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Why is it important?

» New opportunities for innovation

» Competitiveness

» Strategic planning

» Better understanding of social and
economic impacts

» Curiosity

ISSEK HSE

We want to know more about future S&T

Why is it that difficult?

» Accelerating technological development

» Interconnectedness of technologies

» Growing complexity

» Serendipity, unexpected ideas, wild cards

> Lack of data vs Too much data

» Linear thinking



Linear thinking

Moore’s law

Amara’s Law Metcalfe’s Law
Moores law
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Bob Metcalfe, creator of the Ethernet

People tend to overestimate the
effect of technologies in the short-
run and to underestimate in the
long-run

Roy Amara, futurist
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Foresight : Definition and Basic Principles

Definition Basic principles

The process involved in systematically attempting to look into the longer- Identify possible versions of the future

term future of science, technology, the economy and society with the aim of > Reach a consensus among stakeholders and experts
identifying the areas of strategic research and the emerging generic about preferable target option of the future
technologies likely to yield the greatest economic and social benefit _
Ben Marti » Together develop a set of consecutive measures for
en iviartin achieving the selected option of the future
Grand challenges, Changes of existing markets and — |

Prospects of societal and emergence of new ones as a result of Technologies with a high Identlfrlicj:ilt?gsoi:msst'ﬁteglc

economic development technological breakthroughs innovation promises P
Grand challenges Megatrends
The most complex, widespread and intractable large-scale social, economic, political, environmental or technological changes that are

slow to form but which, once they have taken root, exercise a profound and lasting

problems that require solutions by many actors, . _ AREl :
influence on many if not most human activities, processes and perceptions

including governments and international

organisations
OECD STI Outlook, 2016
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Foresight for Policy Making under Deep Uncertainty

Increasing uncertainty requires methods working
under condition of high turbulence and abrupt change of trends

Increasing

; : Lack of data vs complexity of Unpreparedness e T Polarity of

Problems RERIEIERE NI Too much data processes and to shocks itz e el opinions

systems
. . i . Consensus
Methods Scenarios Expert studies Ba:ﬁgitla Modeling Wild cards STEEPVL forecasts
Quick .
Results Range of possible Exposure of identification of ~ Understanding Unpredictable p\r/gflgnsqze(cetcrgg%z Shared forecast
futures tacit EMErging linkages between  events with high society, technologies: estimates
knowledge trends and parts of the system impact va'lues etc.) ’

weak signals

Emerging short-
term problems

Situation analysis

Operational
decision-making



The Digital Transformation of Foresight

New Trends in Foresight Methods
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H technology foresight

M Delphi method

B Technology forecasting
M Decision making

H Mental time travel

W hindsight bias

B multi-criteria d ecision analysis
M risk assessment

H Simulation

B Adaptive foresight

M Expert panel

B Text mining

B Scenario analysis

B Perfect foresight

W Strategic foresight

B Technology road map

H System Dynamics Models
B game theory

M policy analysis

H science and technology policy
M bibliometric analysis

B Emerging technology

M Weaksignal

M Case study

Source: Saritas, O., Burmaoglu, S. (2015) The evolution of the use of Foresight methods: a
scientometric analysis of global FTA research output, Scientometrics, 105, 1, 497-508.
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Creativity

/Wild Cards ™.
_~~ Science Fiction
" Simulation Gaming

Essays / Scenario writing n"\\

_~ Genius forecasting  Role PIayIAcﬁné .
Backcasting SWOT Brainstorming
" Relevance trees / Logic chart  Scenario worksho#’"--q\_

/" Roadmapping Delphi Survey Citizen Panel
g‘"Expen Panel Meoerphological analysis Conferences / Workshop: ;
\'""-».\KeleriticaITechnolOgieS Multi-criteria  Voting / Polling

