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Executive Summary

The present report, entitled Emerging sciencerontier
technologies, and the SDG<$erspectives from the UN
system and science and technology communiiies
presents theupdated 2021 TFM findingson the impact

of rapid technology change on the achievement of the
SDGs together with sciencepolicy briefs, updates and
other materials upon which the findings are based

The TFM findings represent a collaborative, multi
stakeholder achievement. Experts from within the UN
and outside have contributed, including through virtual
meetings and over 40 dedicateddence-policy briefs.

A special thank youfor their substantial contributions
goes tothe TFM 10-Member-Group, colleagues from
DESA, UNCTAD, ITU,

The pandemic financial stimulus has been enormous,
but not yet focused on longer term measures for a
human-centred, green, sustainabé, R&D and
technology-focused recovery. The R&D
underinvestment is puzzling: surely the crisis has
demonstrated its importance.

Public funding for basic research needs to be greatly
expanded and sustained even beyond these times as a
vital part of our resilience strategy. Consider this: the
fundamental biotechnology knowledge that made rapid
COVID19 vaccine development possible was due to
years of public funding for basic research.

Frontier technologies have made a real difference in

ILO, ESCWA, UNEP, UNIDO, COVID19 responsesExamples include contact tracing

UNESCO, ESCAP, UNU, WFP, OOSA, UNDP, WIPO, andipps; space science; viral spread simulations on

World Bank, as well aghe many extemal experts.

We must ask: how are things different in the face of our
experience with COVIBL9? What does it mean for the
way forward? The 2021 TFM findings provide partial
answers.

New elements of TFM findings

The 2019 TFM findings remain valid but new elements
are needed.

COVID19 has greatly amplified the importance of STI
for our well-being, even for our survival. But it has also
exposed weak interfaces with policy and society, and
ineffective institutions, often victims of underfunding.

COVID19 has accelerated digitalisation, along with its
now well-recognized impacts, both positive and
negative. Vitally, 3 billion unconnected are still
excluded. This has worsened existing technology
divides.

The crisis has accelerated inovation in medicines,
vaccines, biotechnology, digital technologies and
artificial  intelligence. Scientific  discovery and
collaborations have sped up, new ways of delivering
services have proliferated.

Our pre-pandemic innovation system had operated well
below its real potential, but we can supercharge it in
times of crisis. However, we should not forget that
mission-oriented innovation of this type has benefitted

from international R&D cooperation and billions in

bOAT EA &O01T AET C A&l O
technology and massive online learning. Therefore, the
returns from these must also be broadly available to the
public.

ONPA A A

supercomputers; PCR testing; mRNAased vaccines;
synthetic nano-scale antibodies; 3D printing of PPE; and
big data to support policy effectiveness.

Massive drive for COVIIaccines must be replicated for
the 20 neglected tropical diseases which continue to
affect one billion people. At the same time, questions of
access can no longer be put on the back burner. The task
team brought together proponents of open science on
the one hand and of strict intellectual property rights on
the other. Interestingly, they agreed that there is no
fundamental contradiction between the two and that
there are constructive ways forward for addressing the
great global challenges.

A worldwide, profound techno-economic paradigm
transition is under way towards a greener global
economy. It creates new windows of opportunityfor

innovations, productive transformation, and new jobs
and employment opportunities. This transition needs to
be managed in grocess of social dialogue in order to
generate a just, fair and inclusive transition process.

Science systems must be transformed. The pandemic
revealed deficiencies in the capacity of science systems
to respond to new priorities in a timely manner, whik
limiting the disruption to ongoing research.

The new governance around data makes it complex to
re-balance human dignity with economic benefits,
thereby putting fundamental human rights at risk in the

new economy. Fair data, transparent algorithms, and

érli,lsti{vorth)bﬁrcgitgc}gr[e Sr? %s%eﬂtial. i 2

Digitalisation leads to entirely new products and
services with new characteristics that require specific
regulatory and policy solutions. For example, human



digital twins entail a range of ethical dilemmas. Central
bank digital currencies must be regulated to be
inclusive, secure, private, accessible and interoperable.
Digital labour platforms need to be covered by labour
regulations to provide decent work.

@AAD T AOOAT 1T AOx1T OEOGG6 11 x
capabilities in narrow, specific tasks, such as facial
recognition, some kinds of medical diagnosis, and
others. Narrow Al has become ubiquitous in many
countries Z unbeknownst to many. However, billions
remain excluded from its benefits. Performance and
applications grow at exponential rates, with important
implications for the SDGs. For example, Al energy use is
expected to increasingly compete with other uses.

There are many environmentally compatible frontier
technologies which could be deployed across the wat]
Examples include distributed recycling combined with
additive manufacturing, highly energyefficient Al
hardware designs, low data Al, engineering solutions
imitating nature, marine robotics, and saltwater
greenhouses. There is also a large untapped teatial
for highly efficient digital consumer innovations in
mobility, food, buildings, and energy services.

Syntheses of sciencepolicy assessments are important
to enable informed and integrated decisioamaking in

relevant time. However, major knowledge and

assessment gaps remain with regard to digitalisation
and other related frontier technology clusters.
Independent and indepth assessments are needed.

Previous findings remain valid

Previous findings remain valid and included, inter alia,
the following. In fact, the COVIEL9 crisis has further
amplified several of them which calls for even more
urgent action.

The potential benefits of new and rapidly changing
technology clusters are so great for the SDGs and
beyond that we cannot afford not to make us of them.
Technology change creates winners and losers,
involving risks, and potentially exacerbating gaps and
inequalities.

Rapidly declining costs of new technologies can
broaden access to the benefits of technology and enable
much more rapid development, but they also present
extraordinary policy challenges that call for an
extraordinary level of international cooperation. Many
countries may need to find new development pathways
that incorporate these technologies and to rethink
employment and income dstribution issues.

The overall employment effects will depend on the
specific circumstances within sectors and various local
contexts. Computers and robots could replace as many
as half of all human jobs in the coming decades
essentially precluding tradtional routes to achieve
efeyeroy: GRyelgepsntAn ey EPP”E'?.‘?E *ES’EZ\t.hey
could also create many new jobs. Itiis unclear how jobs
losses and job creation will compare and how they will
be distributed, however, we need to be prepared for
different scenarios to unfold.

Governments will need to rethink and re-organize how
they match the supply of skills to the rapidly evolving
job market needs in formal and informal education
systems. Some TFM experts call for testing proposals for
technological unemploymen insurance, guaranteed
income policies, and a range of other compensatory
social policies.

New materials, digital, bie, and nanotechnologies, and
Al all hold great promise for water and renewable
energy systems.Environmental considerations should
be incorporated into the design of these technology
systems from the start.

Our knowledge and understanding of new technology
trends z especially in developing countries need to be
expanded as the basis for welfounded actions and
policies. TFM experts propsed building partnerships
and interfaces with universities, labs, innovation
incubators, and private sector entities that are at the
forefront of this technological change, potentially in the
form of a discovery lab or a network of interfaces
between the policy makers and technologists at the
frontier, facilitating the exchange of realtime
information, engagement, and policy insights.

Calls for a more responsible and ethical deployment of
new technologies have to be balanced against concerns
that excessve restraints on innovations may deprive
humanity of many benefits.

Fostering policy coherence and multistakeholder
dialogue is more important than ever coherence across
policies for macro-economy, science and technology,

industrial development, human development and
sustainability; and multi-stakeholder dialogue to
present different perspectives, arrive at shared

understanding and establish trust.

Looking ahead

Rapid scientific and technological change is among us,
and it is not going away. The COVIDO shock has forced
a re-examination of virtually everything we do.



The current TFM findings stand to be refined further
through discussions at this Forum and beyah

They also serve to indicate central areas of work, where
the TFM stands ready to add value and advance
understanding.

When we work together z across national borders,
across groups, disciplines and stakeholder groupswe
as humanity can harness sciercand technology to the
benefits for all of us, now and into the futureWe hope
that the findings of the TFM presentedn this report will
support this endeavor.



. Introduction

The 2030 Agenda for Sustainable Development
launched a Technology Facilitation Mechanism (TFM),
which had been established by the Addis Ababa Action
Agenda in order to support the Sustainable

Development Goals. Member States agreed that it would
€} AA A A OA AstakeHolderA collhb@ratiGnE

between Member States, civil society, the private sector,

the scientific community, United Nations entities and
other stakeholders and will be composed of a United
Nations interagency task team on science, technology
and innovation for the sustainable develapent goals, a
collaborative multi-stakeholder forum on science,
technology and innovation for the sustainable
development goals and an online platfort.

The technicah AOAT x1 OE
Team on Science, Technology and Innovation fohe
SDGs (IATT)has beencarried out in dedicated work
streams. In particular, IATT Work Stream 10(WS10)
Al A O O Axpalyticdl wodkx on emerging science and
technologies and the SD&%he IATT brings together 45
UN entities, 9 of which are currently active in work
stream 10, including DESA, UNCTAD, UNIDESCWA,
ILO, ITU, UNEP,UNESCO, and the World Banklany
others have contributed on specific outputs, including
UNU,ECLACESCAP, ECAOSAWIPO,and ICGEB

IATT WS10has prepared this report to feature recent
perspectives fromexpertsin the UN system and science
and technology communities on emerging science,
frontier technologies, and the SDGBATT WS9 also
provided important inputs on STI4SDG roadmaps.

The report features contributions in the form of science
policy briefs and updates on expert activities and
findings of flagshipreports. This includes contributions
from eleven current and former members of the UN
SAAOAOAOU :MArmbArGrolipdod Higp-lavel
Representatives in support of the TFM Other
contributions are from expert staff in the UN system
(most of which are lead authors of UN system flagship
reports), academics,NGG and experts in the private
sector.

Perspectives included in the rport reflect on what
emerging science and frontier technologieshave
achieved and where they have faileduring the COVID
19 pandemic (chapter IIl). In particular, they draw
lessonsfrom the pandemicfor policy and the science
policy-society interface, present ®lected technology
solutions and case studiesand country experiences
Beyond the pandemic, othemperspectives address the

10
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impacts of emerging science and frontier technologies
on the achievement of the SDGgboth in recent years
and looking forward until 2030. This includes
contributions on science and technology policy; on
digitalisation, artificial intelligence and robotics; onbig
Earth data; on the environmental dimensions of frontier
technologies and specific solutions and actities
(chapter 1V). Looking further ahead to 2030 and
beyond,chapter 5 provides perspectives orelements of
science, technology and innovatiorroadmaps for the
SDGs

The scope of tle presentreport is vast. This isby design
as TFM experts wereasked through an open call to
submit sciencepolicy briefs that highlight issuesthey
Wodld ké e itrdrraifonal ddmmuAi® B consider.
( AT AAR
have set the agenda and scope of the present repdFhe
briefs outline empirical facts/issues andpresent policy
recommendations.

Submissions had to pass a peereview that focused on
technical aspects, readability and the scientific and
engineering evidence presentedThis also means that
not all contributions could be acceptedHowever, peer
reviews did not assess political aspects or policy merits
of the contributions. It is therefore important to note
that the views expressed in thisreport are those of the
authors and do not necessarily reflect those of the
United Nations or its senior managementinstead, an
important purpose of this report is to serve as a Forum
on new ideas ad suggestions that maybe considered by
the TFM community.

We hope you will enjoy this report andpossibly follow-
up with IATT WS10 and some of the authors of the briefs
on their proposals. It is what the TFM is all aboutz
stimulating multi -stakeholder partnerships, analysis
and actions on harnessing science, technology and
innovation for the SDGs.

OEA AET EAA AU OEA A



II. TEM findings 2021

This chapter presentstheseA AT 1 AA 04 & -
Ei DPAAOO
have been traditionally presented by the UN Chief
Economist in the annual Multistakeholder Forum on
Science, Technology and Innovation for the%5s (STI

A. Context and objective

The fast pace of technological change in recent years in
robotics,  artificial  intelligence,  biotechnology,

TATT OAAETT1T U AT A OAlI AOGAA

having broad impacts on economy, society and
environment. At the heart of these trends are
information and communication technologies, and an
increasing number of key scientific and technological
capabilities. While such disruptive technologies can be
vital for breakthroughs in achieving the SDGs, #y can
also have unanticipated consequences, exacerbate
inequalities, and constrain economic catclup
development. Calls for a more responsible and ethical
technology deployment have to contend against those
who fear constraining innovations may deprive gople
of many benefits. In this context, multistakeholder
engagement is essential, because many technology
advances are initiated in the private sector and
academia.

The UN Technology Facilitation Mechanism (TFM) was
created by the Addis Ababa Action Ageta and launched
by the 2030 Agenda on Sustainable Development in
September 2015. The creation of the TFM was of
historic significance, as it brought back substantive STI
discussions to the UN HQ, after decades of political
gridlock.

