 
publications.

1.

2.

3.

4.

policies (including STI), since an integrated approach can save 
resources and reduce costs by exploiting the positive links, or 
synergies, between SDG targets and minimizing the negative 
ones, or trade-offs.1  

The literature in this category has applied various meth-
odologies to study the links between SDGs, although most 
analysis assesses these interactions at the level of individual 
SDG targets. On the empirical side, many authors have used a 
time series of SDG indicators to correlate co-evolution between 
them.2 Other approaches have relied on expert opinion, theo-
retical models, or a review of the literature to identify essential 
interlinkages between SDG targets.3 Additionally, text mining 
approaches have been used successfully to assess synergies 
and trade-offs.4 For instance, Le Blanc (2015) finds that, of 
107 SDG targets, 60 explicitly refer to at least one goal other 
than the one to which they belong. This aspect of the SDGs is 
frequently mentioned as an improvement on the Millennium 
Development Goals, which formed a less integrated system.5

Introduction
Science, technology and innovation (STI) policies have a 
crucial role to play not only as a way to boost R&D, productiv-
ity and the competitiveness of nations, but also to solve some 
of the major issues highlighted in the SDG targets, such as 
reducing poverty and inequalities, and improving life on land 
or water. In order to better understand this role, we set out to 
analyse the main findings from recent academic and policy 
publications (both scientific papers and grey literature) that 
examine the relationships between STI investments/policies 
and the SDGs. 

After developing a search methodology (see Appendix 1 for 
more details), we identified 58 recent publications. The 
findings and discussions in these publications were then 
grouped in four different themes:

1. Synergies and trade-offs between SDGs
2. Misalignment between STI and the SDGs
3. Approaches to steering STI towards the SDGs
4. Monitoring the success of STI for the SDGs

We created these themes based on our interpretation of the 
major topics addressed by all the identified publications. The 
aim of this chapter is not to produce a comprehensive litera-
ture review, but to provide some context about current bodies 
of research that can then inform how we can steer STI towards 
achieving the SDGs.

Synergies and trade-offs between SDGs 
The first theme relates to the synergies and trade-offs between 
SDGs – that is, whether improvements in some SDG areas are 
linked to improvements (or negative consequences) in other 
areas. It is crucial to understand these complex relations 
between the SDGs before exploring the other themes.

Several publications argue that studying the interaction 
between SDGs is essential for the efficient design of public 

Figure 2.1  /  Key themes in the literature
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Another important finding is that some forms of STI 
contribute to environmental degradation, disrupt  liveli-
hoods and exacerbate inequalities.12 It has been argued, for 
example,13 that at least nine SDGs could be negatively impacted 
by advances in automation and artificial intelligence, primar-
ily through the direct and indirect consequence of increased 
unemployment but also through threats in emergent sectors 
like the ‘gig’ and ‘on-demand’ economies.

Approaches to steering STI towards the SDGs
Literature associated with the third theme identifies various 
approaches that can be taken to shaping STI to meet the SDGs. 
These include: 

i)  A focus on directionality of STI policies towards the SDGs 
– in other words, ensuring that national development and 
STI efforts are aligned with the country’s commitment 
towards the 2030 Sustainable Development Agenda. Such 
efforts can take the form of challenge- or mission-oriented 
approaches, or other incentives for directing STI activities 
towards the SDGs. In most cases, these approaches include 
the demand side and involve stakeholders in policy design 
and implementation.14  

ii)  Plans, roadmaps or integrated assessments of STI invest-
ments and policy, which are developed and agreed jointly 
by public, private and civil society actors.15 These plans 
might involve, for example, identifying technology gaps or 
creating research and development roadmaps.

iii)  Promoting inclusive and grass-roots innovation policies 
that consider the specific situations and needs of poor 
people, women and vulnerable groups to achieve more 
equitable, sustainable and inclusive development.16  

iv)  Strengthening national systems of innovation in devel-
oping countries (for example, improving infrastructure, 
lowering barriers to technology use and diffusion, building 
STI literacy and capabilities) and fostering well-func-
tioning institutions (for example, strengthening political 
stability, educating workforces, and strengthening the 
science-policy interface) in order to boost economic, 
environmental, social and cultural resilience that will 
contribute to the achievement of the SDGs.17  

v)  Using the SDGs as an opportunity for developing coun-
tries to ‘leapfrog’ to sustainable frontier technologies.18 
For example, some people in developing countries who 
have previously had no access to electricity are bypass-
ing fossil fuels by adopting solar electricity, thus leaping 
directly to the stage of renewables. By doing so, they are 
not only contributing to SDG 7 (Affordable and clean 
energy), but also developing capabilities and skills in a set 
of technologies that will be critical in the future. 

vi)  Considering the broad transformations/transitions19 
that are required in the wider economy to achieve the 
SDGs by 2030. One study,20 for example, focuses on six 

Overall, the literature agrees that positive interactions 
between SDG targets outweigh the negative ones.6 There is 
also consensus that the relationships between different SDG 
targets are greatly context-dependent, varying according to 
geographical location, governance context, number and types 
of people affected, and the time frame.7 For example, increas-
ing fishing activity in a certain region can lead to a reduction 
of hunger (# SDG target 2.1 and 2.3) and improved livelihoods 
in the short-term (# SDG target 8.5). With time, however, fish 
stocks may become overused, with the same effort leading to 
less and less yield, unless sustainable management practices 
are put in place ($ SDG target 14.4). The context-dependencies  
make it difficult to draw generalizable conclusions about inter-
actions that may ultimately depend on locally specific factors.8  

Misalignment between STI priorities and the SDGs
Publications in the second group consider the reasons for the 
potential misalignments between STI priorities and the SDGs, 
that is, why STI investments do not always help to meet the 
SDGs. One issue highlighted is the uneven distribution of STI 
activities across countries. Most STI activities take place in 
high-income countries, which means they tend to focus on 
themes and problems that are less relevant to the problems 
of the worldwide majority.9 For example, it is argued that the 
concentration of technology in the hands of a few companies 
in high-income countries has often oriented economic growth 
in consumption-led directions, which are not typically in the 
interests of the SDGs.10 

Another factor mentioned in the literature is that, within most 
countries, societal priorities differ substantially according 
to economic status. For example, a survey sent to 34 African 
countries11 found that hunger (SDG 2), health (SDG 3), water 
and sanitation (SDG 6), access to energy (SDG 7), and infra-
structure (SDG 9) were the issues that mattered most to the 
poor. In contrast, the wealthiest respondents were more likely 
to cite jobs and economic growth (SDG 8) and peace, justice 
and strong institutions (SDG 16) as priorities. Since deci-
sions about STI priorities emerge from complex interactions 
between policymakers, funders, researchers and innovators, 
each with their own incentives and institutionalized practices, 
it is possible that in many cases STI prioritization is not well 
aligned with the needs of the poorest residents. 

‘Most STI activities take place in  
high-income countries, which means 
they tend to focus on themes and 
problems that are less relevant to the 
problems of the worldwide majority.’ 
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the 2030 Agenda. This is especially relevant in lower-income 
contexts, where, arguably, these actions and investments 
should be complemented by an operational/technical assis-
tance budget dedicated to monitoring and evaluating policy.25 
In such countries, the literature argues, it is essential to 
enhance capacities related to monitoring and accountability 
in order to establish policies that help to achieve the SDGs.

On a positive note, some of the literature argues that 
advances in technology and the proliferation of data are pro-
viding new opportunities for monitoring and tracking the 
progress of the SDGs. A promising avenue is the data produced 
through citizen science, which can complement and ulti-
mately improve the SDG reporting process.26 Fritz et al. (2019) 
provide concrete examples of how citizen data are currently 
being adopted as well as highlighting potential areas for future 
contributions. For example, volunteers in the Philippines are 
collecting household census data on poverty, nutrition, health, 
education, housing and disaster risk reduction, which are then 
used by the Philippine Statistics Authority to enhance their 
statistics on 32 SDG indicators.

Conclusion
Overall, our review found several proposed approaches to 
help steer STI investments towards the SDGs. Partially due 
to the complexity of the issues at hand, less effort has been 
made in trying to understand what policies and investments 
work, and how to evaluate their efficacy. Understanding the 
mechanisms that foster STI to help achieve the 2030 Agenda 
in specific contexts, and how to measure performance and 
progress, are significant research gaps. The STRINGS project 
aims to address these gaps – both by developing methodolo-
gies that track misalignments between STI and the SDGs at the 
global level and by analysing how well different STI pathways 
are aligned to specific SDG challenges in our case studies in 
East Africa, India and Argentina.   
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key transformations required to achieve the SDGs by 2030:  
(1) education, gender and inequality; (2) health, well-being 
and demography; (3) energy decarbonization and sustain-
able industry; (4) sustainable food, land, water and oceans; 
(5) sustainable cities and communities; and (6) digital 
revolution for sustainable development. Central to these 
transformations are technology-intensive transitions and 
the need for open and effective governance at all levels.

Monitoring the success of STI for the SDGs 
While the literature contains several theoretical approaches, 
less has been published about understanding what works and 
how to evaluate the success of STI in achieving the SDGs. The 
inherent complexity of all 17 SDGs and the variety of pathways 
by which different areas of STI can contribute to specific 
targets make it difficult to rigorously evaluate impact and 
specific relations.21 Yet, the existence of indicators associated 
with the SDG targets and the requirement for the collection 
of standardized data provide an important opportunity to 
monitor the relationships between STI and the SDGs.22 

An important issue relating to SDG indicators is that many 
national statistical systems have faced severe challenges in 
tracking progress, which requires an unprecedented amount 
of data and statistics at all levels.23 The Global SDG Indicators 
Database24 reveals that, for four of the 17 goals, less than half 
of the 194 countries or areas have produced internationally 
comparable data. Even some countries with available data 
have recorded only a small number of observations over time, 
making it difficult for policymakers to monitor progress and 
identify trends. 

Therefore, most literature related to this theme recom-
mends increased investments in national data and statistical 
systems and the mobilization of additional international and 
domestic resources to guarantee the internal consistency, 
comparability and overall quality of data produced to advance 

Notes
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•  We bring together three 
analytical angles: past STI 
priorities in the global research 
system, current local STI 
pathways, and views on future 
STI priorities from multiple 
perspectives.

•  We combine three main 
methods: data analysis to map 
global STI; three local case 
studies; and a global Delphi 
survey.

The different angles of analysis 
can be compared, combined, and 
juxtaposed to provide a rich picture 
of complex STI-SDG relations.

Tommaso Ciarli 
Ine Steenmans

Footnotes for this chapter are on 
page 47. A full list of references 
can be found on page 140.

The plurality, diversity, and 
complexity of science, technology 
and innovation (STI) and of the 
SDGs require study of diverse 
actors with diverse methods from 
different disciplines. Combining 
methods enables us to look at the 
STI system from different angles 
and analytical perspectives. 

This chapter explains the STRINGS 
project’s research design:

•  We study four groups of actors 
involved in the production and 
use of STI. 

T HE RE SE A RCH

An overview of the 
research design
Combining analytical angles, methods 
and disciplines to investigate STI-SDG 
relations 

> CH A P T ER 3 
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STI priorities are shaped by multiple actors

For simplicity, we group the actors that contribute to prioritiz-
ing, producing and using different forms of STI in four heter-
ogenous and overlapping groups:

• Users, beneficiaries and consumers
•  Civil society organizations, advocacy groups and 

practitioners
• Policymakers, funders, aid agencies and philanthropies
• Public and private research organizations

Figure 3.1 is a stylized interpretation of the multiple relation-
ships between these different groups of actors and their influ-
ence on and use of STI. 

Users, beneficiaries and consumers are individuals and 
groups – such as farmers, patients or mothers – who have a 
range of needs and face various different challenges related 
to the SDGs, for example, hunger, poverty, climate change 
and conflict. They address these challenges by producing and 
using knowledge and innovations. Only a fraction of the chal-
lenges faced by users goes on to influence the direction of STI 
in public and private organizations. The extent of the influence 
depends on how the challenges are understood, mediated 
and prioritized by civil society organizations, policymakers, 
funders and aid agencies. Users may also influence research 
organizations directly, including those in the private sector 
(for example, through ‘bottom of the pyramid’ innovations that 
aim to sell goods and services to the untapped market of the 
poorest people).1

Civil society organizations, advocacy groups and practi-
tioners act as an interface between users and the other actors. 
Based on their own political and STI priorities, values, per-
spectives and interests, they prioritize some of the SDG-related 
challenges faced by users, and go on to influence policymakers 
and research organizations. 

In turn, policymakers, funders, aid agencies and phi-
lanthropies, also with their own priorities, values, interests 
and perspectives, select some of the issues presented by civil 
society organizations and users, for instance by translating 
them into certain SDG targets. Based also on these targets, pol-
icymakers, funders, aid agencies and philanthropic organiza-
tions define research funding priorities and the research and 
industrial policies that influence public and private research 
organizations. 

Finally, public and private research organizations 
produce much of the scientific research, technologies and mar-
ket-oriented innovations that could address users’ challenges,  
and help achieve the SDGs. Researchers in these organizations 
have their own priorities, values and perspectives, and make 
a further selection of which challenges to address and how. 

As a result of these varied interactions, only a small 
portion of the challenges faced by users are addressed in the 

Introduction
The complexity of the relations between science, technology 
and innovation (STI) and the Sustainable Development Goals 
(SDGs), as outlined in Chapter 1, means there is no simple 
nor unique way to map STI to the goals. A common feature of 
previous attempts to understand the contribution of STI to the 
SDGs (see Chapter 2) is a focus on a single method or a single 
angle of analysis (for example, the synergies and trade-offs 
between SDGs, grassroots innovations, or public STI funding 
mechanisms). This report looks at the issue more broadly – 
combining disciplines and methods, and considering STI-SDG 
relations from multiple research angles to inform various uses 
in policy and practice. 

‘By combining methods from a range of 
disciplines, we provide complementary 
mappings, characterizations and 
understandings of the complex relations 
between STI and the SDGs.’ 

In a compromise between cutting through the STI-SDG com-
plexities and embracing them, we make use of multiple ana-
lytical tools to examine STI-SDG relations for different types 
of actors, across geographical settings and time horizons. By 
combining methods from a range of disciplines, we provide 
complementary mappings, characterizations and understand-
ings of the complex relations between STI and the SDGs. We 
are then able to build on these mappings and characterizations 
to illustrate and explain misalignments between STI activities 
and the SDGs. In Section 3, we propose several ways to steer 
STI towards the SDGs. 

The current chapter outlines the research design of the 
analytical chapters in Section 2 of the report. It explains the 
three angles of analysis, each using different methods and 
focusing on different actors, and how the different angles and 
methods can be combined. 
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produce knowledge and innovate in relation to the SDGs – for 
example, by adapting existing technologies and pursuing 
social, policy and grassroots innovations.

The relationships between the four groups of actors are 
complex, non-linear, and vary across different dimensions of 
time and space. In the analysis throughout the report we map 
some of these relationships and analyse how they may influ-
ence the alignment between the SDGs and STI.

STI system, and they may be tackled according to priorities 
and values that differ from those of users. Moreover, only a 
limited selection of the technologies, knowledge and innova-
tions produced by research organizations ultimately reaches 
policymakers, civil society and users – for example, through 
new technologies, practices and policy recommendations. 

Of course, not all STI is produced in research organiza-
tions. Civil society organizations, policymakers and users also 

Figure 3.1  /  Setting STI priorities: interactions between actors

The figure illustrates the limited influence of users of STI, who face SDG 
challenges (bottom right), on the STI priorities of research organizations 
(bottom left). Users’ challenges are mediated by advocacy groups and 
practitioners (top), policymakers, funders and aid agencies (centre) and 
individual researchers (bottom left). 

Source: Adapted from Guston (2000) and Dalrymple (2006)
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Each angle is explored through a set of methods and 
focuses on one or more of the actors, one time dimension, and 
one geographical dimension. 

Figures 3.2 and 3.3 summarize how these methods, actors 
and dimensions combine in the analysis in forthcoming 
chapters, and which specific research questions they address. 

STRINGS analytical design and methods

This report uses three angles of analysis to map and charac-
terize STI priorities and to investigate their alignment with 
SDG-related challenges. The three angles encompass different 
actors (see Figure 3.1), time dimensions (past priorities, future 
beliefs and current struggles for STI directions) and geograph-
ical dimensions (from local to global). 

4     A global map of science 
5     A global map of technological inventions

•  What SDG-related STI has been carried out where, in 
what discipline and by which public and private research 
organizations? 

•  What are the interactions across SDG-related areas of 
research and inventions? 

•  How does SDG-related STI differ from other types of 
STI? 

6     STI-SDG alignment across countries

•  To what extent have research organizations in different 
countries prioritized research that relates to their own 
countries’ main SDG challenges?

7     Future STI priorities 

•  What types of STI should be prioritized to achieve the 
SDGs by 2030? 

•  What are the synergies and trade-offs between those 
STI types? 

• Is there a consensus about future directions of STI?
•  How far are future priorities aligned with the current 

priorities in private and public organizations?

8     Alternative STI pathways

•  How are STI pathways constituted in practice by 
different actors? 

•  How do the different groups of actors, with their 
different priorities, interests and values, shape local 
STI priorities and pathways to address SDG-related 
problems?

Public and private 
research organizations

Civil society 
organizations, 
practitioners, 
policymakers and 
research organizations

Users, civil society 
organizations, 
policymakers and 
research organizations

Data analysis; 
scientometric 
analysis; text mining; 
network analysis; 
statistical analysis

Global real-time 
Delphi survey

Local case studies 
based on document 
review, interviews, 
workshops, 
questionnaires and 
focus groups 

Multicriteria mapping 

CH A P T ER T I T L E A ND QUE S T ION S A DDRE S S ED

A NGL E 1:  
PA S T  S T I P RIORI T IE S 
IN T HE GL OB A L 
RE S E A RCH S Y S T EM

A NGL E 2:  
BEL IEF S A B OU T 
F U T UR E  S T I 
P RIORI T IE S 
A CRO S S DIF F EREN T 
C ON T E X T S  A ND 
A C T OR S

A NGL E 3:  
CUR R EN T  DI V ER S E 
L OC A L  S T I 
PAT H WAY S

A C T OR S ME T HOD S

G L O B A LPA S T

C O N T E X T SF U T UR E

L O C A LC UR R E N T

9     Misalignments between STI pathways and SDGs 

•  How do conflicting prioritizations lead to misalignments 
between STI pathways and SDG challenges?

Figure 3.2  /  Overview of the research design: research questions, angles of analysis, actors and methods
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Using the data on past STI prioritizations, we then 
analysed the extent to which countries have changed their 
research specializations in the past in response to SDG chal-
lenges (Chapter 6). This enabled us to consider the alignment 
between countries’ research priorities and their greatest SDG 
challenges.

Angle 2  
Beliefs about future STI priorities across contexts and actors
We ran a global, real-time Delphi survey, which was sent 
to more than 100,000 individuals from public and private 
research organizations, civil society organizations and poli-
cymaking bodies, in a range of regional contexts across the 
world (Chapter 7). Respondents shared their opinions about 
what STI is most likely to influence the achievement of the 
SDGs, either positively or negatively, by 2030. 

The responses allowed us to better understand the wide 
range of STI types and priorities, beyond academic and mar-
ket-oriented inventions, and which of these are more or less 

Angle 1 
Analysis of past STI priorities in the global research system
Using scientometric techniques we analysed published 
academic research and patented inventions across the world. 
These STI documents provide information about research 
and innovation priorities, which are the result of the complex 
interactions between actors (see Figure 3.1). 

Using network analysis and text mining, we developed 
a mapping of these documents in relation to the SDGs. This 
enabled us to study past SDG-related STI prioritizations across 
countries, organizations, disciplines and SDGs. 

We also studied which research areas and technology 
fields may be best placed to understand synergies and tensions 
between SDGs, and the extent to which SDG challenges have 
been considered in isolation, or as interrelated problems that 
need multiple understandings of STI. 

As a result, we proposed a typology of SDG-related 
research, which can help to improve future prioritization of 
STI to better address the SDGs (Chapter 4). 

Figure 3.3  /  The STRINGS project: a multi-method, multidisciplinary study
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controversial across SDGs, contexts and groups of actors. They 
also provided a deeper understanding of synergies and trade-
offs between different forms of STI over different SDG targets. 

By contrasting respondents’ priorities with the past STI 
prioritizations of public and private research organizations, we 
were able to explore alignments and misalignments between 
incumbent and desired STI. 

Angle 3: 
Current diverse local STI pathways
Finally, we explored three local case studies, each focusing 
on a particular SDG-related challenge: reducing the negative 
impacts of the Chagas disease in Argentina; increasing access 
to improved rice seed varieties resistant to climate change 
related stresses in Odisha, India; and tackling conflicts around 
overfishing in Lake Victoria, Kenya. Using documents, inter-
views, surveys and focus groups, we studied how different 
actors, each with their own priorities, understandings, values 
and interests, have contributed to shaping local STI pathways 
(Chapter 8). We then used multicriteria mapping to appraise 
different actors’ views on how far each pathway aligns with 
sustainable development objectives (Chapter 9).

Combining evidence from the three angles
Beyond their separate contributions to mapping STI prior-
itization and pathways and analysing STI-SDG alignments, 
the three angles can be combined (Figure 3.4). We combine 
evidence from the three angles to investigate the relations 
between the different groups of actors (Figure 3.1) and 
between the different temporal and geographical dimensions 
(Figure 3.2 and 3.3).

For example, while the global map of STI in public and 
private research organizations (Chapter 4) provides an overall 
description of STI directions, it inevitably lacks context. We 
supplement this with an analysis of how local STI pathways 
(Chapters 8 and 9) are influenced by global and regional STI 
priorities in research. The local case studies illustrate the dif-
ferent ways in which STI pathways and priorities emerge and 
evolve. These insights help us to interpret the STI directions 
observed in the global mapping, and to understand how STI 
can be steered to improve alignment with the SDGs. 

The mapping of STI priorities (Chapter 7) highlights the 
need to improve attention to diverse local contexts, which may 
not be well understood by global producers of STI.

We also combine our analysis of past STI activities with 
an analysis of current pathways and beliefs about future STI 
directions. For instance, in Chapter 7 we compare views about 
which STI should be prioritized in future with the STI direc-
tions that have attracted significant research and innovation 
in the recent past. 

Finally, we consider how past global priorities may have 
influenced current local pathways, and whether these priori-
ties have helped to support pathways that are aligned with the 
SDG challenges (Chapters 8 and 9).   

Engaging with stakeholders 
Throughout the project, we engaged with a wide range 
of stakeholders, including policymakers, funders, 
researchers, private sector organizations and international 
NGOs, both as primary data sources for our analysis and as 
users of our outputs. 

Engagement, which ran through each of the three angles of 
analysis, involved:

•  Discussing different STI prioritizations and directions 
and how they align with SDGs, with local and global 
users and funders 

•  Engaging the users of our outputs and seeking their 
feedback on design, format and content to ensure 
relevance and maximize utility

•  Disseminating outputs and tools to explore the 
mappings, pathways and explanations identified in our 
work

•  Supporting and empowering actors to orient STI for the 
SDGs through our outputs and events  

A two-day consultative workshop at the beginning of the 
project helped to fine-tune the research design and to 
identify key audiences and engagement strategies. This led 
to the following activities:

•  Mapping and prioritizing users of our outputs to facilitate 
engagement and policy uptake

•  Consulting our advisory committee to help formulate 
research and engagement activities that can maximize 
the project’s impact 

•  Gathering feedback from different groups of actors on 
the first drafts of all chapters 

•  Ongoing communication, for example, through blogs, 
webinars, social media and newsletters, to raise 
awareness of and drive engagement with our work

•  Delivering an empirically-based, globally-produced 
analysis that can empower policy action in the form of 
this report, accompanying materials and tools to explore 
the mappings, pathways and explanations identified in 
the project
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1. Prahalad and Hart, 2002.

