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Abstract

This report presents a list of 75 individual weak signals in science and technology
development in 2020. In addition, 4 clusters of weak signals have alsobeendetected and
are reported. These early signs of emerging technologies or products were detected using
text mining, clustering techniques and scientometrics indicators applied on a corpus of
peer-reviewed scientific publications.

A dashboard is at the disposal of the reader to further explore the weak signals:

https://www.timanalytics.eu/TimTechPublic/dashboard/index.jsp#/space/s 1597?ds=126842



https://www.timanalytics.eu/TimTechPublic/dashboard/index.jsp#/space/s_1597?ds=126842

Acknowledgements

The authors would like to thank Philip Hines and Ralf Herold from the Horizon Scanning,
Regulatory Science and Innovation Task Force at the European Medicines Agency for their
contribution to this report.



Introduction
Foresight at JRC

Acting at the interface between science and policy, one of the role of JRC is to inform policy
makers working in policy fields with a technological component about new scientific
developments. The early identification of emerging technologies is indeed key for the
design of new policies, which need to take into account their potential to create new market
opportunities or technological disruptions. In a time of accelerating technological change
and hyperconnectivity, early awareness of potentially disrupting technologies or scientific
development allows for more time to design well-fitted policies that secure both a stable
business environment for industrial actors and a safe society for citizens to live in.

Through its foresight activities, the JRC brings together relevant experts and stakeholders
to develop anticipatory knowledge and collect insights on possible alternative futures. As
many policy fields have a technological component, these scenarios for the future are used
to support policy-makers with long-term implications and opportunities on technological
development. This report, which is the outcome of the second exercise ran by JRC to detect
weak signal in science and technology development using text mining and clustering
algorithms on a large collection of scientific publications?!?, contributes to this foresight
process by 1) flagging new emerging topics or challenges that should be explored by
means of qualitative processes or by 2) validating/reinforcing the results of a qualitative
exercise.

Weak signals

The list of weak signals presented in this report is the result of a detection process ran by
the JRC during the first trimester 2021 on a corpus of peer-reviewed scientific publications
using TIM Trends?>. This software combines text mining techniques with computational and
data visualisation means and has been specifically designed by JRC to detect weak signals
of emerging technologies or new scientific topics.

75 weak signals and 4 clusters of weak signals were detected usingthe Scopus collection
of scientific publications (from 1996 to 2020), following a methodology combining text
mining, scientometrics and domain knowledge (read more about the methodology in section
3). Domain knowledge for the weak signals related to Biotechnologies and Health was
provided by the European Medicine Agency. The list of weak signals is by no means
exhaustive and may contain technologies that will never lead to new innovations.

Dashboard

A dedicated dashboard is available for the readers that would like to go a step further in
understanding the weak signals. It displays peer-reviewed scientific publications, patents
and research projects (funded by the EU framework programmes) and offers many

1 Eulaerts O., Joanny G., Giraldi J., Fragkiskos S., Perani S., Weak signals in Science and Technologies - 2019
Report, EUR 29900 EN, Publications Office of the European Union, Luxembourg, ISBN 978-92-76-12386-6,
doi:10.2760/858426, JRC118147.

2 Eulaerts O., Joanny G., Perani S., Weak signals in Science and Technologies 2019 - Analysis and
recommendations, EUR 30061 EN, Publications Office of the European Union, Luxembourg ISBN 978 -92-
76-15133-3, doi:10.2760/319103, JRC. 119395

3 TIM Trends is a tool of the TIM analytics suite developed by JRC. Link to TIM analytics website:
https://knowledge4policy.ec.europa.eu/text-mining/topic/tim analytics en
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features to quickly grasp the main characteristics of each signal (what it is about, which
organisations are active in the field, what countries are involved, what is the dynamics and
the trajectory of the research, etc.). It is accessible here:

https://www.timanalytics.eu/TimTechPublic/dashboard/index.jsp#/space/s 15972ds=126842

This dashboard is a projection of a dedicated space that has been set up in the TIM

Technology system®*.

Visualisations

The four visualisations below are systematically used in the report to give the reader a
quick overview of the characteristics for each weak signal.

Figure 1: Visualisations for weak signal
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Each visualisations corresponds respectively to:

1

Distribution of documents

It shows the distribution of documents
retrieved forthe weak signal. The sharper
and higher the peak, the most intense the
weak signal is.

2

Origin of the documents

The origin of the documentsrelatedto each
weak signal are aggregated at country level
and projected on a world heatmap. This
graphic allows the readerto understand in
the blink of an eye where research is
concentrated.

List of main organisations

This list provide an indication of the
most active organisations for each weak
signal. Organisations with at least 1
document are considered, with a
maximum of 20 organisations perlist.