One of the componentsof the TFM is the Mult
Stakeholder Forum on Science, Technology and
Y111 OAO0ETT £ O OEA 3%' 0
formally reports to the High-level Political Forum on
Sustainable Development (HLPF) in support of its
review of SDG progress and itexplicit function to

OOOOAT COEADI OEA UO AE DIADAEAAA S

The STI Forum has become the premier Ukhulti-
stakeholder space for discussions on STI for the SDGs,
including crossSDG issues such as emerging
technologies and their sustainable development
impacts. The STI Forum proposed a list of initial
recommendations, including on STI roadmaps, and on
the impacts on societies caused by the disruptive effects
of new technologies, such as nanotechnology,
automation, robotics, artificial intelligence, gene
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In other words, this chapter is not only a summary of the
present report but draws on other sources as well.

editing, big data, and 3D printing. Emerging
technologies and frontier issues have been the subject
ot R AQumOLBEiENs Airieh® vely QirstAFArdnA ia
2016. The STI  Forum complements the
intergovernmental deliberations in the UN Commission
on Science andTechnology for Development and
various sectoral, thematic and regional forums in the UN
system.

Another component of the TFM is the Intelagency Task
Team on Science, Technology and Innovation for the
3$' O j Obbtingsttayedher 45 UN system enities
and more than one hundred staff. They work closely
xEOE OER Aot ' O Ob6
society, and private sectorjncluding in order to assess
the impacts of rapid technological change on the SDGs
UN expert group meetingswere held in Mexico City
(2016 and 2018), Paris (2017) Incheon (2017),Vienna
(2020), and online in Aril 2021 These meetings have
mobilized many scientists and experts, and the subject
has featured in successive STI forum3he discussions
on the impacts of dgitalization, artificial intelligence,
biotechnology, nanotechnology, and other technologies
are expected to continue

In the IATT, this work has ledto a dedicated work
stream on analytical work in which staff have
cooperated for several yearslt built on related work
undertaken by IATT members wth various partners on

i O3mey artll aOv@ricéd (t&chndldgids Snde) thed Ri>+&00

Conference of 2012.

The topic became the primary focus of General
Agsembly resolutions 72/242 and 73/17 on theimpacts

of rapid technology change which requested
presentations of TFM findings at the STI Forums. Initial
TEM findings were presented by the UN Chief
Economist at the STI Forum in 2018 and an update in
2019. Similarly, this year, an update of these TFM
findings will be presented at the STI Forum during a

OAOCOEIT 11 Owi AOGET ¢ OAEAI
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documented in this chapter.

B. Previous TFM findings

4EA 1 AOO WHihdhgs OrEtie@npaes & rapid
OAAETT1TCU AEATCA T1
the STI Forum in 2019, since the Forum in 2020 was
postponed to this year.
4EA 4AOQE
collaborative and multi-stakeholder effort with more
than 100 expert contributors. It built on evidence from
eight meetings and sessions under the TFM umbrella; ten
recent UN system reports; written inputs from IATT and
the 10-Member Group, and 50 scienepolicy briefs
volunteered by expert contributors. Inparticular, experts

4 AAin5a019 /Efrésénied @ 0 OABOOAT OAET AOU
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The findings highlighted the great potential of new

OEA 3tBchrologies tA AherBWhiaaBlé dedeldpment Thef 1

highlighted the need for the UN to promote action to
address global technology risks and gaps. They called for
I AGAT O 1T ~&
against the backdrop of ever chaper automation and Al
in order to enable feasible development pathways for all
countries. New ideas are needed to manage the highly
uncertain employment impacts and concentration of
income and wealth. Some TFM experts specifically called
for testing proposals for technological unemployment

of DESA, UNCTAD, UNU, ECLAC, ESCAP, ESCWA, ITU, lindurance, guaranteed income policies, and a range of

WIPO, World Bank, as well as the International Council on
Science and the Major Group on Children and Youtiade
substantial contributions.

In 2019, vews in the highly diverse TFM community
continued to differ, but consensuswas also growing on
many points. The IATT approachthen as now wasto
simply document the debate, the evidence and the
recommendations put forward.

The following table summarizes these 2019 TFM findings
in nine focus areas. e scope and scale of the impacts of
rapid technological change both positive and negativez
had acceleratedacross the range of economic, social, and
environmental dimensions. At the time, the task team
concluded that he TFM findings hal Gtood the test of
timeoand had not changed substantially from 2018 even
though some of the impacts had increased in intensity,
indicating a need for policy action

10D i AU T £ OEA O4&- £EIT AET cOb

other compensatory social policies Environmental
considerations should be incorporated from the very
start into the design of thenew digital and Al technology
systems, in order to avoid lockin to an unsustainable,
high-energy and highmaterials demand pathway. The
sciencepolicy interface needs strengthening and
knowledge base related to the impacts if technologies
especially in developing countries requires inter@tional
support  through systematic partnerships  with
universities, labs, innovation incubators, and private
sector entties that are at the forefront of this
technological change, potentially in the form of a
discovery lab, facilitating the exchange of rektime
information, engagement, and policy insightsEthical and
normative considerations should guide ouractions in
practical ways. And finally, dstering policy coherence
and multi-stakeholder dialogue remains as important
than ever, in order to present different perspectives,
arrive at shared understanding and establish trust.

T £ ¢cmpw

https://sustainabledevelopment.un.org/content/documents/22742IATT_policy_brief_new_and_emerging_techs.pdf
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2019 TFM findings on the impact of rapid technology change on the SDGs (Status: May 2019)

Great potential
towards achieving
the SDGs

The potential benefits of new andapidly changing technology clusters are so great for the SDGs and
beyond that we cannot afford not to make wise use of them.

Technology risks
and gaps

Technology change has never been neutral, creating winners and losers, involving risks, and potentia
exacerbating gaps and inequalities. The UN has an important roleidentifying, raising awareness and
promoting action on these issues.

Development
impacts of cheap
automation and Al

Rapidly declining costs of new technologies can broaden accesghe benefits of technology and enable
much more rapid development, but they also present extraordinary policy challenges that call for an
extraordinary level of international cooperation. Many countries may need to find new development
pathways that incorporate these technologies and to rethink employment and income distribution
issues.

Employment
impacts

The overall employment effects will depend on the specific circumstances within sectors and various
local contexts. Computers and robots could replace asany as half of all human jobs in the coming
decades- essentially precluding traditional routes to achieve economic development in some countries
but they could also create many new jobs. It is unclear how jobs losses and job creation will compare
and how they will be distributed, however, we need to be prepared for different scenarios to unfold.

Preparing for the
impacts

Governments will need to rethink and re-organize how they match the supply of skills to the rapidly
evolving job market needs in formal and informal education systems. Some TFM experts call for testin
proposals for technological unemployment insurance, garanteed income policies, and a range of other
compensatory social policies.

Natural
environment

New materials, digital, bie, and nanotechnologies, and Al all hold great promise for a range of high
efficiency water and renewable energy systems that cdadi be deployed in all countries and catalyse the
global move towards sustainability. However, despite efficiency increases, Al and all the other emergi
technologies clusters will require everincreasing electricity with its associated pollution and waste
(e.g., ewaste, nanewaste, and chemical wastes), which calls for incorporating environmental
considerations into the design of these technology systems from the start.

Strengthening the
science-policy
interface

Our knowledge and understanding of newechnology trendsz especially in developing countries need
to be expanded as the basis for wefbunded actions and policies. TFM experts proposed building
partnerships and interfaces with universities, labs, innovation incubators, and private sector eities
that are at the forefront of this technological change, potentially in the form of a discovery lab or a
network of interfaces between the policy makers and technologists at the frontier, facilitating the
exchange of reatime information, engagementand policy insights.

Norms and ethics

Calls for a more responsible and ethical deployment of new technologies have to be balanced against]
concerns that excessive restraints on innovations may deprive humanity of many benefits. Ethical and
normative consderations that should guide our thinking on these issues have to spring from our share
vision - the values contained in the UN Charter, the Universal Declaration of Human Rights, the Rio+2
i OOAT T A OG4EA &OOOOA 7A 7 AT O6h oASubtainatle®éveldphénd 1 O

Multi -sectoral and
multi -stakeholder
engagement

Fostering policy coherence and multstakeholder dialogue is more important than ever coherence
across policies for macreeconomy, science and technology, industri@evelopment, human
development and sustainability; and multistakeholder dialogue to present different perspectives,
arrive at shared understanding and establish trust.

SourceslIATT WS10on analytical work on emerging science, frontietechnologiesand the SDGs

The 2019 TFM findings also reported on dtest
activities by IATT partners on new and emerging
technologies The Centre for Artificial Intelligence
and Robotics became operational in the Netherlands
under the umbrella of the UNICRI. OICT launched a
series of UN Technology and Innovation Labs,
starting with project offices in Finland and Egypt.

) 458 O ! )Glodai Somnitifelatdred practical Al
solutions for the SDGs. The UN Secretary General
created a Highlevel Panel on Digital Cooperation and
launched a Strategy on New Technologies. UNDP
joined the Partnership on Artificial Intelligence - a
consortium of campanies, academics and NGOs.
Current IATT efforts on the development of the TFM
13



online platform focus on an Al design. The UNU
Centre for Policy Research created an Al and Global
Governance Platform as a space for public policy
dialogue. DESA published th&Vorld Economic and

Social Survey 2018 on the theme of Frontier
technologies for sustainable development. The 36

session of the CEB HLCP focused primarily on frontier
technologies, with  discussions on capacity
development for Al and the future of work. he

technology chapter of the Financing for Development
Report 2019 was again dedicated to new and
emerging technologies. UNCTAD launched its

Technology and Innovation report 2018 on
Harnessing Frontier Technologies for Sustainable
Development. CSTD 2018 a&h2019 addressed the
issuezOEEO UAAO OODPDPI OOAA AU
report on The Impact of rapid technological change
on sustainable development. Recently, a compilation
of 50 sciencepolicy briefs on frontier technology
issueswas made available orthe TFM website These
examples were merely a glimpse ahe manynew in
the UN system activities on new and emerging
technologiesat the time. Theywere testament to the
high expectations attached to these technologies.

C. New elements in 2021 TFM findings and looking ahead

Two years later and more than one year into the
COVID19 pandemic, the interagency task team, of
course, explored to which extent the previous TFM
findings remained relevant and whether new
elements would need to be added.

To answer these guestions requed the team to also
consider lessonslearned from COVID19. What
difference have emerging science and frontier
technologies made in our responses? Where have
they failed and where have they succeededthd what
does it all mean for the global technologyidides?

Process

To answer these questions, the task team reached out
for inputs to all 45 UN entities that are IATT
i AT AAOOh OEA 5. 3 ANeahddAOU
Group and the STI communities they represent, to
organized science and engineering communis, as
well as to interested experts in academia, civil society
and the private sector. A call for inputs resulted in
hundreds of inputs, including many scienceolicy
briefs submitted by experts,more than 40 of which
passed the peerreview and are included in this
report. In addition, the task team organized a UN
expert group meeting on 8 April 2021 to support
identification of new elements for the TFM findings.
The meeting addressed in particular topics fowhich

a wide range of perspectives continue to exist in the
task team, including on emerging science (what have
sciencepolicy assessments told us in the past year
and what should be their role in the future?);
biotechnology, vaccines, and health technoldgs
(what is needed for closing global divides post
COVID?); the future of artificial intelligence and
technology divides (what should be done?); and open
science and intellectual property issues (how to align
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processes for frontier technologies based on hat we
learned during the COVID pandemic?).

The following findings represent a collaborative,
multi -stakeholder achievement. Experts from within
the UN and outside have contributed Special credit
goes tothe current and former 10-Member Groups
and olleagues from DESA, UNCTAD, ITU, ILO,
ESCWA, UNEP, UNIDO, UNESCO, ESCAP, UNU, WFP,
OOSA, UNDP, WIPI@,GEBand World Bank for their
substantial contributions.

Findings

2019 TFM findings remain valid, but new elements
need to be added

The ROVIPH | ®E1 ANl EA AEMSO EOHAN T
continued relevance and importance of the 2019 TFM
findings and the urgency to act upon them. They
remain fully valid. At the same time, the deficiencies
of our current global science and technology system
have been exposed. Important new eleants need to
be added to the TFM findingg elements that have
always been important, but the pandemic has
highlighted the urgency for action and the costs of
inaction, mostly in rather stark terms. Barely a year
after WHO declared the pandemic, over thremillion
have perished and around one billion have been
infected, many of which with potentially longterm
health effects.

COVID19 has greatly amplified the importance of STI
but weak institutions have been exposed

The COVIBL9 pandemic has greatly ampfied the
importance of science, technology and innovation
(STI) for our well-being, even for our survival.New
scientific findings and technologies are the solution to
the crisis, and in the areas of medicines, vaccines and
digital technologies they have dlivered for humanity



in a record time. Yet, the crisis has exposed
weaknesses in institutionsz political, administrative
and scientific institutions, some of which have long
suffered from underfunding and deficient
governance. Many of the lessonsom the pandemic
relate to science, including basic recommendations to
strengthen health care, invest in science and
education, build trust in science,and improve the
sciencepolicy interface.

COVID19 has accelerated digitalization but also
increased the costo the 3 billion unconnected

COVID19 has greatly accelerated digitalisation
among those who were already online at the
beginning of 2020, making the Internet pervasive. As
of Jan 2021, globally an estimated 4.8 of 7.8 billion
people were Internet users?2 When businesses,
schools and governments in many parts of the world
switched to telecommuting and video callsn spring
2020, Internet traffic increased by around 40 per cent
worldwide in the matter of one month. Reportedly,
this massive move in respons to the enduring crisis
has greatly accelerated innovation in digital
technologies and applications.