"‘\\Quantitative Scenarios/SMIC Stakeholders Analysis

“\nterviews Cross-impact/ Structural analysis,~~

> Interaction

\"\\Indicators I TSA

Patent analysis

Bibliometrics Benchmarking -
Extrapolation Scanninlg/""‘
“--._Modelllng/,r"/

/

Evid;nce

Semi-quantitative (8)

Source: Rafael Popper, ZOOW

A77

Literature review 54 %
Expert panels 440 50%
Scenarios 372 42 %
Trend extrapolatien/Megatrend analysis 223 25%
Futures workshops 216 24%
Brainstorming 169 19%
Other methods 157 18%
Interviews 154 17 %
Delphi 137 15 %
(uestionnaire/Survey 133 15%
Key technologies 133 15%
Environmental sc. 124 14 %
Essays 109 12 %
SWOT analysis 101 11 %
Technology roadmapping 72 8%
Modelling and simulation 67 8%
Backeasting 47 5%
Stakeholder mapping 46 5%
Cross-impact/Structural analysis {e.g. MICMAC) 36 4%
Bibliometical analysis 22 2%
Morphological analysis 21 2%
Citizens panels 19 2%
Relevance trees 17 2%
Multi-criteria analysis 11 1%
Gaming [ 1%

Source - European Foresight Monitoring Network, 2009



iFORA — Al Powered analytical system for technology foresight

¢ |Fora

Intelligent Foresight Analytics

(O F3 =

>800m

documents

+30k

documents
daily

Languages

C Russian) ( Roman )
English Cyrillic
Chinese

(__chnese gl

UNLOCKS ADVANTAGES OF AUTOMATED ANALYTICS

>354m
>122m

>55m
>28m

>4m

>3.5m
>3.5m
>3.5m

>2m

>1m

>300k

>100k
>5k

Scientific publications

Patents
Popular science media

Market analytics and
professional media

Research projects / grants
international and national
programmes / foundations
Public procurement data
Clinical research

Social networks
Vacancies

Documents of international

organisations, consulting companies

R&D reports
Scientific conferences
Educational programmes

Other text documents

Combination of
qualitative and
quantitative
methods

>100

Full texts

Various data
formats

Data selection
based on

Russian evaluation:

>300 presentations
=100 reports on leading
conferences

Strategy analytics

(strategies, forecasts,
priorities, long-term
development programmes,
innovation development

unified objective
quality criteria

Transparent,
reproducible,
validated
methodology

Y

Lower human factor | |
risks

-

programmes, investment
programmes, technology
roadmaps, etc.)

International evaluation:

OECD (Paris)

NISTEP (Tokyo)

Innovation Forum (Shanghai)
Forum on STI (Pretoria)
Joanneum Research (Vienna)
University of Manchester, etc.

wPHop,,
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iIFORA™ mentioned in Nature
as an effective support tool for
decision-making

(Nature, 2020, Vol. 583)

iFORA™ featured by OECD as an
example of successful initiative in
science digitalisation (OECD Science,
Technology and Innovation Outlook
2018)

HSE supoercomputer cHARISMa

received a Priority 2020 reward in
advanced technology implementation.
Peak performance as of 2023: 2 petaflops.

=CSTD issues paper, 2024

=40 Special iIFORA Issues (operational
analytics)