4
Wordcloud of relevant keywords

These keywords are generated by TIM's
language processing algorithms to
represent the datasetas a whole. The
size of the keywords in the cloud
measures the “relevance” of the termin
the dataset.

4 https://www.tim analytics.eu/TimTechPublic/main.jsp?dataset=s 1507

TIM tools are free of access to all Commission staff and under certain conditions to any outsiders. Feel free to
check our website or to contact the authors of this report for more information.
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2 Weak signals

The weak signals in 2020 are grouped by sector in the table below. There are 75 individual
signals categorised in Chemistry & Materials, ICT, Engineering & Physics, Environment,
Biotechnologies, Health, and Social Sciences. In addition, numerous weak signals have been
detected in these 4 technology areas: blockchain, RNA, neural networks, and SARS-coV-2.
They have been aggregated into four “mega weak signals” to clarify the reporting.

Figure 2: List of the weak signals by sector
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Chiral perovskite Deepfake

Disaggregated optical networks
Federated learning
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IBM Quantum processor
Internet of musical things
loT malware
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Environment

Neuromorphic photonics
Oriented external electric field
Perovskite Xray
Phosphorus anodes
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Biocrust restoration
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Nature Contributions to People
Polystyrene nanoplastic

Pointer-generator networks
Serveless functions
Siamese network for object tracking
Text to image synthesis

Social sciences
Behavioral public administration
Digital vigilantism
Geospatial Al
Tourism phobia

rna weak signals |

Biotechnologies
Cas12a orthologs
Cfap43 cfap44 in male infertility
Cibersort
Gene expr profiling inter analys (GEPIA)
M6A RNA methylation modulators and cance
Metagenome-assembled genome
MOTS-c
Phylosymbiosis
Shp02 inhibitors for cancer
Tumor derived extracellular vesicle
TurbolD proximity labeling

| Neural network weak signals |

The following section contains a small description and the four summary visualisations for
each weak signal retrieved in each of the categories.

For the clusters of weak signals, we also looked into the pervasion of the technology in other
domains, represented by journal categories. An increase in the diversity of journal categories
in which publications for a certain technology are published suggests that the number of
applications of that technology in different domains is increasing. It can be interpreted as an
indication of a technology becoming more mature.



2.1 Engineering & Physics

Cellular V2X

There is intense R&D ongoing on connected and autonomous vehicles, promising an improved safety, a
decrease in traffic congestion, and lower environmental impacts. Vehicle-to-everything communication (V2X)
is a key enabler technology that will allow vehicles to communicate with other vehicles, pedestrians, road-side
equipment and the vast amount of information available on Internet. Cellular V2X is a standard launched in
2018 under the umbrella of the 3GPP consortium.

Figure 3: Visualisations for Cellular V2X
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Enernet

is a term combining Internet and Energy that describes what many consider an unavoidable convergence of
electricity smart grids with the internet of things. This emerging network of distributed and interactive energy
generation, storage and delivery is expected to become the largest Internet of things with billions of “things”
to be monitored and managed (smart nodes on the grid, smart thermostats and appliances, electric vehicles,
home energy storage, etc.).
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Indoor photovoltaics

is one of the most promising technologies to power connected devices (IoT) inindoor environments. Indoor
spectral and working conditions differ significantly from outdoor applications (e.g. artificial light sources) and

specific research and engineering is needed before indoor photovoltaics start to equip indoor devices.

Figure 5: Visualisations for Indoor PV
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The future power system will be an interconnection of different energy vectors e.g. gas network, wind power,

solar power. Integrated electricity gas network poses various challen
optimisation.

Figure 6: Visualisations for Integrated gas electricity systems
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Optical wireless power transmission

is a technology that has a high potential to change our daily lives and has many applications such as the
charging of implanted medical devices, the powering of underwater vehicles and aerial drones, or the wireless

transfer of power over long distance.

Figure 7: Visualisations for optical wireless power transmission
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Optomagnonic

is an emerging field dealing with the photon-spin coupling in solid state systems, in particular using optical
and microwave cavities, and related to the fast development of quantum technologies. New class of quantum
systems and new physics are being explored mixing photonics, electronics, and spintronics.

Figure 8: Visualisations for Optomagnonic
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Supercapattery

is a term that has been invented in 2008 to designate hybrid electrochemical energy storage devices that
combines the merits of rechargeable battery (high energy density) and of supercapacitor (long life cycle and
high power density). Supercapattery devices gained a lot of attention over the recent years has they have the
potential to meet a shortcoming of today’s batteries i.e. combining a high energy density with little to no
constrain on power density.