Notes

Figure 3.4  /  Combining analysis to understand STI priorities and their alignment with SDGs
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The figure illustrates the various ways in which the different analytical 
angles (pale blue ) and comparisons between them (dark blue ) 
contribute to our understanding of STI priorities, how they differ in 
different geographical and time dimensions, how they are generated,  
and their alignment with the SDGs. 
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We also identified the following 
areas of opportunity:

•  Research in low-income 
countries is strongly related to 
SDGs

•  Some synergies exist between 
research on different SDGs

•  SDG-related research, 
especially on society-related 
SDGs, is more multidisciplinary 
and more likely to be used in 
policy and reported in the media 
than other types of research

Tommaso Ciarli
Hugo Confraria
Ed Noyons 
Ismael Ràfols
Alfredo Yegros

Footnotes for this chapter are on 
page 61. A full list of references 
can be found on page 140.

This chapter uses publication data 
to map and characterize SDG-
related research across the globe.

Key challenges include:

•  Higher income countries 
dominate the research 
agenda yet publish the lowest 
proportion of research related to 
the SDGs

•  Few opportunities exist for 
knowledge transfer and 
capacity-building in low-income 
countries

•  There is less focus on complex 
underlying societal issues than 
on immediate technological 
solutions

T HE RE SE A RCH

A global map of science
Mapping and characterizing SDG-related 
research across the world 
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Our research builds on several earlier scientometric 
studies, which have analysed who conducts certain types of 
research and how research is used and funded. For example, 
studies have examined the alignment of research with health 
challenges,1 different actors’ priorities in shaping research 
directions,2 the funding practices of interdisciplinary 
research,3 and the use of interdisciplinary research in policy.4

Recent years have also seen several efforts to link 
academic publications to specific SDGs. These include studies 
by academics; research councils; publication data providers 
such as the Web of Science and Dimensions; publishers such 
as Elsevier; United Nations agencies; and consultancies to 
regional and national governments.5 Despite important dif-
ferences in which academic publications are linked to SDGs, 
these studies usually find that most SDG-related research is 
carried out in high-income countries (HICs), that it focuses on 
just a few SDGs (mainly relating to health, climate and energy), 
and is concentrated in a few disciplines, although this focus 
differs between countries. Some of these studies also report 
that much SDG-related research focuses on more than one of 
the SDGs.

Our method, and how it differs from earlier studies, is 
explained on page 52.

A map of SDG-related research: SDGs, countries and 
disciplines
The proportion of publications that relate to any of the SDGs 
grew between 2001 and 2019, particularly after the launch of 
the Millennium Development Goals in 2005 and the introduc-
tion of the 2030 agenda in 2015. Yet the proportion remains 
low, particularly in higher income countries. As shown in 
Figure 4.1, 64% of publications from low income countries 
(LICs) relate to the SDGs, compared with just 34% in high-in-
come countries (HICs), 26% in upper middle-income countries 
(UMICs), and 24% in low middle-income countries (LMICs). 
However, research by LICs has a limited contribution to global 
SDG-related research as it accounted for just 0.2% of all publi-
cations in the WoS between 2015-2019.6

Which SDGs attract most research?
Figure 4.2 shows, for each country group, the proportion of 
SDG-related research that focuses on each individual SDG. 
Of all the SDGs, SDG 3 (Good health and well-being) attracted 
the most research. Overall, 22% of WoS research was related 
to SDG 3, with just 30% related to the other 15 SDGs covered 
in this study combined. Environment-related SDGs – SDG 13 
(Climate action), SDG 14 (Life below water) and SDG 15 (Life 
on land) – also attract a large share of research in all countries. 
Most of the remaining SDG-related research in LICs relates to 
SDG 1 (No poverty), SDG 2 (Zero hunger) and SDG 5 (Gender 
equality), while the remaining research in LMICs and UMICs 
is mostly linked to SDG 7 (Affordable and clean energy) and 

Introduction
This chapter presents our findings about the countries, organi-
zations and research disciplines that carry out research related 
to the Sustainable Development Goals (SDGs). We also identify 
the research areas that produce research related to more 
than one SDG and are thus in a good position to understand 
synergies and trade-offs between different SDGs. Finally, we 
describe a typology of SDG-related research and examine how 
it differs from other types of research. The next chapter (5) 
maps innovation activity in a similar way, using patent data.

The graph shows the proportion of publications that relate to any of the SDGs (1-16). It is 
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 page 52 for definition). See Appendix 2, 
Figure A.2.1 for a figure based on the loose interpretation. Figures based on Web of Science 
data. Centre for Science and Technology Studies (CWTS) version.
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Figure 4.1  /  SDG-related publications in different country income 
groups (2001-2019)

>  KEY:          —  —  HIC                —  —  UMIC              —  —  LMIC                —  —  LIC  

49 S T RING S   /  CH A NGING DIREC T ION S

T HE RE SE A RCH
Chapter 4    /     A global map of science 



SDG 6 (Clean water and sanitation). The other SDGs attract 
relatively little research, especially those related to conflict 
and inequalities (5, 10, and 16), education, decent work and 
economic growth and innovation (4, 8, and 9) and sustainable 
behaviour (11 and 12).

For some SDGs that attract a low share of research, publi-
cations have grown rapidly since 2001, as shown in Figure 4.3. 
For example, publications relating to SDG 11, 12, 9 and 8 have 
been among the fastest growing in most country groups. On 
the other hand, those related to pressing inequalities, conflict 
and education (SDGs 4, 5, 10 and 16) have grown less rapidly, 
with the exception of SDG 16 (Peace, justice and strong insti-
tutions) in LICs and SDG 4 (Quality education) in LMICs and 
UMICs. The greatest increase has been in publications relating 
to SDG 7 (Affordable and clean energy).

‘The other SDGs attract relatively little 
research, especially those related to 
conflict and inequalities (5, 10, and 16), 
education, decent work and economic 
growth and innovation (4, 8, and 9) and 
sustainable behaviour (11 and 12).’

In HICs and UMICs, the growth of SDG-related publications 
has mostly plateaued since 2015, following 10 years of high 
growth. The exceptions are publications related to SDG 1 (No 
poverty) in HICs and to environment-related SDGs (13,14 and 
15) and SDG 6 (Clean water and sanitation) in UMICs, which 
have continued to grow. In LMICs and LICs, publications have 
continued to grow for most SDGs, except for SDG 4 (Quality 
education) and SDG 7 (Affordable and clean energy) in LMICs.

Despite growing at different rates, the relative importance 
of the different SDGs in published research has remained 
remarkably stable across all country groups for 15 years, in 
line with the proportions shown in Figure 4.2.7 

Figure 4.2  /  Share of publications related to the SDGs by country 
group (2015-19)

The chart shows the proportion of SDG-related research that relates to each SDG. Data 
is shown for each group of countries, defined according to World Bank classifications 
(2021 definition): high-income countries (HIC); upper-middle-income countries (UMIC); 
lower-middle-income countries (LMIC); and low-income countries (LIC). The proportions of 
SDG-related research shown here are higher than those in Figure 4.1, as Figure 4.2 uses the 
loose interpretation of SDG-related research (see page 52 for definition) in order to better 
show the differences in focus between country groups. See Appendix 2, Figure A.2.2 for a 
figure based on the strict interpretation. 

Figures based on Web of Science data; Centre for Science and Technology Studies  
(CWTS version).
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Figure 4.3  /  Growth of SDG-related publications (2001-19)
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(see page 52 for definition). See Appendix 2, Figure A.2.3 for figures based on the loose interpretation. 

Figures based on Web of Science data (CWTS version).
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To map and characterize what SDG-
related academic publishing has taken 
place across the globe, we devised 
a method to assign research areas 
(groups of scientific publications 
related by citations) to specific SDGs.
This approach reduces the uncertainty 
and ambiguity of assigning individual 
publications to an SDG,8 and 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.

First, we built a query with a set of terms 
that are strongly associated with each 
SDG (from 1 to 16).9 To capture a broad 
understanding of SDGs, we consulted 
policy reports, grey literature, scientific 
publications and web forums, alongside 
United Nations sources. We extracted 
relevant fragments from these texts, 
then selected keywords within them, first 
using text-mining techniques and then a 
manual selection.

We then used those SDG-related queries 
to search 4,013 clusters of publications 
in the Web of Science published between 
2015 and 2019. A cluster comprises a 

number of published documents which 
are related to each other because of their 
citation pattern.10 Each cluster, then, 
represents a research area covering 
broadly similar topics.

Based on the results of the search, we 
connected each research area to one or 
more SDGs, depending on the proportion 
of publications that included our SDG 
query terms in their title and abstracts. 
For example, 22% of publications in  
the ‘multidimensional poverty’ research 
area11 used terms relating to SDG 1  
(No poverty).

The results in this chapter are based on 
two different interpretations of SDG-
related research, as follows:

•  The strict interpretation includes only 
those research areas with publications 
directly related to the SDGs. Under 
this interpretation, 31% of all WoS 
research between 2015 and 2019 was 
SDG-related (1,120 research areas out 
of 4,013).

•  The loose interpretation also includes 
research areas with publications 
that are less directly related but 

which may still be relevant. Under 
this interpretation, 51% of all WoS 
research between 2015 and 2019 was 
SDG-related (1,911 research areas).

As with all studies that map research 
published in academic journals, 
these methods are subject to certain 
limitations. In particular, the WoS does 
not cover most non-English language 
journals or those that focus mainly on 
topics of local relevance.12 Moreover, 
much research, especially in low-income 
contexts, is not published in academic 
journals. However, our findings are still 
crucial in mapping and characterizing 
the contribution to the SDGs of academic 
research, which accounts for a large 
proportion of research funding and 
is widely used in policy and society. 
In Chapter 12, we suggest a tool and 
method that allows users to review the 
results in this chapter using different 
interpretations of SDG-related research.

Mapping SDG-related research: our methods

BUILD A SE T OF K E Y WORDS 
FOR E ACH SDG   >

IDENTIF Y  
SDG-REL ATED  
RE SE ARCH   >

SELECT  
SDG-REL ATED 
RE SE ARCH  
ARE A S   >

USE K E Y WORDS TO IDENTIF Y 
RE SE ARCH ARE A S   >

> Policy reports 

> Grey literature 

> Scientific publications

> Web forums

> United Nations sources

Extract relevant 
fragments of text from:

Methods

Connect research  
areas to each SDG

% of SDG-related 
publications in WoS

Text  
mining

Manual 
selection

1 3 42

  More detail about the methods, 
which are fully replicable, is provided in 
Appendix 2. 

Figure 4.4  /  An overview of our approach
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Countries’ capabilities for SDG-related research
In order to address local sustainability challenges, it is impor-
tant for countries to build their own research and innovation 
capabilities. However, the vast majority (92%) of all publica-
tions in the WoS between 2015-19 were published by research-
ers in HICs and UMICs. This figure rises to 94% if we consider 
only SDG-related publications.6

Within income groups, the distribution of research is also 
extremely skewed, as shown in Figure 4.5. China accounts for 
58% of all UMIC publications, India 57% of LMIC publications, 
and Ethiopia and Uganda 49% of LIC publications.13

SDG-related research is also highly concentrated in just a 
few organizations. 50% of SDG-related publications in the WoS 
are produced by between just 1.9% (for SDGs 4 and 16) and 
3.6% (for SDGs 8 and 9) of the 8,000 research organizations in 
our data.14

Those countries that are poorly represented in SDG-re-
lated research (LMICs and LICs) are similarly underrepre-
sented in SDG-related research collaborations with the HICs 
and UMICs that dominate the SDG research agenda, as shown 
in Tables 4.1 and 4.2. Despite efforts by funding agencies to 
fund collaborative research with LMICs and LICs, 89% of all 
co-authored publications are between authors that work in 
HICs or UMICs.

Collaborations between authors in HICs and LMICs 
account for just 1.2%, and those between HICs and LICs just 
0.2%, of global collaborations (Table 4.1). These represent just 
2% of total collaborations for authors in HICs. Meanwhile, 
38% of LIC collaborations and 22% of LMIC collaborations are 
with HICs (Table 4.2). South-South collaborations (between 
UMICs and LMICs or LICs) are marginal: respectively 0.3% and 
0.04% of total collaborations, and 1.2% and 0.2% of all UMIC 
collaborations.15 

Such imbalances mean that global and local research 
priorities and capabilities are directed by a few countries.16 
LICs, which have a relatively high domestic share of publica-
tions related to SDG 1 (No poverty) or SDG 2 (Zero hunger), for 
example, produce far fewer publications in these areas than 
HICs, which produce a significantly smaller domestic share 
of research on these topics, but which have high numbers of 
research organizations and researchers.17 Similarly, countries 
at the frontier of military research18 dominate research on 
SDG 16 (Peace, justice and strong institutions) although the 
domestic share of publications on this topic is substantially 
higher in several fragile LICs and LMICs,19 which have a signif-
icantly smaller research capacity.20 

Figure 4.5  /  SDG-related publications per capita (2015-19)

Publications per thousand population. 

Data source: Web of Science data (CWTS version) (publications) and United Nations 
(population). Publications between 2015-2019 measured using fractional counting. 
Population figures relate to the most recent available year.

Vatican City and Antarctica are not included. Behrmann projection (ESRI 54017).

>  KEY:         

      1.97 – 13              
      0.97 – 1.97   
      0.38 – 0.97
      0.21 – 0.38              
      0.11 – 0.21 
      0.07 – 0.11
      0.04 – 0.07              
      0.03 – 0.04  
      0.01 – 0.03
      0 – 0.01       

53 S T RING S   /  CH A NGING DIREC T ION S

T HE RE SE A RCH
Chapter 4    /     A global map of science 



Country clusters
To distinguish different patterns of SDG-related research 
capabilities, we have identified four country clusters, as 
shown in Figure 4.6 on page 55. 

These are based on common patterns of SDG-related 
publications, non-SDG-related publications, and overall 
research capacity (SDG-related publications per capita).24 
This produces a grouping that, while comparable to the World 
Bank income groups, better distinguishes countries by their 
capability to address the SDGs.

Which disciplines contribute to SDG-related research?
The involvement of different disciplines varies substantially 
across SDGs,21 and not all disciplines publish on SDG-related 
issues. Because of the predominance of health-related pub-
lications in our sample, the 10 academic disciplines with 
the highest share of SDG-related publications are almost 
exclusively linked to health – for example, oncology, tropical 
medicine and parasitology. The 10 disciplines with the lowest 
share of SDG-related publications include basic sciences such 
as astronomy, astrophysics, physics and quantum science, and 
some of the humanities, including classics, medieval studies 
and literature.22

 To investigate which disciplines may be relevant to more 
than one SDG, we calculated the median share of SDG-related 
publications for each discipline.23 The 20 disciplines that 
relate to more than one SDG are predominantly in the social 
sciences, while most of the bottom 20 are disciplines related 
to health.

 Overall, we found that the disciplines that publish on 
issues relating to one SDG are also likely to publish on issues 
relating to other SDGs (see Table 4.3 on page 57). For example, 
the disciplines that publish a high proportion of publications 
related to SDG 1 also produce a high share of publications 
related to SDGs 2, 5, 8, 9, 10, 11, 12 and 16. This indicates that 
funding research in a particular discipline may help to address 
several, related SDGs. 

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%.

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. 

C O UN T R Y 
G R O UP S

HIC

UMIC

LMIC

LIC

TOTAL

HIC

66.32%

3.65%

1.19%

0.24%

3,121,395
(71.40%)

UMIC

18.69%

0.28%

0.04%

990,797
(22.66%)

LMIC

3.78%

0.06%

231,707
(5.30%)

LIC

0.30%

27,607
(0.63%)

Table 4.1  /  Collaborative SDG-related publications within 
and between each country group (as a percentage of global 
collaborations)

C O UN T R Y 
G R O UP S

HIC

UMIC

LMIC

LIC

HIC

92.89% 

16.12%

22.43%

37.65%

UMIC

5.12%

82.48%

5.25%

6.31%

LMIC

1.67%

1.23%

71.27%

8.75%

LIC

0.33%

0.18%

1.04%

47.29%

Table 4.2  /  Collaborative SDG-related publications within and 
between each country group (as a percentage of a country group’s 
total collaborations)
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  Cluster 1

SUSTAINABLE HICs

 
This group comprises the most 
research-intensive HICs. 

  Cluster 2

MAINSTRE AM HICs

 
Countries in this group, with the 
exception of Lebanon, are all HICs.

  Cluster 3

MIDDLE-INCOME AND 
PERIPHER AL HICs

This is the largest group, 
combining those UMICs (47%) 
and HICs (26%)25 with a below 
average number of publications 
per capita, alongside those LMICs 
(22%) with a low number of 
publications per capita.

  Cluster 4

SUSTAINABLE LICs and LMICs 

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

They have an above average share 
of publications related to:

 SDG 4 (Quality education)

  SDG 9 (Industry, innovation and 
infrastructure)

 SDG 10 (Reduced inequalities)

  SDG 12 (Responsible 
consumption and production)

 SDG 13 (Climate action)

 SDG 14 (Life below water)  

They have an above average share 
of publications related to:

 SDG 4 (Quality education)

  SDG 8 (Decent work and 
economic growth)

  SDG 9 (Industry, innovation and 
infrastructure)

 SDG 10 (Reduced inequalities)

They have a well below average 
share of publications on the 
environmental SDGs.

Most countries in this group 
have a high share of publications 
related to:

  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:

  SDG 8 (Decent work and 
economic growth)

  SDG 9 (Industry, innovation and 
infrastructure)

  SDG 12 (Responsible 
consumption and production)

They have a high share, 
particularly in LICs, of 
publications related to:

 SDG 1 (No poverty)

 SDG 2 (Zero hunger)

  SDG 3 (Good health and 
well-being)

 SDG 5 (Gender equality)

  SDG 6 (Clean water and 
sanitation)

  SDG 16 (Peace, justice and 
strong institutions)

They have an above average 
share, particularly in LMICs, 
of publications related to 
environmental SDGs.

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of SDG-
related publications

3.6

80.2

38%

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of SDG-
related publications

1.79

78.6

32%

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of SDG-
related publications

 0.3

70

29.5%

Publications  
per capita:

2021 SDG Index 
ranking*:

Proportion of 
SDG-related 
publications

0.06

58.7

55% 
LMICs

LICs
73% 

Figure 4.6  /  Country clusters based on publications and research capacity

*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. Figures based on Web of Science data (CWTS version).
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Pink bars illustrate the burden of a 
particular disease category in LICs and 
LMICs, measured using disability-adjusted 
life years (DALYs), as a proportion of total 
DALYs across all disease categories in 
these countries. Only diseases with the 
highest burden are reported here. DALYs 
combine the number of years lost due to 
ill-health, disability or early death. Figures 
refer to 2010.

Green bars show LIC and LMIC publications 
that relate to each disease category, 
shown as a proportion of all LIC and LMIC 
publications related to SDG 3 that can be 
connected to particular diseases.

Blue bars represent global publications 
related to each disease category, shown as 
a proportion of all publications related to 
SDG 3 that can be connected to diseases.

Publication figures refer to 2015-19.  
Based on strict interpretation of SDG-
related research. Figures based on WoS 
data (CWTS version) and on World Health 
Organization data (WHO, 2017).

Figure 4.7  /  Disease burden in LICs and LMICs compared with share of related publications

Our analysis shows that between 43% 
and 60% of SDG-related research 
published between 2015 and 2019 
was related to SDG 3 (Good health and 
well-being). However, this research 
may make only a limited contribution to 
sustainable development.

To study the contribution of SDG 
3-related publications, we connected 
them to the main disease on which 
they focus.26 We found that most SDG 
3-related research does not prioritize the 
diseases that most affect the health of 
the 36% of the world population living in 
low-income countries (LICs) and lower 
middle-income countries (LMICs), which 
also shoulder 45% of the global disease 
burden.

As shown in Figure 4.7, a large 
proportion of SDG3-related research 
in LICs and LMICs focuses on diseases 

that have a substantial impact in those 
countries, such as infectious and 
parasitic diseases. However, these 
countries produce just 6% of all global 
SDG-related research.

Worldwide, most SDG 3-related research 
does not prioritize the diseases with the 
largest impact on the lives of people in 
LICs and LMICs. Neonatal conditions, 
respiratory infections and nutritional 
deficiencies have a relatively high burden 
in LICs and LMICs, but research on these 
conditions is severely underrepresented 
both in these countries and globally.

Conversely, around 40% of global  
SDG 3-related research is focused on 
cancer (malignant neoplasms), which 
accounts for just 5% of the disease 
burden in LICs and LMICs. The major 
focus on this disease category in HICs 
and UMICs (where cancer represents 

18% of the disease burden) also 
influences the focus of research in 
LMICs, where it accounts for 26% of total 
SDG 3-related research.

Likewise, diseases that represent 2% or 
less of the total disease burden in LICs 
and LMICs – diabetes, genitourinary 
diseases and skin diseases – account 
for a significant share of SDG 3-related 
research both globally and in LMICs.

Our findings indicate that even research 
that is related to a particular SDG will 
not always help to achieve SDG targets 
or meet the most pressing challenges. 
A substantial effort to include LIC 
researchers and stakeholders in 
research may go a long way to better 
align research funding with global health 
priorities, by directing funding towards 
diseases that affect the majority of the 
population.

Whose good health and well-being?  
Research related to SDG 3

>  KEY:         

       DALYs LICs & LMICs  

       Publications LICs+LMICs

       World publications
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to SDGs on the basis of research areas (clusters of publications) 
rather than individual papers, we can study in detail which 
research areas publish on several SDGs, and are therefore in 
a position to produce knowledge about the connections and 
synergies that could help in addressing the goals.29 

Of the 1,120 research areas we identified as publishing 
SDG-related research (using our strict interpretation), 830 
relate to just a single SDG,30 while 43 relate to four or more dif-
ferent SDGs.31 The SDGs that appear most in these synergistic 
research areas are those related to hunger (SDG 2), water and 
sanitation (SDG 6), and the environment (SDG 12, SDG 13 and 
SDG 15).

By analysing the 290 research areas that are related to 
more than one SDG,32 we identified that SDG-related research 
tends to cluster around three areas. The clusters are detailed 
below. Figure 4.8 illustrates the links between and within these 
groups of SDGs.

SDGs in the green cluster are more strongly connected to 
each other than the SDGs in other clusters. Several research 
areas produce publications that are related to SDG 13, SDG 14 

 On the other hand, the fact that research related to some 
SDGs, such as SDG 4 (Quality education) and SDG 3 (Good 
health and well-being) is not correlated with research on 
other SDGs indicates that changes are needed in the research 
system. Education and health are related to many other 
sustainability challenges, and may therefore benefit from 
research in some of the disciplines that produce knowledge 
on these other challenges. 

Also of concern is the fact that, while social sciences is 
the discipline that contributes to the widest range of SDGs, the 
SDGs that are most related to societal challenges do not benefit 
substantially from research in other disciplines.27 We discuss 
these low synergies below.

Research synergies across the SDGs
In seeking to address complex sustainable development chal-
lenges, knowledge about interconnections between individual 
SDGs and targets can be as relevant as understanding how to 
address specific targets.28 Because our method maps research 

Table 4.3  /  How SDGs are related via different research disciplines 

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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16

The table shows the pairwise correlation between the share of publications 
related to an SDG across all 254 disciplines (subject categories). Shares 
computed based on the strict interpretation of SDG-related publications.  
N=254; *p < 0.05, **p < 0.01, ***p < 0.001.  

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

  Dark grey: A dark grey 
square indicates that several 
disciplines publish a similar 
share of publications related to 
this pair of SDGs. 

  Light grey: No statistically 
significant relationship in 
the share of publications of 
disciplines related to this pair 
of SDGs.