On the flipside, 3 billion people remain offline and
deprived from online education, employment or
digital innovations. The pandemic greatly
exacerbatedexisting technological and social divides
Z an unresolved issue that needs urgent addressing.
Billions of peopleremain completely excluded.

While the pandemic instantly expanded the user base
and market for many new services, it is also
important to note that some underlying, pervasive
technology trends have continued with surprising
regularity, despite the COVID shock. For example, the
super-exponential growth in performance and
energy use by largescale providers, such assoogle,
Facebook andAmazon Web Servicesince 2017 has
continued without delay.

Replicating innovation acceleration due to COVHD9
in other areas

In some ways, our global innovation system in
Ol 1T 0i Al 6 OEIi A0 EAO
But the good news is that tke ongoing COVIEL9 crisis

has shown that we can supercharge it in times of
crisis. The enduring pandemic has accelerated

innovation in  medicines, vaccines, digital
technologies and artificial intelligence, as many social
and economic activities were movedonline, quasi

overnight. Leveraging on these experiences holds
promise for our greatest collective trials beyond

COVID19 - curbing climate change, resolving
inequalities and resetting our unsustainable
relationship with nature.

While vaccination campaignsremain in catch-up

mode with virus mutations due to high infection case
numbers, the quick development of vaccines with
high efficacy and their testing in unprecedented
record times is testament to the resilience and
capability of the global innovation swtem. A key
guestion is to which extent the innovation system
could be equally mobilized to invent, innovate and
deploy new technologies to address socieconomic,
environmental and other sustainable development
challenges. It is important to note that mision-

oriented innovation of this type has benefitted from
earlier global R&D cooperation and public funding for
OOAAAET A DI AOAI Oi 66h 2.
online learning, etc.

The innovation acceleration that we have witnessed
during the present crigs gives us reason for cautious
optimism about possible innovationdriven solutions

also in other areas of sustainability concern.
However, many opportunities have been missed,
especially in terms of better global cooperation,
global solidarity, and trust in science. In fact, the
world broadly remains on a businessasusual

trajectory

Reorienting financial stimulus packages

The world remains in fire-fighting mode. Thevast

majority of financial stimulus packages in response to
the pandemic are not yet focusd on longer term

measures for a green, sustainable, R&D and

technology-focused recovery, in order to increase
resilience to future sustainability crises.

In view of the large size of these packagestalling
US$17 trillion worldwide, they may crowd out more

I B A OA O Adustainbie inveginient$ and l€adt@incpeas@ddoekO E A |

on a businessas-usual pathway. Of a total o/S$14.6
trillion 3 in national fiscal measures to address the
crisis, $11.1 trillion were directed to immediate

2 2.7 billion of them Facebo users. In a typical day in that month, they sent 265 billion emails, made 794 million tweets,
watched 7.5 bill. youtube videos, made 453 million skype video calls and uploaded 89 million videos and much more,
producing an incredible 9.4 bill. GB/day ofhternet traffic. In the same day more than 4.3 million smart phones and almost one

million computers were sold.
3$17 trillion with commitments by the European Commission
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rescue efforts(to manage the shortterm effects) and
$1.9 trillion to longer-term recovery measure$ The
total accounted for about23% of GDPof advanced
economies in the sample and 1% of GDRof emerging
market and developing countries. Of the recovery
i AAOGOOAOGHh TT1U pub
environmentally compatible spending. Almost all of
this green recovery spending was in only seven
countries. So, only 2.3% of stimulus funding
(accounting for 0.4% of GDP) was green.
Furthermore, most of the green recovery spending
has been committed to electric vehicle transfers and
subsidies, investments in public transport, cycling
and walking infrastructure, followed by subsidies for
renewable energy and infrastructure; ecosystem
regeneration and public parks, and energefficient
building retrofits. In comparison stimulus spending
on research, development and demonstration for
sustainable technologies is negligible. Given the role
of science and technology as solution to the
pandemic, this is incredible underinvestment in R&D.
This fact also aligns with anecdotal evidence even
from a Nobel prize winner and TFM contributor who
reported how hard it was to raise funding for R&D in
biotechnology.

Greatly scale up pblic investment into basic research

The fundamental biotechnology knowledge which
permitted the development of COVIEL9 vaccines in
record time largely originated in public and non
profit research institutions and spin-offs thereof. It
was thus primarily due to public funding for basic
research. Yet in the crisis, unprepared
pharmaceutical companies received tens of billions of
dollars to support applied research, production scale
up and population testing. No commensurate public
investment increase was made into basic research.
There is an urgent need for eknowledging the
decisive role of public funding for basic research and
for greatly increase such investment

Align research priorities with SDGs

Most scientific research is concentrated in a few high
income countries and tends to focus on challenges
that are not relevant to SDG challenges in loimcome
countries. Funders, donors and international
organisations should seek to steer research prioriés,
including by consulting with a wider range of
stakeholders and improving the assessment of

s N o0~ N o

4 another UShL.6trillion was recorded as unclear spending.

IO 53A0

Many successful technology solutions in COVID
response

Many effective frontier technology solutions have

been document&l in COVID19 responses in

developed and deyeloping countries alike. However,
thélr dedsdiuF lddployfnénP reflire? Eslg{lﬂs Oand ©
capacities. Therefore, capacity development and
demonstration projects are key. Riblic maker spaces
and citizen labsmay be a usail start. Examples of
such solutions include: lg data to support the

assessment ofpolicy effectiveness contact tracing
apps; $ace science and technology faglobal health;
viral spread simulations on supercomputers to
identify optimal behavioural guidelines; polymerase
chain reaction (PCR) testing and alternative
diagnostic tools; mRNAbased vaccines rapidly
responding to virus mutations; synthetic nanescale
antibodies; and D printing of face shields and PPE.

Frontiers in vaccines and access to S$blutions

A number of lessonscan be drawn from the
pandemic. The science and technology of vaccines
had already progressed significantly long before the
COVIDB19 pandemic, although funding for
researchers and innovators has been difficult to come
by. Then in the matter of weeks, at some point last
year, more than one hundred COVHR9 vaccines
based on a range of biotechnologies were under
development.As ofthe end ofApril, an estimatedone
billion vaccine shots have been administered world
wide z barely more than one year after the WHO
declared the pandemic. Compared to the past, this is
an incredible scientific, technological and logistical
achievement.

How could the massive drive for vaccines be
replicated to address the 20 neglected tropical
diseaseswhich continue to affect one billion peopl®
S i ACEET ¢ AEET OIl
OEA O11 0i Al d6 OOAOA
Every year, 1.4 million die from tuberculosis. And 5
million children under the age of 5 die from
preventable causeg £FAO [ 1 OA OEAI
toll of COVID19. Thebig question is what could be
done to provide a commensurate level of support to
the science and technology of vaccines and medicines
in these other areas.

And how can access be enred to vaccines and the
technologies to develop and manufacture them? The

i OT ANOAT q EIi bAAtGsk itdam GrouliE AoGefhdr Gproponents of open

science on the one hand and of strict intellectual
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property rights on the other. Interestingly, they TAx Cci1 OAOT AT AA AOT 61T A AAO.
agreed that there is no fundameral contradiction OAAI AT AR EEIOAT xkBE £ET AT 7
between the two and that combinations thereof can OEAOAAU 11 O0ET C EOI AT AAET
be optimised and useful for addressing the great ET OEA 1T A4EBRATBOHIBAEDI AO
global challenges. The debate uncovered significant AAOA Cl OM@AAT ADROCAKRBEGAIT AA (
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room for serving the original common objectives. The OOAT OPAOAT O AIAJIAOEOEDOOO
shared values of dissemination of riformation, AOAEEOAAOOOAS
knowledge, processes, and data for enabling wider

. N . . New regulatory needs for a sustinable digitalisation
dissemination of the benefits of science, and 9 y 9

technology for all. Due to their network effects, $ECEOAI EOAQCEIT 1 AAAO O A

knowledge assets tend to earn higher value with OAOOEAAO xEOE AT OEOAI U 1T

more users unlike physical wealth counterpart. OANOEOA ODPAAEAEA BELSODDPAAC
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Latecomer development in the emerging global green
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deployed worldwide at a level commensurate with a
Cil T AAIAAORA @A AT AOET 68
radically transform global <ervice efficiencies,
opening up more feasible pathways towards the
achievement of the SDGs, good living standards and

the agreed climate goals everywhere.

Cooperative, nearterm actions need to be takenfor
transforming service efficiencies, commensurate
with a sustainable and resilient recovery from the
COVID19 pandemictowards the achievement of the
SDGs.

Al progress is rapid and has already surpassed
human cognitive capabilities in narrow specific tasks

Al has rapidly progressed at an accelerated pace.
@AAD 1T AOOAI TAOx1T OEOS
cognitive capabilities in narrow, specific tasks, such
as facial recognition, medical radiological diagnosis,
and many others.In fact, rarrow Al has become
ubiquitous in many countries Z unbeknownst to
many. At the same time, billions remain excluded
AOT T 1)8
at exponential rates, leading to new applications, new
development models, and also sustainability
concerns. This las important implications for
EOI ATEOUBO AOPEOAOGEITO
However, future predictions are highly uncertain,
which is particularly challenging, since the current Al
transformation appears to proceed about seven times
faster than the industial revolution in the past.
Unless the issue getaddressed, new socigeconomic
divides will continue to arise with deeper gapsfrom
unequal ownership over the Al and other digital
technologies.

No official statistics exist for the computing power of
al OEA x1 Ol AGO AT i DOOAOON
devicesz most of which are connected to the Internet.
This collective global computing power was
estimated to have reached 93 million Petaflops in
March 2021, the equivalent of 4.7 million human

60 AAT AEEOOG8 o0AOAE Olk/lébh
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brains. By 203, we might reach an estimated

4 E A Q80,0601 Zetiaftops @Ethel hAmaA éqGivalént of 7.7

billion human brains z basically a doubling in human
cognitive capacity.

Learning from sciencepolicy assessments

Syntheses of scienc@olicy assessments are
important to enable informed and integrated
decision-making in relevant time. While UNEP made
a big step in this direction with its report, entitled
6- AEET ¢ PAAAA xEOE
tackle the climate, biodiversity and pollution
Al AOCAT AE A Guletige &nd &s$e€sméni ghps
remain with regard to digitalisation and other related
frontier technology clusters.

T T An IPCGSye pilddpth assesineht of digitalization

and of some of the keyelated frontier technology
clusters is needed. In addition, relevant readiness
assessments across disciplinary lines should be
regularly synthesized to explore synergies and high
impact actions

p'?‘o’%’nsmbg nV'rOM'%aﬁy%gdpgltg?eEfronper C Ol

technologies

There are many environmentally compatible frontier

A ageindlcyiesiwhich @iild be@eplbyed 3rgleveiaping

and developed countries alike. Examples include:
distributed recycling combined with additive
manufacturing; highly energy-efficient Al hardware
designs; low data Al;5G in smart irrigation: exploring
pathways for irrigation ; biomimicry to tackle urban
air pollution; robotics for monitoring the oceans;
saltwater greenhouses for food production ablative
pyrolysis for sustainable energy production and
chemical technology for future plastic recycling
ts to

could be leveraged betterfor dlssemlnatlon and
knowledge transferin this regard.

T AOOOA4

Table2. New elements in 2021 TFM findingsnosplementing earlier findings in 2019

Theme ‘ Findings Proposed actions
Previous TFM | 2019 TFM findings remain valid, but new elements  IATT WS10 and 18Member-Group to identify
findings needed to be added highest priority global actions in the nine areas.
STI COVID19 has greatly amplified the importance of STI|  Invest appropriately into sciencepolicy-society
importance but it has also exposed weak institutionsThe world ET OAOEAAAOGS )i Pl AlHAAADOIC

broadly remains on a businessas-usual trajectory. these interfaces (see this report)

0AOAAT oEAAT 1 Uh AAODEOA || Investin sdence and education and build overall
and open characteristics,many opportunities have trust in science.

been missed, especially in terms better global q§ Highly value and institutionalize trusting
cooperation, global solidarity, and trust in science. relationships among policymakers and scientists
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9 Strengthen global science cooperation for the SDG
COVID19 7 The COVIB19 pandemic has accelerateq § Urgently address the persistent technology divides
the great digitalization on the one hand and greatly amplified]  that have excluded billions of people from reaping
amplifier of persistent technology divides on the other handz the benefits of digital innovations
digitalisation essentially excluding billions of people from reaping|  Urgent action to connect the remaining 3 billion to
and divides the benefits of digital technologés and innovations. It|  the Internet as a matter of global priority.
also exposed amplified the digital gender divide the | § Support to upgrading of international Internet
more advanced the skill, the greater the gap. backbones
Other underlying, pervasive technology trends have § promote equitable access to Internet access and
continued with surprising regularity, despite the digital skills across gender and social divides.
COVID shock (e.g., supexporential growth in by | q create roadmaps highlighting the regular long
large-scale providers since 2017) term technology trends
Innovation The enduring COVIBEL9 crisis has accelerated § Promote mission-oriented innovation for
acceleration innovation in  medicines, vaccines, digital sustainable development
in times of technologies and artificial intelligence. Our global § Promote roadmaps with clear performance targets.
crises ETTT OAOETT OUOOAI ET  OI| q Invest much more in basic research and promote
well below its potential. The good news is that we  knowledge linkages between disciplines and with
might be able to supercharge it in times of crisis. innovators
i Establish onestop R&D platform that links
innovative actors in academia and industry
Reorienting The world remains in fire-fighting mode. The vast 1 Consider the longterm sustainable development
financial majority of financial stimulus and recoverypackages implications of present decisions in response to the
stimulus in response to the pandemic are not yet focused on COVID19 pandemic.
packages longer term measures and sustainable investments |  Re-orient financial stimulus packages to a green,
in STI sustainable, R&DB and technologyfocused
recovery, in order to increase resilience to future
sustainability crises.
1 Deploy Al andbigdA OA OT 11 O A&l O (
assessment and correction of decisions
Public The fundamental biotechnology knowledge which 1 Acknowledge the decisive role of public funding for

support for
basic

permitted the development of COVIEL9 vaccines in
record time largely originated in public and non

basic research and greatlyricrease such
investment

research profit research institutions and spin-offs thereof. It 1 Incentivize more private sector spending on R&D
was thus primarily due to public funding for basic relieving more public sector funds to be dedicated
research. Yet in the crisis, pharmaceutical companie to basic research and science
receivedtens of billions of dollars to support applied
research, production scaleup and population testing.