. . . . Chinese Academy of Sciences
Figure 9: Visualisations for Supercapattery University of Notingham
University of Malaya
University of Nottingham Ningbo China
GIK Institule of Engmeering Scences and Technology
Eharathiar Liniversity
University College Cark
Sunway University
King Abdutaziz Universiy
Pusan Natonal University
Kyung Hee University
Kwangwoon University
University of Belgrade
Pondicheny University
MMzimaah University
Yonsei University
‘Sunchon National University
Lviv Polytechnic National University
Kalasalingam Academy of Research and Educaticn
ND FOUND OF CHONNA NATIONAL UNIV

2 &

A AAAAAAAA A A A A A A

N A

b

=S
i cont lans

anunuaenes‘ i

T T

(SM) Bupapjs 131em

rica ke
tessittmetn)

J040N

name testures
p— it desisn -

constam cumenticel L ternary uml:s P ———
S e 258 E l'!'l com

[ a0 crcie SAMITY  Anewins " acid wesiey

asvmmelrlc sunercanaclmr [ASJ

UAV assisted communication

This weak signal relates to the potential of Unmanned Aerial Vehicles (UAVs) to revolutionise various sectors
like automotive, energy, or healthcare, by working as wireless relays to improve the connectivity with and
between networks of connected devices on the ground.
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Figure 10: Visualisations for UAV assisted communication — T
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Urea oxidation reaction in fuel cell

The global drive for greener energy production processes induces intense R&D activities toward innovative
electrochemical energy devices with an optimized ratio energy density/e missions. Fuel cells base on the
oxidation of urea are attracting interest: abundance of ureain waste waters, high energy density, good ratio
output (discharging)/input (charging) capacity, and low-cost catalysts.

Figure 11: Visualisations for Urea oxidation reaction in fuel cell
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Wearable biosensors

will soon become essential tools for remote monitoring of human health by on-the-skin detection. These
sensors will detect human metabolites and/or biomarkers for disease. Human sweat, tears or saliva are rich in
molecules and biomarkers and can be monitored in a non-invasive manner.
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2.2 Information & Communication technologies

6G Network

will extend the performance of 5G applications and allow the development of innovative applications in
wireless connectivity, cognition, sensing and imaging. 6G will use higher frequencies and will enable much
faster sampling rates and higher data rates. Edge computing should also be an in-built feature of 6G.

Figure 13: Visualisations for 6G networks
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Cryptocurrency price prediction

Cryptocurrencies are subject to price volatility and accurate price predictions can assist investors towards
making the right decisions as well as supporting policy makers and researchers in studying the behaviour of
cryptocurrency markets.

Figure 14: Visualisations for Cryptocurrency price prediction
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Deepfake
in itself is not a new technology but its rapid dissemination and its potential impact on society makes it an
emerging research area. Deepfake encompasses various face-swapping technologies that enable the making

of realistic fake videos or images. The weak signal also includes developing techniques to detect deepfakes.
These technologies are creating ethical, social, technical and legal challenges, but also opportunities.

Figure 15: Visualisations for Deepfake
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Disaggregated optical networks

Is a technology that could enable network slicing, a key aspect of 5G networks that enables the multiplexing
of virtualized and independent logical networks on the same physical network infrastructure. The link between
network slicing and the underlying (optical) network virtualization is a growing research topic.
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Federated learning

is an emerging machine learning technique for training computing models with data collectedby devices at
the edge (e.g. mobile devices). As data collected is not transmitted to a central place, this technique provides
privacy for mobile owners while simultaneously ensuring high learning performance.

Figure 17: Visualisations for federated learning Nartyang Tectnological Universty
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IAB for 5G

or Integrated Access and Backhaul, is one of the main novelties of 5G. With this type of networks, the
operator can use part of the available radio resources for wireless backhauling. This would provide backhaul
and cellular services in the same node, creating more flexibility and reducing the implementation cost.

Figure 18: Visualisations for IAB for 5G
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IBM Quantum processor

is a weak signal related to experiments performed by researchers onthe online platform “IBM Quantum
Experience” that gives public users access to a set of prototype quantum processors. Over 20 devices are part
of the experience (number from early 2021), six of which are freely accessible. These quantum processors are
made up of superconducting transmon qubits, located in a dilution refrigerator at IBM Research headquarters.
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Internet of musical things

is the extension of the Internet of Things to the musical world and refers more specifically to the network of
physical musical objects dedicated to the production of musical content. Musical things, such as smart musical
instruments or wearables, are connected through an infrastructure that enables multidirectional communication.

Figure 20: Visualisations for internet of musical things
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loT malware

are malicious software targeting the Internet of Things. This area of research has become one of the focus of
the security research community over the last years as threats are multiplying.

Figure 21: Visualisations for loT malware
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Large scale group decision making

The increasing complexity of our society makes decision-making tasks more and more difficult to manage
and take. In the recent years, new technologies and communication means are being investigated to improve
large-scale group decision-making processes.