  White: A white square 
indicates that most disciplines 
produce different shares of 
publications related to this pair 
of SDGs. 
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than in the other two clusters, suggesting that few synergies 
are explored in research on these underlying society-related 
issues.

Within the yellow cluster, we found that research related 
to building science, technology and innovation (STI) capabili-
ties, promoting inclusive and sustainable industrialization and 
fostering innovation (SDG 9) – which is the focus of this report 

Figure 4.8  /  Research synergies across SDGs

VOSviewer

SDG 9  
Industry and 
infrastructure

SDG 8  
Decent work and 
economic growth

SDG 4  
Quality 
education

SDG 16  
Peace, justice 
and strong 
institutions

SDG 5  
Gender equality

SDG 1  
No poverty

SDG 10  
Reduced 
inequalities

SDG 15  
Life on land

SDG 14  
Life below 
water

SDG 6  
Clean water and 
sanitation

SDG 11  
Sustainable cities 
and communities

SDG 2  
Zero hunger

SDG 7  
Affordable and 
clean energy

SDG 3 
Good health and 
wellbeing

SDG 13 
Climate action

SDG 12  
Responsible 
consumption and 
production

and SDG 15. These SDGs are also connected with SDGs in the 
yellow cluster, particularly through the connection between 
research related to SDG 13 (green) and SDGs 7, 12 and 6 
(yellow).

Research related to the lilac cluster – people and society 
– is more isolated from other SDG-related research. The links 
between different SDGs within this cluster are also weaker 

Each node identifies one SDG (the size of 
the node is proportional to the number of 
publications relating to that SDG).  Each 
colour identifies one cluster of SDGs.

The lines connect SDGs that are studied by 
a number of research areas. The thicker the 
line, the more research areas are related 
to both connected SDGs. For instance, SDG 
13 and 15 share a large number of research 

areas and publications, while SDG 4 shares 
only a small number of research areas and 
publications with SDG 10.

Strict interpretation of SDG-related 
research was used (a similar network for  
a loose interpretation is available as  
Figure A.2.8, Appendix 2). 

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

>  KEY:          

      Natural environment   
      Infrastructure             
      People and society    

A cluster of SDGs related to:  
the natural environment  

SDG 13 Climate action 

SDG 14 Life below water

SDG 15 Life on land

These are connected to the lilac cluster via: 

SDG 2 Zero hunger

SDG 11 (Sustainable cities and communities) connects to research in all three clusters.

A cluster of SDGs related to:  
economic growth, infrastructures and 
technical solutions 

SDG 6 Clean water and sanitation

SDG 7 Affordable and clean energy 

SDG 8 Decent work and economic growth

SDG 9 Industry, innovation and 
infrastructure 

SDG 12 Responsible consumption and 
production

A cluster of SDGs mainly related to:  
people and society 

SDG 1 No poverty 

SDG 4 Quality education 

SDG 5 Gender equality 

SDG 10 Reduced inequalities

SDG 16 Peace, justice and strong institutions

And the main bridge to the other clusters: 

SDG 3 (Good health)

GREEN YELLOW LIL AC
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The features of each cluster are described below and illus-
trated in Figure 4.9.

Collaborations and funding
Overall, SDG-related publications are less likely (45% of 
publications) than the average publication in the WoS (54%) 
to acknowledge external funding. This differs for different 
clusters: 60% of publications relating to the natural envi-
ronment and health SDGs acknowledge external funding, 
compared with 52% for the social functions and technical solu-
tions cluster and just 31% for the people and society cluster. 
Even accounting for disciplinary differences in acknowledg-
ing funding, these figures point to difficulties in attracting 
research funding for the people- and society-related SDGs. 
This should be further investigated.

We also find differences in the extent of international col-
laborations. Publications related to natural environment and 
health SDGs are the most likely to be written in collaboration 
across countries (33%), including between HICs and other 
countries (15%) – more than those relating to social functions 
and technical solutions SDGs (27% and 15%) or the people- 
and society-related SDGs (23% and 9%), which are below the 

– does not tend to be conducted in association with research 
related to the lilac cluster, and only to a limited extent in asso-
ciation with research related to the green cluster. There are, 
however, strong connections between research on SDG 9 and 
technological solutions for affordable and clean energy (SDG 
7), decent work and economic growth (SDG 8) and responsible 
production and consumption (SDG 12).

The disconnects between research areas can be problem-
atic as they limit the understanding of the complex underlying 
society-related issues that lie behind many SDG challenges. 
Our case studies (Chapters 8 and 9), for example, show that 
access to resources below water and on land (SDGs 14 and 15) 
is deeply connected to peace, justice and institutions (SDG 16), 
and that governance issues (SDG 16) and education (SDG 4), 
are central to addressing neglected diseases such as Chagas 
(SDG 3).

A typology of SDG research
We set out to understand the specific characteristics of SDG- 
related research, including whether it is more or less likely 
to have an impact than other research, and whether there 
are specific types of research that are more likely to be SDG- 
related and that research funders should therefore target to 
support the SDGs.

To understand whether research related to SDGs differs 
from non-SDG-related research in its potential for societal 
impacts,33 we classified all publications according to the fol-
lowing four features:34 

•  Collaborations and funding, measured by the extent  
of international collaborations, access to funding, and  
collaboration with industry35 

•  Academic reputation, measured by standard indicators of 
academic citations36 

•  Public and industry use, measured by citations in patents, 
policy documents, news stories, and Twitter posts37 

•  Open access and multidisciplinarity, measured according 
to the share of publications that are open access and the 
Rao-Stirling diversity index of disciplines within research 
areas38

We measured the proportion of publications related to each 
SDG that possessed each of the above characteristics. This 
resulted in three clusters of SDGs, similar to those grouped by 
synergies described above (Figure 4.8).39
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>  KEY:          

     less than 50% higher than average 
   50-100% higher than average 
   around 100% higher than average 
   at least 4x higher than average

    similar to the WoS average

   around 50% of the average 
   between 50% and 33% of average  
   between 50% and 33% of average 
   less than 25% of average
      

WoS average (25% and 12%). The relatively low figures raise 
questions about the transfer of capabilities across countries in 
crucial areas of SDG-related research.40

SDG-related publications are substantially less likely to 
be produced in collaboration with industry than the average 
publication in the WoS (5% of publications). The highest 
levels of industry participation are in research related to the 
social functions and technical solutions SDGs (4%) and to 
SDG 3 (5%),41 which is more focused on applied technological 
solutions.

Academic reputation
Publications related to the social functions and technical solu-
tions SDGs and to industry, innovation and infrastructure (SDG 
9) are more likely than the WoS average (13% versus 10%) to be 
in the top 10% most cited publications in their WoS category. 
For publications related to the natural environment and health 
SDGs and the people- and society-related SDGs, this measure 
of academic reputation is no different from the WoS average, 
with the exception of SDG 9.

Open access and multidisciplinarity
SDG-related publications are no more likely to be open access 
than the WoS average (43%). Only publications relating to the 
natural environment and health SDGs are slightly more acces-
sible to all readers than average (50%), while those linked to 
people- and society-related SDGs (42%) and to social functions 
and technical solutions SDGs (39%) are less open access than 
average. These results indicate that there is a limited transfer 
of knowledge to those countries that most need to advance 
towards the SDGs and have limited research capacity and 
limited resources to access costly academic publications. 

On the other hand, publications related to SDGs do have 
a higher degree of multidisciplinarity (52%) than the WoS 
average (43%). Publications connected to the people- and 
society-related SDGs are the most multidisciplinary (56%), 
followed by those related to social functions and technical 
solutions SDGs (52%) and natural environment and health 
SDGs (47%). This indicates that research related to people- and 
society-related SDGs may be better placed to address the com-
plexity of SDG challenges.42 

Public and industry use
SDG-related publications across all three clusters are used sub-
stantially more in policy reports (11% are used in this way), 
news articles (5%) and social media (40%) than the average 
publication in WoS (2%, 4% and 33% respectively). This is par-
ticularly the case for publications linked to the people- and 
society-related group of SDGs (25%, 7% and 48% of publica-
tions in the case of SDG 1, for example). Of all the SDG-related 
publications, those relating to the social functions and techni-
cal solutions SDGs attract the least policy (6%), media (3%) and 
social media (27%) interest. 

Figure 4.9  /  Characteristics of SDG-related publications
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The table illustrates, for 11 features, 
whether the share of publications in a 
given cluster of SDGs is higher (↑), lower 
(↓), or similar (=) to the average of all 
WoS publications. For example, for all 
three clusters, the share of publications 
authored with organisations from industry 
(Industry) is lower than the WoS average.

Indicators are defined as follows:
International collaborations: share of 
publications with an author from at least 
two countries
Collaborations involving HICs: share of 
publications with at least one author from a 
HIC and one author from any other income 
group
Funded: share of publications that 
acknowledge funding from any source 
Industry: share of publications with at least 
one author from industry
Reputation: share of top 10% most cited 
publications in any WoS category
Use in patents: share of publications cited 
in patents
Use in policy: share of publications cited in 
policy reports

Use in news stories: share of publications 
mentioned in the news
Use on Twitter: share of publications 
mentioned in Twitter
Open access: share of publications in open 
access journals
Multidisciplinarity: Rao-Stirling diversity 
index based on WoS categories

Based on strict interpretation of SDG-
related research. Figures based on Web of 
Science data (CWTS version).
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Notes

Overview and implications
Compared with the average publication in the WoS, and with 
the rest of SDG-related research, research linked to the people- 
and society-related SDGs is more used in policy, potentially 
more impactful in society, more multidisciplinary, and of at 
least as high quality.

Research related to the social functions and technical 
solutions SDGs is the most focused on basic sciences and tech-
nology applications, and the closest to industry. However, it 
does not attract much public or policy interest.

Research related to the natural environment and health 
SDGs is highly used in policy and society, attracts the most 
funding, and is most likely to be co-authored internationally 
and to be open access.

Taken together, these findings indicate a need for greater 
public funding for research that focuses on the complex 
societal determinants of sustainability, to complement, rather 
than follow, private funding.   

 

These findings indicate that, in terms of the SDGs, 
research linked to the people- and society-related SDGs is of 
more immediate relevance than technical solutions to policy-
makers and society. It might also be the case that basic science 
research and technical solutions are less likely to use terms 
related to SDGs, and are therefore less likely to be captured by 
our SDG-related queries. 

We find the opposite pattern in relation to industry use 
of research. While all SDG-related publications are less likely 
to be cited in patents (0.1%) than the WoS average (0.4%), 
those relating to social functions and technical solutions SDGs 
are closer to the average (0.16%). The main exceptions are 
health-related publications, which are 50% more likely to be 
cited in patents than the WoS average (0.6%). 
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OVERVIEWAUTHORS

•  Inventions filed in low-income 
countries often originate in 
higher-income countries

•  Most SDG-related inventions 
focus on a single SDG, with 
only a tiny fraction addressing 
synergies and trade-offs 
between SDGs

•  The use of patents can 
prevent others from using a 
particular innovation to address 
sustainability challenges

Alfredo Yegros
Tommaso Ciarli 

Footnotes for this chapter are on 
page 71. A full list of references 
can be found on page 140.

This chapter maps inventions 
that are of potential relevance for 
specific SDGs.

Key findings include:

•  Only a tiny share (1.9%) of 
patented inventions between 
2001 and 2017 were related to 
the SDGs

•  SDG-related inventions mainly 
focus on SDG 3, SDG 7 and  
SDG 6, and include market 
solutions such as drugs and 
solar panels

•  Most inventions are generated 
in high-income countries and in 
upper-middle income countries

T HE RE SE A RCH

A global map of 
technological inventions
Mapping and characterizing SDG-related 
patenting activity across the world 
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Three SDGs accounted for the vast majority of SDG-related 
inventions, as follows:

• SDG 3: Good health and well-being (229,529; 62%)
• SDG 7: Affordable and clean energy (58,230; 16%)
• SDG 6: Clean water and sanitation (39,443; 11%)

Only a small proportion of SDG-related inventions were related 
to the other SDGs: SDG 12 (7% of all SDG-related inventions); 
SDG 11 (3%); SDG 2 (2%); SDG 15 (2%); SDG 13 (1%); SDG 14 
(0.6%); and SDG 4 (0.1%).

Figure 5.1 shows how the proportion of inventions related 
to SDG 3 has decreased since reaching a peak in 2010-2011, 
while the proportions relating to other SDGs have increased, 
especially since 2005.

Which countries focus most on SDG-related 
inventions?
Inventions in low income countries (LICs) are more likely to 
relate to SDGs than those in other country groups, as shown 
in Figure 5.2. When we consider all patents for which we have 
information about the country of the inventor, approximately 
9% of LIC inventions are SDG-related, compared with 6% of 
inventions in lower-middle income countries (LMICs), 3% in 
high-income countries (HICs) and 2% in upper-middle income 
countries (UMICs). However, the absolute number of inven-
tions in LICs is just 60, compared with 224,019 in HICs. 

These differences between country groups remain when 
we consider the country in which the patent was filed, rather 
than the country of the inventor.3 The African Regional Intel-
lectual Property Organization (ARIPO) is the patent authority 
with the highest percentage of inventions related to any of the 
SDGs (24%).4  

Introduction
This chapter maps SDG-related inventions between 2001 and 
2017. It analyses the countries and technology fields involved, 
and the connections between SDGs.

Inventions and patent authorities play a central role in 
contributing to SDG 9 (Industry, innovation and infrastruc-
ture) by building new technologies.1,2 Inventions contribute to 
the other SDGs in various ways: not only through new products 
and services based on patented inventions, but also by increas-
ing the pool of technical knowledge available to society. In this 
chapter, we look beyond countries’ overall rates of innovation, 
(number of patents) and focus on the direction of innovative 
activity (content of patents). 

Which SDGs attract the most inventions?
Using the method developed in this study, we found that 
369,253 unique inventions produced from 2001 to 2017 were 
related to SDGs. This represents just 2% of all inventions 
produced worldwide in that timeframe.

Figure 5.1  /  Share of inventions related to different SDGs (2001-2017)

The graph 
shows the 
inventions 
that relate to 
particular SDGs 
as a proportion 
of all inventions 
produced 
worldwide. 

Figures are based on data from 
the European Patent Office’s 
Worldwide Patent Statistical 
Database (PATSTAT), Centre for 
Science and Technology Studies 
(CWTS) version.

2

3

4

6

7

11

12

13

14

15

All

> KEY (SDGs)

All

3

7

6

12

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

2001 2003 2005 2007 2009 2011 2013 2015 2017

R
el

at
ed

 in
ve

nt
io

ns
 (

al
l S

D
G

s)

Sh
ar

e 
of

 in
ve

nt
io

ns
 b

y 
SD

G

Three SDGs accounted 
for the vast majority of 
SDG-related inventions:

16%

11%

62%

63 S T RING S   /  CH A NGING DIREC T ION S

T HE RE SE A RCH
Chapter 5    /     A global map of technological inventions 



The World Intellectual Property Organization (WIPO) and 
European Patent Office (EPO) have a higher share of SDG-re-
lated inventions (6%) than other authorities in HICs, such as 
the United States Patent and Trademark Office (USPTO) and 
the Japan Patent Office (JPO) (3% and 2%, respectively). At the 
China National Intellectual Property Administration (CNIPA), 
which dominates patenting activities among UMICs, around 
2% of inventions are related to the SDGs.

Despite ARIPO’s relatively high percentage of SDG-related 
inventions, the absolute number of inventions filed at ARIPO 
represents a tiny fraction of worldwide SDG-related inven-
tions: just 1,673, compared with more than 180,000 at CNIPA 
or USPTO5 in the same period.

Across country groups, the share of SDG-related inven-
tions began to increase in 2005 and then declined after 2011. 
The number of SDG-related inventions produced in LICs has 
fluctuated over time, while numbers in the other three country 
groups have been much more stable.

SDG focus within country groups
SDG 3 accounts for the highest share of SDG-related inven-
tions in all country groups, as shown in Figure 5.3. However, 
compared with other country groups, UMICs produce a lower 
proportion of SDG 3-related inventions and a higher propor-
tion of inventions related to SDG 7. This pattern is driven by 
the role of China in developing renewable technologies.

The SDG with the second-highest percentage of inventions 
is SDG 7 in HICs, UMICs and LMICs, and SDG 6 in LICs. SDG 6 
has also been the focus of a relatively high share of inventions 
in HICs, UMICs and LMICs.

This pattern is confirmed when considering the patent 
authority, rather than the country of the inventor.6 SDG 3 
accounts for the highest share of SDG-related inventions in 
all patent authorities, ranging from 47% in CNIPA to 86% at 
the EPO. SDG 7 accounts for the second-highest percentage of 
SDG-related inventions across patent authorities. CNIPA has a 
substantially higher proportion of inventions related to SDG 7 
(20%) and SDG 6 (13%) than all other patent authorities (less 
than 10% for both SDGs).

The other SDGs account for a much lower share of inven-
tions across all income groups and patent authorities. In par-
ticular, LICs did not file any patents related to SDG 2, SDG 4, 
SDG 13 or SDG 14.

The chart (right) shows the proportion of SDG-related inventions that relate to  
each SDG for  each country group. Data is shown for each group of countries, defined 
according to World Bank income group classifications: high-income countries (HIC);  
upper-middle income countries (UMIC); lower-middle income countries (LMIC); and  
low-income countries (LIC).

Figures based on PATSTAT data (CWTS version).
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Figure 5.2  /  SDG-related inventions in different income groups  
(2001-2017)

The graph shows the proportion of inventions that relate to any of the SDGs in the study.  
For each year, we show the average over a three-year period (for example, for 2002, we show 
inventions from 2001-2003). Figures are based on the total number of inventions 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).

Figures based on PATSTAT data (CWTS version).
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KE Y WORDS

Our strategy to identify SDG-related 
patents builds on the methodology we 
used to identify SDG-related scientific 
publications (chapter 4).

We first retrieved all patent applications 
filed between 2001 and 2017 in one or 
more of the most important national and 
regional patent authorities worldwide.7

•  African Regional Intellectual Property 
Organization (ARIPO)

•  China National Intellectual Property 
Administration (CNIPA)

•  European Patent Office (EPO)
•  Japan Patent Office (JPO)
•  Korean Intellectual Property Office 

(KIPO)
•  United States Patent and Trademark 

Office (USPTO)
•  World Intellectual Property 

Organization (WIPO)

By selecting several authorities, we 
minimized the possibility of bias due to 
the propensity of inventors to file patents 
in their own country. The rationale for 
looking beyond some of the largest 
patent authorities (USPTO, EPO and 
JPO) was to increase the chances of 

capturing the inventive activity of at least 
some lower-middle income countries 
(LMICs) and low-income countries 
(LICs).

We then identified which of these 
patents cited at least one SDG-related 
scientific publication (see chapter 4). 

We also searched the titles and abstracts 
of patents (when an English version was 
available) with the same keywords used 
to identify SDG-related publications.8

This method is purposefully restrictive. 
Not all patents that are relevant to SDGs 
will cite SDG-related publications (the 
number of patents citing any publications 
is very low, as discussed in chapter 4). 
Moreover, patents use technical 
language to describe inventions thus, 
even where inventions are potentially 

relevant for achieving the SDGs, they 
might not include keywords that relate 
directly to the goals. The results in  
this chapter are therefore based on a 
conservative interpretation of which 
inventions are related to SDGs. Because 
our study compares shares of inventions 
across SDGs, countries and technology 
fields, we believe a conservative 
interpretation produces a more accurate 
analysis than a method that privileges 
coverage over precision.

To avoid double-counting, we grouped 
SDG-related patent applications into 
simple ‘patent families’. Each family 
represented a unique invention, whose 
protection may have been sought in 
multiple patent authorities. We then 
performed our analyses at the level of 
these patent families.9 

SDGs included in the analysis
Because patented technologies are 
less likely to be directly relevant for 
the SDGs that address social and 
political issues – such as poverty, 
gender and economic inequalities, 
economic growth, and violent conflict 
– we included only the following  
SDGs in this analysis: 2, 3, 4, 6, 7, 11, 
12, 13, 14 and 15. 

This was based on our initial manual 
assessment of the relevance of 
International Patent Classification 
codes for each SDG.10 

Identification of SDG-related inventions: our methods

RE T RIE V E PAT EN T 
A P P L IC AT ION S  >

ARIPO EPO KIPO WIPO

CNIPA JPO USPTO

IDEN T IF Y  
S DG-REL AT ED  
PAT EN T S  >

Identify patents 
that cite at least 
one SDG-related 
publication

Search for

Search for

Identify patents 
using SDG-related 
keywords

1 2

All patents filed 2001–2017 >>

ACADEMIC  
PUBLICATIONS
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Inventions in HICs are characterized by relatively stable 
and continuous growth until 2012. Inventions related to several 
SDGs have stagnated since 2014, with some (including SDGs 3, 
7 and 12) declining. A notable exception is SDG 11 (Sustainable 
cities and communities), which has experienced sustained 
growth since 2013.

Countries’ technological capabilities
Roughly 90% of all SDG-related inventions worldwide have 
been developed by inventors in HICs, while 8% were devel-
oped by inventors in UMICs. A similar concentration of inven-
tive activity also exists within income groups. For example, 
80% of SDG-related inventions in HICs were developed by just 
6 of the 73 HICs, and the United States alone developed 47% of 
all HIC SDG-related inventions.

Changes in focus over time

In LICs, the main focus on SDG 3 has remained relatively 
stable over time. However, efforts to develop inventions related 
to other SDGs seem to have taken off since 2008, as shown in 
Figure 5.4, with some fluctuations over time due to the small 
number of inventions.

In LMICs, inventions related to SDG 6 and SDG 3 steadily 
increased up to 2012, when they started to decline. Inventions 
related to most other SDGs increased from around 2006/2007. 
Figures for LMICs are mainly driven by India, which files most 
of the LMIC patents.

In UMICs, inventions related to many of the SDGs 
increased rapidly until 2006/2007, when they began to fall 
before rising again in recent years. These trends are clearly 
influenced by China,11 which develops roughly 80% of all 
UMIC inventions.

Figure 5.4  /  Number of SDG-related inventions by income group (2002-2016)
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The charts show the number of SDG-related inventions by year for each SDG. For each year we considered the average over a three-year period (for example, for 2002, we considered 
inventions from 2001-2003). Each panel refers to one of the four World Bank income groups: high-income countries (HIC); upper-middle income countries (UMIC); lower-middle income 
countries (LMIC);and low-income countries (LIC). Figures based on PATSTAT (CWTS version).
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Figure 5.5  /  SDG-related inventions per capita (2001-2017)

Canada, Germany, France, United Kingdom, Australia, Japan 
and South Korea, also produce a high number of inventions 
per capita.

Collaborations between countries
Collaborations between two or more countries account for 
only 13% of all those SDG-related inventions for which we 
have information about the inventor’s country. As shown in 
Table 5.1a, roughly 91% of all collaborations involve HICs and/
or UMICs, while 83.1% are exclusively between HICs. The 

The disparity between countries is even more extreme in 
middle-income countries. China alone, for example, devel-
oped around 80% of the SDG-related inventions in UMICs, 
while India accounts for roughly 85% of the SDG-related 
inventions from LMICs. Details of SDG-related inventions by 
country can be found in Appendix 3.

When we consider inventions per capita (see Figure 5), 
smaller countries such as Switzerland, Denmark, Singapore, 
Israel and Sweden stand out in terms of their SDG-related 
inventive activity. However, the most scientifically and tech-
nologically advanced countries, including the United States, 

Do patents and the patent system 
contribute to or prevent the 
achievement of SDGs? 