No commensurate public investment increase was
made into basic research.

Align Most scientific research is concentrated in a few 1 Funders, donors and international organizations

research high-income cowntries and tends to focus on should seek to steer research priorities and

priorities challenges that are not relevant to SDG challenges i improve the assessmentoO A OAAOAE S O

with SDGs low-income countries.It also typically neglects the impacts.
development of frameworks and guidelines for 1 Dedicate more global mechanism resources for
balancing economic, social and environmental addressing challenges facing the implementation o
progress. The pandemic provel that in addition to all SDGsincluding a betterunderstanding of
0116 1AAGET ¢ AT UTTA AAEE imbalancesin progresswithin regions,

OEA EAOA xAu OEAO o111 11

Many There were many examples of effective frontier 1 Promote capacity development and demonstration

successful technology solutions in response to COVHR9, but projects, public maker spaces and citizen labs.

technology their successful deployment requires skills and

solutions in capacities.

COVID

response

Frontiers in The science and technology of vaccines had already| § Global push to eliminate the 20 neglected tropical

vaccines and

progressed significantly in recent yearg long before

the COVIDB19 pandemic, but funding for researchers

diseases
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access to STI

and innovators has been difficult to come by. Yeby

Align processes and key messages of open scienc

solutions end April 2021, one billion COVIBL9 vaccines had and IPRs
already been administered. How can we leverage a | { Incentivize open science practices for all
similar push for the 20 neglected tropical diseases? stakeholders
And how can access to vaccines and the technologig g Campaign and demonstrate the great benefits for
to develop and manufacture them be ensured®pen all parties and societies of open science
science and IPRs have shared values of | Promote policies and processes implications of
dissemination of information, knowledge, processes, adopting open science along with effective IP
and data for enabling wider dissemination of the regulations nationally and institutionally.
benefits of science, and technology for all.
Latecomer A worldwide, profound techno-economic paradigm | § Policy makers need to deliberately bring together,

development
opportunities

transition is under way towards a greener global
economy, whid is driven by deliberate policy

otherwise distinct, policy domains, and o-design
solutions.

inthe global |[AEAT CAORh AOAAOET ¢ OGCOAAIT ¢ Policies need to be sensitive to the technological
green developing and emerging economiethat come with specificities of the different green sectors.
economy growth, jobs and employment.

Transforming | The pandemic revealed deficiencies in the capacity g  Science systems must be capable afjuick

science and science systems to respond to newriorities in a response to changing challenges, while increasing
engineering timely manner, while limiting the disruption to quality of and trust in science and engineering.
systems ongoing research. Perennial issues of persistent 1 Policymakers need to understand the important

inequalities in science and limitations of the current
system of publication and peefreview were also
brought to the fore. Engineering tandards can also
play an important role.

role that engineering standards can play in
governance and in enabling the buildings and
infrastructure needed for the SDGs.

Support the open science process

Principles for
inclusive data

Decentralised, new governance around data makes i
complex to re-balance human dignity with financial

= (==

Ensure fair data, transparent algorithms, and
trustworthy architecture.

governance AAT AZEOOh OEAOAAU 11 OET (9§ Support open data and government

rights in the new economy.
New Digitalisation leads to entirely new products and 1 lIssue specific regulations
regulatory services with new characteristics that require 1 Provide an international platform for exchange of
needs for specific regulatory solutions. Recent examples experiences and assessment of risks
sustainabl e include human digital twins, central bank digital
digitalisation currencies,and digital labour platforms.
Rapid Al progress is rapid and has already surpassed 1 The rapid changes and potential implication need
progress of human cognitive capabilities in narrow specific tasks to be analyzed and documented, in order to
narrow Al Narrow Al has become ubiquitous in many countries support decision-making, especially in developing
and highly Zunbeknownst to many. At the same time, billions countries.
unequal OAI AET A@AlI OAAA AOIT I ') @9 Reliable Al future scenarios are needed,
ownership Future predictions are highly uncertain, which is 1 Support the localized Al platforms aceunting for

particularly challenging, since the current Al the application context

transformation appears to proceed about seven

times faster than the industrial revolution in the past.

New sociceconomic divides will continue to arise

from unequaltechnology ownership and access.
Untapped There is a vast untapped efficiency potential of 1 Facilitate and prioritize investments and
potential readily deployabledigital consumer innovations in coordinated actions on technology efficiency,
energy-saving | mobility, food, buildings, and energy servies. business innovations and behavioural change to
potential of rapidly increase enduse efficiencies in energy,
digital water and land-use.
consumer i Consider the longterm sustainable development
innovations implications of policies, plans and programmes

related to digitalisation and artificial intelligence.

Environ - There are many environmentally compatiblefrontier | 1 Apply frontier technologies for efficient
mentally technologies which could be deployed in developing dissemination and knowledge transfer
compatible and developed countries alike. Knowledge and 1 Strengtheninnovation capabilities in societies by
frontier capacities are the main constraints to their diffusion. mobilizing learning, indigenous knowledge and

technologies
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new institutions that reward creativity and
entrepreneurship.

Science- Syntheses of sciencgolicy assessments are
policy important to enable informed and integrated
assessments | decisionr-making. While UNEP made a big step in thig

T AOOOAG N
with regard to digitalisation and other related
frontier technologies.

direction with its report, entitled O -aking peace with |
i AET O ETT x1 AAC/

1 We need an IPCGtyle, in-depth assessment of
digitalization and of some of the key frontier
technology clusters

Relevant assessments across disciplinary lines
should be regularly synthesized to explore
synergies and highimpact actions

SourcesIATT WS10o0n analytical work on emerging science, frontietechnologiesand the SDGs

Key new UN system activities

In the last two years, many of the new UN activities in
this space built on the earlier actions, some of wbh
were already reported in 2019. For example, in 2020,
the UN Secretary Generadlaunched a Roadmap for
Digital Cooperation which laid outhis vision for a
more open, free and secure digital future for allHe
also appointed a Tech Envoy. Following HLCP
discussions, a new UN interagency working group on
Al (IAWG-AI) led by ITU and UNESCO was launched
at the end of 2020. Similarly, the UN Executive
Committee established an interagency biorisk group,
led by WHO and ODA. Both these groups work closely
with the TFM. Discussions of frontier technologies
continued at the level of the General Assembly. Most
recently a high-level thematic debate on digital
cooperation and connectivity was convenedin April
2021. An increasing number of UN entities have
refocused «isting flagship reports on frontier
technology issues or initiated new publications. For
example, DESA included frontier technology issues in
several of its flagship reports and has started
cooperating Department-wide to analysethe impacts

of Al on the achievement of the SDG&/HO, UNCTAD
and UNDP launched a Tech Access partnership which
initially supported access to COVIEL9-related
technologies but since has expanded well beyond.
And there are many more such activities.

Follow-up

Rapid scientific and technological changeis among
us, and it is not going away. The scope and scale of its

21

impacts, both positive and negative; and across the
full range of economic, social, and environmental
dimensions require us to engage actively with the
issues.

#1 1 DAOAA Ol b OAesEthe@OVIHIR A OB
shock has forced the task team to include a range of
new issues in its findings. Many of them relate to
science and how to progresses to technology and
ultimately innovations. Indeed, science, technology
and innovation aspects are closelyinterlinked. An
isolated look at technology is insufficient.

The current TFM findings stand to be refined further
through discussions at this Forum and beyond. They
also serve to indicate a set of central areas of work,
where the collaborative, multisectoral and multi-
stakeholder context of the TFM stands to add value
and advance understanding at global, regional and
national levels.

When we work together z across national borders,
across groups, disciplines and stakeholder groups
we as humanity canharness science and technology
to the benefits for all of us, now and into the future.
Indeed, this concerns all of us, in developing and
developed countries alike.

It is against such background thathe TFM findings
are so important.lt is multi -stakeholder cooperation
in the service of our SDG aspirations that will make all
the difference.



lIl. Achievements and failures of emerging science and frontier
technologies during t he COVID-19 pandemic

This chapter reflects on achievements and failures of
emerging science and frontier technologies during the
COVID19 pandemic It features perspectives of
individual TFM stakeholders, including the 16Member
Group, IATT members, and other external contributors,
and summarizes them.Since the beginning 0f2020,
many experts haveworked on various aspects of this
The present report providesa good opportunity to put
key findings and recommendations together on a tap
that has preoccupied the UN system over the past year.

Following a brief overview of the contributions(Section
IlI.LA), three different types of contributions are
presented policy briefs on lessons fromCOVID19,
including on general policy issues anthe functioning of
the sciencepolicy-society interface (Section 111.B); on
specific technology applications and case studies
(Section IlIl.C); as well as updates on country
experiences activities andnews (l11.D).

A. Overview

Five sciencepolicy briefs identify lessons from
COVID19 responses for general policyand the
sciencepolicy-society interface

Dominique Foray of EPFL in Switzerland examirsghe
acceleration of innovation which delivered COVIBD19
vaccines, medicines and many digital solutiorig record
times during the COVID19 crisis, the reasons forthe
acceleration, and under which circumstances a similar
acceleration could be achieved to find solutions tother
global sustainability challenges

Members of the COVIEL9 Advisory Team to the
President of the Polish Academy of Sciencahaired by

*AOUU $ ,Gifaw BighOdbliey lessons invest in

modern health care build professional and independent
expert institutions in the field of public health, provide

experts with access to datainvest in science and
education, build trust, work together for the common
good, and learn to live with the pandemic

Giovanni Dosi of theScuola Superiore Sant'Annmn Italy
draws policy lessons from our medical/therapeutic
responses building on his earlier work on
epidemiological effects andasymmetric impacts among
social classesHe noted the earlier public and nonprofit
investments in basic science and genetic engineering
which made vaccines possible, yet in the crisis
governments gave more than US$24 billion to pharma
companies (which were mostly unprepared for
vaccines), with no commensurate scaling up of
investment in public fundamental researchin his view,
health is a universal human right and health-related
knowledge should be aglobal common good. He calls
for a reform of the present IPR systemsincluding
provisions in the TRIPS agreements
22

Kristiann Allen of the University of Auckland New
Zealand, in a joint submission by the International
Science Council and thelnternational Network for
Government Science AdvicBNGSA)draws four lessons
from an examination of the relationship between
science, policy and wider societythe so-called science
policy-society interface(s) (SPIs): SPIs require a more
sophisticated understanding of their functioning;
certain key roles are highlighted by the pandemic; SPI
approaches must be dynamic to respond to different
policy stages and conditions oftie evolving issue or set
of interrelated issues; and it is important that SPIs
connect nationally, internationally and globally.

Shivani Nayyar and Carolina Rivera Vazquez of URD
present an analysis ofdata on a range of IT skills that
enable workers andstudents to migrate their activities
online. They find that women systematically
disadvantaged ina wide range ofIT skills - the more
advanced the skill, the greater the gender gapAs
COVID19 caused work, education, and many aspects of
human life to mowe into the digital sphere it exposed
the digital divide and gender discrepancies in access to
quality internet, devices, and skills.

Three sciencepolicy briefs examine pecific
technology applications and case studieis
COVIDresponse

Fouad Mrad, Patrick Saoud, Raphaelle Akhras, Youssef
Chaitani, and Juraj Riecaof ESCWAlraw lessons from
two of their projects that apply vig datadfor improving
policy effectivenessz one on big data tocapture living
conditions of Syrian refugees in Lebanoand their host
communities, the other one onusing nontraditional
data sources to evaluate the effectiveness @OVID19



response policiesin Jordan and LebanonThey show
how big data provided decision makers with near real
time information onthe impact of the crisisand how the
nontraditional data sources (e.g.,satellite images,call
detail records, social media sentiment§ can support
crisis management.They found that big datacould not
replace traditional sources but wasagood complement
which alsoreducedbiases

Imad H. Elhajj and colleagues at the American
University of Beirut report lessons learned from the
official COVIDp w AT 1T OAAO L
Voluntary uptake ofthe app has been a major constraint
and the authors propose a randate to use the Ma3an
app to gain access to all closed public space¥he
authors also suggest integrating the app int@a wider
national strategy, aclear financial commitmentfrom the
govemment, and partnerships withlarge organizations
(e.g.,syndicates, universities, companies) to encourage
their members to download the app.