projects under contracts with largest companies,
including global

HSE INSTITUTE FOR STATISTICAL STUDIES AND ECONOMICS OF KNOWLEDGE



iIFORA is based on a modular approach

AND COMBINES SPECIALIZED MODULES FOR SPECIFIC TASKS

N ™\ N \ ™\ N\ N N\ e A ™\ 7 ' ™\
Technolo Technolo Identification of Analysis and Emerdin
9y . 9y . Legal environment . . competence prediction of ging
Trends development independence Market assessment Forecasts Risk assessment analysis Regional analysis e g~ professional NLP solutions /
analysis assessment competences competences services
itti ; Calculation of Qualitative Competitiveness : Identification of Identification of Identification of Automated
Trend fitting ScuahnceI and technology market Consensus analysis Anf?g;': o;llsgal development barriers| enterprise’ promising summarisation of
technology . importance and assessment forecasting t dw d ’ for regional business networks professions texts
A ¢ landscape mapping ANCE standards related to
ssessment o dynamics in the Market maturit .
importance and country and globally ALty o Reputation analysis Identification of emerging Profile document
dynamics of Temelay i assessment _ Building of Priority Analysis of enterprise’s technologies analysis
trends g analysis Identification of timelines of the identification reputation in media specialisation based on NER
Y Y fefdie:1 Procurement future Identification of spaces Identification of models
different selected : P -
Structural technology analysis strategy Comparison of Analysis of most promising
changgs Technology sector | | development levels o qeve!opment national and (?alculation of educational competences Deyelopmgnt of
analysis impact analysis in the country and Building of Selection of product directions and international independent programmes interactive
technology and threats agenda rankings . . interfaces and
globally q development areas 9 Formation of project
Hype mapping product portfolios data marts
Technology Risk Expert landscape :team? .
o — ) Supporlt mtgasures Identification of systgmatlsa}tlon Alnalyflfs of gapskln Identification of analysis experts selection
Identification of determination selection possible growth and mapping egal framewor key trends to work Juxtaposition of Development of
emerging trends points blank spots Identification of trends and demand| |customised machine
Identification of . professional on personnel learning models
possible growth Idi‘;‘gg?g‘:}g of community leaders competences
oints
po! advertising impact
[ — AN J
| —
| —

HSE INSTITUTE FOR STATISTICAL STUDIES AND ECONOMICS OF KNOWLEDGE




IFOora

Intelligent Foresight Analytics

Global agenda: thematic landscape o——

(clusters) - combination of
topics that are close in

:_ | MARKETING CHANNEL meaning
| : lMPUgEBUVING BRAND SWITCHING
| Permission marketing | EMOTIONAI{EONNECTION QA .
i , CoMPANY@PUTATION Trends (thematic areas)
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- e ——— 4 - MARKETINGIBROMOTION
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——————————————————————————————— - " LOYALTY@ROGRAM
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GOOGLE AD
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o -
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OCUIUUS GO MIXED REALITY EXPERIENCE INTERACTIVEGTORYTELLING Pt H i i H
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SMARTEALTH 10T CONRECTIVITY DATAGAFETY X ; F
INFORMATIN ANALS i1 o All the above topics belong to one thematic area — “DESIGNING AND
SMARTESERVICE -
DATA GOGERNANCE it PROMOTING A RECOGNISABLE BRAND”
specific

TACTILEQRTERNET topics Source: iFORA big data mining system (copyright — HSE ISSEK) 10
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Chinese agenda: thematic landscape
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Most the above topics belong to one thematic area — “DEVELOPMENT OF STREAMING SERVICES”, the B s 10 B

B T
last topic belongs to the thematic area “FORMING A STRATEGY TO ATTRACT AND RETAIN CUSTOMERS” — b

SR B st
it also presents many topics with a high value of aggregated vector centrality.

@ —also relevant in the global agenda

1
Romun o Soots

nagee e Zx. The positioning of the

circular icons shows i —also relevant in the Russian agenda
Circleicons- the interrelationship of

specific the themes

topics
ISSEK HSE p

Source: iFORA big data mining system (copyright — HSE ISSEK)
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MARKET ANALYSIS & B

Data aggregation based on industrial market reviews
Automated process control systems

Industrial automation

Smart factories 3 \ |
$ 205,4 billion \\
Constructing 2, Basic chemistry
Aerospace and defense .5 6%
industry =
Agriculture = Total market volume  143% _ Advanced materials
— 32,067.5 billion
__S ? \ Automotive industry and
ICT = = . :
— \ transport engineering
Energy

Medical equipment Electronics

12
Source: intelligent FOResight Analytics System (HSE Institute for Statistical Studies and Economics of Knowledge, Moscow) based on international market reviews