Figure 22: Visualisations for large scale group decision making
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Multi access edge computing
is an important enabling technology for 5G architecture aiming at the reduction of network latency and traffic.
It will offer cloud-computing capabilities and a full IT environment at the edge of the network.

Figure 23: Visualisations for multiaccess edge computing
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Over the air computation

will enable the data collection and computation from concurrent sensors by combining communication and
computation efficiently, utilizing the superposition property of wireless channels. This is an important
technology for the future of the loT where the collection and interpretation of data from numerous smart
sensorsis challenging.

Figure 24: Visualisations for over the air computation
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Pointer-generator networks

are used in natural language processing to improve automated text summarization, a tricky process in which
many algorithms fail to detect the essential parts of long documents.

Figure 25: Visualisations for pointer-generator networks
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Serverless computing

is emerging as an evolution of cloud computing for the deployment of applications and services. Serverless
architecture brings the advantage of offloading the management and server configuration from the user to
the provider.

IEM Corp
Figure 26: Visualisations for serverless computing DR
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Siamese network for object tracking

This type of neural networks have achieved remarkable results in application such as (multiple) tracking of
objects, a very intense area of research with applications in robotics, video surveillance, unmanned vehicles or
activity tracking and recognition.

Figure 27: Visualisations for Siamese network for object tracking
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Text to image synthesis

Neural networks, and in particular generative adversarial networks, are emerging as efficient tools to
generate images or videos from a text description.

Figure 28: Visualisations for text to image synthesis Sersconictor ManatacirigIkeransl Coporsin
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Weak signals related to blockchain

The blockchain technology appeared in 2008 and is being applied in an ever growing number of applications.
This open distributed ledger can record data transactions between two parties and is by design resistant to
data alteration. Weak signals of emerging applications of blockchain have been detected in sectors as diverse
as healthcare or disinformation.

Figure 29: Visualisations for blockchain related weak signals.
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Journal categories recently pervaded by blockchain technologies
(Score is activeness 2019-2020 i.e. the % of articles published in 2019-2020 for this journal category)

Tourism, Leisure and Hospitality Management v 100 Aerospace Engineering A ¢ 85
Radiology Nuclear Medicine and imaging v 100 Engineering A ¢ 85
Pollution T 100 Materials Science T 85

Physics and Astronomy v 100 Safety Research h d 85
Pharmacology, Toxicology and Pharmaceutics v 100 Process Chemistry and Technology A d 85
Mechanics of Materials A 100 Engineering (miscellaneous) T 85

Health, Toxicology and Mutagenesis A 4 100 Environmental Science T 84
Economics, Econometrics and Finance (miscellaneous) A 4 100 Electrical and Electronic Engineering hd 84
Earth and Planetary Sciences T 100 Mathematics h g 84
Bioengineering T 100 Urban Studies(RT) T 83

Biochemistry, Genetics and Molecular Biology T 100 Marketing T 83
Economics and Econometrics T 96 Fluid Flow and Transfer Processes A 83
Applied Mathematics A 95 Computer Vision and Pattern Recognition T 82

Social Sciences (miscellaneous) A 4 95 Business and International Management T 82
Analytical Chemistry A 4 95 Signal Processing T 81

Accounting A 4 93 Control and Optimization T 81

Development h ¢ 93 Strategy and Management A d 81

Political Science and International Relations(RT) L ¢ 92 Information Systems T 81
Computational Mathematics T 92 Decision Sciences (miscellaneous) T 81

Atomic and Molecular Physics, and Optics T 92 Media Technology (NEW) T 80
Management, Monitoring, Policy and Law v 920 Automotive Engineering T 80
Computational Theory and Mathematics v 90 Instrumentation T 80
Biochemistry h ¢ 89 Food Science h g 80

Geography, Planning and Development A 4 89 Energy Engineering and Power Technology T 80
Management Information Systems A 4 88 Information Systems and Management T 79
QOcean Engineering v 87 Energy T 78
Transportation h 4 86 Software T 78

Management of Technology and Innovation v 86 Environmental Engineering T 78
Energy (miscellaneous) v 85 Control and Systems Engineering A 78
Condensed Matter Physics A ¢ 85 Civil and Structural Engineering h g 78
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Weak signals related to Neural Networks

Neural networks are an effective means of performing machine learning. Numerous weak signals related to
neural networks have been detected, of which the most relevant are listed below. Similarly to blockchain
technologies, neural networks permeate all fields of science and technologies, as shown by the list of most
recently pervaded journal categories.