The UN Office of Outer Space Affairgports on the use
of space science and technology for health promotion,
health protection, surveillance, contact tracing,
transmission monitoring, health-care delivery in
remote areas using telemedicine and tel@ealth
services. Space science and technology provide
innovative research platforms for advancing medical
knowledge and spinoffs for the development of health
care equipment, operational activities and procedures
The authors provide astrong casefor international
cooperationin spacederived data and information

Six contributions report on country
experiencesand/or provide updates on
activities

Morimoto Koichi, HarayamaYuko, andNagai Ryozo of
the Engineering Academy of Japareport on results of
discussions by the ! A A A A iCohiinitee on Post
COVID19 Era They review the COVIDB19 situation in
Japan,chart the way towards a datadriven society,
highlight the need forevidence-based communications
in the context of vaccination programmesand call for
strengthened international science and technology
collaboration, including in terms of existing WHO, Gavi
and CEPI arrangements

O AafoEsl C

The Department of Science and Technologpf the
Philippines outlines scientific initiatives, specific
technology solutionsand policies implemented by the
Philippines in response to COVIBD19. This includes
short-term measures (esting kits, telemedicine devices,
a hub for data sources and epidemiological modelling,
specimen collection booths), medium-term research
programmes and block grants and longterm
establishment of the Virology S&T Institute of the
Philippines and Pharmaceutical Development Centers

Theél Ridbea Research Institute of Bioscience and
Biotechnology identifies key factors in the Republic of
+1 OA A6 Ol @&pdndeAalOVD-19. This includes
the establishment of a governmented national

response system strategic invesiments in basic

research and effective combined R&D and
infrastructure capabilities. As a result, diagnostic
technology was developed in time to contribute to

effective infection control.

Lee Hanjin and Moon Aree of the National Research
Foundation in the Republic of Koreacompares the
COVID19 response strategies and policies in the
Republic of Koreawith those in Japan, New Zealand,
Germany, Sweden, andhe U.K They suggest that
countries should prepare for a paradigm shift toward a
non-contact society, embracing an era ofdigital
transformation.

The International Centre for Genetic Engineering and
Biotechnology reports on its efforts in SARSCo\ 2
surveillance, the development of alternative diagnostic
tools, and theprovision oftechnical expertiseon COVID
19. It highlights the importance ofadapting technology
to local settings removing barriers to research,
providing access to STI solutionsand using affordable
COVIDproof air-sanitation systems as preventative
measures in schoolsretirement homes, andhospitals.

And finally, Milind Pimprikar of CANEUS Myrna

Cunninghamof FILAGC Simonetta Di Pippoof OOSA and
other colleagues draw on empirical evidence from

series of global collaborative efforts representing
Indigenous communities and key actors which were
launched, and undertaken during the COVHR9

pandemic,in order to create a platfom for identifying

challenges and opportunities for culturally relevant

spacebased tools

B. Lessons from COVID-19 for policy and the science-policy -society

interface

23



The phenomenal speed of innovation during the COVID pandemic z explanations and
lessons learned from the crisis

Prof. Dominique Foray, Chair of Economics and Management of InnovatigoBcole Polytechnique Fédérale de
Lausanne Switzerland

Abstract

One year agoinnovation economists predicted that the prospect for inventing or discovering COVID vaccines within a
year was totally irrealistic (Abid Younes et al., 2020). One year after, it looks like the prediction was wrong. This policy
brief discusses various reasns for the phenomenal speed of innovation during the COVID pandemic and some lessons
learned from the crisis in the area of science and innovation policy.

If we want to analyse the crisis as stimulant to The health crisis and innovation

innovation, we should first dstinguish two types of _ _
crisis. In this case, we can consider that there are three factors

_ _ _ that make this crisis exceptionally powerful and
On the one handgenduring crisesfor whose resolution productive as innovation stimulator2 :

innovation will play a central role (health crisis, climate

crisis). Innovation thus occurs during the crisis. - the benefits for society of innovations hat would

allow the crisis to be brought to an end are

On the other hand crises that represent an isolated event enormous. Economists will say that the social return

an accident, a disaster that could not be avoided. on investments devoted to the desired innovations
Innovation consequently occurs after the crisis to (in this case, vaccines) is huge. Moreover, these
prevent such a thing from happening again (Fukushima, innovations will not create any losers becauséhey

the terrorist attacks of 11 September). ATT1T60 OOAOOEOOOA O AT U FE
In all these cases, crisis plays a role in accelerating in place. There is nothing to be replaced, no creative
innovation. But not only does it influence the rate of destruction; _ o N
innovation, it also affects the direction it takeg in other - the speed of the innovation is absolutely decisive.
words, the crisis will highlight certain areas of The problem is not so much inventing a vaccine but
innovation that had been abandoned or neglected. This inventing it now; .
was very obvious for example in the &se of the terrorist - andlastAOO 110 1 AA O_O h X A ETI
attacks of 11 September. Subsequent innovations in the for, we know what we want. There is practically no
defence and security sector clearly changed direction. ambiguity or uncertainty or even disagreement
They concerned mainly the field of intelligence rather about the fact that the decisive innovation is the
than the traditional areas of defence R&D vaccine(s) that will make it possible to immunse

_ the entire world population.
Logically, the role of &celerator seems even stronger

while the crisis is underway, it lasts and innovation These three factors, com_bined_, act asa powerful d_riving
becomes the essential mechanism that would allow it to force and have resulted in an incredible acceleration of
be brought to an end. This is of course the case with the ~ the rhythm of innovation in a domain (vaccines) where
present health crisis that | would like to look at in more the latter is traditionally much slower and the economic

depth as innovation accelerator.

1 National security intelligence in the antiterrorist era involves the gathering of information on terrorists (masterminds, operatives,
and supporters), their modes of operation and sources and channels of finance. Intelligence broadly means the reduction of
uncertainty. R&D aimedat providing better intelligence capabilities is therefore very different from the traditional defence R&D
domains (dealing with the costly development of big weapon systems such as new jet fighters, nuclear subs, {arge missiles,
etc.). What is requied then is the settingup of R&D programmes that would support the development of sensory computer
interfaces for detection and intelligence gathering and computer technologies for massive data analysis (Trajtenberg, 2004).

2Here we will not discuss the fact that this health crisis has caused an economic crigishich is on the contrary a restraining factor
regarding innovation, mainly in sectors not concerned by the innovation opportunities created by this crisis.
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incentives for private actors to invest are considered
lows.

These factors have succeeded in disrupting the research
and innovation routines of the pharmaceutical sector
leading to the results we have witnessed being obtained
in record time#:

The big laboratories havenade a tremendous effort
whereas normally they prefer to commercialise
treatments rather than vaccines (since by definition
the vaccine eliminates the treatment markets)
(Kremer and Snyder, 2015)

The innovation phases (clinical trials) have
overlapped and evaluation of the results of these
trials has taken place continuously

The public sector and governments have made
major contributions (70% of the clinical trials have
been financed by the publicsector) (Agrawal and
Gaulé, 2021)

The three factors that | have mentioned (huge social
OAOOOT A1 O All h OPAAAR xA
have thus boosted the innovation system of the
pharmaceutical industry, obliged it to transform itself,
reconfigure itself and prepare itselffor battle in order to
meet this challenge anducceed

Some lessons

The first lesson is therefore thatthe enduring crisids a
powerful driving force for innovation, an opportunity to
AEAT CA Al ET AOOOO WG

irrationality of strategic behaviours that previously
seemed rational (big pharmaceutical firms do not invest
in vaccine research). The example of the Second World
War can be taken as another case illustrating the same
characteristics of anenduring crisis under the aegis of
the Office of Scientific R&D in the United States
incredible breakthrough innovations (radar, penicillin,
atomic bomb) were produced within a very short
timeframe. There again it is the preparation for battle of
the industries concerned that made these successes
possible (Gross and Sampat, 2021)

The second lesson is that, in times of crisis, what matters
are not the inventions, the proofs of concept or

demonstrations of feasibility, but the products capable

of resolving the crisis. As an American scientist
commenting on the American mobilisation for
innovation during the Second World War declaredz
OOEA OEIA &£ O AAOEA OAOAA
urgency meant that the basic knowledge at hand had to

be turned to good account® i #1171 AT Oh pe
Gross and Sampat, 2021). In the case of the COVID
vaccinesz the invention is one thing, and the production

and distribution of the products is another. We can
clearly see that this second dimension was not really
assessed at the beginning and therefore that the time
gained by R&D was partly lost by the time periods
necessary for the development of the necessary
production and distribution capacities.

The third lesson comes from the comparison between
the speed of inrovation in the case of the health crisis
(taking into account the nuance concerning production)

and the relative slowness of innovations in the case of
the climate crisis; anotherenduringcrisis. This disparity |
Ebktiveen innovAtion hyinn® & inl fhct Gultel egsily £l (
explained. None of the three factors previously
mentioned has the same force:

First, of course the benefits for society of green
innovations are huge but in most cases there are
winners and losers: climate change innovation must
compete with existing technologies in energy or
transportation and any success of an innovation will

e significapt . .d tic and international
Ké)stri jiv co?%@dﬁ‘eﬁgéia
Second, because the stress the crisis imposes on society
is less intensez the perception of imminert danger is
less significantz therefore the speed of innovation as

crucial objective does not represent such a heavy
burden as in the health crisis.

Last but not least, what must be done in terms of
innovation to resolve the climate crisis is far less
obvious : there is no vaccine, no single solution but
multiple courses of action and options which may
moreover be mutually contradictory ; courses of action
that furthermore involve society as a whole. The
solutions to the climate crisis lie only partially n the

3 Economsts cite a certain number of structural factors to explain this disincentive to invest in vaccine R&D, especially the faatth
treatment innovation is by definition more profitable than prevention innovation, as well as the anticipation of private inneators
that they will be unable to fix the desired price (because of all sorts of economic and political pressures that inevitablysa when

public health matters are concerned).

4 We must not of course neglect the role of a more traditional factor in theharmaceutical industry, which is that of basic research
that for years has been preparing the revolution of new types of vaccine.

5 This first lessonalso challenges theargument of certain economists (including the author) according to which, in the wordsof

AAT 80 AA
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It is therefore possible to accomplish this kind of exploit
but it happens only too rarely, hardly ever even. The
reason is that the three factors stated, which have
played such an important role in the success of
innovation during this health crisis, neve apply with
the same intensity.
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¢ Here we encounter the famousjuestion z more topical than everz posed byR.Nelson(1970) zz at the time of the first Apollo
missions:Q £ xA AAT 1T AT A A 1 AT 1 vethéptoBlems dof ihd ghettoe EDbis glestiodisOnterdkd téHighlight
the contrast betweena great problemwhose solution involves solely the engineeringsciencesand a great problem whosesolution
involves numerous domairs, particularly social ones ( see also Nelsoand Sarewitz, 2008).

7 Economists would argue that in the short run the efficiency of a huge 4&location of funding to a specific scientific domain is
limited because only a subset of researchers have the right human capital to advance the knowledgafier in the considered area.
And the supply of adequate human capital in terms of both quality and quantity is very inelastic in the short run. Human dapis
not the only barrier: good research ideas may also be scarce. In a world of scarce ideasieiasing funding invariably leads to
diminishing returns (Abi Younes et al., 2020). But all these arguments concerning the inelasticity of science have thus bagept
away by the facts!

8 This is why decades or more are needed to develop certain kinds of vaccines for certain kinds of markets.
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Introduction

Since the outbreak of the pandemic, many breakthrough
discoveries have been made, including the development
of the COVID19 vaccine, which has turned the
containment of the pandemic into a realistic goal. In
order to accomplish this goal, however, wenust learn
the lessons of what we have found out about the state
and its institutions, as well as about ourselves. We can
already draw two fundamentally important
conclusions. First of all, to tackle the challenges posed
by the pandemic, we must have a kst health-care
system and independent institutions responsible for
collecting and analyzing data on epidemic threats, and
we must invest in science and education. Secondly, we
must strengthen solidarity in society so that its
members follow the standardsof safe behavior, work
together, and take action for the public good.

Robust and independent institutions are
needed

Lesson 1: Invest in modern health care

The pandemic has laid bare the weaknesses and
shortcomings of the health care system. If it had not
been for extraordinary dedication on the part of medical
professionals, the toll taken by the virus would have
been far greater. The absence of strategic g@paration,

1  Eurostat, Expenditure for selected health care

providers by

sudden organizational changes, staff shortages
worsened by the pandemic, shortages of basic personal
protective equipment and beds with ventilators and
access to oxygen, significant reductions in the
availability of non-COVID19 care, and long it times

for health-AAOA OAOOEAAO All OEI
system was and still is dramatically unprepared to deal
with the pandemic and needs profound reforms.