Patented inventions can contribute to 
achieving the SDGs in two key ways:

•  Through the use of knowledge 
embodied in patents to commercialize 
products or services

•  By disseminating technical information 
through patent documents, thus 
inspiring subsequent inventions 
(technical information is freely 
available for most patent applications 
and granted patents)

On the other hand, the patent system can 
prevent the use of inventions by anyone 
who does not have patent rights. This 
potentially prevents many people from 
benefiting from protected inventions. 
Such barriers became prominent, 
for example, during the AIDS crisis in 
South Africa in the 1990s and during the 
contemporary COVID-19 pandemic.12, 13   

Moreover, patents do not necessarily 
equate to innovation. Many inventions 
protected by patents have not yet 
been translated into new products 
or services. Instead, many patented 
inventions represent, at best, promising 

technologies in an embryonic status, 
which may take a long time to develop. 
Development often requires substantial 
financial investment, usually by private 
firms whose objectives do not always 
align with SDGs.

In the rare cases that products or 
services based on SDG-related 
inventions are brought to market, there 
remains the serious challenge of making 
these products available in countries 
that currently lack basic infrastructures.
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most frequent collaborations between different income groups 
involve HICs and UMICs (7.9%), followed by those involving 
HICs and LMICs (3.3%). These collaboration patterns indicate 
that the less scientifically and technologically developed coun-
tries rarely participate in developing joint inventions.

Table 1b shows that HICs are involved in most collabo-
rative inventions produced in all other country groups. The 
majority (more than 60%) of collaborations in UMICs, LMICs 
and LICs involve HICs, with very few collaborations between 
LICs, LMICs or UMICs. As noted, these collaborations 

represent a low number of inventions as SDG-related inventive 
activity is highly concentrated in HICs and UMICs.

LICs and LMICs may gain knowledge and technological 
capabilities through their collaborations with HICs. However, 
such collaborations may also indicate a dependence on the 
focus and priorities of HICs, which may make it less likely that 
the inventions and related knowledge will address LICs’ needs.

Inventions by country group across patent authorities
Dominance by richer nations is confirmed by the evidence 
that HICs generate more than 80% of SDG-related inventions in 
most patent authorities, including ARIPO (Figure 5.6). CNIPA 
is the only exception, in part due to the large percentage of 
inventions at this office for which the inventor’s country is 
not available (58%).14 UMIC inventive activity is more modest. 
UMICs generated around 18% of the SDG-related inventions 
at CNIPA, and between 4% and 10% in other authorities.15, 16

The inventive activity of LICs is hardly visible in any patent 
authority. These countries were involved in developing just 
0.1% of the inventions registered at ARIPO, and their activity 
is even lower in the other patent authorities.

 

Technologies underpinning SDG-related inventions
Our analysis of the technologies that underpin SDG-related 
inventions (Figure 5.8) is based on the technology classifica-
tion developed by Ulrich Schmoch,17 which maps the Inter-
national Patent Classification in 35 technology fields. The 
predominant technical fields relating to each of the SDGs are 
shown in Figure 5.7. In the next subsection we investigate the 
extent to which technology fields are related to different SDGs.

1a: This shows what proportion of all collaborative inventions occurred within (diagonal) 
and between (off the diagonal) country groups. For example, an invention co-developed by 
authors in the USA and the UK (both HICs) would contribute to the percentage in the top left 
cell. An invention co-developed by inventors 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%, that 
is, all the inventions co-developed by two or more countries (based on the country of the 
inventor).

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 inventions undertaken by HIC. Each row total adds up to 100%.

Figures are based on PATSTAT data (CWTS version), 2001-17.

The chart shows, for each of the patent authorities considered in the study, the percentage 
of SDG-related inventions filed by each of the country groups: HICs in blue, UMICs in orange, 
LMICs in grey and LICs in yellow.

Figures are based on PATSTAT data (CWTS version), 2001-17.

Table 5.1a  /  Collaborative SDG-related inventions within and 
between each country group (as a percentage of all collaborative 
inventions), 2001-2017

Figure 5.6  /  SDG-related inventions by income level of the country of 
the inventors
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Table 5.1b  /  Collaborative SDG-related inventions within and 
between each country group (as a percentage of collaborative 
inventions within each income group), 2001-2017
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SDG 14: Other special machines and 
Environmental technology

SDG 15: Other special machines and 
Basic materials chemistry.

Figure 5.7  /  Some of the main technology fields associated with each SDG

SDG 2: Other special machines  
(inc. food productionand harvesting) 
and Basic materials chemistry (inc.
fertilizers, pesticides and herbicides)

SDG 3: Pharmaceuticals 
(preparations for medical purposes) 
and Biotechnology

SDG 4: Control (inc. appliances and 
devices designed for education, 
teaching and training)

SDG 6: Environmental technology 
(inc. filters, waste disposal, water 
cleaning, waste combustion or noise-
absorption walls)

SDG 7: Electrical machinery, 
apparatus, energy (including non-
electronic) and Thermal processes 
and apparatus

SDG 11: Civil engineering (inc. 
locks, plumbing etc); Environmental 
technology; Control; and Digital 
communication

SDG 12: Environmental technology 
and Materials, metallurgy (including 
metals, ceramics, glass)

SDG 13: Basic materials chemistry: 
engines, pumps, turbines (including 
non-electrical engines); and Other 
special machines

The figure shows the relative relevance of each of the 35 technology fields for each of the SDGs, based on the number of patent families within each 
SDG that relate to that technology. In darker blue are the technology areas that are most relevant for the SDG. For instance, for SDG3, the most relevant 
technology areas are pharmaceuticals and biotechnology. In pale blue are those technology areas which appear less relevant for each of the SDGs. 
Colours are not comparable between SDGs. Figures are based on PATSTAT data (CWTS version), 2001-17. The correspondence between the International 
Patent Classification and the 35 technology fields is fully integrated in PATSTAT.

Figure 5.8  /  Breakdown of inventions by technology field in each SDG
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Figure 5.9  /  Co-occurrence of technology fields across inventions

The figure shows the co-occurrence of the 35 technology fields across SDG-related inventions. The size of each node is proportional to 
the number of inventions related to that technology. The thickness of the lines is proportional to the number of inventions related to two 
technology fields simultaneously. Technology fields of the same colour are more similar than technology fields of a different colour. This 
clustering has been created with the Leiden cluster algorithm implemented in VoSviewer. Appendix 3 includes figures for each co-occurrence 
network, showing how inventions related to each of the SDGs are linked to the 35 technology fields.

The figure is based on PATSTATdata (CWTS version), 2001-17. The correspondence between the International Patent Classification and the  
35 technology fields is fully integrated in PATSTAT.

SDG 3 often combine all three of these technologies. Far fewer 
SDG 3-related inventions involve the other technology fields 
such as medical technologies and food chemistry.18

Inventions related to other SDGs also combine different 
technology fields. For instance, inventions linked to SDG 
2 (Zero hunger) tend to combine food chemistry and basic 
material chemistry for soil productivity, as well as special 
machines for agriculture and biotechnology for seed breeding. 
Inventions related to SDG 11 (Sustainable cities and communi-
ties) tend to combine even more technologies, including civil 
engineering, transport, telecommunications, environmental 
technologies, information technologies and control systems 
for smart cities.19 

Inventions related to more than one SDG
We also studied the few inventions (3%) that are related to more 
than one SDG (see Figure 5.10). Developing inventions that 
relate to more than one SDG may help inventors to consider 
synergies and tensions between the goals. Figure 5.10 shows 
the strength of the relationships between SDGs: for example,  
SDG 4 appears isolated from other SDGs (except for weak 
connections with SDG 3, SDG 7 and SDG 15), while inventions 
related to SDG 3 are more likely to be connected with many 
other SDGs.

Synergies across SDGs in inventive activities

We investigated the connections between the different SDG-re-
lated inventions in two ways. First, we analysed how many 
inventions relate to more than one technology field (Figure 
5.9) and, second, how many inventions relate to more than 
one SDG.

Inventions related to more than one technology field
We identified three main clusters of technology fields, based 
on co-occurrences of inventions in different technologies. The 
clusters are as follows:

 1. Biotech (including all pharmaceutical production)

 2. Chemistry (food and basic)

 3.  Engineering (from machines to computers, including 
medical and environmental technologies)

Due to the high number of inventions related to SDG 3 (Good 
health and well-being), many SDG-related inventions involve 
pharmaceuticals and biotechnology, analysis of biological 
materials and organic fine chemistry. Inventions related to 

>  KEY:         

       Biotech   
(includes all pharmaceutical 
production)              

       Chemistry  
(food and basic)   

       Engineering  
(from machines to computers, 
including medical and 
environmental technologies)

70 S T RING S   /  CH A NGING DIREC T ION S

T HE RE SE A RCH
Chapter 5    /     A global map of technological inventions 



VOSviewer

SDG 12

SDG 6

SDG 2

SDG 15

SDG 14

SDG 4

SDG 13

SDG 11

SDG 3

SDG 7

The analysis reveals three small clusters of related SDGs, 
similar to those found for research publications (chapter 4).

  The first cluster focuses on infrastructures and 
technical solutions. It contains inventions related to 
SDG 7 (Affordable and clean energy), SDG 6 (Clean 
water and sanitation), SDG12 (Responsible consumption 
and production) and SDG 11 (Sustainable cities and 
communities).

1. European Union, 2021.
2. https://www.wipo.int/sdgs/en/story.html
3. Appendix 3, Table A.3.1.
4. Appendix 3, Figure A.3.1.
5. Appendix 3, Table A.3.1.
6. Appendix 3, Figure A.3.2.
7. We used the 2020 Autumn Edition of PATSTAT.
8. Chapter 4 and related Appendix 2.
9. Patent families are sets of patents that are filed 

in more than one country/office, to protect a 
single invention in several countries.

10. Appendix 3, section 3.1 details the procedure 
used to select SDG-related inventions.

11. There is a similar pattern when all inventions 
(not only those relating to SDGs) are 
considered, with a peak in 2007 and a decrease 
until 2010. However, this trend most likely 
reflects a lack of data about the inventor for 
a large percentage of patent families at the 
CNIPA.

12. https://www.bloomberg.com/news/
articles/2021-05-11/aids-drugs-in-south-africa-
shows-precedent-for-overriding-patents-on-
medications

13. https://www.nature.com/articles/
d41586-021-01242-1

14. Appendix 3, section 3.4.
15. The activity of UMICs at CNIPA is most likely 

underrepresented in this study , due to the 
large percentage of inventions at this office 
for which the country of the inventor is not 
available. Chinese inventors are much more 
active in their domestic patent office. 

16. de Rassenfosse, G., & Seliger, F., 2021.
17. Schmoch, U., 2008.
18. Appendix 3, Figure A.3.4.
19. Appendix 3, Figure A.3.8.

Notes

Figure 5.10  /  Co-occurrence of SDGs among inventions

  The second cluster connects inventions related to people 
and society, linked to SDG 3 (good health and well-being) 
and SDG 2 (zero hunger).

  The third cluster contains inventions related to the 
natural environment, which link SDG 13 (Climate action), 
SDG 14 (Life below water) and SDG 15 (Life on land). 

Despite these interconnections between SDGs, only a very 
small number of patents are related to more than one SDG. 
This casts doubt on the ability of inventions to tackle the com-
plexity of synergies and tensions between the SDGs.    

>  KEY:         

       Infrastructure and 
technical solutions             

      People and society   

      Natural environment     

The figure shows the co-occurrences of SDGs among inventions. Each node identifies one SDG. The size of the node is proportional to the total 
number of inventions related to that SDG which are also related to at least one other SDG.

The thicker the line between two SDG nodes, the more inventions are related to both SDGs. SDGs of the same colour are more similar than 
SDGs of a different colour. This clustering has been created with the Leiden clustering algorithm, implemented in VoSviewer.

Figures are based on PATSTAT data (CWTS version), 2001-17.
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•  For example, the countries 
with the most unsustainable 
consumption/production 
patterns, and which contribute 
most to biodiversity loss, are 
usually higher-income countries 
that do not specialize in research 
related to SDG12 (Responsible 
consumption and production), 
SDG13 (Climate action) or 
SDG15 (Life on land).
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•  We developed new methods 
to analyse the alignment 
between countries’ research 
priorities and their SDG-related 
challenges.

•  We found that countries with 
higher challenges relating to 
SDG 1 (No poverty), SDG 2 
(Zero hunger), SDG 3 (Good 
health) and SDG 6 (Clean water 
and sanitation) are prioritizing 
research in these areas.

•  For all other SDGs, we found a 
misalignment or inconclusive 
relationship between research 
priorities and SDG challenges. 
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How research priorities relate to 
countries’ SDG challenges 
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Footnotes for this chapter are on 
page 78. A full list of references 
can be found on page 140.
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of often tacit knowledge through training and face-to-face 
interactions. Therefore, the benefits of research tend to be 
geographically localized, meaning each country needs its own 
pool of researchers who belong to international professional 
networks and exchange new scientific knowledge.2 Moreover, 
SDG-related research undertaken by local researchers can 
help to inform local policy decisions through an understand-
ing of context and different pathways to solve challenges.

The findings presented in this chapter can help guide and 
rebalance research priorities towards generating research 
capabilities that can address countries’ major challenges.

Alignment patterns for individual countries
We calculated the relations between research priorities and 
SDG challenges for all countries where data was available. The 
cases of Argentina, India and Tanzania described below (and 
in Figure 6.1) illustrate some of the varying issues we found. 

Argentina
In Argentina (an upper-middle income country), we found 
a low alignment between research priorities and SDG chal-
lenges. The country faces significant challenges in relation to 
SDG 9, SDG 10 and SDG 15 yet its research priorities relate to 
SDG 2, SDG 6, SDG 13, SDG 14 and SDG 15. 

The high level of research specialization in SDG 2 is sur-
prising since hunger is not a major problem in Argentina. This 
focus might be related to Argentina’s strong trade in cereal, 
soya and meat production, and the consequent importance of 
agricultural productivity for the economy. 

Introduction
This chapter analyses the extent to which countries’ research 
priorities align with their most significant SDG challenges 
and whether misalignments are worse in certain SDGs than 
in others. 

Although the type of research that contributes to meeting 
an SDG target depends on the context and on the complex 
interactions between science and society, here we make the 
general assumption that a misalignment between a country’s 
research priorities and its SDG challenges may reduce the 
effectiveness of investments in research to address those goals. 

This assumption builds on the work of Pavitt,1 who 
argued that the main practical benefit of scientific research 
is not the production of easily transmissible information, 
ideas and discoveries, but rather the construction of a prob-
lem-solving capacity. This capacity involves the transmission 

S IGNIF IC A N T  
S DG CH A L L ENGE S 
FA CED B Y T HE 
COUN T R Y

RE S E A RCH 
P RIORI T IE S

COMPA RED T O

Figure 6.1  / SDG challenges and research priorities in Argentina, India and Tanzania: a visual comparison

A RGEN T IN A INDI A TA NZ A NI A*

*Although Tanzania produces a very low share  
of world research (less than 0.03%), research in 
the country appears strongly related to almost  
all SDGs.

= No data

This reflects areas of 
research related to SDGs, 
not the amount of research 
undertaken.
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Figure 6.2  / SDG challenges 
and research priorities in 
Argentina, India and Tanzania:  
a graphical comparison

Left hand column:

S DG S C OR E (CH A L L E NGE S) 
2 0 0 8-2 017

A score of 1 indicates 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. See 
‘Our methods and approach’, p75 for an 
explanation.

*Some scores were not calculated as 
some countries do not have data available 
for certain SDG indicators (for example, 
India for SDG 4 and SDG 10).

Right hand column:

S DG R E S E A R CH 
S P ECI A L IZ AT ION 2 015-2 019

Research specialization above 0 indicates 
that a country is relatively specialized 
in research related to that SDG. A score 
below 0 indicates less specialization than 
the world average.
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This pattern of intensive agriculture might, in some cases, 
lead to unsustainable practices of land use and damage to 
terrestrial ecosystems. This leads to a trade-off with SDG 15 
(Life on Land), which is a particular challenge in this country. 
Therefore, it is interesting to note the high research speciali-
zation in SDG 15, which focuses on issues such as the effects 
of land use on local biodiversity7 and the importance of soil 
science in challenges such as food security, water scarcity, 
climate change, biodiversity loss and health threats.8

The lack of research prioritization in SDG 9 and SDG 10 is 
worrying given the significant challenge that Argentina faces 
in relation to these SDGs relative to other countries.9 

India
In India (an upper-middle income country), alignment is also 
quite low. The country faces significant challenges in relation 
to SDG 2, SDG 5, SDG 6, SDG 9, SDG 11, SDG 14 and SDG 15 yet 
its research priorities relate to SDG 6, SDG 7 and SDG 12. 

The specialization in research relating to SDG 6 (Clean 
water and sanitation) appears to be well aligned with the size 
of the challenge, given that India still had over 300 million 
people defecating in the open in 2017.10 However, the other 
major challenges – relating to SDG 2, SDG 9, SDG 11, SDG 14 
and SDG 15 – receive relatively little research attention.

Tanzania
Tanzania (lower-middle income) faces several challenges that 
are usually more problematic in low-income countries. These 
include issues relating to SDG 1, SDG 2, SDG 3, SDG 4, SDG 
6, SDG 7 and SDG 9. In terms of research priorities, although 
Tanzania produces a very low share of world research (less 
than 0.03%), research in the country appears strongly related 
to almost all SDGs. The exception is SDG 7, in which Tanzania 
is one of the countries furthest away from the SDG frontier.

This analysis can be performed in more detail for each country 
to better understand research capabilities in relation to SDG 
challenges.11 This may help to guide the priorities of national 
research councils and international research funds.

We also conducted case studies in Argentina and India (see 
Chapters 8 and 9). Kenya (our third case study country) does not 
have enough indicators to compute all SDG scores. 

Alignment patterns by SDG
Below, we analyse how the alignment between research pri-
orities and major challenges differs for individual SDGs. The 
alignment patterns for SDGs 2, 4, 6 and 13 are described below 
and illustrated in Figure 6.3.12 

We found patterns of alignment for SDG 2 and SDG 6, 
meaning that countries with significant challenges in these 
SDG areas are conducting more research related to those SDGs 
than the average country. 

On the other hand, our analysis shows a misalignment 
pattern for both SDG 4 and SDG 13, meaning that countries 
with the biggest challenges relating to these two SDGs are 
conducting less research on those challenges than the average 
country. 

These patterns are based on correlations between 
research specialization and the SDG score, and do not take 
into account underlying confounding factors that may influ-
ence a country’s specialization in particular research topics. To 
address this, we use multiple regression analysis to control for 
factors such as path dependence (past research specialization) 
and country research productivity.13 

When controlling for these factors, we found a robust 
positive association between the size of an SDG challenge and 
the development of research priorities in only one SDG: SDG 6 
(Clean water and sanitation). 

Our methods and approach

SDG-related research
We used the method explained in Chapter 4 to identify 
research that is related to each SDG. This process involved 
examining research areas with a high share of publications 
that contain text related to specific SDGs. 

Research priorities 
We calculated the research priorities of each country, 
between 2015 and 2019, by using a comparative 
specialization index  that allows us to measure whether a 
country’s research is more or less specialized in a certain 
SDG than the world average.4,5 We used a scale from -1  
and 1, where 1 = high specialization, 0 = world average,  
and -1 = low specialization.     

SDG challenges 
To analyse each country’s SDG-related challenges, we 
built a unique data set with 80 different indicators covering 
16 SDGs (1-16). We calculated the relative distance of 
each country to the ‘frontier’ for each indicator, where the 
frontier represents the performance level of the top 5% 
countries. 

Based on this information, we ran a principal component 
analysis for each SDG to obtain a single score for the 
countries and SDGs for which data is available. Countries 
with a high SDG challenge score are those furthest away 
from the frontier in that specific SDG, meaning they face a 
greater challenge in achieving that goal. Countries with a 
low score are at the frontier in that particular SDG.

For more details about how we created these indicators, please 
see our working paper: https://www.merit.unu.edu/publications/
working-papers/abstract/?id=9407
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We also found positive pairwise correlations between 
countries’ research priorities and challenges in relation to 
SDG 1 and SDG 3.6 These findings indicate that countries with 
serious challenges in relation to these SDGs are prioritizing 
related research, which should enable the development of 
relevant research capabilities. However, these correlations 
disappeared when we controlled for previous specialization.6 
This implies that the positive correlation between research 
specialization and SDG challenge for SDGs 1 and 3 is mainly 
due to historical and long-term research priorities, rather than 
a response to SDG challenges. These results were expected, 
since it is well known that lower-income countries have histor-
ically specialized in health and agricultural sciences,14 mainly 
due to the research funding priorities of aid agencies, philan-
thropists and other international funders.15

This means that countries furthest from the frontier in 
SDG 6 are specialized or becoming specialized in research 
related to SDG 6. The five countries in which research on SDG 
6 represents the largest share of the SDG-related research 
portfolio are Bolivia, Benin, Ethiopia, Nepal and Zimbabwe. 
These countries are all low-income or lower-middle income 
countries which have experienced recent problems related to 
water governance (for example, the Cochabamba Water war in 
Bolivia, the 2015–16 El Niño-induced drought in Ethiopia, and 
lack of access to sanitation and water services in Nepal). 

The good match between research priorities and SDG 
challenges in this case might be related to the occurrence 
of particular shocks, which have incentivized national and 
international research funders to solve these issues. However, 
further research is needed to understand the causes for other 
alignments and misalignments. 
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Figure 6.4  / Alignments between SDG challenges and SDG research by income group 

The graph shows the relation 
between SDG challenges (2008-
2017) and SDG research share 
(2015-2019) by income group.

The y-axis shows the average 
country score of SDG challenges 
by income group. A score of 
1 indicates a major challenge 
(country furthest away from the 
frontier in this SDG), and a score 
of -1 indicates a country at the 
frontier. The x-axis shows the 
share of SDG-related research 
that relates to each SDG by 
income group. Each colour 
represents an income group.
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The SDG-related research produced by low-income coun-
tries relates mostly to SDG 1, SDG 2, SDG 3, SDG 5 , SDG 13 and 
SDG 15. Together, these SDGs account for more than 50% of all 
the research carried out in this income group. 

Middle-income countries
While the 104 upper-middle and lower-middle income coun-
tries produce 37% of all global research, they are responsible 
for only 32% of SDG-related research. This group is more 
specialized than the world average in research relating to SDG 
6 and SDG 7, and less specialized in SDG 5, SDG 10 and SDG 
16. China, India, Brazil and Russia, which contain 75% of the 
world’s population and produce 27% of global research, are 
included in this group and substantially shape these results.

High-income countries
The 72 high-income countries produce the majority (68%) of 
all SDG-related research, despite being home to only 16% of 
the global population. They are relatively specialized in SDG 
16, SDG 10, SDG 5 and SDG 4. Their major SDG challenges 
relate to SDG 8,18 SDG 12 and SDG 13.

Limitations and pointers for future research
This study has some limitations, related to the uncertainty 
and ambiguity of our estimates of research priorities19 and 
challenges.20 Our results are thus designed more as a tool to 
explore potential misalignments between research priorities 
and SDG-related challenges than as an accurate measure. 

Further research is needed on the marginal impact of 
increasing SDG-related research on the achievement of a par-
ticular SDG. This impact may not be the same for all SDGs. For 
example, more local research in health (SDG 3) may improve a 
country’s health outcomes, but more local research on poverty 
(SDG 1) may not produce similar progress in poverty reduc-
tion. Future studies should look carefully at this issue, as well 
as considering spillovers between SDGs and the positive and 
negative interactions between them. These factors may guide 
research prioritization and enable the building of research 
capabilities to address the SDGs.    

For all other SDGs, we found no alignment or a negative 
alignment. For SDG 12 and SDG 13, the countries with the 
greatest challenges are high-income countries that have unsus-
tainable consumption and production patterns and contribute 
the most to climate change. However, these countries do not 
specialize in research in these areas. The countries that are the 
most specialized in research related to SDG12 and SDG13 are 
lower-income countries. This is clearly a severe misalignment 
since the biggest polluters and CO2 emitters should be prior-
itizing research to solve environmental issues.