Figure 30: Visualisations for Neural networks related weak signals
(distribution of documents and wordcloud for all WS on neural networks)
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Journal categories recently pervaded by neural networks
(Score is activeness 2019-2020 i.e. the % of articles published in 2019-2020 for this journal category)

Strategy and Management A 4 100 Industrial and Manufacturing Engineering Y 86
Statistics, Probability and Uncertainty T 100 Analytical Chemistry T 86
Fuel Technology Y 100 Nuclear Energy and Engineering Y 85
Environmental Engineering Y 100 Forestry T 85
Chemistry (miscellaneous) v 100 Energy T 85
Biotechnology A 4 100 Earth and Planetary Sciences (miscellaneous) T 85
Transportation T 95 Computer Science (miscellaneous) Y 85
Neuroscience T 94 Algebra and Number Theory Y 85

Fluid Flow and Transfer Processes T 92 Library and Information Sciences Y 84
Mathematics A ¢ 91 Renewable Energy, Sustainability and the Environment Y 83

Process Chemistry and Technology A ¢ 91 Engineering (miscellaneous) Y 83
Materials Science A 91 Instrumentation Y 83
Radiological and Ultrasound Technology Y 90 Automotive Engineering Y 81
Decision Sciences (miscellaneous) Y 90 Public Health, Environmental and Occupational Health A g 80
Computers in Earth Sciences A ¢ 90 Physical and Theoretical Chemistry T 80
Spectroscopy h ¢ 88 Molecular Medicine T 80

Structural Biology h ¢ 87 Horticulture A g 80

Physics and Astronomy (miscellaneous) Y 87 Geometry and Topology Y 80
Management, Monitoring, Policy and Law h ¢ 87 Discrete Mathematics and Combinatorics T 80
Management Information Systems A g 87 Biomaterials A 80
Health Information Management Y 87 Bioengineering Y 80
Civil and Structural Engineering Y 87 Atmospheric Science v 80
Building and Construction (NEW) A ¢ 87 ‘Agrenomy and Crop Science T 80
Engineering h 4 87 Safety, Risk, Reliability and Quality A d 79

Chemical Engineering Y 86 Biochemistry A ¢ 79
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2.3 Chemistry an-

This type of perovskite materials have attracted a lot of attention due to their excellent optoelectronic
properties. They are promising materials for a number of applications in solar cells and as photodetectors.

Figure 31: Visualisations for 2D ruddlesden popper perovskites
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are promising energy storage systems due to the combination of low cost, high safetyand higher capacity
compared to lithium ion batteries. There are still some challenges to be solved, mainly related to the
development of optimised materials for the cathodes and anodes.

Figure 32: Visualisations for aqueous Zinc batteries
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are emerging as promising new materials for applications in ferroelectrics, spintronics and chiroptoelectronics.

Figure 33: Visualisations for chiral perovskites
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have seen a remarkable increase in research papers over the two last years, justifying to be in the list of weak
signals. Due to its high safety, energy density, and relatively low cost of production, this type of battery is a
promising candidate for the next generation of batteries that will fuel the internet of things and the myriad of
flexible electronic devices that will invade our daily life.

Figure 34: Visualisations for flexible Zinc-air batteries
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can theoretically provide high energy densities and are considered as potential candidate to replace traditional
Li-ion batteries. R&D efforts are needed to improve their current performance.

Figure 35: Visualisations for blockchain-related weak signals
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are materials that are being considered as electrolytes for all-solid-state batteries. This type of battery works
in the same way as the traditional Li-ion batteries but are safer, have a longer duration and a higher energy
density.

Figure 36: Visualisations for Lithium argyrodites
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Heptafluoroisobutyronitrile and perfluoroisobutyronitrile gases are promising candidates to replace the
greenhouse gas SF6 that is widely used in electrical insulators and suppressant devices for electric arcs.

Figure 37: Visualisations for Hepta/perfluoroisobutyronitrile
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is one of two materials (with H3S) that has recently provided the first glimpse to room temperature
superconductivity, the holy grail of condensed matter physics.

Figure 38: Visualisations for Lanthanum decahydride
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is a material with interesting electro-optic, acousto-optic, elasto-optic, piezoelectric and nonlinear
characteristics. It holds great promises in numerous potential applications e .g. batteries, memristors,
neuromorphic circuitry or optoelectronics.

Figure 39: Visualisations for lithium niobite
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is a novel two-dimensional material with unique magnetic properties with potential applications in electronics
and spintronics.

Figure 40: Visualisations for magnetic chromium trihalide Chinsse Acdemy of Scinces
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are investigated recently for their use in the remediation of wastewaters. They have a high adsorbing capacity
for environmental pollutants like perfluorinated compounds, endocrine disruptors, insecticides or even
mercury.

Figure 41: Visualisations for magnetic covalent organic frameworks
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are an emerging class of two-dimensional transition metal borides. They are promising materials for
applications in electronics and catalysis, or as 2D ferromagnets or as material for energy conversion/energy
storage.