In the short term, improving the functioning of the
health system requires better plannig and
communication in hospital management. In the long
run, it will be necessary to increase the number of
medical professionals and provide adequate funding.
Today, public funding for health care in Poland accounts
for about 4.5% of GDP This is not emugh. The EU
average is nearly 8% of GDP, with such countries as
Germany and Sweden spending over 9% of their GDPs
on this goal. Underfunded health care means a low
quality of life for citizens. Healthcare services are not a
bottomless pit, but one of thebest investments in the
prosperity of the state and the wellbeing of its citizens.

Lesson 2: Build professional and independent expert
institutions in the field of public healths

The pandemic has also exposed the weakness of
epidemic prevention and control institutions, including
staff shortages, as well as insufficient organization and

health care financing schemes (2020)

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_shall_hphf&lang=en

2Hendren, N., Sprungkeyser, N., (2020) A Unified Welfare Analysis of Government Policies, Quarterly Journal of Economics, 3%).1

[:3, 1209-1318

3 Holmes, E.A., O'Connor, R.C., Perry, V.H., Tracey, |., Wessely, S., Arseneault, L., Ballard, C., Christensen, H., CoRerESdvall,
I., Ford, T., John, A., Kabir, T., King, K., Madan, I., Michie, S., Przybylski, A.K, Shafran, R., Sweeneynoke, Bl (2020)
Multidisciplinary research priorities for the COVIB19 pandemic: a call for action for mental health science. Lancet. Psychiatry,
S22150366(20)30168-1, 10.1016/S2215-0366(20)30168-1. PubMed
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management of data on infections. Acutely felt examples
include the lack of adequate research ah modern
epidemiological models dedicated to the needs of public
health. In this respect, many countries have
independent public health institutes. For this reason,
the emergency management system in Poland operated
without access to necessary informatiorand without a
long-term strategy. It is necessary to establish a
network of independent and interdisciplinary expert
teams or institutions that would provide reliable
analyses for public health purposes. Such a system of
independent experts and institutiors improves the
monitoring of the authorities by the public and ensures
that the actions being taken are transparent and
rational4. Recommendations made by independent
experts and scientists as well as representatives of
universities and research institutes should therefore be

A PAOI AT AT O Al AI AT O
response to and during epidemics.

Lesson 3: Provide experts with access to data

Administrative resources and research data should be
made available in a structured manner with clar
policies on their usage, optimally in the form of a public
repository. Such resources require data quality control,
effective management, and coordination. The scientific
community and those responsible for IT systems in
health care should work togetherto find a suitable
solution. Source data and research findings should be
made available to the public. Professional data
collection and transparent access policies would make
it possible to use the experience and knowledge of
external experts.

Lesson 4: hvest in science and educatiorf

The pandemic has made us see the importance of
science and decisions based on the results of scientific
research. For this reason, scientific research, especially
in the area of public health, should be treated as a
priority and should receive adequate funding. It is

I £ OEA

likewise necessary to take action to build confidence in
science, for example through clear communication of
research findings to the public. Also, the public must be
made aware of the fact that scientific kawledge is
constantly evolving, and discussions and disagreements
are something normal and beneficial in the world of
science, because they bring us closer to the truth.

The pandemic has made us aware of the importance of
education for the proper developmet of humans and
society. The adverse psychological and educational
effects of longterm school closures on children and
adolescents may be very serious and last much longer
than the pandemic itself. They will most likely affect the
DOAI EAG6 O | rdic@nbétencesO thelfutuse.
Experts agree that school closures should be the last
measure to be adopted, after other restrictions are
mBIREEA's o
The pandemic has also demonstrated that the weakness
of Polish school lies in the curriculum overloadthe rigid
system of education, and the focus on the conveying of
information. The Polish education system has been
unable to cope with the pandemic, and this fact has an
adverse educational impact on children. Education is
OEA &l O1 AAGET 1 dgelsEse®écdndnyd O
A solidary-based society is heeded

Lesson 5: Build trus®

People must trust institutions and one another and the
government must trust society for a success to be
achieved not only in the fight against a pandemic, but in
the conditions of any crisis. The competence of the
government authorities and public institutions, in turn,

EO OEA EAU AT 1 AEOQETI
the virus, taking action to deliberately create conflicts,

showing arrogance, and ignoring the rules imposed on
the rest of society have all led to the fact that the second
wave o COVIDB19 infections in the fall had such tragic

4 Martimort, D., The multiprincipal nature ofgovernment, European Economic Review (1996)

Volume 40, Issues 35, 673-685, ISSN 00142921, https://doi.org/10.1016/0014 -2921(95)00079-8.

5Lockee, B.B., Online education in the pe&OVID era (2021)Nat Electron4, 576 https://doi.org/10.1038/s41928 -020-00534-0

6 Darling-Hammond, L., Schachner, A., Edgerton, A. K., Restarting and Reinventing School: Learning in the Time of COVID and

Beyond Learning Policy Institute (2020)

7 OECD (2020), Education at a Glance (2020): OECD Indicators, OECD Publishing

8Jones E., Young, A., Clevenger, K., Salimifard, P., Wu, E., Lahaie Luna, M., Lahvis, M., Lang, J., Bliss, M., Azimi; Rauaadeho
Wilson, C., Segule, M.N., Keshavarz, Z., Chin, W., Dedesko, S., Parikh, S., Vallarino, J., Allen, J., HealtlBiscRealsction
Strategies for Reopening Schools (2020) Harvard T.H. Chan School of Public Health Healthy Buildings program

9Elgar, F. J., Stefaniak, A., & Wohl, M. J. A., The trouble with trust: Teres analysis of social capital, income inequalitynd
COVID19 deaths in 84 countries (2020)Social Science & Medicine, 263, 113365.

https://doi.org/https://doi.org/10.1016/j.socscimed.2020.113365
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consequences in Poland. We did not even get a passing
grade on this test, and we are about to face a third wave.

The less people trust the recommendations formulated
by the government institutions, the worse the expected
outcome of the fight against the pandemic. Separating
the debate about the pandemic and the decisions made
by public administration bodies from ongoing politics
will help to increase trust. We should monitor the
actions of politicians and vde for those who are able to
keep health care and current politics separate.

Lesson 6: Work together for the common godé?!

The pandemic has also taught us that working together
is important in every sphere of our lives. In the
economic sphere, it is negssary to formulate fair rules
for the distribution of protective equipment and
vaccines. In the political sphere, we need involvement in
the development of fair solutions in the EU and across
the globe so that national and global goals complement
each otrer. In the social sphere, individual protective
efforts will not be effective if others ignore them. Only
together can we defeat the virus. This also means that
we should look after the underprivileged, minority
groups, and those at risk of social exclusioto a greater
extent than before.

During the pandemic, we have learned how much
depends on our behavior, even if institutions are
ineffective. We can eliminate many uncertainties and
threats by strictly following the recommendations,
mostly by acting in keeping with the simple rule known
as DDM (distance, disinfection, and masks). But we must
show solidarity in these actionsz in the interests of not
only all of us as a group but also each of us individually.

Lesson 7: Learn to live with the pandemic

The COVID19 pandemic will stay with us for a long time
to come. We must learn how to live with the virus and
stay safe. We should therefore create innovative
solutions in the public sphere. Based on what we know
today, the COVIBL9 vaccine offers effective potection
against symptomatic COVIEL9 infections. In order to
prevent the transmission of the virus, we may be
required to keep appropriate social distance for a long
time. Therefore, those who construct, design, and
organize public life should find innovdive solutions

regarding means of transportation, public institutions,
and personal protective equipment that will allow
compliance with epidemic prevention and control
recommendations without being overly burdensome
for social life. Enormous European resarces available
under the recovery fund should support such
innovations.

Lesson 8: Make political choices with longerm goals in
mind

The pandemic has highlighted the weaknesses in
society, leadership, and state institutions. Now is the
time to learn our lessons. Failure to do so will cost us
dearly in the future. We should engage in a debate on
such important issues as health care, education, and
science. We should evaluate politicians and their
platforms based on concrete proposals to improve the
situation in these spheres of public life.

Further reading: The team has produced several
position _ statements and a report entitled
Qunderstanding Covid196 8

10Crocker, J., Canevello, A., & Brown, A.Sacial Motivation: Costs and Benefits of Selfishness and Ottsémess (2017) Annual

Review of Psychology, 68(1), 29€325.
https://doi.org/10.1146/annurev -psych-010416-044145

11 Dovidio, J.F., lkizer, E., Kunst, J., & Levy, @ommon identity (2020) In. J. Jetten, Reicher, S., Haslam, S., & Curwys, T.
(eds.). Together Apart: the Psychology of COVIB. Sage Psychology.
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Some policy lessons from medical/ therapeutic responses to the COVID -19 Crisis: A
rich research system for knowledge generation and dysfunctional institutions for its

exploitation

Prof. Giovanni Dosj Institute of EconomicsScuola Superiore Sant'Anna, Pisa, Italy

It is useful to distinguish between the direct and indirect
impact of the COVIBL9 pandemic. The former includes
the epidemiological effects. We try to model them in
Bellomo et al. (2020). The latter concern the effects of
the institutional and policy responses to it. In turn,
among such effects one may further distinguish the
socio-economic impact of the measures of containment
and mitigation. We discuss them with their deeply
asymmetric implications among social classes and
groups in Dosi, Fanti and Virilito (2020). Finally, there
are the medical/therapeutical responses. This note
concerns them.

)
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some general lessons; and, third, offer some policy
implications.

Some medical/therapeutical factgevealed by
the pandemic and the policy responses to it

(i)

(ii)

A few months after the identification of the Covid

19 virus at least seven vaccines have become
available (Pfizer, Moderna, Astrazeneca, Sputnik V,
Johnson and Johnson, Sinopharm, Sinovac,
Covaxin) and at least six others will be very soon
(Curevac, Novavax, Convidicea, EpiVacCorona, and,
from Cuba, Soberana and Abdala).

Normally, a vaccine takes years of research,
development and testing. The quick results withess
the availability of an extemely rich body of
knowledge waiting for its therapeutic exploitation.

It relates to several avenues of explorations, with
already around sixty potential vaccines in the
pipeline as of January 2021 (a thorough discussion
is in Rawat et al, 2021). Many aothem, but not all,
are broadly associated with the Genetic
Engineering paradigm, and, more specifically in our
case, often associated with immunotherapies for
cancer. And, indeed, some of the new vaccines
(Pfizer, Moderna) were obtained by imaginative re
applications of MRNA studies originally concerning
cancers.

Equally striking is that such knowledge is largely
originated in public or nonprofit institutions
(Oxford University, MIT, Harvard, Gamaleya
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Institute, University of Mainz, public Cuban
laboratories, etc.) and explored either there or in
spin-offs thereof (e.g. BioNTech, Moderna).

This should not be surprising. Basic research is
almost entirely supported and often also
performed by the public sector in both Europe and
the USA. So, for example, in ¢hUSAall 210 New
Chemical Entities (NCEs) approved by the FDA in
the period 2010-2016 got funding, to different
degrees, from the National Institutes of Health
(NIH) (Cleary et al., 2018).

y trically =there 4s longerterm-eyigey - «
iew%rva@ ge z(éséﬁiéllynbsgg%‘egﬁgrgﬁ A
decreased its investment in basic research, as

witnessed by the diluted output of scientific papers
cited in patent applications (Arora et al. 2018).

Therefore, it is not surprising that Big Pharma has
been found largely unpremred, at least concerning
basic knowledge on vaccines. Among the New
Molecular Entities approved by the Food and Drug
Administration (FDA) since the year 2000, less
than 6 % concerned antibiotics or antiviral drugs
(Walker, 2020). And attention to vaccings has
always been low. Even the Public/Private Initiative
concerning AIDS vaccines which had raised many
hopes (cf. Chataway et al., 2007) failed. Vaccines for
AIDS, or later Ebola were never developed. After alll,

OEAU AT 1T AAOT AA OODPAAEAI

populations. It is more rewarding to invest in cures
which ideally make chronic otherwise acute
diseases (locetthe anti-retroviral drugs for AIDS).
But, of course, the business is different for a virus
which is quite egalitarian in terms of national per
capita incomes and social classes (of the infected,
not of the casualties).

In this case, the whole private sdor has
immediately been eager to undertake focused
applied research, production scalaup and
population testing in exchange for an enormous
amount of financial transfers. Approximate
estimates suggest 8 billion euros from the
European Union and around 16illion US$ in the
States. Nobody knows exactly for what: Research?



(iii)

(iv)

Manufacturing? Testing? Advance payment of the
vaccine themselves?

Come as it may, even the developed Western
societies ended up so far rationed in the vaccine
supply z with the exception of the USA and Israel ,
let alone the disastrous conditions of the
developing world z with the exception of India,
which, incidentally, produces around 40% of the
world vaccine supply.

4EA OPIT 1 EOEAAI A A l-priviate U 6
relationship revealed bythe policy responses to the
pandemic generally highlights governments and
regional institutions most often (voluntarily?)
hostages of Big Pharma, at gun point. The few
countries not rationed have been those giving up
AT U AAOCAEI
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others, with even the EU loosing despite signing
AAl EOAOh EAE 1
(AOAh xA AOA xAlI
it is the reversal of the relationship between the
State and the private actors, enshrined even in the
most pro-market constitutions.