We also found a negative association for SDG 4 and SDG 
15. The countries that prioritize research relating to SDG 4 
are also those closest to the frontier for SDG 4. This misalign-
ment might generate further inequalities between different 
countries’ education capabilities, as higher-income countries 
expand their understanding of best practices while others 
continue with less efficient methods.16 In the case of SDG 15, 
the countries that contribute most to the destruction of biodi-
versity are not prioritizing SDG 15-related research. 

Alignment patterns by income group
Beyond the relative misalignments between national research 
priorities and challenges, a further source of misalignment 
exists at the global level due to the vast inequalities in research 
capabilities and funding across countries (see Figure 6.4). 

Low-income countries
While most SDG challenges are worse in lower-income coun-
tries, only a small proportion of SDG-related research takes 
place there. The 29 low-income countries contain 8.2% of the 
world’s population yet contribute to less than 0.3% of SDG- 
related publications. This negligible involvement of research-
ers from lower-income countries limits the impact of research 
in these countries. Research carried out by locals usually 
brings advantages in terms of ownership of results, trust, 
sharing of expertise between researchers and policymakers, 
and increased contextualization of findings. Without this, pol-
icymakers and research users must rely on research produced 
elsewhere, which is likely to be less relevant to their contexts. 

1. Pavitt, 1998.
2. Salter and Martin, 2001.
3. Balassa, 1965.
4. Ciarli and Ràfols, 2019; Confraria 

and Wang, 2020.
5. To avoid outliers, we did not 

include countries with less than 
500 publications. This affects 
mostly low-income countries.

6. We present results for the period 
2008-2017, the period for which 
we could obtain the most data. 

7. Newbold et al., 2015.
8. Keesstra et al., 2016.
9. Arza and López, 2021; Cimoli and 

Katz, 2003. 
10. World Health Organization and 

UNICEF, 2017.
11. Graphs for all countries for 

which data is available are in the 
Supplementary Figures,  
Section 2. 

12. Results for all other SDGs are in 
Appendix 4.

13. See Table A.4.1 in Appendix 4 for 
a summary of results and further 
details. 

14. Confraria and Godinho, 2015; 
UNESCO, 2015.

15. Kozma et al., 2018.
16. Nelson, 2011.
17. Kraemer-Mbula et al., 2020.
18. Interestingly, in relation to SDG 8 

(Decent work and economic 
growth) dividing countries by 
income groups might not provide 

the most useful insights. For  
SDG 8, some indicators include 
the annual growth rate of GDP 
per capita/employed person, 
rather than the level of per capita 
income. Since lower income 
countries’ economies grew more 
during 2008-2017, they score 
more highly than higher income 
countries on this indicator.

19. Armitage et al., 2020.
20. Miola and Schiltz, 2019.
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•  Several STI areas were identified 
as potentially having a positive 
influence on the achievement of 
multiple SDGs.

•  The survey results also 
highlighted that some STI 
activities may support one 
particular SDG target at the 
same time as impeding progress 
towards another.

Ine Steenmans 
Alaa Aldoh 
Hugo Confraria
Tommaso Ciarli 
Agustina Colonna

Footnotes for this chapter are on 
page 86. A full list of references 
can be found on page 140.

•  This chapter presents the 
results of a global survey of 
stakeholders.

•  Survey respondents proposed 
the STI areas and activities 
that they believe could help to 
achieve the SDGs by 2030.

•  Their responses highlighted a 
range of STI areas, including 
policy-oriented, social and 
grassroots innovations, which 
are often overlooked in the 
existing STI system.

T HE RE SE A RCH

Future STI priorities
Stakeholders’ views on how science, 
technology and innovation can help 
achieve the SDGs 

> CH A P T ER 7
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STI-SDG influences align with current activities. To this end, 
we undertook a survey in 2021 to gather a range of perspec-
tives about the types of STI activity needed to achieve the 
SDGs. This chapter reports on these findings, considering the 
following key themes:

• Diversity of future STI influences
• Synergies between multiple SDGs
• Nature of influences
• Degree of consensus between stakeholders
•  Similarities and differences between proposed future STI 

influences and current research and innovation patterns

Diversity of proposed STI influences
Future STI influences identified in the STRINGS survey ranged 
widely (see Figure 7.3) and included:

•  propositions for new, or further development of, research 
areas, for example, research on the value of biodiversity

•  adoption of existing technologies such as carbon capture 
and storage technology

•  system-wide principles to set directions and values guiding 
STI development (such as circular economies)

Respondents highlighted various types of innovation that 
could influence SDG attainment, including:

•  Market-oriented innovation (16% of respondents), which 
aims to improve a product or process. This type of inno-
vation can help to create capabilities, and often involves 
capturing the resultant revenues, including through the use 
of patents (see Chapter 5). Innovators range from farmers 
to multinational corporations and public laboratories.

•  Social innovation (11% of respondents), which aims to 
meet social needs not provided for by the market.1

•  Adaptive, inclusive and grassroots innovation (6% of 
respondents), which uses local inclusion and control to 
improve technology development and social organization.2

•  Policy innovation (37% of respondents),3 including 
changes to the instruments and processes of public 
administration.

20% of responses focused on the need for values and direc-
tion-setting to support the SDGs, for example, by developing 
circular economy principles to guide STI development.

The results suggest that stakeholders, including scien-
tists, researchers, and technology developers (who between 
them comprised 69% of survey respondents) believe that 
traditional scientific and technological developments alone 
are not sufficient to achieve the SDGs. Authors of academic 
papers responded to open-ended questions with more diverse 
STI types than those covered in their collective publications. 

To understand the relationships between science, technol-
ogy and innovation (STI) and the Sustainable Development 
Goals (SDGs), we can learn by looking forwards as well as 
backwards in time. Retrospective observations can locate STI 
areas that have been privileged or under-supported in the past 
(see Chapters 4 and 5 for such mappings). However, looking 
backwards misses emerging ideas and current understandings 
about how STI can help achieve the SDGs.

By capturing different stakeholders’ understandings of 
STI and the SDGs, we can explore how insights around future 

Figure 7.1  /  A snapshot of survey responses about STI for the SDGs

This word cloud depicts the 60 most 
frequently used words across the 1,351 
survey responses. The size of words reflects 
their relative occurrence, with the largest 
words being the most common. Word colour 
intensity decreases with proportional word 
occurrence in survey responses.
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The STRINGS survey captured views 
from more than 1,350 individuals 
worldwide about the influences of STI 
on the SDGs. Figure 7.2 summarizes the 
survey’s approach.

How the survey worked
•  The survey employed the Delphi 

technique – a structured method 
used in policy analysis. It involves 
relaying ideas and beliefs from other 
respondents to better inform individual 
reflection.

•  First, respondents were asked to 
imagine a world in 2030 in which the 
SDGs have been achieved. They were 
asked for their views on which STI 
areas would have been influential in 
achieving specific SDG targets. To 
remain open to diverse and plural 
ideas, the survey imposed no strict 
constraints on the types of ideas that 
could be submitted.

•  Next, respondents used a five-point 
scale to indicate whether the proposed 
STI area would have a positive, 
neutral or negative influence on SDG 
achievement.

•  From the survey responses, we 
calculated a consensus score for each 
proposed STI-SDG relationship.

•  Respondents had the option to add 
comments to contextualize their 
ratings. They could see the ideas and 
comments of other survey participants 
and were free to amend their own 
contributions at any point.

Who responded to the survey?
•  The survey was open to individuals 

from various backgrounds, with 
invitations circulated across a wide 
range of STI and SDG channels and 
networks

•  One-fifth (20%) of respondents 
contributed to the making of public 
funding decisions and 8% to private 
funding decisions

• Most respondents (63%) were male
•  Most were in the 35-44 age group 

(31%), followed by 45-54 (25%), 
55-65 (20%), 18-34 (15%) and 65 or 
older (8%)

•  The vast majority (85%) were 
primarily employed at a university or 
similar research institution

•  Others described their primary 
employment as the public sector (5%), 
private sector (3%) or not-for-profit 
sector (3%)

•  20-30% of participants had expertise 
in either Europe or North America

•  Fewer had expertise in Latin America, 
South-eastern Asia and Oceania (each 
between 10-20%), or in North Africa, 
or Central and Western Asia (less than 
5% each)

Further respondent background details 
are provided in Appendix 5.

An exploratory approach
The combination of 169 SDG targets 
with thousands of possible STI areas 
could potentially generate hundreds 
of thousands of STI-SDG relationships 
to be appraised. Our study takes an 
exploratory approach, and concentrates 
only on the possible relationships 
proposed by respondents.

The STRINGS survey 

Imagine a  
world in 2030  
in which the 

SDGs have been 
achieved

Rate the 
influence 

as negative, 
positive or 

neutral

Share 
thoughts and 

reflections

Compare  
ideas with those 

of others and 
adjust responses 

if required

In the Delphi 
survey,  
respondents 
were asked  
to:

1 3 4 52

Identify  
STI areas that  

would have been 
influential in 

achieving a specific 
SDG target

Figure 7.2  /  A summary of how the survey employed the Delphi technique
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The misalignment between respondents’ perspectives and 
their own research focus can be explained partially by the con-
straints of research support and incentive systems that favour 
publication in specific technical domains. These factors tend 
to result in research that is less interdisciplinary,4 less likely to 
be grounded in a local context,5 and less risky.6

Only 19% of survey responses could be categorized using 
International Patent Classification codes (most of these were 
categorized as ‘market-oriented’ innovations). This relatively 
low percentage indicates that most STI areas proposed by 
survey respondents are different from those mapped using 
typical patent-focused methodologies (see Chapter 5).

Synergies and trade-offs
Where one area of STI supports the achievement of multiple 
SDG targets, a synergy exists across these targets.7 However, 
links between the SDGs are not always positive. For example, 
a development in one STI area may support one SDG target, 
while inhibiting progress towards another. Such ‘negative 
synergies’ are also known as trade-offs.8 Figure 7.4 illustrates 
the positive and negative influences identified in the STRINGS 
survey for one example STI area – blockchain technology.

The survey identified 13 STI areas as synergistic, linking 
to three or more SDGs9 (see Figure 7.5). These include areas of 
research, such as social science; market-oriented innovations, 
such as biodegradable plastics; existing technologies, such as 
the internet; and policy innovations, such as enhanced moni-
toring and evaluation.

Figure 7.3  /  STI priorities identified in the STRINGS survey

Figure 7.4  /  Synergies and trade-offs for one STI area

SDG 5.1 
End of 
discrimination 
against women 
and girls

SDG 8.10  
Expand access 
to financial 
services

SDG 12.2  
Sustainable 
management 
of natural 
resources

SDG 12.5  
Waste

SDG 14.1  
Marine 
pollution

SDG targets Example of  
an STI area 

Survey descriptions of STI influence 
on SDG achievement 

INFLUENCE: NEGATIVE
Blockchain cryptocurrencies 
are used as payments for sexual 
abuse of women and girls, 
bypassing regulated banks

INFLUENCE: POSITIVE
Blockchain enables payment 
systems for people excluded 
from mainstream banking 
services

INFLUENCE: NEGATIVE
Blockchain cryptocurrencies 
can be more energy-intensive 
than the resource management 
benefits they support

INFLUENCE: POSITIVE
Transparent blockchain ledgers 
improve accuracy in tracing 
feedstock provenance and 
quality for plastics recycling

INFLUENCE: POSITIVE
Tamper-proof ledgers of 
pollution levels encourage 
polluter responsibility 

B L OCKCH A IN 
T ECHNOL OG Y

Scientific 
research  

area

Type  
of STI

% of 
responses

 0–9%

 10–19%

 20–29%

 30–39%

Examples 
from 
survey

7%

Existing 
technology

3%

Market- 
oriented 

innovation

16%

Social 
innovation

11%

Grassroots 
innovation

6%

Policy 
innovation

37%

Values  
and  

direction- 
setting

20%

Bioelectrochemical 
systems for charging 

electric vehicle

Community-based 
health insurance

Solar  
panels

Researching 
sociotechnical 

literacy

Local food 
supply chains

Decriminalization 
of sex work

Plant-based 
diets

The figure shows what percentage of survey responses suggested each 
type of STI, together with some examples of each type, drawn from the 
responses. For analysis purposes, we assigned only one STI type for each 
response. In practice, an activity can fit multiple innovation types.
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countries is almost absent from published research and inven-
tions (see Chapters 4 and 5).13  

Nature of influence and degree of consensus
Survey respondents rated each of their proposed STI areas 
according to the expected future nature of influence (positive 
or negative) and the likelihood (probable or definite) of 
its impacting on the SDGs. We also measured the degree 
of consensus (a measurement of agreement between 
stakeholders).14,15   

The permutations of the nature of influence and consen-
sus form a framework to explore future significance.16 We can 
identify where there is strong consensus that particular STIs 
will have a positive future influence on SDG attainment, and 
also those STI-SDG relationships for which there is much less 
agreement. Figure 7.6 uses four examples from the survey 
responses to illustrate areas with and without consensus about 
positive or negative future STI influences on SDG attainment.

It is unsurprising that respondents identified more than 
one potential use for several STI areas. Technological innova-
tion arises from this type of flexibility – for example, repur-
posing or adapting existing components into new and very 
different applications10 or contexts.11

Many of the synergistic STI areas identified by the survey 
relate to general processes and systems that can strengthen 
other areas of STI, and improve the capacity of people, organ-
izations and society to achieve the SDGs.12 For example, artifi-
cial intelligence algorithms applied to publicly accessible data 
about household waste levels and stored on blockchain ledgers 
can be used to implement adaptive learning to identify missed 
waste reuse opportunities for local businesses. This informa-
tion can be used to learn about existing policy or regulation 
barriers to domestic waste reuse, and monitor the impact of 
their adjustment.

While the role of STI in developing mutually beneficial 
synergies for local and global capacity-building is recognized 
in global SDG action, STI capacity-building in low-income 

A D A P T I V E L E A RNING

A GROEC OL OG Y

A R T IF ICI A L IN T EL L IGENCE

B IODEGR A D A B L E P L A S T IC S

B L OCKCH A IN

CIRCUL A R EC ONOM Y

CI T IZEN S CIENCE

CURRICUL UM

EDUC AT ION A C CE S S

INF R A S T RUC T URE

IN T ERNE T

P OL IC Y A ND REGUL AT ION

S OCI A L S CIENCE

The figure shows the links to various SDGs for the STI areas that are positively linked to three or more SDGs. Line colours reflect a specific STI area.  
Line thickness is proportional to the number of survey responses that identified a specific STI-SDG link.

g SDG 1 
No poverty

g SDG 2  
Zero hunger

g SDG 3  
Good health and well-being

g SDG 4  
Quality education

g SDG 5  
Gender equalityg SDG 6  

Clean water and sanitation
g SDG 7  
Affordable and  
clean energy

g SDG 8  
Decent work and  
economic growth

g SDG 9  
Industry, innovation 
and infrastructure

g SDG 10  
Reducing inequality

g SDG 11 
Sustainable cities  
and communities

g SDG 12 
Responsible consumption 
and production

g SDG 13  
Climate action

g SDG 14  
Life below water

g SDG 15  
Life on land

g SDG 16  
Peace, justice, and  
strong institutions

Figure 7.5  /  STI synergies across the SDGs
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Most responses identified a positive or neutral STI influ-
ence on target SDGs:

•  56% of the identified STI-SDG relationships were per-
ceived to have a positive and supportive influence on SDG 
attainment

• 25% were rated neither positive nor negative
• 19% were described as having a negative future influence

The higher proportion of positive results may be due to the 
‘goal framing’ effect, whereby an issue is framed positively 
within a question.17 The STRINGS survey asked respondents to 
identify STI influences in the context of the successful attain-
ment of 2030 SDGs, which could have led to more positive 
responses. This effect should be accounted for in future 
analyses exploring STI-SDG relationships.

In some cases, survey respondents had highly polarized 
perspectives about an STI-SDG relationship. For example, the 
use of blockchain technology was rated by some responses 
as a definite positive influence towards meeting Target 11.6: 
‘reduce adverse environmental impact of cities, by paying 
special attention to air quality and municipal and other waste 
management’. An equal number of responses rated its influ-
ence as definitively negative towards SDG achievement. This 
results in an average ‘neither’ rating along the centre line of 
Figure 7.6.

We found the greatest consensus about the positive 
scoring STIs. This phenomenon – known as the desirability 
effect (where there is greater consensus about the likelihood 
of good things in the future than about bad things) is often 
encountered in similar studies.19 

Rating (M) is a measure of likely STI influence on SDG attainment using a 
scale from definitely negative, to probably negative, to a neutral midpoint, 
to probably positive, to definitely positive. Consensus (%) is a measure of 
relative agreement across survey respondents.18

Every survey response is represented by a dot. Responses are distributed 
according to the degree of consensus on likely future direction. Most survey 
responses described STI areas with positive future influence on SDG 
achievement and are therefore on the right-hand side of the chart.

Figure 7.6  /  Survey perspectives on the future influence of STI on SDG attainment
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19% negative ratings 56% positive ratings25% neutral

NEGATIVE FUTURE INFLUENCE 
CONSENSUS

e.g. personal gadgets

NEGATIVE FUTURE INFLUENCE 
NO CONSENSUS

e.g. small modular reactors

POSITIVE FUTURE INFLUENCE 
CONSENSUS

e.g. ship tracking  
technologies

POSITIVE FUTURE INFLUENCE 
NO CONSENSUS

e.g. waterless toilets
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HIGHEST  
RATED

LOWEST  
RATED

SDG target STI Type Mean 
rating

Consensus 
%

Responses 
%

SDG 12.3 
Food waste

Education and  
marketing to change 
consumer behaviour

Social innovation 4.94 95 16

SDG 3.2  
Newborn and  
child death

Public health Policy innovation 4.88 90 196

SDG 7.1  
Energy access

Renewable energy Market-oriented 
innovation

4.85 91 227

SDG 10.2 and 10.3  
Inclusivity

Social justice Values and 
direction-setting

4.85 91 33

SDG 15.8  
Invasive species

Regulations and controls 
on invasive species 

Policy innovation 4.81 91 42

SDG 7.2 
Renewable energy

Solar energy Market-oriented 
innovation

4.78 87 32

SDG 16.7 
Decision-making

Protection of voter rights Values and 
direction-setting

4.76 88 17

SDG 11.3 
Urbanization

Affordable housing Policy innovation 4.76 91 21

SDG 8.7 and 8.8 
Labour

Education Social innovation 4.75 89 92

SDG 7.3  
Energy efficiency

Building energy  
efficiency

Market-oriented 
innovation

4.75 90 40

SDG target STI Type Mean 
rating

Consensus 
%

Responses 
%

SDG 15.5 
Biodiversity

Conversion of natural 
areas for agriculture  
and livestock

Values and 
direction-setting

1.25 60 69

SDG 2.1  
Food access

Genetically modified 
crops

Existing 
technology

1.50 65 12

SDG 15.3 
Desertification

Heavy agricultural 
mechanization

Existing 
technology

1.65 54 65

SDG 7.1  
Energy access

Natural gas exploitation Market-oriented 
innovation

1.68 55 31

SDG 3.2  
Newborn and  
child death

Population control Values and 
direction-setting

1.79 61 14

SDG 11.1  
Housing

Abolish private property 
rights

Values and 
direction-setting

1.83 61 12

SDG 7.1  
Energy access

Small modular reactors Market-oriented 
innovation

1.87 52 38

SDG 7.3  
Energy efficiency

Next-generation nuclear Market-oriented 
innovation

1.95 53 63

SDG 3.4: 
Non-communicable 
diseases

Augmented reality Market-oriented 
innovation

2.00 59 13

SDG 2.1: Food 
access

Organic agriculture Market-oriented 
innovation

2.09 66 11

STI influences rated by 
at least 10 respondents 
were ranked by highest 
mean rating and highest 
consensus to identify 
the ten highest rated 
STI areas

STI influences rated by 
at least 10 respondents 
were ranked by the 
lowest mean rating and 
a consensus of more 
than 50% to identify 
the lowest 10 rated STI 
areas

Table 7.1  /  Highest- and lowest-rated STI types across all SDG targets
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Rating of future STI-SDG influences

The STI areas with a high consensus about their positive future 
influence towards SDG achievement (see upper-right-quad-
rant in Figure 7.7) include a diversity of STI types. On average, 
social innovations were the highest-scoring influences, and 
market-oriented innovations were the lowest.

The ten highest-scoring STI influences identified in the 
survey (see Table 7.1) include only one market-oriented inno-
vation: solar energy for renewable energy. This identification 
of an energy technology aligns with the data on patent activ-
ities: SDG7 (Affordable and clean energy) is the second most 
common area for SDG-related patent activity, following SDG3 
(Good health and well-being).

However, the ratings of future influence provided by our 
survey participants contrast with the direction of current 
research and innovation, as mapped in earlier chapters of 
this report. For example, while the survey responses tend to 
focus on issues such as social justice, voter rights and afforda-
ble housing, we found that research publications relating to 
societal issues of inequality, education and conflict attract less 
funding and are more disconnected from research on other 
SDGs (see Chapter 4).

Several of the STI areas with the lowest mean ratings 
(see Table 7.1) are existing technology and market-oriented 
innovations: genetically modified crops, heavy agricultural 
mechanization, small modules, next-generation nuclear, and 
augmented reality. However, Chapter 5 shows that there has 
been recent innovative activity in these areas.

Section 3 (Conclusions and recommendations) of this 
report addresses ways in which these clear misalignments 
between current STI activity and the perspectives of expert 
participants in the STRINGS survey can be addressed.    

Rating (M) is a measure of likely STI 
influence on SDG attainment using a scale 
from definitely negative, to probably 
negative, to a neutral midpoint, to probably 
positive, to definitely positive. Consensus 
(%) is a measure of relative agreement 
across survey respondents.

Each dot denotes a specific STI type-SDG 
relationship proposed by STRINGS survey 
respondents for SDGs 1-16. Each colour 
represents the type of STI, as elaborated in  
‘Diversity of proposed STI influences’ on 
page 80. The size of the circle indicates the 
relative number of responses that rated 
that STI-SDG relationship.

Neither Prob + Def +Prob –
Rating (M)

C
on

se
ns

us
 (

%
)

80

70

60

50

40
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5. Chavarro, D. et al., 2014.
6. Gewin, V., 2012.
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9. Section 5.3 in Appendix 5 summarizes the  

identified synergies for STI areas with 
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of three or more SDGs.
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Notes

Figure 7.7  /  Consensus-rating plots for STI types across SDGs 1-16

Existing technology  

Grassroots innovation  

Market-oriented innovation

Policy innovation

Scientific research area

Social innovation
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•  Tackling Chagas disease in 
Argentina (SDGs 1, 3, 4, 5, 9, 11, 
15 and 16)

•  Addressing conflicts around 
overfishing in the Lake Victoria 
region of Kenya (SDGs 1, 2, 3, 5, 
14 and 16)

Each case study was selected for 
its relevance to multiple SDGs.

Saurabh Arora 
Valeria Arza 
Agustina Colonna 
Paul N Kombo 
Nimisha Mittal 
John Ouma-Mugabe 
Rasheed Sulaiman V

This chapter introduces our 
three case studies, which map 
alternative STI pathways in three 
different locations. 