Figure 42: Visualisations for Mbenes
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Photonic neural networks are physical/hardware networks (as opposed to algorithmic neural networks)
inspired by the structure of the human brain. They are under investigation for their potential advantages

(speed, energy consumption) in computational tasks (e.g. image recognition, speech processing, machine
learning).

Figure 43: Visualisations for neuromorphic photonics
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have been shown to provide unprecedented control over chemical reactions, catalysis and kinetics of
reactions, as well as selectivity, allowing to synthetize improved materials for a wide variety of applications.

Figure 44: Visualisations for oriented external electric field
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is yet another promising application of perovskite materials. Halide perovskites, in particular, have been
reported recently as promising materials to detect X-rays, owing to their strong X-ray stopping capacity, high
sensitivity, and low cost manufacturing.

Figure 45: Visualisations for perovskite X-ray
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show great potential as negative electrodes for alkaline metal ion batteries due to their characteristics,
natural abundance, and environmental friendliness. Alkaline metal ion batteries (e.g. lithium ion batteries) are
increasingly used in many applications in consumer electronics or for electric vehicles and energy storage
because of their high energy and power density and their long life cycle.

Figure 46: Visualisations for lithium niobite
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consists in converting mechanical vibration into energy that can be used to catalyse chemical reactions. It has
recently emerged as a promising technique for example in water-splitting (production of H2) or for

disinfection applications.

Figure 47: Visualisations for piezocatalysis
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Biocrusts are multifunctional communities of cyanobacteria, algae, lichens and other organisms that are
increasingly being used to restore degraded or damaged ecosystems. In particular, they are used to restore
drylands ecosystems (40% of earth surface) that are facing increasing degradation due to human activity.

Figure 48: Visualisations for biocrust restoration
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Hexafluoropropylene oxide dimer acid
Perfluoroalkyl and polyfluoroalkyl substances are emerging persistent organic pollutants. Widely used, their

persistence in the environment, their bioaccumulation and toxicity calls for their replacement by new
compounds.
Figure 49: Visualisations for Hexafluoropropylene oxides contamination
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Nature’s Contribution to People

is a new trend in policy making that aims at including the valuation of nature’s contribution to people and
society when designing new policies.

Figure 50: Visualisations for Natures’s contribution to people
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Polystyrene nanoplastic

It is not surprising to find a signal related to nanoplastics among the list of weak signals. There is no doubt
that micro- and nanoplastics are accumulating in the environment and research has been performed recently
on their detection/identification in the environment and toxicity mechanisms.

Figure 51: Visualisations for polystyrene nanoplastics Southeast Unwersiy v »
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2.5 Health

Apabetalone

is a small molecule inhibitor targeting epigenetic readers termed BET proteins that contribute to gene
dysregulation in various human disorders. This weak signal is linked to the field of e pigenetics where new
innovative treatments are expected despite the underpinning science being still thin.

Figure 52: Visualisations for Apabetalone
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Aphantasia
a spectrum disorder characterized by a total lack of ability to generate visual forms of mental imagery, and in
some cases any form of sensory representation. It is now estimated that 2-3% of the population may have this

disorder. Study of aphantasia may lead to a better understanding of mental imagery in other cognitive
processes.

Figure 53: Visualisations for aphantasia
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Cenobamate antiepileptic

Cenobamate is a new antiseizure drug that has showed high efficacy in clinical trials, promising new
perspective for the treatment of drug-resistant epilepsies.

Figure 54: Visualisations for Cenobamate antiepileptic

SK Life Science Inc T 80
] i i \ Springer Y 20
" { Kyungpook National University T 20
i) Johns Hopkins University School of Medicine T 20
2 Geological Survey of Canada T 20
f Florence Health Authority Y 20
8 Epilepsy Research Group T 20
d ! i Comprehensive Epilepsy Center Y 20
. J | Chungnam Natonal University R 4 20
| |
g
=
o 1000 2 205 208 2om 018 207 220 a
o H
g =
I
g 5
i.8, ¢
Eg o = antagonist
E E = - g- E randomized placebo controlled trial
S¥ig 2 2 & cannabigior 194 capsules g 716 retandation ~treatment duration (10}
2T E 659 3 g
| §ES ion , &5 8 i H e B
B I 5.55 reewer § & 5 5  adimciverrcamen 3 allesteric %
” X 12 ; B EZE5m 5 §F m 5 wme g g E
] 3 i : e pmistulies 2 S e £ 5 3B
R lipinsKirule vhsseramp £ = S a” 2 H H
» £ = etyicarbamate 6} § Meckimgvoitasgelsvl S _F = 8 H
{ = 2 wiseasemoumier % cam b3lyn i@ EEE § ==
¥ holding current - B, 134 = § =g 3 2 ]
+ 5. = 8 = Branit EE epileptic e S EF ¢ 8 5 =z
s g S sabam 5 & conclusionsthis =& g = I
H - S 5
= 2 S = El =
E % H § g _ 5 randomised E% msmgmes 2 2 5, omesa b97xd §.
2 Bf 57 5 ZE cotmmes 3 UOMAGEDAtEd S  recommendeddose®n = g
E H = EE enersylewels % T E amount of information =
s 5 S = = =
P 3 e o 228 2§ 07 2 amtiseizure drugs
Z modified intenttotreat (MITN = 55 S5 EE 3 )
E g g = ]
i g H £ §s 8 H
= s s 2 H
= = B = &
g £ g £l g
- £ g
E
E