The Developing Societies are, by and large, in much
weaker conditions, often lacking any competent,
incorrupt bureaucracy z decimated in its number

j 04 Al diwildvex EAO Ruméh habitdtsOtt
A Oddlistriaf&ming & dnim#s@
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o 8)\ Even ifvaccines are an expost mitigation and not a
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crematories in other regions because burning was
at full capacity in Lombardy.

And some general lessons

(i) This pandemic will not be the last one. It is a

profound sign of the changes in the relationship
between human kind and mture which occurred
after the Industrial Revolution and rapidly

i A@ccelgrpted oyeiy the gagt half century. Some

scholars go as far as saying that we have entered
into the Anthropocene (Coriat, 2020; Crutzen,
2006).

For sure the destruction of biodiversity, he
elimination of any distance between wild and
kuméh habitdtsOtheA éxponential increase in the
&udnlaghBultnfz #Fe

all recipes for culture_ of viruses and bacteria

developing ones, turned out to be largely
unprepared.
The fundamental reason is the deeply

dysfunctional relationship between the private and
the public in the gereration and exploitation of
innovative knowledge, in our case of healthelated

AU OEA DIl EAEAO OOAII ET C AxhbWledg@ EA O7AOEET COI 1
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a few out of them have the manufacturing
capabilities to make vaccines under license, and
even fewer feel the political power to invde
articles 27, 31 and 73 of the TRIPS agreements
permitting exceptions to IPR sales with compulsory
licenses in the case of health and security crises.

Last, but not least, the pandemic crisis has
dramatically highlighted the damages of the
neglect, or, h some countries, the retreat by the
State of auniversal public good health, and the

corresponding extension of the market domain

(more in Nelson, 2005).

The scenes of serious patients unable to reach
hospitals is unfortunately common in developing
countries, but the pandemic has shown the policy
induced scarcity of public services also in
AAOGAT T PAA T1TAO8 %OAT EI
author of these notes will always remember the
long trail of army trucks bringing the bodies of the
victims of such market-inspired negligence to

31

1106 Ei DOI OA

A ET. EQOO, El QACOEOQL T1L
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extent, depth and distribution of Intellectual
Property Rights.

In brief:

(a) The BayhDole Act (1980) in the USA, and
imitations in other countries, including the EU,
-allowing patentability of the outcome of
publicly funded research-, tends to distort the
efforts of search of e.g. universities, which
should be mainlycuriosity-driven. (Fortunately,
the evidence supports that, at least in top
universities, such distortion has not been too
deep, but the risk is always there).

(b) As_a cascade, public institutions generate
POl I EQEIT C ET T xI
generally at ridiculous prices to Big Pharma or

OEA QnbdeporkiddE td Aspin-86O QuhiehA migh® E A

generate rents to successful

academics.

enormous



(c) At the end, it is the public which continues to
support fundamental research, while it is
ultimately Big Pharma which mastershe rates
and directions of innovative activities

(d) Finally, drugs and vaccines are sold back,
directly or indirectly, to the public at prices
which have little to do with either the private
costs of search or the costs of production.

(iii) Itis often said that againstth®d OEA AECEO ACAEKEAO 6bBADOI ACAAAR |
x AO6 8 warde E O ErOthe cduhtr, and byAvlhbnk (ATGidis rieédledHdD h

DAT AAT EA EO A

are too serious a business to be left to the markets.

During WWII, the USA had become, for very good
reasons, a nearly full centrally planned economy.
After roughly three months after Pearl Harbor it
was capable of producing circa a tank per hour.
Conversely, after the Covid outbreak California
received with delays a largely insufficient number
of faulty testing kits; after three months the Italian
government was unable even tanap who was able
to produce masks (personal experience) ; all over
the developed West ventilation emergency devices
have been scarce for months ; and the list could
AT 1 OET OAs8

Some policy lessons

Some of them, the most fundamental, are lorgrm.
A4EA OEI 1 OOCEIT 1T &£ Ai106011
nature as a sink(Brock and Taylor, 2005) has to be
reversed before it is too late: putting it in a shorthand,
burning forests in the Amazon and destroying

rainforests in Indonesia is closely related tadhe health
of humankind.

Equally important, health has to become ainiversal
human right, and knowledge concerning health is a
global common good

Operationally:

() The crisis has shown the deep pitfalls of a health
system partly or nearly fully left to the market. If
health is a universal right, this must be taken care
of by the public as much as, say, justice or public
security.

(i) On the contrary, even when there is a universal
health coverage, like in most European countries,
public hospitals have been ofta the prime victim
of austerity policies. This must be urgently
reversed. What is needed is a massive increase
everywhere in the world of the overall public
expenditure for the health system and the

32

strengthening of local hospitals and laboratories: a
capillary hospital system is able to cope with
widespread diseases.

(i) Basic healthOAT A OAAV OAOAAOAE E
xAO [ EOOEd csubjectOtE @® mean

AAl AOI AGET T-AATTAZEE OOATAGA T
economists!

(iv) The States have to gain/recover the knowledg of

AT A xE
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(v) During crises like the current one it should be
obvious that vaccines have to be made available to
the entire population of the world. A necessary
condition is the possibility of manufacturing it

everywhere one is capable. This in turn demands
generalized compulsory licensing

More fundamentally, in the near future, it is crucial to
reform the prevailing system of protection of
Intellectual Property Rights (IPR) and its international
projection via the TRIPS agreements within the World
Trade Organization (WTQO).As we argue at geater
length in Dosi and Stiglitz (2014), it is bad for science in
Developed countries, for Global science, and for the
economies of both developed and developing countries
alike. It has been designed not to maximize innovation
but rents for those who havehad the good luck of

| ®ckiging & patend(@ntl & é twosie Aot the Bakne).O O A

While the evidence that IPRin general promotes
innovation is far from convincing, there is good
evidence that there may be adverse effects, especially
xEOE DI T 01 U APRCEIQds:AadcesOtOIFeC E
saving medicines may be restricted and so too access to
knowledge that is necessary for successful
development, and even for followon innovation. As
governments have to spend more money to purchase
the drugs they need, becausefaeduced availability of
low-cost generic medicines, other expenditures from
those necessary to promote growth to those devoted to
alleviating poverty? are reduced. Conversely, there
may be perverse links between IPR protection and
income distribution.

In some circumstances, such as in the pharmaceutical
industry, the evidence is particularly striking. Before
TRIPS, generics obtained under loose IPR regimes were
able to dramatically reduce the cost of drugs available
to developing countries. A vivid illustation concerns
antiretroviral drugs against the HIV virus where
generics were able to reduce the cost by between 98 per



cent and 70 per cent. (cf. Coriat et al2006; and So et
al., 2014).

Especially in the case of pharmaceuticals, where patents
are indeed a major mechanism of rent appropriation, |
propose that the public, which, to repeat, finances and
performs most of the Phase | of research, ought to move
all the way to phase Ill (i.e. experimentation on
humans), and when successful, transfer to Bigharma,
on nonexclusive base, the license to producgwhich at
that point should yield costs and thus prices not be too
different from marginal costs.

There would be three major gains.

First, the public would regain the control over the
search priorities, that is on the rates and directions of
innovative activities.

Second, it would certainly be a reform at massive
negativecosts for the collectivity.

Third, it would be a major equalizer in the access to
lifesaving drugs between developed and developm
countries.
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Lessons learned from Covid -19 for the Science-Policy Society Interface

Joint submission by ISC and INGSKTristiann Allen, University of Auckland, New Zealand and International Network
for Government Science Advice (INGSA)

Abstract

The collective global experience of the Cowvitl9 pandemic has provided an unprecedented opportunity to examine the
relationship between science, policy and vder society in what is often called the scienepolicy-society interface(s)

(SPIs). Navigating a novel pathogen and its ensuing pandemic has dispelled some of the most common misperceptions

about SPIs and revealed some relevant truths. At least four lessocan be drawni1) SPIs require a more sophisticated
understanding of their functioning; (2) certain key roles are highlighted by the pandemid'3) SPI approaches must be
dynamic to respond to different policy stages and conditions of the evolving issue set of interrelated issues (4) it is
important that SPIs connect nationally, internationally and globally. These lessons are all the more important for future
preparedness as a pandemic such as COVID and the associated health responses intersect wittlimate and other
environmental-related pressures and underlying socieeconomic disparities within and across countries.

More sophisticated understanding

The pandemic has forced the retirement of any notion
i £ O O0E AstaBledrglafionghiP befveen science and
policy, engaging solely in the linear transfer of
knowledge from experts to policy makers (Palmer,
Owens, and Doubleday2019). If it were only a matter
of one side conveying evidence and the other side acting
on it, we could reasonably expect almost perfect policy
convergence on pandemic responses among countries,
all facing the same pathogen. Instead, national, sub
national and supranational responses have diverged
widely based on different interpretations of the
problem and how to address it. Some governments have
prioritized economic functioning, while others took a
classic public health approach, which itself varied from
O£ AOGOATET ¢ OEA AOOOAS OI
choices were shaped by how actors intpreted their
contextual conditions. Almost all choices have been
contested.

This experience has cemented a more sophisticated
view of SPIs, especially within the Western democratic
tradition. Well-functioning SPIs should be dynamic
ecosystems of organizabnal arrangements and
processes that serve to structure the relationships of
diverse actors around complex policy problems like
pandemic response. As the range of actors brings a
plurality of perspectives, SPI processes must help
facilitate the exchange of scientific evidence and place it
in the context of surrounding (sometimes opposing)

14EEO OOAI EOOEIT
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social values(Douglas 2009). By doing so, they create
the conditions for evidenceinformed policy options to
emerge, with high credibility and social legitimacy(van
den Hove 2007; United Nations Environment Program
2017; Weingarten, 1999)

Key roles within SPIs

We tend to think of this work taking place in formal
government settings such as Panels, Advisory
Committees or other institutional structures operating

AG OAT 01 AAOU (GuSafséoh Brid Aidskog T O

2018; Guston 2001; White, Larson, and Wutich2018).
But the pandemic also has revealed the role of SPI
mechanisms outside of government (e.g. higprofile
individual academics and science jawalism, etc.) in
influencing policy eonsensus ang pr lgating ideas, -
\';%/Iieegir g\‘frréaé '%IJ forrﬁa@, Rthe%relgpg%réeﬁcéd 014 E /
pandemic has served to illustrate and affirm that
boundary roles in the SPI ecosystem are distinct from
the conventional scientific work ofresearch, publication

and dissemination (Gluckman, Bardsley, and Kaiser
2021; Pielke 2007). They include:

1. scientific knowledge generators: researchers
and technical experts

2. scientific  knowledge synthesizers: with
specialized skills in knowledge integraion and
meta-analysis

I £ %9DA0O0OO

Interfaces, which was authored on behalf of CEPA, by thethars of the present submission. We recommend that this submission

be read in conjunction with the CEPA guidance note

https://pu blicadministration.un.org/Portals/1/Strategy%20note%20science%20policy%20interface%20March%202021.pdf
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3. scientific knowledge brokers: those who work
as multidirectional conduits between SPI
stakeholder groups

Science communicators.

Some boundary organizations will have practitioners in
each of these roles, especially organizations that
specialize in certain sectors of public policy. More often,
however, the roles will arise from different parts of the
SPI ecosystem and need to coordinate their efforts
deliberately. This is especially true during a crisis like
Covid-19. For instance, minstries of health have most
often coordinated these roles, including working with
specific academics and science communicators outside
of the ministry.

Different approaches for different stages and
conditions

The experience of the unfolding pandemic haslso
offered a unique view of how SPIs are mobilized in
different ways at different stages of the crisis,
depending on the types of decisions and actions needed.
At the outset, when treatment and prevention drugs
were unknown and ICU protocols were only emrging,
the best tools available were the behavioural measures
of public health (i.e. social distancing and increasing
mobility restrictions, masking, hygiene). This approach
demanded collective action, which in turn required
careful sciencecommunication to the public, informed
by the social and behavioural sciences, as well as
community input. The latter has been especially
important in the context of multi-cultural communities.

Such behavioural restrictions wear thin quickly,
however, and more comprehenve pandemic
responses emerged as the pandemic, knowledge of the
pathogen and the efficacy of measures akvolved.
Responses have been based on how officials have
interpreted new knowledge and the evolving threat
within their socio-political and material contexts. It is in
this interpretation that the interplay of scientific
knowledge and normative public values within SPIs is
best illustrated (Wesselink and Hoppe 2020)

We have seen the Covid9 threat constructed (framed)

in many different ways, each wih different sets of
consequences (e.g. as primarily an economic threat, a
threat to personal autonomy, a threat to specific sub
populations, to mental health, etc.). All of these are valid
concerns, but the relative emphasis has varied across
time and plae. At times, SPIs must adopt iterative
processes that enable consensus on the framing and
structuring of the problem (or set of interrelated
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problems) so as to synthesize evidence from multiple,
and sometimes competing, perspectivegMair et al,
2019; OECD2020; Stevance et al2020; Wesselink and
Hoppe, 2020). To this end, the key functions of SPIs at
various stages include:

1. problem framing: defining the nature and extent
of the problem, in a collaborative way and
informed by evidence

2. problem structuring: minimizing disagreement
and uncertainty in the nature of the problem
and the nature of the knowledge needed for
action.