TECHNOLOGY LIFE CYCLE

Computer vision

Natural language processing

Speech recognition & synthesis

Recommender & decision support

systems

Neuroprosthetics

Neurointerfaces, neurostimulation &

neurosensing

Emergence
of new
scientific
areas

2013

Emergence
of new
technologies

@ Qe
oo oo
o o o o
o @0

oce

2014

Emergence
of new
market
niches

IFOra

Intelligent Foresight Analytics

’ Research articles ’ Patents Market analytics
(basic research) (applied research) (inventions)
2015 2016 2017 2018 2019

Je e
@ @
‘@ @

Source: intelligent FOResight Analytics System (HSE Institute for Statistical Studies and Economics of Knowledge, Moscow) based on international data sources



IN-DEMAND SKILLS OF EMPLOYEES
CASE OF IT
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Based on market analysis

Subject areas

1C BITRIX;
O AUTOMATION;
INFORMATION SECURITY

INTERFACE DESIGN;
© WEB DESIGN;
REACT

UNIX;
@ POWERSHELL;
.NET CORE

ANALYTICS;
@ WEB ANALYTICS;
MOBILE APPLICATIONS

BACKEND;
@ NET;
POSTGRESQL

SOFTWARE DEVELOPMENT;
© DEVOPS;
BUSINESS MODELING

PROCESS MANAGEMENT;
@ COMPUTER GAME DEVELOPMENT;
BUSINESS COMMUNICATION
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@  S&T Foresight for South Africa: Purpose

The project commissioned by the Department of Science and Innovation of South
Africa and the National Advisory Council on Innovation

Purpose of the study:

|dentification of priorities for
new decadal STI plan with clearly
defined targets that must be
specific, measurable, actionable,
realistic, relevant and time-bound
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Areas for developing possible
missions/priorities:

1. Circular economy/climate
change

2. Health innovation

3. Education for the future and
the future of society

4. High-tech industrialisation

@  S&T Foresight for South Africa: Coverage

Proposed priorities and expected socioeconomic
impact:

. Economic growth

. Job creation

High quality health care services
High living standard

. Access and supply of clean water
Affordable food

Carbon emission reduction

Low greenhouse gas emission

. Export growth and competitiveness
10.Skills development

11.Renewable energy growth
12.Poverty alleviation

© 0NV RWNE

16



@/ The Process

1 — Scoping to identify the areas to be covered

2 — Data Analytics: statistical, semantic and scientometric analysis of the selected
areas to understand their development, trends and dynamics, and significance for
South Africa

3 — Interpretation and priority setting to identify the priorities for South Africa
towards 2030, and set necessary targets

4 — Strategizing: Provisional strategies are developed to achieve the priorities

5 — Policy recommendations and actions: Workshops with the participation of
experts from South Africa and HSE to finalize policy recommendations and actions

6 — Reporting the outputs to include data and expert analyses with resultant policy
and strategy recommendations
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@ Statistical analysis: Case of Renewable Energy Growth

Renewable energy growth
* Access to electricity (% of population)
 Combustible renewables and waste (% of total energy)

* Electricity production from renewable sources, excluding hydroelectric
(% of total)

* GDP per unit of energy use (PPP S per kg of oil equivalent)
* Renewable electricity output (% of total electricity output)
 Renewable energy consumption (% of total final energy consumption)

 Normalized indicators values and composite index for the «Renewable
energy growth» factor
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Semantic Analysis: Sources (2010-2020)

Global Highly relevant to South Africa
29,312,296 documents 2,356,272 documents

www.nytimes.com
www.washingtontimes.com
WWW.express.co.uk
indianexpress.com
www.independent.co.uk

www.aljazeera.com
www.africanbusinessmagazine.com
newafricanmagazine.com

africalaunchpad.com
radar.africa

www.esi-africa.com

Health innovation

Global Highly relevant to South Africa
527,665 documents 6,281 documents

www.fiercehealthcare.com
medicalxpress.com
medcitynews.com
www.healthcarefinancenews.com
www.healthcaredive.com
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Clusters Identification: Case of Health