The case studies focus on the 
following challenges, which 
relate to a range of Sustainable 
Development Goals (SDGs)  
as follows:

•  Seed development in Odisha, 
India, to address climate 
stresses and other problems 
facing rice cultivation (relevant 
SDGs 1, 2, 3, 8, 10, 13 and 15)

T HE RE SE A RCH

Alternative STI pathways
Three case studies of local STI pathways 
in Argentina, India and Kenya

> CH AP TER 8 

Footnotes for this chapter are on 
page 96. A full list of references 
can be found on page 140.
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CA SE S TUDIE S

Diverse pathways for rice seeds in India

Farmers have been cultivating rice in India for at least 7,000 
years, growing a vast range of varieties to suit the country’s 
diverse climates and ecosystems.  However, this biodiversity 
has declined rapidly in the last six decades since the country’s 
Green Revolution (GR). The GR saw philanthropists, interna-
tional agricultural research organizations, development aid 
agencies, Indian state bodies and private corporations start to 
promote agricultural modernization based on toxic pesticides, 
synthetic fertilizers, and ‘high-yielding’ and hybrid varieties of 
seeds.10 In the 1950s, before the GR, more than 100,000 varie-
ties of rice were grown in India. This figure is now estimated to 
be just 7,000. By the 1990s, the bulk of India’s rice production 
was focused on less than 50 modern varieties. 

Below, we describe one STI pathway based on breeding 
hybrid seeds associated with agricultural modernization, and 
another pathway that focuses on conserving heirloom varie-
ties of seeds.

What are STI pathways?
Science, technology and innovation (STI) activities can develop 
in multiple directions. To address this multiplicity, we use the 
concept of STI pathways.1 In each area of activity, a diverse 
range of STI pathways is possible.2 For example, in transport, 
one STI pathway focuses on developing vehicles, road infra-
structure and regulations for speed and pollution control. An 
alternative pathway might be structured around infrastructure 
for cycling and walking, planning cities and towns to minimize 
commuting distances, and policies that prioritize health and 
ecology over economic growth.

The pathways concept highlights how individual STIs are 
always developed within wider social, environmental, institu-
tional and political contexts. Each pathway comprises specific 
STIs, the actors who develop them, and the institutions that 
promote and regulate this development. Rather than being 
simply an output, a pathway is a process that can evolve in 
nonlinear directions and is simultaneously social, political, 
ecological and techno-scientific.

Generally, just one or two STI pathways dominate in any 
area of activity.4 For example, in agriculture, the interna-
tionally dominant pathway focuses on modern STIs such as 
hybrid and genetically modified seeds, precision agriculture 
based on artificial intelligence and data analytics, and modern 
pesticides and synthetic fertilizers.5 More marginalized are 
the pathways based on diverse agroecological techniques, 
non-pesticidal management, rainwater harvesting, and 
farm-saving of seed varieties that are adapted to local condi-
tions.6 By directing attention to pathways that are marginal-
ized yet equally effective in addressing sustainability goals (see 
Chapter 9), the pathways approach can open up new directions 
of sustainable development,7 thus reducing the dominance of 
incumbent pathways.8

For each case study (India, Argentina, Kenya), we consider 
how diverse pathways have evolved to tackle sustainability 
challenges. Any pathway can be understood in plural ways, 
and it is impossible to produce a singular self-evident mapping 
of any pathway.9 We highlight this plurality of perspectives in 
Chapter 9. Space limitations mean that our descriptions of the 
pathways below are necessarily incomplete.

How we identified the pathways
We used a variety of methods to map the diverse STI 
pathways in our three cases.

In India 
We started with a detailed review of journal papers and 
grey literature, including annual reports of relevant 
organizations and project completion reports. We 
then conducted semi-structured interviews with key 
stakeholders.

In Argentina 
We reviewed secondary sources on Chagas and conducted 
interviews with 13 representatives of five research projects 
and with seven key informants from policy and non-
governmental organizations.

In Kenya
Building on an extensive literature review and a scoping 
workshop to map the issues and actors, we conducted 
semi-structured telephone interviews, administered an 
email questionnaire among key stakeholders, and held 
focus group discussions.
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are primarily buyers of the seeds, although many cultivate 
their own farm-saved seeds and exchange seeds with other 
farmers.

The seed conservation pathway
We identified a second pathway, which promotes seeds grown 
and saved primarily by Odisha’s Adivasi communities, largely 
through in-situ conservation of ‘heritage’ or ‘heirloom’ varie-
ties on farms. These seeds are freely shared, often facilitated 
by individual seed champions, seed conservationist groups, 
local civil society organizations and community seed banks 
(see Table 8.2).

Adivasi people often prefer heirloom seeds for their taste 
and aroma. These varieties are also used in religious rituals 
and festivals, and the straw from the rice crops may be used 
as fodder and to thatch roofs. Heirloom varieties are often 

The seed breeding pathway
In an attempt to tackle the stresses of droughts, floods and 
cyclones, agricultural scientists are breeding ‘improved’ rice 
seeds that are designed to be high-yielding and stress tolerant. 
In the state of Odisha, the breeders are based largely at the 
Government’s Indian Council of Agricultural Research (ICAR), 
the National Rice Research Institute (NRRI) and at Odisha 
University of Agriculture and Technology (OUAT). Together, 
the NRRI and OUAT have released about 200 varieties of seeds 
for Odisha’s four main rice ecosystems – irrigated, rainfed-
low-land, rainfed-upland and flood-prone – which each face 
several unique stresses. The actors involved in the breeding 
pathway and their different roles are listed in Table 8.1.

The seed breeding pathway is dominated by government 
institutions, with private firms playing a crucial role in the sale 
of seeds. The role of farmers in this pathway is limited. They 

Table 8.1  /  Main actors and their roles in Odisha’s seed breeding pathway

Actors  Roles

Indian Council of Agricultural Research (ICAR) •  Administrative and financial support
•  Supports the All India Coordinated Rice Improvement Programme (AICRIP) to lead trials

ICAR National Rice Research Institute (NRRI),  
Odisha 

•  Researches, develops and releases high-yielding varieties (HYVs)
•  Collaborates with local Krishi Vigyan Kendras (see below), NGOs and farmer-producer 

companies to demonstrate the potential of new varieties
•  Collects rice germplasm

Odisha University of Agriculture and Technology 
(OUAT) 

•  Researches, develops and releases HYVs
•  Coordinates a local AICRIP centre to evaluate new varieties and maintain germplasm
•  Manages a regional research and technology transfer station

Krishi Vigyan Kendras (district centres set up by  
ICAR to provide farm support)

•  Organizes on-farm testing of new varieties plus demonstrations and training to promote 
new HYVs

Odisha Department of Agriculture & Farmers’ 
Empowerment  

•  Promotes HYVs and hybrid varieties recommended by OUAT
•  Implements government programmes to promote new varieties, such as providing 

subsidies and organizing demonstrations 

Odisha state seed Corporation (OSSC) •  Produces certified seeds through programmes involving growers
•  Sells certified seeds through government shops and private seed sellers

Odisha State Agro-Industries Corporation  •  Public sector marketing channel for seeds

National Seeds Corporation •  Supply of rice seeds beyond Odisha, particularly for programmes such as the National 
Food Security Mission (NFSM) and Bringing Green Revolution to Eastern India

International Rice Research Institute (IRRI), the 
Philippines 

•  Provides access to global elite rice germplasm
•  Trains scientists in modern rice breeding methods

IRRI Odisha State Office •  Promotes ‘climate-resilient’ varieties of rice in collaboration with OSSC, Department of 
Agriculture and NGOs, using field-level evaluation, cluster demonstrations, training and 
other capacity development

State Seed Testing Laboratory (SSTL),
Government of Odisha 

•  Tests seed samples for quality
•  Facilitates validation and certification of local rice varieties collected from different 

parts of Odisha
•  Trains seed growers and traders in seed testing technology

Seed growers (about 5,000 registered with OSSC) 
and seed producer groups 

•  Grow seeds that can be submitted for validation, certification and labelling (facilitated 
by SSTL)

Private sector seed companies  •  Supply roughly 5,000 metric tonnes of rice seeds every year
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All photography courtesy of CRISP.

We studied two contrasting STI pathways 
relating to the breeding of rice seeds in 
India. The first involves hybrid seeds, 
which have been designed by agricultural 
scientists to be high-yielding and to 
withstand the stresses of  droughts, floods 
and cyclones. The second pathway focuses 
on conserving heirloom varieties of seeds. 
These seeds are freely shared, often 
facilitated by community groups. 

SDGs related to this study:

C A SE S T UDY
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than projects as a whole. Social, environmental, institutional 
and political contexts are often crucial in determining whether 
a particular research project follows the OS or CS pathway.

Conventional science pathway
CS is driven by competition, not just in corporate science but 
also across universities and public research institutions.14 
Science and technology ministries and organizations compete 
for resources with other sectors, and scientists themselves 
compete in many ways: for example, to attract research 
funding and advance their careers through patents, publica-
tions, consultancies and membership of panels.

In CS, most output is published in academic journals 
behind paywalls or locked behind intellectual property rights. 
It promotes a particular model of science’s relationship with 
wider society, in which impact is sought through the ‘transfer’ 
of techno-scientific outputs. The outputs are designed to be 
further developed and used by stakeholders in markets and 
civil society. This linear approach has been critiqued since 
the 1980s,15 and several alternative models of knowledge pro-
duction have been promoted. Arguably the most prominent 
non-linear model is ‘Mode 2’,16 in which scientific research is 
observed to be produced ‘in the context of application’.17

The studied projects include an Argentinian public-private 
partnership to develop a Chagas diagnostic kit. This project 
uses CS practices. Access to data about the analytical and 
clinical evaluations is restricted, and the kit will eventually be 
sold for profit by the private firm.

In another project that uses CS, Chagas advocacy NGOs 
worked in collaboration with a data science firm to develop a 
risk map using mobile phone data to identify the Argentinian 
regions that are likely to have the highest incidences of Chagas 
and sanitary vulnerability. In line with CS practices, research-
ers alone made the methodological decisions about what con-
stitutes ‘risk’ and ‘vulnerability’ and how to measure them.

claimed to be less vulnerable to pests and diseases. They can 
withstand drought and water logging, and the Adivasi farmers 
who grow them generally use very few, if any, synthetic ferti-
lizers and pesticides.

Unlike the breeding pathway, the conservation pathway 
has received very little support or investment from public 
institutions or private businesses, although some civil society 
organizations have carried out seed conservation work as 
part of larger government programmes such as the Women 
Farmers Development Programme.

Due to the public support and investment it receives, the 
breeding pathway dominates rice seed production in Odisha. 
Seeds developed in this way are often sold by private firms and 
are widely adopted by large, medium and small farmers. In 
contrast, as noted above, heritage and heirloom varieties saved 
on-farm are used largely by smaller Adivasi farmers.

Pathways of research into Chagas in Argentina
Argentina has one of the world’s highest rates of Chagas or 
American trypanosomiasis – a disease associated with a 
parasite hosted by the triatomine insect, also known as the 
kissing bug. The spread of Chagas is a complex socio-ecolog-
ical issue,13 a function of ecological as well as socioeconomic 
conditions, including industrial and agricultural produc-
tion, housing, and unequal access to quality health care and 
education.

We studied five research projects, spanning the social and 
natural sciences, that are aiming to tackle Chagas in Argen-
tina. Among these projects, we identified two main pathways: 
conventional science (CS) and open science (OS). These 
descriptions are based on the practices within projects, rather 

Table 8.2  /  Main actors and their roles in Odisha’s seed conservation pathway

Actors  Roles

Civil society organizations including Pragati,  
MS Swaminathan Research Foundation, and  
Living Farms 

•  Document hundreds of farmer-led (heritage or heirloom) rice varieties and promote 
their cultivation as well as the selection of seeds for saving

•  Organize seed exchanges and community-based seed banks
•  Provide training to farmers on seed quality and storage

Individual seed champions •  Revive critically endangered varieties, often through organic cultivation on own land
•  Collect, cultivate, conserve and share hundreds of heirloom varieties, sometimes in 

collaboration with CSOs

Seed growing farmers (mainly Adivasi) and their 
groups

•  Conserve and grow heritage or heirloom varieties of rice
•  Share them freely with other farmers

State Seed Testing Laboratory (SSTL),
Government of Odisha

•  Collects heirloom varieties from farmers and prepares them for validation
•  Evaluates the quality characteristics of heirloom varieties collected from farmers
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Images taken from a video on Chagas Research, produced by CONICET Nordeste, Argentina. 
https://www.conicet.gov.ar/con-micro-y-nanotecnologia-desarrollan-nuevas-alternativas-para-tratar-el-chagas/

Argentina has one of the world’s highest 
rates of the disease Chagas. We identified 
two main pathways for tackling the disease. 
The first, conventional science, includes 
studies that are published in academic 
journals or locked behind intellectual 
property rights. The second pathway 
involves open science projects – such as 
open research databases and citizen science 
– which provide open access to research 
outputs and involve collaboration beyond 
academia. 

C A SE S T UDY

SDGs related to this study:
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All five of the projects we studied involved some collaboration, 
often going beyond universities to involve transdisciplinary 
knowledge production with a business or policymaking organ-
ization. However, transdisciplinary research that involved 
patients with Chagas disease was rare.

In just one of the projects that addressed Chagas disease 
as a multidimensional socioeconomic and ecological issue, 
researchers worked closely with affected communities and col-
laborated with schools and universities to develop educational 

Open science pathway
We characterize OS as using two sets of practices,18  as follows:

a)  opening up access to intermediate and final outputs of 
research, including data, software codes and research 
papers

b)  collaboration with others in intradisciplinary,  
interdisciplinary or transdisciplinary ways, including 
citizen science and open-source drug development.

PRO JEC T S

Table 8.3  /  Open science practices across five projects in Argentina

ONL INE 
D ATA B A S E
for tropical disease 
pathogens

COMMUNI T Y-
B A S ED 
EDUC AT ION
about Chagas

A P P 
to show the 
geographical 
distribution of the 
kissing bug

RI S K M A P 
of the Chagas 
epidemic

DI A GNO S T IC  
K I T

COL L A BOR AT ION

ACCE S S

What aspects involved 
collaboration?

What aspects were 
made accessible?

How was this 
achieved?

How was this 
achieved?

Who were the 
collaborators?

Who were the 
collaborators?

Much of the research 
process

None

Team formed 
through a funding 
scheme to promote 
public-private 
initiatives

n/a

Research centres 
and a private firm

n/a

Defining the 
research agenda and 
initial phase of the 
project

Open-access 
database

Collaboration 
promoted by funding 
bodies

Online platform

Academic 
community and the 
private sector

Researchers in 
public and private 
sector

Entire research 
process, including 
project development 
and engagement 

Reports, books and 
leaflets; community 
workshops; public 
engagement 
activities

Through the 
multidisciplinary 
team’s commitment 
to openly welcoming 
new members

Website;
activities in 
hospitals, libraries, 
museums and 
schools

Academic and 
civil society 
organizations, 
artists, teachers, 
students, community 
members

Academic and 
civil society 
organizations, 
artists, teachers, 
students and 
community members

Geotagged data on 
the distribution of 
the kissing bug

Access to databases 
on the geographical 
distribution of 
kissing bugs across 
Argentina

Mobile phone app

Open-source app 
and website

Research centres, 
county governments 
and wider 
community

General community, 
academia and policy

Data analysis: 
combining mobile 
phone data with 
socioeconomic 
information

Final outputs;
municipal level 
data on Chagas 
prevalence and 
quality of sanitary 
services 

Philanthropic 
funding initiative and 
networking 

Intermediate data 
accessible online

Academia, NGOs and 
the private sector

Policymakers 
and academic 
researchers

93 S T RING S   /  CH A NGING DIREC T ION S

T HE RE SE A RCH
Chapter 8    /     Alternative STI pathways



Monitoring, control and surveillance pathway
The Kenyan Government has worked with the Kenya Coast 
Guard Service, Kenya Fisheries Service, the Kenya Police 
Service, and beach management units (BMUs) to intensify 
monitoring, control and surveillance (MCS) systems.25 

BMUs in each area include representatives of fishers, the 
Coast Guard and Fisheries Service. They use a voluntary, com-
munity-based, consultative approach to monitor and control 
IUUF and overfishing. The BMUs share information about 
changes in fish stocks and help set voluntary fishing restric-
tions during particular seasons in certain zones of the lake. 
They use social media to promote awareness among fishers 
and the local community about the impact of IUUF and over-
fishing on food security and local economies.

In addition, there is state-led policing of IUUF and over-
fishing, with judicial institutions settling disputes and issuing 
penalties. Policed MCS relies heavily on smartphone technol-
ogies but, according to our interviewees, this is hampered by a 
lack of access to smartphones and poor internet connectivity. 
The use of geographical positioning systems and satellite tech-
nologies is similarly limited.

Interviewees told us that MCS tends to be hampered by 
state agencies’ lack of enforcement, particularly among the 
powerful industrial fishing sector (see Chapter 9).

Cage aquaculture pathway
Local and national governments are also promoting alter-
native sources of fishery incomes. Cage fishing has become 
increasingly popular on the Kenyan side of the LV basin since 
the mid-2000s, and was supported by an economic stimulus 
programme in 2009. By 2019, there were 3,696 cages across the 
Kenyan LV region.26

In our mapping, we focused on the sub-county of Bunyala, 
home to around 160 active cage fishers. We conducted site 
visits and interviews between August 2020 and February 2021 
and identified four different groups of cage fishers:

(a)  registered private companies, often also involved in 
constructing cages, culturing young fish and producing 
fish feed

(b)  a few powerful individuals politically connected to the 
Busia County government

(c)  three women’s cooperative associations linked to the 
Catholic church

(d)  small-scale farmers, transitioning from artisanal fishing 
in the lake

As in the wider LV region, a majority of the cages in Bunyala 
were owned by groups (a) and (b). The small-scale cage fishers 
were financially supported by at least three Savings and Credit 
Cooperative Organizations, and a micro-finance institution 
– the Kenya Women Finance Trust – supported the women’s 
groups’ investments in cage fishing.

programmes. The project also involved exchanges with a social 
movement, a museum and groups of artists. Outputs included 
audio-visual materials, books and information brochures – 
all openly accessible and written in non-specialist language. 
This project included researchers from diverse backgrounds 
(including molecular biology, entomology and social science).

Open-access practices differed across the projects (see 
Table 8.3). One project involved an open-access database of 
genome sequences and protein structures of tropical disease 
pathogens, along with information on targets for drugs. The 
intended users are researchers in drug discovery. While the 
platform is available to all, the technical nature of the infor-
mation means that only a small group of researchers are able 
to access it.

In the risk map project discussed above, the two final 
papers were made openly available, along with indicators 
developed in the project. However, access to the mobile phone 
data used to develop the indicators was restricted due to a con-
tractual embargo involving a firm. This is an example of how 
the wider context can constrain OS and promote conventional 
(closed) research practices.

STI pathways to address fishing conflicts in Kenya
Lake Victoria (LV) connects Kenya, Uganda and Tanzania, 
covering an area of 69,000 km2. It has historically been home 
to more than 500 endemic fish species,19 many of which, 
including the Victoria tilapia, are now considered endangered.

The LV region accounts for about 75% of Kenya’s fish pro-
duction.20 Between 1954 and 1963, the British colonial Govern-
ment introduced the Nile perch to LV, claiming it would reduce 
fishing pressure on endemic species, including the Victoria 
tilapia.21 However, the Nile perch turned out to be a damaging 
predator. By 1998, about 100 species of fish endemic to LV 
entered the International Union for Conservation of Nature’s 
Red Book of endangered species.22 Alongside the introduction 
of the Nile perch, causes of declining fish populations include 
changes in catchment processes, and increased fishing inten-
sity, largely due to industrial fishing.23 The combined effect is 
conflict around fishing in the LV region.

Conflicts exist between fishing communities in Kenya, 
between Kenyan counties, and between Kenya and other 
countries in the LV Basin. They involve disputes over fishing 
zones and quotas, often leading to violence, theft and loss of 
human life.24 The Government of Kenya believes that illegal, 
unregulated, and unreported fishing (IUUF) and overfishing 
are among the main causes of conflicts in Kenya’s LV Basin, 
and is attempting to address these issues through three main 
STI pathways, outlined below.
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Photography: Fred Juma and Paul N Kombo

Conflicts over fishing zones and quotas 
in the Lake Victoria Basin often lead to 
violence, theft and loss of human life. The 
Government of Kenya believes that illegal, 
unregulated, and unreported fishing and 
overfishing are among the main causes of 
conflicts and is attempting to address the 
problems through three main STI pathways: 
monitoring, control and surveillance; cage 
fishing; and pond fish farms. 

SDGs related to this study:
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The NGOs Farm Africa, World Neighbours, Smart Fish, 
ASRECA, IUCN and ActionAid all work with farmers, gov-
ernment authorities, communities and local researchers to 
promote sustainable pond fishing. They provide training, 
share knowledge, offer technical advice and provide access to 
equipment. Some NGOs also lobby for public policies to ensure 
that small-scale fishers are not excluded or marginalized.

Many farmers use their own homesteads for pond fishing 
while some make use of idle land around the lake shores. 
Ponds constructed on homesteads by small-scale farmers 
can be as small as 500-600 m2, while those used by large-scale 
farmers can be as large as 80,000 m2.

Our respondents reported a lack of policy and legal frame-
works to regulate pond fish farming. Another issue relates to 
land tenure, which one respondent from an international 
NGO described as “a main policy impediment to advancing 
sustainable on-land fish farming”. Many households of fishers, 
especially women, do not have the title deeds of the land they 
are settling on, so cannot invest in improvements. In general, 
respondents observed a lack of government commitment to 
supporting fishers (see Chapter 9).    

National government agencies and local government 
departments also play a part in this pathway – designing regu-
lations, issuing licences and conducting environmental impact 
assessments (EIAs) for cage fishing. Meanwhile, public univer-
sities provide technical support for managing fish diseases, 
genetics and breeding, and addressing the environmental 
consequences of cage farming.

Some local and international NGOs also support cage fish 
production in the area, training fish farmers in sustainable 
practices and working with policymakers to strengthen EIAs 
and regulatory governance. 

Pond fish farming pathway
Pond fish farms are increasingly being developed and 
managed by private companies, small-scale farmers, and 
women’s groups. Women are supported by national and local 
governments through credit and training in pond fishing, and 
are estimated to own about half the fish ponds in Bunyala. 
Other actors in this pathway include international donors, 
funders, university researchers and NGOs.
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OVERVIEWAUTHORS

•  In Kenya, we considered three 
STI pathways to address illegal 
fishing and overfishing in the 
Lake Victoria region

In each case, our research directs 
attention to plural perspectives 
on diverse pathways. These 
plural perspectives enabled us to 
highlight areas of disagreement 
and agreement – with key 
implications for policy.
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We gathered and analysed 
different stakeholders’ views 
about how well the STI pathways 
in our three case studies (see 
Chapter 8) can address SDG 
challenges.

•  For our India case, we 
concentrated on two pathways 
to develop rice seeds for climate 
resilience and wider agricultural 
sustainability

•  In Argentina, we focused on 
two pathways for producing 
scientific knowledge to address 
the Chagas disease

T HE RE SE A RCH

Misalignments between 
pathways and SDGs
Exploring plural views on how different 
STI pathways can address SDG 
challenges 

> CH AP TER 9

Footnotes for this chapter are on 
page 112. A full list of references 
can be found on page 140.
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used the method at a workshop attended by 22 participants, 
including aquaculturists, small-scale fishers, academics 
and representatives from local government and civil society 
groups. Our participants appraised the STI pathways in the 
first half of 2021, but it is worth noting that the pathways them-
selves are by no means static. They involve co-evolving tech-
no-scientific, socioeconomic, political and ecological changes 
(as described in Chapter 8).

Articulating the issues
In all three cases, we described the STI pathways for the partic-
ipants (see Boxes 9.1, 9.2 and 9.3). Based on these descriptions, 
participants appraised the pathways according to the sus-
tainability criteria that they themselves defined and deemed 
important. For each case, we grouped the criteria defined by 
the participants into three to seven issues related to the SDGs.