32



Connectome-based Predictive Modelling
was recently developed to predict individual differences in traits and behaviours of people on the basis of
their unique functional brain connectivity, measured with functional magnetic resonance imaging.

Figure 55: Visualisations for connectome-based predictive modelling
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Flortaucipir

is a tracer used in targeted positron emission tomography that makes it possible to investigate the
development of tau and amyloid-b in and the related development of cognitive impairment due to Alzheimer's
disease.

Figure 56: Visualisations for Flortaucipir
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Hierarchical taxonomy of psychopathology

is a new classification of mental illness resulting from research efforts by a consortium of 70 investigators. It
aims at addressing several shortcomings of traditional taxonomies and provide a better framework of
reference for both clinical and research activities.

Figure 57: Visualisations for hierarchical taxonomy of psychopathology
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Immunotherapy for cold tumors

Cold tumors are cancer tumors that exhibit very low to no immunological response to immunotherapy. A key
challenge for treating certain type of cancers is to transform these cold tumors into “hot” ones that will
respond to immunotherapy.

Figure 58: Visualisations for immunotherapy for cold tumors
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Infodemic

With the dissemination of fake news, hoaxes, misleading content or conspiracy theories, it is safe to say that
the COVID-19 pandemic was also a disinformation pandemic. This unprecedented infodemic is triggering
research in various fields e.g. machine learning, educational sciences or public health policy.

Figure 59: Visualisations for infodemic
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Micro elimination of hepatitis C virus

This weak signal is directly related to the decision by the WHO target to eliminate hepatitis C virus by 2030. A
micro-elimination approach where discrete populations are targeted seems to be promising to reach this
ambitious goal.

Figure 60: Visualisations for micro elimination of hepatitis C virus
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Moleculight

is a weak signal related to the testing of an innovative device used to visualise the bacterial load ina wound,
potentially reducing infection risks.

Figure 61: Visualisations for Moleculight

SerenaGroup Research Foundation T 30
Queen Elizabath Hospital T 30
University of Toronto T 20
University College London T 20
Moleculight Inc T 20
MolecuLsght Inc. T 20
Kent State University T 20
Judy Dan Ressarch and Treatment Centre \ 20
iije Universiteit T 10
University of Essen T 10
University of Cardiff T 10
University of Birmingham T 10
g H
= £
E DIesSure merapy 2
= s endogenous fluorescence P = .
z 2 umlnrmnnmn! s g s
=1 8 = & =
g Dacterial delection 5 moropnore'SRCIY TR = = H
S difierentresulls cleansing manenumntmn = = 2 =
= clinical patients = — = 2 FzE
£ assessment and ireatment § =, ome £E 528
s ingeri SES5E
= = = =2 SEZ
5 =] = S timetaken
= % = = ulcers =
= = - =) €D tissue nionsy
swab culture =, =z - E 25 g multicenire clinical trial
S=8=z:f::¢: £2°" & waumatic wound
=4 =2z 2 =z signs and symptoms
impengence = 2 E° S 222 mmen oF = 85 commictormierestieon 2
= = I'IB!]MiHe IlIESSlII'G INP) Sz & wevice detection =
= = numllmlmm n?lleclmwlelu ®=cE naemostasis = =
- == chinician repo = oram s 8 cyan s =
=3 S woundnealinawm = = z 8 — = &A=
£ pointofcare (POE) = = -
E =5 s
L 25 swoundbed % 55§
g E g 2
E - acute and chronic wouna = """==
s g E= Z vl = g
2 o &S g aumorsnames dailyractice € =
g = 5 = pestbumdaypem)  NCWRMUANEN =
g &' miscrete sampling pressure icer (Pul 3
= = = wounu niovurnen s
E El
= 2
E] &

Murepavadin

is a novel antibiotic under development for the treatment of infectious diseases related to Gram-negative
bacteria.