SPUTUNIJSAMPLE

Immune System and Vaccination Cluster Map

HEALTHCARE WORKER

PATIENTESPUTUM HEALTHJEXPERT HEALTH@INISTER

TB RESEARCH HEALTH AUTHORITY
ACTIVE TUBERCULOSIS HEALTHE@AINISTRY

avugvirus  HIV PROGRESSION ™% HEALTHENORKER
BCGVACCINE  PULMONARYUBERCULOSIS HEALTH[®FFICIAL
R = TBE@ASE
GENEEXBRESSION — ALVAG HIV = T8 INKBETION
= W CO INRECTION
GENETIC INGDRMATION POLYMERASE GBAIN REACTION M. TUBERCULOSIS  TB TREATMENT
GeneTIc@ATERIAL  PROTEINJVACCINE 3 TE PEIENT
,‘ P TB BAGTERIA ISR
IMMUSE CELL IMMUNOLOGIBAL RESPONSE FLuRUS TEEBF’E%?‘F;%%SCE\(‘;ECT'ON

VIRAL REGUCATION VACC' N EiREG I M EN MYCOBACTERIUM TUBERCULOSIS

TEELL  IMMUNEGESPONSE |\ \ESTIGATIGNAL VACCINE T8 BAGJERIUM
HIV ENVELGPE PROTEIN v o
IMMUNESYSTEMSUGAR NoLECULE 1B VACCINE post EXPOSURE PROPHYLAXIS HIV ACGUISITION

VIRAL BROTEIN  SUBUNITIVACCINE EXPERIMENAL VACCINE EFFECTIVE GROTECTIONPLACEBD RING
HIV RERBICATION HosficeLL  EFFECTVBVACCINE  HIV SUBTYPE HPV VAGEINATION
VIRUS REBLICATION VACCINATIGN CAMPAIGN CLOSE GONTACT
BOOSTERJVACCINE HIV SIRAIN
< VACCINEEFFICACY
HIVRESERVOIR  5005TER VBCCINATION L

ELITE CONTROLLER EBOLAQACCINE  HPV VIBCCINE
AT P&OTFELCUTI\Z\’\::'CINATION EBOLA GDTBREAK
[1C
UNIVERSADVACCINE -_ O@Tﬂgégﬂ*‘“s
INFLUENZA VIRUS 4
FLUGHOT
FLU VACCINE

S40R

Centrality

/ >0,52
\ —041-052
<041

HIV PROGRESSION
VACCINE REGIMEN

ALVAC HIV

TB VACCINE

CO INFECTION

HIV SUBTYPE
TUBERCULOSIS INFECTION
TB BACTERIUM

PROTEIN VACCINE

TB RESEARCH

Source: Intelligent Big Data Analysis System iFORA
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Strategic Roadmap for the Implementation of Policy

Recommendations

- Personal
Lo ] ) development tools STEM education development
e 5 On-line education
2 § platforms ; e, AR, VR technologies
© Industry relevant curriculum (digitization, for education Development of globally
é g Mass roll-out of low-cost low- ICT application programming entrepreneurship and robotics) competitive workforce
N maintenance broadband wi-fi  in education Teacher training Skill development
&
. i SR Cyber-security . Critical Artificial
o 8 igh-tec a3 technologies Industrial Internet " ritica intell
w = development . of things ' Digital infrastructure ntelligence
£ = Digital payment B manufacturing
> e systems g Machine
T S technologies t
= learning
=
13 Electric vehicl
[ ectric vehicle
S 0 Clean energy solution  Renewable energy systems Agriculture and , . 2 b Zero waste
ot agro-processing alternative building échnologies manufacturing
S |§ i Sustainable and materials and low carbon Mitigating marine
I1CI | H i E .
resource ut?lﬁzation modernized agriculture  \.qte management systems steel and cement plastic pollution
c
£ 2 Reducing the burd icati
T g oef Ftijlc\llr/\iIDSeanuc;TZn App_llca;lc:h S Reducing level of Management of
% 8 RERICE USRS Sy maternal death life-style diseases
- g e
: < n n
£ . lmprov.ed health Improving access to Affordable health Generic drugs Vacci e:od(;sccczyery and
information systems quality health care technology manufacturing production