3. knowledge selection: determining relevant
knowledge needed for problem structuring and
designing solutions; involves integation of
various disciplinary knowledges and reflection
on possible hidden biases

4. Managing relationships between stakeholders:
structured processes that protect the integrity
of the science while preventing strict
technocracy.

Covid has exemplified the nee for agile SPIs that can
move through these functions as real time data and
information shed new light that can prompt reframing,

restructuring or seeking new types of knowledge to
inform policy options anew in quick learning and

adaptive iterations.

At the same time, the pandemic has also demonstrated
that linear processes of knowledge sharing do have a
place in wellfunctioning SPI strategies. For instance,
xEAT OEAOA EO AT 1 OAT 600 11
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of evidence provisioning is still an important SPI
function. Evidenceinformed modeling and analysis
aimed at characterizing the extent of the threat or
impact in different populations or testing different
policy variables is invaluableintelligence to optimize
the policy response.

Connecting SPIs vertically and horizontally for
better policy coherence

Both the iterative and linear processes of SPIs are made
more effective when they are connected horizontally
across sectors and across Ilels of government
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disruption has demonstrated the systemic nature of
nearly all socioeconomic activity. No matter which
sector is prioritized within the pandemic response,
there are ripple effects across allectors, which require
cross-sectoral collaboration to fully examine and
accommodate. Involving experts with different sectoral



expertise has helped to mitigate the tradeoffs. For
instance, the International Public Policy Observatory in
the UK is a newly ewblished boundary organization
designed to help policy makers apply systemic social
science insights to help mitigate the impact of the
pandemic?

At the same time, connecting SPIs internationally and
globally is just as important as connecting
intersectorally. Policy trackers and observatories have
proliferated since the outset of the pandemi¢ This is
one way for policy makers to source policy ideas to
apply domestically. However, when experts can also
share underpinning evidence as well as a common
position on what to count as evidence (whether for the
formation or the evaluation of policies) it enables the
necessary international and global collective action
against the pandemic. In turn, the necessary conditions
that enable such sharing are globallyintegrated SPI
mechanisms such as:

9 intergovernmental agencies (e.g. WHO)
convening experts and facilitative dialogue;
multi -lateral research consortia;

T
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opportunities for high-level policy dialogue that
includespublic policy and science policy, so that
countries can better align their science and
technology systems:

At the multilateral level, the foremost organisation for
establishing discourse and agendaetting on SPI is the
International Science Council (ISX; for which the

Program of Work usefully includes the mapping and
development of SPIs within the UN systerh.

Recommendations

The 2019 Global Sustainable Development Report may
have issued advice for prgpandemic world, but its
recommendations for SciencePolicy-(and society)
interfaces not only hold true, but take on added
Ei b1 OOAT AA ET 1ECEO
the key recommendations are recalled and reframed
below:

1 Knowledge sharing platforms with data
interoperability and accessibility;

1 https://covidandsociety.com/

2 See the Oxford Supefracker: https://supertracker.spi.ox.ac.uk/

1 Permanent national expert panels in key areas
of sustainable development;

1 ScienceSociety collaboration and cedesign
mechanisms;

1 Investment in sustainability science which
brings together scientific, practical and
indigenous warldviews;

Investment in quality science journalism;
Investment in science diplomacy to encourage
global research cooperation, especially South
South and SouthNorth relationships.

These recommendations can be enacted at both
national and multi-lateral (global) levels by a mix of
issue-specific and generalized SPI structures and
processes. The complexity of these interacting
sociotechnical and sociepolitical impacts of the

pandemic have thrown into deep relief the importance
of well-structured, well-integrated and wellconnected

SPIs.
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COVID19 exposes the Gender Digital Divide
Shivani Nayyar and Carolina Rivera Vazque NDP

Abstract

The Covid19 pandemic caused work, education, and many aspects of human life to move itite digital sphere. This
sudden move exposed the digital divide and vast discrepancies in access to quality internet, devices, and skills. We
analyze data on a range of IT skills that enable workers and students to migrate their activities online. We fitieht
women are systematically disadvantaged in a wide range of IT skills from sending an email with attachment, to making
a presentation or coding. The more advanced the skill, the greater the gender gap. As the world moves on from the
Covid-19 crisis, itis important to learn from this experience. Equitable access to internet access and skills, prioritizing

girls, and women, is imperative for an inclusive digital transformation.

Innovations in the digital economy have the potentl to
lift living standards of large numbers of people.
However, access to innovations are not always shared
equitably. In fact, there are many cases of groups of
people, even groups of countries being left behindFor
example, there was rapid developmenof the vaccine
for Covid-19 but it is primarily rich countries that have
been able to access it and widely inoculate their
populations?.

The Covid19 pandemic and the economic fallout from
it have caused setbacks in terms of human development
and the athievement of the SDGs At the peak of the
crisis, roughly 1.5 billion children were out of schodl
and across countries, female labor force participation
has fallen (Figure 5). At the same time, the impacts of
the Covid-19 pandemic have not been even HE impacts
on human lives are mediated by existing inequalities in
human capabilities. Those with higher levels of
education and training have been able to socially
distance and conduct their work and lives digitally. This
has not been an option for others

It has been observed empirically, in the past few
decades, that while there is convergence in terms of
basic capabilities, there is divergence in terms of

enhancedcapabilities.5 While there is convergence in
technologies such as mobile phone subscriptions, digital
gaps between countries and within countries have been
widening when it comes to technologies such as access
to computers, internet and broadband. While women
and menhave equality in the right to vote, women are
starkly underrepresented in political bodies and other
positions of power, and these gaps are not closihgsaps
such as these came to define the impacts from Covi®.

As Covid19 infections spiked, in manycountries people
were asked to work from home while school systems
and universities moved classes online. However,
unequal digital capabilities meant that this was not an
option in many countries. Within countries too, the
success of online work and schootlepended on the
availability of an internet capable device and of high
quality internet8. Women face different barriers to
access technology than men and were less able to adapt
to the switch to online work and services.

This policy brief takes a closer look at the technology
divide across gender. It analyses how girls and women
perform on a range of technological capabilities, ranging
from the basic (copying or moving a file or folder) to the
more advanced (writing a compter program), as

1 For a model where which shows that new technology, while expanding the possibilities for the world, can leave vast sectiofis o
the population marooned and without bargaining power sed@asu, Caspi and Hockett 201®@n the divide across nations, sednited

Nations 2020.

2 SeeUnited Nations 2021.Also seelnstitute of New Economic Thinking (INET) Commission on Global Economic Transformation

2021.

3 An estimated 119 to 124 million have been estimated to be pushed into poverty as a result of Ce¢®l Lakner and others 2021.

4 Strauss 2020.

5 UNDP (United Nations Development Programme) 2019.
6 UNDP (United Nations Development Programme) 2019.
7”Nayyar and RiveraVazquez 2020.

8 Adjusting the percentage of primary school children facing closures to account forh@ther the household had access to internet,
the estimated effective outof-school rate presents a lower bound of the oubf-school rate. In 2020, the effective oubf-school rate
jumped everywhere. While in low human development countries, it increased §9 percentage points, to 86 percent, it increased
by 41 percentage points, to 47 percent in high human development countrietINDP 2020.
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compared with men. The Covidl9 pandemic and the
rapid ramp up of the use of internet technology shows
us why this is an important exercise. In the world that
we are living in, technological capabilities, who has
them, and at what level,can determine who gets left
behind.

We find that women are disadvantaged in Information
and Communication Technology (ICT) skills across a
broad range of skills. On average, the more advanced the
ICT skill, the greater the gap in its mastery between
women and men. However, there is much regional
variance. Based on the findings on access and ability, the
brief concludes with some policy recommendations.

Findings

With Covid-19 infections spreading and social
distancing becoming the new norm, the sudden sttito
remote work and remote learning has exposed existing
gaps - only 46 percent of households globally have
access to a computer while 60 percent have access to
internet at home. When we consider internet users by
sex, on average 72.5 percent of men a®.3 percent of
women are using the internet. While the global gender
gap is 3.2 percentage points, there are regions such as
Central Asia, Southern Asia, and Stfharan Africa
where it is greater than 7 percentage points, doubling
the digital divide between men and wome®.

Girls and women face underlying, structural inequalities
Even in households with access to an internet connected
device, girls and women may lack access to these
capabilities due to social norms of discrimination. There
is evidence ofsocial conditioning whereby even at age
five, girls and boys show differences in the kinds of
professional roles that they aspire t&°. Girls and young
women disproportionately encounter cyberviolence
that manifests itself through threats of physical or
sexual violence or harassment, among other forms. The
high risk for online violence creates a hostile
environment, in which many women seltcensor or are
driven offline entirely out of fears for their safetyi1.

One of the main strategic objectives of the Hing
Platform for Action is for women and girls tohave more

21TU (International Telecommunication Union) 2021.
10 OECD 2020.

access to training intechnology, yet progress has been
mixed!2. To be able to migrate to online work, working
women must be fluent in technical skills. Similarly, in
education, b take advantag of online learning,
students are required to be digitally literate, and be able
to use technology effectively. There are ongoing efforts
to identify and address differences across gender in the
guantity and quality of engagement with, and learning
outcomes from, distance learning opportunities during
school closurés.

Here, we report on data available for 88 countries by
gender, from the International Telecommunications
Union (ITU) on some of these skills, including copying
and pasting within a documenttransferring files, using
basic arithmetic formulas in a spreadsheet, the
connection and installing of electronic devices, creating
presentations, downloading and configuring new
software and others. These skills range from the basic to
more advanced, refecting the distinction between basic
and enhanced capabilities.

"EOI 66 AT A x11AT80 AANOEO
geographical region (Figure 1).Europe and Northern
Americaand Northern Africa and Western Asiehave the
highest percentages of women withCT skills (basic and
enhanced), while SubSaharan Africa,Central Asia and
Southern Asiaand Latin America and the Caribbean
have the lowest. When it comes to the skill of having
written a computer program using a specialized
programming language (in thelast three months), the
rate is quite low in all regions4.

When we look at the gender gap, across every digital
skill and every region, women have mastered the skill at
lower levels than menz the gap is always positive. On
average, we see a trend the more advanced the skill,
the greater the gender gap (Figure 2). The biggest gaps
between men and women are irfinding, downloading,
installing, and configuring softwarewith 6.1 percentage
points difference, and intransferring files between a
computer and other devicesvhere there is 5 percentage
points of difference between men and women.

11 Lopez 2018.These biases and experiences tend teanslate into real lifetime outcomes. For example, only 22 percent of Al
professionals globally are women and less than 30 percent of researchers are womddNESCO (United Nations Educational
Scientific and Cultural Organization) 2021. SeeWEF (World Ecaonomic Forum) 2018.

12 UNESCO (United Nations Educational Scientific and Cultural Organization) 2020a.

13 UNESCO Global Education Coalition 2020.

14 This is low also for men. Overall, in only 11 countries do more than 10 percent of people report having writtartomputer program
using a specialized programming language, in the last three months.
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The pattern also holds in the regions Europe and North
America and Latin America and the Caribbean (Figure
3). Gender gaps are wider for the more advance®T
skills. In Europe and North America, the biggest gap
between men and women is in downloading, installing,
and configuring software with a gap of 10.1 percentage
points. In the region Latin America and the Caribbean,
the biggest gender gap is in connectgy and installing
new devices, with a gap of 2.7 percentage points. These
gaps are reflected later when women join the labor
market. According to the 2018 Women in Tech Index,
the percentage of women working in thdCT sector are
14.2 percent in Mexico andL5.5 percent in Chilels

In Sub Saharan Africa and Central and Southern Asia,
the regions where women have ICT skills at the lowest
levels, the gender gaps are higher in basic ICT skills
(Figure 4). In these regions, both men and women have
limited know ledge in enhanced ICT skillsThe dhare of
graduates in science, technology, engineering, and
mathematics programmes at tertiary levelthat are
female is lower than 10 percent in countries like
Bangladesh, Angola, Congo, Ghana, Mozambique or
Namibial6é As there is improvement in the uptake of
these skills, it is important to ensure that girls and
women, and not just men and boys, have opportunities
for learning them.

Figure 1. Proportion of young girls and women with information and communications technology (ICT) skills by type of skill and

region, last available year.
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Figure 2. Global information and communications technology (ICT) skills gap between men and women by type of skill, last

available year
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Figure 3. Information and communications technology (ICT) skills gappetween men and women for Europe and North America

and Latin America and the Caribbean by type of skill, last available year
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Figure 4. Information and communications technology (ICT) skills gajppetween men and women for Central Asia and Southern
Asia and SubSaharan Africa by type of skill, last available year

Data urce: International Telecommunication Union (ITU).

Figure 5. Impact of the Covid19 pandemic on female labor force participabn rate

Note:Refers to the population ages 15 and older.
Data urce:Yearly data for 19922017 and monthly data from 20182020 from ILOSTAT database
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