Mapping uncertainty
Participants provided both an optimistic score and a pessimis-
tic score for each pathway’s performance in relation to each 
issue. An optimistic score reflects how well they expected a 
pathway to perform under favourable conditions. In contrast, 
a pessimistic score is an appraisal of a pathway’s expected per-
formance for an issue under scenarios that are unfavourable. 
We also asked participants to describe the conditions under 
which they expected their optimistic and pessimistic scores 
to be realistic estimates. We define as uncertainty the interval 
between participants’ pessimistic and optimistic scores.

Differences between perspectives
Rather than analysing each participant’s perspective indi-
vidually, we grouped the appraisals in each case study based 
on participants’ professional backgrounds. We interviewed 
only a small number of participants for each perspective, so 
no perspective can be considered representative of a whole 
group. Our main aim here was to highlight differences among 
perspectives as well as points of agreement.

This chapter explores the alignment between the science, tech-
nology and innovation (STI) pathways described in the case 
studies in chapter 8 and the priorities and issues embedded 
in the Sustainable Development Goals (SDGs). Rather than 
aiming at a definitive view about the contribution of an STI 
pathway, we analyse the plural perspectives of different stake-
holders, and the various uncertainties and ambiguities that 
arise. To uncover these divergent perspectives, we used a 
method known as multi-criteria mapping (MCM).1

Our approach
MCM employs a software tool developed to understand a 
complex issue from different points of view. For the STRINGS 
research, MCM allowed participants to appraise specific STI 
pathways as options for addressing SDG challenges.

MCM helps collect both quantitative and qualitative infor-
mation, linking less tangible qualitative data with quantitative 
assessments. The aim is to broaden the scope of appraisals by 
building on the plural values, priorities, experiences, interests, 
skills and knowledge of research participants.

The advantages of plural perspectives
Plural perspectives mean that MCM avoids engineering a 
singular consensus. As a result, greater confidence is justified 
around those aspects where different participants’ perspec-
tives are actually found to be in agreement. Such outcomes are 
more robust than those based on fixed survey questionnaires 
that are designed to produce singular conclusive answers.

Our results can also help illuminate wider political debates 
about the reasons for contrasting views on the alignment of 
STI pathways with the SDGs. In this way, we take seriously 
key differences of opinion between participants. Such disa-
greements can then serve as motivations to open up a wider 
diversity of STI pathways.2

MCM in action
In India and Argentina, we used MCM in individual interviews 
with farmers, extension workers, scientists, policymakers and 
representatives of civil society organizations. In Kenya, we 

OUR CA SE S TUDIE S

Two STI pathways that develop 
and promote rice seeds that are 
climate resilient

INDI A

Two STI pathways focused on 
producing relevant knowledge to 
help tackle Chagas disease

A RGENTIN A

Three STI pathways to address 
illegal fishing and overfishing in 
the Lake Victoria region

K EN YA
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See Box 9.1 for the definitions of the pathways as provided to 
the participants.

Participants collectively defined 68 criteria that we grouped 
into seven issues. These issues are:

•  agrobiodiversity (relevant to SDGs 15, 13, 3 and 2) relating 
to the diversity of rice cultivars and conservation of gene 
pools

•  plant stress (SDGs 2, 13) relating to the tolerance of rice 
varieties to biotic and abiotic stresses

•  accessibility (SDGs 1, 2, 3, 5, 10, and 12) relating particu-
larly to equal access to farming inputs and services by 
marginalized farmers

•  economy (SDGs 1, 2, 8 and 12) related to farmers’ net 
income, crop yields, quality and market value as well as 
national production and income

INDI A

Appraising rice seed pathways in India
We interviewed 20 participants involved in the two STI 
pathways for rice seeds in Odisha, and divided their appraisals 
into four different perspectives:

•  farmers (two women and four men involved in rice 
production)

•  extension workers (one woman and three men involved in 
promoting technology among farmers)

•  researchers (five men and one woman involved in develop-
ing technology for rice)

•  policymakers (one woman and three men involved in 
agricultural policymaking)

PAT HWAY 1 PAT HWAY 2 

Box 9.1  /  Description of seed pathways in Odisha

Breeding new rice varieties

Key features: 

Breeding new rice seeds through formal research and development 
in Odisha; distribution of newly developed seeds through public 
and private sectors.

Description: 

Promotes high input-intensive model of agricultural development, 
involving formal scientific breeding techniques to develop new 
varieties with unique traits like increased productivity and/or stress 
tolerance. 

Promotes seed breeding with minimal participation by farmers in 
the process (farmers are pictured as buyers of seeds rather than 
producers). 

Tests the performance of newly bred varieties on yield and other 
parameters, often through multi-location trials in research stations. 

Promotes large-scale production and distribution of seeds through 
(subsidized) public and private sector outlets. 

Develops a seed industry comprising public sector, private domestic 
and multinational firms. 

With its focus on yield and similar traits, this pathway can 
marginalize environmental consequences such as groundwater 
depletion and biodiversity losses.

Conserving traditional rice varieties

Key features: 

Promoting traditional rice seeds for sustainable development 
through in situ conservation in Odisha; sharing of seeds in farming 
communities, facilitated by local NGOs.

Description: 

Promotes farmers’ efforts not only to cultivate ’landraces’ 
(traditional varieties) with limited or no external inputs, but also 
to help them select and nurture rice varieties with desirable 
characteristics. 

Promotes in-situ conservation of traditional rice seeds on farmers’ 
fields and in community seed banks. 

Supports innovative seed conservationists. 

Facilitates seed exchange among farmers through informal channels 
or through events like seed fairs.

Supports women’s leadership in managing and sustaining 
community seed banks. 

Supports the formation of decentralized and participatory 
institutions by farmers at village level, to help nurture traditional 
seeds, potentially addressing climate change while conserving 
cultural heritage, nutritional importance and agro-biodiversity at 
local levels.

Contributes to sustaining ecological integrity by striving for synergy 
between farmers and nature through agricultural production.

Central roles in this pathway are played by farmers, their 
organizations and some NGOs.
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•  nutrition (SDGs 2, 5) relating to the rice varieties’ nutri-
tional value and their contribution to the nutritional 
security of consuming households

•  usability (SDGs 3 and 12) relating to taste, fragrance, 
consistency and other values attached to rice varieties by 
user-consumers

•  others, including criteria such as high research accuracy, 
plant height, prestige and trait-specific preference

Not all issues were considered relevant by all actors. For 
example, the issue of agrobiodiversity was not raised by 
farmers (see Figure 9.1).

Farmers’ perspective
The farmers we interviewed considered three issues as salient: 
usability, economy and accessibility. Farmers’ appraisals are 
depicted in Figure 9.1.

Usability
For the usability issue, farmers ranked the conserving pathway 
as clearly outperforming the breeding pathway. Qualities such 
as taste, fragrance and use in cultural rituals of the seed vari-
eties in the conserving pathway were deemed particularly 
important by farmers. The uncertainty measures for both 
pathways for this issue were nearly equal, and were lower than 
the uncertainties around the other two issues.

Economy
For the economy issue, the mean pessimistic score of the con-
serving pathway is higher than the corresponding score of the 
breeding pathway. Farmers explained that costs of external 
inputs are almost zero for the traditional varieties of the con-
serving pathway. This makes losses due to a poor harvest (pes-
simistic scenario) more tolerable. In the breeding pathway, 
farmers must pay for seeds, fertilizers, pesticides and other 
external inputs. However, if an assured market is accessible, 
the high yielding varieties (HYVs) of the breeding pathway can 
lead to a higher net income. For this reason, farmers attached 
a higher mean optimistic score to the breeding pathway.

The breeding pathway was also associated with higher 
uncertainty (see numbers inside bars in Figure 9.1). If rainfall 
patterns and market conditions are not favourable, farmers 
can struggle to recover their investments.

Accessibility
Some farmers consider the availability and high cost of HYV 
seeds as problematic. This explains why farmers appraised the 
breeding pathway as slightly worse for accessibility than the 
conserving pathway:

“I am not sure about the source of availability of HYV seeds. 
If the seeds are available at the block level, then we have to pay a 
lot of money to get them. Usually, they say that the HYVs can be 
stored for two to three years but often we cannot use our saved HYV 
seeds even in the next year. There is also no guarantee that we will 
be able to get the seeds of the same variety which was grown in the 
previous year.”

Figure 9.1  /   Appraisals of seed pathways in Odisha:  
farmers’ perspective
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the breeding pathway due to a lack of policy support. For the 
breeding pathway on the other hand, there is significant gov-
ernment support and private promotion of seeds.

Plant stress
Extension workers associated the breeding pathway with 
a high degree of uncertainty for the plant stress issue. They 
argued that, although both pathways include varieties that can 
tolerate stress, farmers were able to learn very little about the 
stress performance of HYVs from their own experience since 
new varieties are introduced every year or two. In contrast, 
the traditional varieties of the conserving pathway were con-
sidered highly tolerant to stress, which explains their higher 
optimistic score.

Under pessimistic scenarios, however, some extension 
workers argued that traditional varieties were not easily avail-
able because in situ conservation efforts were rare. Some also 
felt that the quality of traditional varieties was declining.

Farmers also raised the issue of access to seeds in relation to 
the conserving pathway.

“Farmers often do not have seeds of shorter duration tradi-
tional varieties for lowlands, which are resistant to lodging.”

“According to farmers, seeds of the short-duration traditional 
paddy varieties suitable for summer crop are extinct. They have no 
access or knowledge about them.”

For this issue, the uncertainties associated with the two 
pathways are nearly the same. Overall, the farmers’ per-
spective highlights the need for greater policy support for 
both pathways to improve accessibility of varieties. It is also 
noteworthy that farmers consider the conserving pathway to 
be less uncertain so far as their local economy is concerned. 
Finally, for the usability issue (related to SDGs 3 and 12), 
farmers clearly prefer the conserving pathway.

Extension workers’ perspective
Extension workers in non-governmental and governmental 
bodies engage with farmers at the grassroots on agricultural 
issues, often in relation to new STIs. Extension workers partic-
ipating in this study identified accessibility and plant stress as 
salient issues, as shown in Figure 9.2. 

Accessibility
For accessibility, they considered the conserving pathway as 
the better performing pathway under optimistic conditions, 
in which on-farm seed savers actively support each other by 
sharing seeds and knowledge. However, they also associate 
the conserving pathway with much higher uncertainty than 

Figure 9.2  /    Appraisals of seed pathways in Odisha:  
extension workers’ perspective
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Figure 9.3  /   Appraisals of seed pathways in Odisha:  
researchers’ perspective
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“There is no institutional mechanism to create awareness…
about ongoing in situ conservation efforts. The conservation 
pathway has little support from the research community and there 
is very limited funding for civil society organizations trying to 
strengthen conservation efforts.”

Policymakers’ perspective
Policymakers identified four issues as salient: economy, nutri-
tion, plant stress and agrobiodiversity, as shown in Figure 9.4.

Agrobiodiversity
Like the researchers, policymakers considered the conserving 
pathway to be far better for agrobiodiversity than the breeding 
pathway. In contrast with researchers, however, policymakers’ 
scores reflect lower uncertainties, particularly in relation to 
the breeding pathway. The latter is considered to be poor-per-
forming for this issue under all optimistic and pessimistic 
scenarios.

Researchers’ perspective

From the researchers’ perspective, four issues were salient: 
plant stress, agrobiodiversity, accessibility and economy, as 
shown in Figure 9.3.

Economy
It is only for the issue of the economy that researchers gave a 
higher mean optimistic score to the breeding pathway. This 
was due to the expectation of higher yields for seeds bred 
in laboratories and reflects scientists’ beliefs in their own 
research-based modifications.

“In case of the new breeding strategies, we have…ourselves 
improved the [high-yielding] quality. We can’t change the quality 
of conserved materials.”

Some scientists did nevertheless emphasize the economic 
benefits of traditional seeds (landraces) in terms of their crop 
yield and market potential.

“The yield will be almost the same as the landraces are very 
much adapted to the particular area. They are resistant to stress 
due to high-tolerance genes.”

“Some landraces have excellent grain quality due to which they 
are much in demand in the market.”

Agrobiodiversity
For the issue of agrobiodiversity, researchers’ ranked the con-
serving pathway as far better than the breeding pathway. Here, 
even the mean pessimistic score for the conserving pathway 
is higher than the mean optimistic score for the breeding 
pathway. The breeding pathway was also associated with a 
higher degree of uncertainty for this issue. Researchers argued 
that it had resulted in a narrower genetic base and was associ-
ated with excessive chemical inputs, which adversely affected 
soil health.

Plant stress
Researchers recognized the conserving pathway’s better tol-
erance towards many types of stress in micro-environments. 
However, for large areas, they considered scientists’ efforts 
in the breeding pathway as better at selecting specific genes 
and developing stress-resistant varieties. These assessments 
explain the overlap in the performance scores attached to the 
two pathways for this issue.

Accessibility
For accessibility, researchers’ rankings of the two pathways 
were similar, although the conserving pathway was associated 
with slightly higher uncertainty. Researchers highlighted avail-
ability problems with the HYVs of the breeding pathway, with 
one stating that “the reach is still very poor especially for the new 
stress-tolerant varieties”. They also stated that the landraces of 
the conserving pathway were locally available, but that knowl-
edge to develop them and institutional support were lacking.

Figure 9.4  /   Appraisals of seed pathways in Odisha:  
policymakers’ perspective
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Other issues
For the other three issues they considered salient (economy, 
nutrition and plant stress), policymakers rated the conserving 
pathway as marginally better performing than the breeding 
pathway under optimistic and pessimistic scenarios. It is also 
associated with lower uncertainty. Yet there are significant 
overlaps between the two pathways’ scores, and policymakers 
raised concerns about both pathways.

“Monocropping results in incidence of pests and diseases, 
which reduces the yield.”

“Farmers are cultivating landraces only in marginal lands and 
they use very little inputs and they are not getting good yields … 
Crop management practices and seed quality (in terms of purity) 
are poor.”

Perspectives combined: implications for policy
There is strong agreement among all MCM participants that 
the seed conserving pathway is better performing than the 
seed breeding pathway for the issues of agrobiodiversity 
(relevant to SDG 15, 13, 3 and 2) and usability (SDGs 3 and 
12). Overall, it is only for the issue of the economy that some 
perspectives consider the breeding pathway to be better per-
forming. For all other issues, the conserving pathway is seen 
as the better performing pathway under optimistic conditions 
and often under pessimistic conditions, too. Yet all appraisals 
of the pathways’ performance are associated with significant 
uncertainties, and their scores often overlap (see Figure 9.5 for 
a view that combines all perspectives).

It is clear that, in order to promote agrobiodiversity (SDG 
15, 13, 3 and 2) and usability (SDGs 3 and 12), greater policy 
support must be directed towards the conserving pathway, 
which is currently heavily neglected by governments and the 
private sector across India. 

Policy implications are less straightforward for other 
issues, where significant overlaps exist. These overlaps 
indicate that, rather than concentrating policy support on just 
one pathway, as has been the case in India at least since the 
1950s, resources must be equitably distributed between the 
two pathways. Our results clearly show that the two pathways 
are appraised as similarly performing under many optimistic 
and pessimistic conditions for the issues of economy, accessi-
bility, nutrition, plant stress and others. Policy promotion of a 
diversity of seed pathways may thus be crucial for addressing 
the SDGs (1, 2, 3, 5, 8, 10, 12 and 13) associated with these five 
issues.

Figure 9.5  /   Appraisals of seed pathways in Odisha:  
all participants’ perspective
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We asked participants to appraise each pathway using the 
criteria they considered important. Participants defined 121 
criteria, which we grouped into six issues:

•  accountability and effectiveness of public policy and 
institutions (related to SDGs 16 and 3)

• diagnosis and prevention strategies (SDGs 3, 16, 5 and 4)
• improved treatments and vaccines (SDGs 3 and 16)
• vector control and habitat (SDGs 11, 3 and 15)
• education for health (SDGs 4 and 3)
• access to health systems (SDGs 3, 1 and 11)

Unlike in the Indian case study, in Argentina all perspec-
tives considered each issue to be salient, except education 
for health, which was not raised by the policymakers or civil 
society representatives.

A RGENTIN A

Appraising pathways tackling Chagas in Argentina 
We interviewed 23 participants involved in two STI pathways 
(conventional science and open science) for addressing 
Chagas disease in Argentina (see Box 9.2 for the definitions of 
the pathways as provided to the participants). We divided their 
appraisals into the following perspectives:

•  policymakers (four women and one man involved in 
policymaking for addressing Chagas)

•  researchers (eight women and seven men involved in 
developing science for Chagas)

• civil society (two women and one man)

PAT HWAY 1 PAT HWAY 2 

Conventional science (CS)

Key features: 

Research based on technical expertise; results published in 
academic journals and/or appropriated through intellectual 
property rights; society gets access to and uses this knowledge 
through ‘technology transfer’ mechanisms

Description: 

This pathway supports the production of scientific knowledge where 
research is done by scientific experts in academic spaces. 

Projects in this pathway are generally restricted to specific areas 
of expertise, aiming to develop technical solutions that could be 
published in academic journals or patented. 

To promote the use of the knowledge produced in laboratories, 
policy schemes support technology transfer to companies and 
government or civil society organizations, such as public-private 
research partnerships, or technological licences or contracts of 
technical assistance.

Open science (OS)

Key features: 

Collaborative and open research; collaboration may involve non-
academic actors including users; research outputs shared openly 
(e.g., through open access, communication and engagement with 
the public)

Description: 

In this pathway, OS practices are promoted, which prioritize 
collaboration between different academic disciplines 
(interdisciplinary research). Collaboration to produce knowledge 
with non-academic actors (in civil society, governments and 
corporations) may also be promoted (transdisciplinary research). 
Collaboration can also include multi-regional partnerships with 
other institutions, researchers, policymakers, users and/or 
volunteers with diverse backgrounds.

This pathway promotes the sharing of results openly (for example, 
through publications in open-access journals). Beyond results, 
the process of research may also be opened to the public through 
open-access databases, the development (and use) of open-source 
software or hardware, lab notes and so on. 

Finally, this pathway promotes extensive engagement, outreach and 
communication activities to enhance science-society connections.

Box 9.2  /  Science pathways for addressing Chagas in Argentina
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Policymakers’ perspective

Access to health systems
Policymakers appraised the OS pathway as clearly better 
performing for the issue of access to health systems, with its 
mean pessimistic score exceeding the optimistic score of the 
CS pathway (see Figure 9.6). One policymaker argued that the 
OS pathway is more accessible because it tends to be more 
responsive:

“Open science listens to many voices … so when you think 
about the strategy, you are going to adapt it to people’s needs.”

Policy and institutions
There is some overlap in the scores for the issue of public 
policy and institutions, although OS was considered as better 
performing, particularly under optimistic scenarios, because 
it uses tools that facilitate interaction and communication 
between stakeholders. One policymaker described how these 
connections are lacking in the CS pathway:

“Existing knowledge is not properly transferred (and) linkages 
between technical staff and politicians are rare.”

Yet the performance of the OS pathway was also associ-
ated with significantly higher uncertainty by policymakers, 
perhaps because its communication links are new, untested 
and less established than the CS pathway’s more insular 
knowledge production practices.

Diagnosis and prevention
For the issue of diagnosis and prevention, the mean optimistic 
and pessimistic scores for the OS pathway are slightly higher 
than the corresponding scores for CS, while the uncertainties 
for the two pathways are comparable.

Treatments and vaccines
It was only for the issue of improved treatments and vaccines 
that policymakers considered CS to be better performing 
under optimistic scenarios. Policymakers also associated the 
CS pathway with higher uncertainty, expecting it to perform 
worse than OS under pessimistic scenarios. This was largely 
due to the greater participation of multidisciplinary experts 
and patients in the OS pathway. One policymaker noted:

“In doing open science with the participation of experts and 
even of patients, in an optimistic scenario, there would be incen-
tives to search for alternative treatments and possibly also to do 
research on different presentations (of an available drug).”

Researchers’ perspective
Treatments and vaccines
Under optimistic conditions, researchers expected CS to 
perform better than OS for improving treatments and vaccines 
(see Figure 9.7). The typical incentive schemes of CS (such as 
patents) were seen as important, and most researchers were 
not aware of OS projects developing vaccines.

“Nobody wants, or there is little intention, to patent a drug 
against Chagas. But patenting a vaccine is more attractive to phar-
maceutical companies, because it is more challenging and has more 
prospect of being able to be used against other parasites.”

There is, however, considerable overlap in the scores 
of the two pathways for this issue. Researchers noted the 
strengths of the OS collaborative, open-access approach – 
for example, patient participation in clinical trials and open 
data – making processes more efficient and transparent. They 
observed the benefits of collaboration between scientists, 
health teams and patients, which increase opportunities to 
carry out research and develop alternative therapeutic options.

Figure 9.6  /   Appraisals of the two science pathways in Argentina: 
policymakers’ perspective
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Other issues
For all other issues, researchers gave the OS pathway higher 
optimistic and pessimistic scores. Uncertainties associated 
with the two pathways, across all issues, are generally similar. 
It is only for education for health that OS was associated with 
somewhat higher uncertainty, perhaps because of the greater 
diversity of views (and possible lack of consensus). However, 

this greater capacity to incorporate diversity was seen as a 
strength of OS in relation to diagnosis and prevention and 
vector control and habitat. One researcher said:

 “By making the problem visible and by increasing the number 
of players, open science may create more and better tests than con-
ventional science that always follows the same path.”

Civil society representatives’ perspective
Appraisals by civil society actors are very similar to the policy-
makers’ and researchers’ appraisals for the issues of access to 
health, public policy and institutions, and vector control and 
habitat (see Figure 9.8).
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Figure 9.7  /   Appraisals of the two science pathways in Argentina: 
researchers’ perspective

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.

Figure 9.8  /   Appraisals of the two science pathways in Argentina:  
civil society representatives’ perspective

OPEN SCIENCE

CONVENTIONAL SCIENCE

Ranks

V EC T OR CON T ROL A ND H A BI TAT

50 75 100250

OPEN SCIENCE

CONVENTIONAL SCIENCE

P UBL IC P OL IC Y A ND IN S T I T U T ION S

OPEN SCIENCE

CONVENTIONAL SCIENCE

IMPROV ED T RE AT MEN T S A ND VA CCINE S

OPEN SCIENCE

CONVENTIONAL SCIENCE

DI A GNO SI S A ND PRE V EN T ION S T R AT EGIE S

OPEN SCIENCE

CONVENTIONAL SCIENCE3

A CCE S S T O HE A LT H S Y S T EM S

7

7

12

24

11

12

23

22

17

15

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.

106 S T RING S   /  CH A NGING DIREC T ION S

T HE RE SE A RCH
Chapter 9    /     Misalignments between pathways and SDGs



For most issues, the mean optimistic and pessimistic 
scores for OS are consistently higher than for CS, and the 
uncertainties associated with the two pathways are compara-
ble. According to this perspective, it is the OS pathway’s inclu-
sion of different disciplines that makes it more aligned with 
addressing socio-environmental challenges.

“[Open science is] an innovative approach which incorporates 
other disciplines… [Chagas is] a social problem, a neglected disease 
with a sanitary dimension, which a strictly medical approach does 
not take into account.”

Diagnosis and prevention
On the issue of diagnosis and prevention strategies, civil 
society participants attached a slightly higher mean optimistic
score to the CS pathway. This may be due to the participants’ 
emphasis on the importance of early diagnosis, which they 
linked to CS. Civil society actors also associated CS with much 
higher uncertainty (and a lower pessimistic score) than OS, 
due to its constitution by a private sector driven primarily 
by profit rather than by the purpose of widespread social 
wellbeing.

Treatments and vaccines
For the issue of treatments and vaccines, civil society actors, 
unlike policymakers and researchers, ranked the OS pathway 
as generally better performing, discounting the argument for 
the necessity and efficacy of market incentives in developing 
new drugs and vaccines. Problems with the dominant CS 
pathway were observed by a civil society participant as follows.

“There are difficulties in the continuity of the treatment, which 
requires a thorough follow-up. There are problems with access to the 
health system for people living far from urban areas…If treatment 
is not guaranteed continuity, it is not successful.”