Short- to medium-term

Long-term
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UNESCO Chairs and Partners Forum “Transforming Knowledge for Africa’s Future”

“Science, Technology and Innovation Foresight for African countries”, 30 September 2024
Recommendations to promote STI Foresight in Africa

» Put S&T Foresight on the agenda of governments and international organisations

» Support educational and training programmes and practical trainings — both in African
countries and in leading Foresight organisations worldwide

> Establish more futures labs and UNESCO chairs in African universities

» Support financially implementation of S&T Foresight studies in African countries
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S&T Foresight in BRICS Countries

6 Centro de Gestao e Estudos ;
- Estratégicos, CGEE Q cgee

HSE University

Technology Information Forecasting ,& +
and Assessment Council, TIFAC TIFAC

Chinese Academy of Science and
Technology for Development, CASTED <a=+==

|

}‘ National Advisory Council NA;
Innovation, NACI
- °" '
ﬁmin
e Collaboration under the UNESCO UNITWIN Programme
unesco

Chair
© NUCKU33 HWY BLLISD

I = Dubai Future Foundation

_ Egypt Science and
_ Technology Observatory

Prince Mohamed University

University of Isfahan
National Institute for Research

Policy
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S&T Foresight for BRICS: Collaboration Initiatives

» At the Symposium “BRICS Science, Technology and Innovation Policy and
Foresight Exercises” (December 4-5, 2023), representatives of all BRICS
countries noted the need to conduct joint foresight research in the field of
scientific and technical cooperation

» At the Workshop on Technology Foresight in BRICS (Moscow, September 18,
2024), the participants proposed to establish an S&T Foresight Association
for BRICS
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O Human Capital . o
Multidiscipli o _
Research Center . i unesco 28 — 29 October 2024

INTERNATIONAL ACADEMIC CONFERENCE
x I v FORESIGHT AND SCIENCE, TECHNOLOGY
AND INNOVATION POLICY

Special Workshop: Prospects of Science and Technology in BRICS Countries
Yuan Like, CASTED, China. Open Foresight: Application and Experience in China

Gautam Goswami, TIFAC, India. Climate Change Challenges — a S&T Foresight Analysis

Yulia Milshina, HSE University, Russia. Wild Cards: Technology-based Responses

Mlungisi Cele, NACI, South Africa. Deepen and Accelerate Knowledge and Innovation Led Inclusive and Sustainable Development
Fernando Rizzo, CGEE, Brazil. BRICS Strategic Collaboration on Priority Themes

Mohamed Ramadan, STI Observatory, Egypt. Exploring Future Pathways for Strengthening STI Collaboration between Egypt and BRICS
Reza Hafezi, National Research Institute for Science Policy, Iran. S&T Foresight Programs in Iran: History, Opportunities and Lessons

Sergei Revin, Cosmonaut, Russia. Artificial llumination from Space for BRICS Countries
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@ Recommendations to promote STl Foresight in developing countries
POLICY
» Put S&T Foresight on the agenda of governments and international organisations
INSTITUTIONAL MEASURES

» Establish more futures labs / UNESCO chairs in developing countries (e.g. at leading
universities)

CAPACITY BUILDING

» Support educational and training programmes and practical trainings — both in African
countries and in leading Foresight organisations worldwide

» Training of trainers in S&T Foresight
FINANCIAL ASSISTANCE
» Support financially implementation of S&T Foresight studies in African countries

» Support research and students mobility in Foresight
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Thank you!

sokolov@hse.ru

http://issek.hse.ru

https://foresight-journal.hse.ru
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