Because the OS pathway includes a wider diversity of 
voices, it was considered a better way to address the barriers 
affecting continuity of treatment.

Perspectives combined: implications for policy
Overall, participants showed a general preference for the OS 
pathway. This level of agreement is rarely observed in an MCM 
exercise. For Chagas in Argentina, however, it is not surpris-
ing, considering the widespread disappointment with the 
dominant CS pathway.

The policy implications are therefore straightforward. 
It is important to direct greater policy support towards the 
currently marginalized OS pathway. It is only for the issue of 
treatments and vaccines that two of the perspectives consider 
the CS pathway to be somewhat better performing. However, 
in the case of Chagas in Argentina, the expected effects of the 
CS pathway’s competitive incentives in fostering new drugs 
and vaccines have unfortunately not materialized.

Figure 9.9  /   Appraisals of the two science pathways in Argentina:  
all participants’ perspective
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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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K EN YA

Appraising STI pathways to address fishing conflicts  
in Kenya 
In Kenya’s Lake Victoria (LV) region, we held a workshop with 
22 participants. Using MCM, the participants appraised the 
effectiveness of the three STI pathways – cage aquaculture, 
pond fish farming, and monitoring control and surveillance 

(MCS) – for addressing conflicts related to overfishing and 
illegal fishing. The descriptions of the pathways provided to 
the participants are in Box 9.3.

We gathered the views of all workshop participants and 
grouped them into the following plural perspectives, accord-
ing to the background and experience of the participants: 

• researchers (two men)
• aquaculturalists (two women and five men)
•  members of the wider local community (three women and 

six men)
• local and national government officials (four men)

PAT HWAY 1 PAT HWAY 3 PAT HWAY 2 

Pond fish farming

Key features: 

On-farm based with high potential for 
participation by women; environmentally-
sensitive; highly reliant on other farming 
activities (e.g. production of fish feed and 
fingerlings)

Description: 

Pond fish farming is increasingly practised 
and is attracting policy attention as a 
socioeconomic activity to reduce pressure 
on the inland capture fisheries and address 
food and nutritional security in the Lake 
Victoria region. 

It helps to diversify economic activities and 
reduce competition and conflicts. Involving 
use of traditional and modern technologies 
(and techniques) of fish production on 
private land/farms, pond cultures are being 
developed and managed by an increasing 
population of women who get access to 
credit and training provided by national and 
local governments as well as international 
partners (donors). Two main types of 
ponds common around the Lake Victoria 
are earth and aluminium, with a variety of 
technologies including hydroponics and 
digital farming. 

Pond fishing is stimulating increased 
production of crops such as maize, cassava 
and rice, thus helping to diversify local 
agriculture, with potential for building 
resilience against traditional disasters such 
as drought and reducing the import of crops 
from neighbouring Uganda and Tanzania.

Cage aquaculture

Key features: 

High potential for community-based 
farming; high potential for youth 
employment; co-existing with inland 
capture fisheries

Description: 

Cage culture/farming in Lake Victoria and 
in the rivers in the Basin is being promoted 
by national and local governments as 
well as financing institutions because 
of its potential to reduce pressure or 
overdependence on inland capture 
fisheries, and thus help to address 
degradation of the lake ecosystem and 
improve food and nutritional security. 

Through construction of cages, production 
of feed and fingerlings and fish processing, 
local youth are being employed. Some 
fishers, particularly industrial ones, are 
moving out of inland capture activities and 
investing in cage cultures. 

Technologies such as genetic breeding, 
digital applications, CCTV, geographic 
information systems and artificial 
intelligence are being used in commercial 
farms while traditional fishing production is 
used in small-scale cages around the lake. 

Cage farming is largely governed by laws 
and regulation for inland capture fisheries.

Monitoring, control and surveillance 
(MCS)

Key features: 

Co-management; participatory 
approaches involving local fishers, fishery 
officials and community leaders as well as 
associations/cooperatives

Description: 

This pathway involves the formation of, 
or support for, associations like beach 
management units (BMUs), led by local 
fishers, particularly artisanal ones, and 
community leaders. 

Using a community-based, consultative 
approach, associations adopt norms to 
monitor and control overfishing in inland 
capture fisheries. They share information 
about changes in fish stocks and help set 
voluntary restrictions to fishing during 
certain seasons in certain zones of the lake. 
Associations use social networking and 
smartphones to promote awareness among 
fishers and other local communities about 
the impact of overfishing (and its relation 
with illegal and unregulated fishing) on 
food security and local economies.

In addition to voluntary MCS, there is 
policing of overfishing. There is use of 
modern technologies such as drones, 
satellites, motored boats, helicopters 
and artificial intelligence. Formal judicial 
institutions settle disputes between  
fishers and government regulatory 
agencies, and issue penalties to offenders. 
MCS here is implemented through 
engagement with local community 
associations such as BMUs.

Box 9.3  /  Description of STI pathways to address overfishing conflicts in Kenya

108 S T RING S   /  CH A NGING DIREC T ION S

T HE RE SE A RCH
Chapter 9    /     Misalignments between pathways and SDGs



Economy
For the economy issue, researchers appraised the MCS 
pathway as performing slightly worse than the other two 
pathways, in both optimistic and pessimistic scenarios. One 
researcher justified this by pointing to the lack of support for 
this pathway:

“[MCS] lacks appropriate resource allocation by county and 
national governments and even when they do so, there is lack of 
stakeholder contribution to their work.”

Inclusion and participation
For the social inclusion and participation issue, research-
ers assigned the highest scores to the MCS pathway. One 
researcher observed:

“The governance structure [of MCS] can be designed to include 
local bodies such as beach management units and local opinion 
leaders, to ensure that MCS is strictly implemented to reduce con-
flicts. Also, the local units know each other and they can easily 
detect who is using unpermitted gear for fishing. If the BMUs are 
empowered, they can govern themselves to enact MCS very effec-
tively on local beaches.”

In contrast, the inclusion of marginalized local actors was 
considered more difficult in the cage and pond pathways due 
to the high upfront costs. The average cost of a cage in Kenya’s 
LV region, for example, is an estimated US$ 2,600,3 which lies 
beyond the reach of most small-scale fishers.

Aquaculturalists’ perspective
Inclusion and participation
The aquaculturalists gave similar scores to each of the three 
pathways for the inclusion and participation issue (see Figure 
9.11). The cage pathway received higher pessimistic and opti-
mistic scores by just a small margin. According to a repre-
sentative of the Cage Fish Farmers’ Association of Kenya, the 
cage pathway can help achieve social inclusion, particularly 
for women and youth, if it is well-implemented and properly 
financed.

Economy
Aquaculture practitioners appraised the cage fishing pathway 
as the best performing for the economy issue. One considered 
cage fishing “the surest way of ensuring economic well-be-
ing.” Even though the cage pathway is also associated with 
the highest uncertainty, one fisher stated that income from 
cage fishing is stable throughout the year under optimistic 
economic conditions:

“Assume I have multiple cages and harvest at various inter-
vals, I will be economically secure throughout the year. I will there-
fore have zero need to conflict with my colleagues.”

The situation may be less favourable in situations where 
cage fishers do not have access to multiple cages or where they 
cannot find adequate labour to harvest at regular intervals.

Participants defined several criteria for appraising the STI 
pathways. We grouped these into three main issues:

•  Social inclusion and participation, related to how well a 
pathway supports the interests and voices of marginalized 
stakeholders (relevant to SDGs 10, 12 and 16 )

•  Economy, related to the costs associated with technologies, 
technical standards, labour demand and economic benefits 
(SDGs 1, 8 and 12)

•  Environment, related to the lake’s ecological condition and 
preventing extinction of fish species (SDGs 14 and 3)

Researchers’ perspective
Environment
Researchers appraised the cage fishing pathway as the most 
effective way to address environmental issues, as shown in 
Figure 9.10. However, cage fishing is also associated with 
slightly higher uncertainty than the other two pathways, due 
to the fact that there are no clear guidelines or policies for sus-
tainable cage management, as many researchers noted.

Figure 9.10  /   Appraisals of the three pathways in Kenya:  
researchers’ perspective
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uncertainty, shown as the number inside each bar.
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The MCS pathway was rated lowest by aquaculture practi-
tioners for the economy issue. Under pessimistic conditions, 
some saw MCS as little more than a vehicle for advancing 
corruption (such as when illegal nets found by officers are 
confiscated and later sold). Such actions were said to lead to 
conflicts between beach management units and fisherfolk as 
well as between fishers.

Environment
For the issue of the environment, the aquaculturalists once 
again rate the aquaculture pathways (pond and cage) as 
somewhat better performing than MCS, with cage aquacul-
ture receiving the highest optimistic and pessimistic scores. 
Corruption was cited again as a justification, with participants 
claiming that most government funds allocated to MCS were 
misappropriated.

Local community perspective
Unlike the aquaculturalists, who seem to favour the cage 
pathway, other local community members (including fish 
traders, artisanal fishers and representatives of religious 
institutions) did not express a clear preference for any one 
pathway, particularly for the issues of the environment and 
inclusion and participation. See Figure 9.12.

Inclusion and participation
For the inclusion and participation issue, pond fish farming 
was associated with lower uncertainty than the other two 
pathways. Participants observed that conflicts around the 
management of ponds are likely to be minimal, because most 
ponds are located within private lands. The highest uncer-
tainty (and the lowest mean pessimistic score) for this issue 
was associated with the MCS pathway, with one representative 
observing that:

“Community is not fully engaged in the process of setting up 
systems and enforcement of the policies.”

Economy
The local community perspective considered the MCS pathway 
as the best performing for the economy issue, but only 
under optimistic conditions. One local fish trader explained 
the lower optimistic score associated with the pond fishing 
pathway by noting the low yields and poor quality of the fish 
that are farmed in ponds:

“Size of fish and quality is small and not preferred [in the 
market].”

Figure 9.11  /   Appraisals of the three pathways in Kenya:  
aquaculturalists’ perspective

Figure 9.12  /  Appraisals of the three pathways in Kenya: local 
community perspective
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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.

“Insufficient land and inadequate sensitization from relevant 
ministries have rendered pond culture unrealistic.”

Perspectives combined: implications for policy
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.

Conclusions
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.

Local and national government perspective

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:

“Monitoring and surveillance is the ultimate medicine to curb 
conflict in the lake. The government should endeavour to empower 
the enforcement departments to ensure that fishing is sustainable.”

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 

Figure 9.13  /   Appraisals of the three pathways in Kenya:  
government perspective
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perspectives of actors who speak for the natural environment, 
including ecologists and other scientific experts, grassroots 
activists and community organizations.4 

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.    

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 

1. Stirling and Coburn 2014.
2. Stirling 2008; Arora et al. 2019; Arora and Stirling 2021.
3. Orina et al. 2018.
4. de Hoop and Arora 2021.

Notes

Figure 9.14  /  A summary of plural perspectives on diverse STI pathways
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OVERVIEWAUTHORS

•  STI portfolios should always 
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.

Andy Stirling 
Saurabh Arora

Footnotes for this chapter are on 
page 118. A full list of references 
can be found on page 140.

•  There is a need to focus on the 
plurality of worldwide interests, 
values and understandings and 
to aim for a diversity of possible 
STI responses to complex SDG 
challenges.

•   A diverse research and 
innovation portfolio enables 
sensitivity to context.

•  Deliberate diversification 
is more robust than the 
conventional policy aim of 
identifying a single ‘optimal’  
STI pathway.

CONCLUSION S A ND RECOMMENDAT ION S

Diversity and plurality
Strategies to address complexities  
in aligning STI and the SDGs 

> CH AP TER 10
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Deliberate diversification of responses 

Fortunately, there is a clear pragmatic option that can address 
these challenges in fundamental ways. Although it is neither a 
panacea nor without its downsides in particular contexts, this 
practical response is diversity itself.1 

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

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.

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:

•  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

Diversity among STI 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. 
Real-world politics, with its entrenched structures and gra-
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 
operational options exist for dealing robustly with challenges 
of plurality, uncertainty and ambiguity without simplifying or 
concealing these inconvenient truths?

Figure 10.1  /  Diversity in STI pathways: the three key qualities  
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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.9 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.11 Some economies of scope may accrue, 

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 

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 or innovation portfolio 
can begin to address the array of 
challenges described above, as follows.

•  By embracing different social and 
technical attributes, a diverse portfolio 
can address context-sensitivities in 
ways that are not possible with any 
single pathway.4

•  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.5 For instance, 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, oil and gas simultaneously. 

•  By spanning characteristics that 
appeal to contending political, 
economic or sociocultural interests, 
diversity may be able to accommodate 
seemingly irreconcilable ambiguities.6 
For instance, rural and urban 
conservatives and progressives 
may not be able to agree that any 
single energy strategy is ‘best’. But a 
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 
For instance, social and grassroots 
innovations for cultivating, preparing 
and distributing sustainable local 
produce can reduce dependency 

on industrial 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.7

•  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 control in 
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. 
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diversification are seen to be outweighed by costs and burdens 
can then be a matter for transdisciplinary analysis, inclusive 
participation and wider democratic oversight.11

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 

but this may mean foregoing the benefits of standardization 
across the portfolio as a whole,11 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.5 

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 

Figure 10.2  /  Addressing complexities through deliberate diversification
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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.19

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.22,23 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)

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. 

A focus 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.13

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.14

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.15 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.14 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.17,18   
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3.   Formal global funding pools to 
combine R&D resources on key 
global goals 

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

Geoff Mulgan

Footnotes for this chapter are on 
page 124. A full list of references 
can be found on page 140.

This chapter looks at options for 
global governance to better align 
science, technology and innovation 
(STI) strategies , including 
research and development (R&D) 
expenditure, with the SDGs. We 
propose four sets of initiatives: 

1.   A global 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 
coordination and engagement 
of users 

CONCLUSION S A ND RECOMMENDAT ION S

Options for global 
governance 
How global governance could help align 
STI and the SDGs 
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The late 2010s saw the emergence of a small ‘AI for good’ 
field, including several organizations interested in using AI 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.

1
 

A global platform observatory for STI
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 alignment or the gov-
ernance of AI. 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  

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. 

‘In 2019, 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 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.

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

2  
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. 
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3  
Global pooled budgets
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.

4  
Summits and conventions
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 Forum5 and UNESCO has its Global Observatory 
of Science, Technology and Innovation Policy Instruments6 
but neither feed into aligned decision-making. The same is 
true of gatherings like the STS forum7 and more recently of the 

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, 
AI, data and other tools).  But so far they have had very little 
support from the main STI funders.4 
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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.    

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 

1. Mulgan, 2019.
2. www.theglobalfund.org/en
3. www.threesixtygiving.org
4. https://smartertogether.earth
5. https://www.oecd.org/sti/inno/global-science-forum.htm
6. https://en.unesco.org/go-spin 
7. https://www.stsforum.org
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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 
STIs for each SDG, there are 
a multiplicity of ‘mappings’ 
dependent on the choices made 
by stakeholders.

•  The tool is 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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Footnotes for this chapter are on 
page 130. A full list of references 
can be found on page 140.

•  Existing mappings of 
publications and patents hide 
the diversity of ways that 
STI 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.

•  These visualizations illuminate 
gaps, potential synergies, 
and current imbalances in STI 
investments.

•  Our interactive visualization 
tool allows stakeholders to 

CONCLUSION S A ND RECOMMENDAT ION S

Making use of STI 
mappings
Empowering stakeholders to select the 
relevant STI for SDGs 
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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.5

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, AI and 
transportation, whose application may have an impact on  
gender-based inequalities. 

Introduction: allowing for choice in the exploration of 
STI 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.1 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 SDGs2 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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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. 

Disparities between mapping studies
These differences in underlying perspectives and databases 
have surfaced in dramatic statistical disagreements between 
the findings of mapping exercises.7 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.9  

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 

DI V ER SI T Y
After identifying all research areas potentially 
associated with a given SDG, stakeholders can pick 
which topics to prioritize. 

A L IGNMEN T
Users can then check whether the research portfolio for 
a given SDG is aligned with the most pressing needs. 

P L UR A L I T Y
Our tool can be used by people in various contexts with 
a range of different perspectives. 

Figure 12.1  /  Allowing for choice in the exploration of STI related to the SDGs

CHOICE OF D ATA B A SE
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.

T HE CH A L L ENGE S
Previous attempts to map STI for the SDGs have 
produced dramatically different results due to different 
underlying perspectives and approaches:

OUR A P P RO A CH 
Our interactive tool allows stakeholders to construct their 
own mapping that fits their circumstances. 

C ONNEC T ING S T I T O T HE SDGs
The mapping process is dependent on subjective 
understandings of research and the SDGs. This 
invevitably influences the resulting maps.
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Figure 12.3  /  Comparison between results of two different Elsevier 
approaches (in 2020 and 2021) to mapping SDG-related publications 

The dark green area 
shows the percentage 
of agreement 
(overlap) between 
the methods used in 
2020 and 2021.

Source: Schmidt and 
Vanderfeesten (2021).
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Figure 12.2  /  Comparison between results of Bergen and Elsevier 
approaches to mapping SDG-related publications 

Based on the Web of 
Science Core collection, 
2015-2018. Source: 
Armitage et al. (2020).
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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 

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.11 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 

Figure 12.4  /  Percentage of disease burden in 2015 against 
percentage of disease publications in SDG3 in 2015-2019, for the 
world for the main disease groups. 

0 5% 10% 15% 20% 25% 30% 35%

Cancer

Genitourinary diseases

Cardiovasular diseases

Infectious diseases

Mental health and substance use

Diabetes melitus

Digestive diseases

Neurological conditions

Respiratory infections

> KEY

 % disease burden

 % publications in SDG 3

129

CONCLUSIONS AND RECOMMENDATIONS
Chapter 12    /    Making use of STI mappings 

STRINGS   /  CHANGING DIRECTIONS



1. Virtanen et al., 2020.
2. Jayabalasingham et al., 2019; 

Wastl et al., 2020.
3. Mongeon and Paul-Hus, 2015; 

Chavarro et al., 2018.

4. Vessuri et al., 2014;  
Rafols et al., 2015.

5. Vessuri et al., 2014.
6. Ely et al. 2014; Ruttan, 2015.

7. Armitage et al., 2020; Schmidt 
and Vanderfeesten, 2021.

8. Schmidt and Vanderfeesten, 2021.
9. Purnell, P. J., 2022.
10. Rafols and Stirling, 2020.

11. Ciarli and Rafols, 2019.
12. Rafols, I., Yegros-Yegros, A., van 

de Klippe, W., and Willemse, T., 
2022.

13. Rafols and Stirling, 2020.

Notes

www.cwts.nl/strings

Figure 12.5  /  Interactive visualization of the research landscape for SDG 7 (Affordable and clean energy)

This section shows the research 
area labels along with the number 
(# pubs) and proportion (% SDG) 
of SDG-related publications in 
each area

The dots in the background show 
other research areas that are 
not related to a given SDG. Their 
positions reflect the structure of 
the global research landscape

The research areas 
related to this SDG are 
highlighted

An interactive version 
is available here. 

Example of a 
research landscape 
for SDG 7

The colours indicate  the 
broad discipline of each 
research area

The keywords section shows 
the most common keywords 
in the publications of the 
research areas

The key reviews section 
shows the titles of the most 
cited review publications 
(which review previously 
published research on a 
topic)

The disciplinary categories  
section shows the most 
common scientific fields in 
the selected research areas

‘Strict’ perimeter indicates 
areas that we considered 
strongly related to the SDGs. 
‘Loose’ indicates areas with a 
weaker relationship

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.   

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 

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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2.  Devote more funding to research 
that addresses underlying social 
inequalities, social innovations 
and informal research, in 
combination with technical 
solutions

3.  Improve alignment between 
countries’ SDG priorities and 
their STI portfolios

4.  Adopt a more holistic approach 
to research evaluation, with 
indicators and data that relate 
to a range of desired inputs, 
outcomes and impacts
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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

CONCLUSIONS AND RECOMMENDATIONS
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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 institutions6 – 
also embrace the changes.

  A R E A F OR A C T ION  #1 

Increase funding for SDG-related research, 
particularly involving LICs

Challenge 1: 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)7 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.9  
Again, the contribution of LICs and lower-middle income 
countries (LMICs) is minimal, at just 2%.

Challenge 2: Research funding is concentrated in relatively 
few organizations in HICs
LICs face larger SDG challenges than most other countries.10 
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,12 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.14 
Research and innovation capabilities have certainly been 
growing and evolving in LICs and LMICs.15 However, we were 
unable to fully capture these capabilities in our analysis due 

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.1

Calls for change include: revising the use of indicators to 
appraise the success of investments in research and innova-
tion;2 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;4 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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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.24 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,26 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.

to lack of data.16 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.17 

  A R E A F OR A C T ION  #1 

Recommended policy shifts

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 policies18  
may help steer STI funding towards broad SDG challenges.19 
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 funding21

•  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 

A C C OUN T F OR DI V ER SI T Y
Involve a wide range of actors in research funding 
decisions

Figure 13.1  /  Area for action #1: Summary of recommendations
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Increase the funding and inclusion of diverse research 
institutes from LICs
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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.

  A R E A F OR A C T ION  # 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.34 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 
technical research
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.35 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 

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 initiative27 and the DELTAS pro-
grammes in Africa28 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.29 It is important that LIC 
partners are not exclusively data providers,30 that decisions 
are taken collaboratively, and that LIC researchers can access 
data that is currently prohibitively expensive.31 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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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 
projects42 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 on research 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 

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),37 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)39 despite the importance of governance and 
education in addressing neglected diseases such as Chagas.40

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 study41 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.

  A R E A F OR A C T ION  # 2 

Recommended policy shifts

Acknowledge the relevance of social, historical, political and 
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 

IN V E S T IG AT E S Y NERGIE S A ND T EN SION S 
Focus on research areas that connect to several SDGs

Figure 13.2  /  Area for action #2: Summary of recommendations
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Public research funders should lead investment in 
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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.

  A R E A F OR A C T ION  # 3 

Address the misalignments between STI portfolios 
and SDG priorities

Challenge 1: 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).51 However, these 
prioritizations seem to be driven by historical patterns of 
funding development research, rather than by SDG challenges 
themselves.

Challenge 2: 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.52,53 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.54 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

Challenge 3: 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,56 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).

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.45 More research 
is needed to understand, for example, how new technologies 
interact with complex societal, political and historical issues.

Public research funders should lead investment in 
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.46 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,47 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.48 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).49

‘Greater support is needed for inter- 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.50 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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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.59 The portfolio approach 
may also involve funding a variety of projects across a contin-
uum from radical to incremental innovation.60

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.61 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.63

  A R E A F OR A C T ION  # 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,65 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.66 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.67 It discounts 
many of the social, policy and grassroots innovations that 
stakeholders and researchers themselves consider so relevant 
to achieving the SDGs (Chapter 7).

  A R E A F OR A C T ION  # 3 

Recommended policy shifts

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.57 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 

DI V ER SE P ER SP EC T I V E S A ND P OR T F OL IO S  
Open and plural decision-making is needed to develop 
multidirectional funding portfolios

Figure 13.3  /  Area for action #3: 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.72

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,73 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 STI 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.    

  

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.

  A R E A F OR A C T ION  # 4 

Recommended policy shifts

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.69

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+,70 
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.71 
Monitoring, evaluation and learning techniques have evolved 

OP EN A ND INCL U SI V E D ATA  
Invest in collecting more inclusive STI data

Figure 13.4  /  Area for action #4: Summary of recommendations
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Just doing more R&D will not 
contribute to achieving the SDGs. 
We need more open and inclusive 

approaches to define STI priorities, 
in order to address the current 
misalignments with the goals.  

This is vital if we are to achieve our 
SDG targets and build a better,  

more sustainable world.

We need to start  
changing direction…
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