Figure 62: Visualisations for Murepavadin
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Onasemnogene abeparvovec
are novel gene-based therapies to treat the orphan disease Spinal Muscular Atrophy.

Figure 63: Visualisations for Hexafluoropropylene oxides contamination
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Patisiran

is a new RNAI therapeutic for the treatment of polyneuropathy caused by the hereditary rare disease
transthyretin-mediated amyloidosis.

Figure 64: Visualisations for Patirisan
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Weak signals related to SARS-coV-2
A significant number of weak signals related to SARS-coV-2 was expected. 106 signals have been found, each
containing at least 50% of articles directly mentioning SARS-coV-2 and all with an activeness(2019-2020)

above 70%. These weak signals account together for more than 35k scientific publications and are listed here
below. They were not analysed further and are not included in the online dashboard.

Figure 65: Visualisations for weak signals related to SARS-coV-2
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Fudan University 3 § 140 o
Tehran University of Medical Sclences Y 136 . /‘x\
Capital Medical University Y 134 fo
Zhongnan Hospital of Wuhan University 5 ( 15 / \
Wuhan Uane(S”y Y 115 = - e e o — o e o o
University College London 14 13
Cornell University ) 113
GENERAL HOSPITAL CORP v 108 Documentdistribution
Columbia University Y 104
University of Washington X 103
China University of Geosciences T 103
University of Michigan b g 101
National University of Singapore Y 101
Imperial College London 2 ¢ 100
Icahn School of Medicine al Mount Sinai T 99
Chinese University of Hong Kong T 99 |
University of Paris T 98
Medical Center T 98 1
Central South University T a8 .
Sichuan University T 97 A )
University of Pennsylvania T 95 N -
Renmin Hospital of Wuhan University T 85
Schoal of Medicine T 94
University of Sao Paulo T a3 .
Sapienza University of Rome T a2
King's College London T a0 by
National Institutes of Health T 88 o w1 P
University of Melbourne T 84
Zhejiang University T 83
University of Rome Il Tor Vergata T 83
University of British Columbia T 83
Sun Yat-Sen University T 80
Manash University T 80
Mayo Clinic T 79
Shahid Beheshtl University of Medical Sciences v 78 Country of origin of organisations publishingon SARS-coV-2
King Saud University T 77
Iran University of Medical Sciences T 63
Shiraz University of Medical Sclences T 60

Top 50 organisations
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2.6 Biotechnologies

Casl2a orthologs

The Casl12a endonuclease (previously Cpfl) offers several advantages over Cas9, the other endonuclease
used in the CRISPR-Cas technique. This makes Casl2a promising for many genome engineering applications.
New Cas12a orthologs are being tested to further expand the possibilities of the Casl2a genome editing
toolbox.

Figure 66: Visualisations for Cas12a orthologs
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Cfap43 cfap44 in male infertility

Genetic mutations on Cfap43 and Cfap44 genes have been found to be responsible for many cases of male
infertility. The pathogenic mechanisms remain unclear and are being investigated.

Figure 67: Visualisations for cfap43 and cfap44 in male infertility
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Cibersort

combines genetic with computational methods to characterize with a high precision the cell composition of
complex tissues from their gene expression profile. It is more and more used to determine the composition o f
tumors to adapt therapies and predict therapeutic effects.

Figure 68: Visualisations for cibersort

Chinese Academy of Sciences T 14
Fugan University T ki
China Medical University T 10
Shanghai dieo Tong University Schodl of Medicine T 9
‘Sun Yal Sen University T o
Shanghai Jige Tong University T 8
Comprehensive Cancer Center T 8
Znejiang University \ 7
Vokehama City Univarsity T 7
Tokya Medical Univarsity T 7
Niigata University Graduate School of Medicsl and Dental Seiences T 7
First Affilialed Hospital of Zhengzhou University T 7
Ganral South University T 7
Huazhong University of SCance and [echnokgy T @
Fuan University Shanghai Cancer Genter T 3
First Afilialed Hospilal of Nanjing Medical University T g
Znhongnan Hospital of Wuhan University T 5
Wenzhou Medical University T 2
Tongii University School of Medicine T 5
Stanford University T 5
cumatainve incidence (Tl mirna profiie -3
= svstemic inflammatory markers 2
cape umun relationshin = 2
. mmunoglobulin 3= =
) 4 g alternative snlu:mu (AS]
< concurrent radiation
2 aleceliutar hiolosical signals
= N iCY  inleracting protein
# conjusating enzvme:
tavorabie prosnesis
Pathifier

keratinocyte differenti:
notential correlation

mwemetyiaton  drus dests

o clxz‘.
leukocyle gene expression wllhellal cens 1EC)
ol

mutant Irequency (MFI

immune subsel pgy - Su, 7 - g
laryngeal squamnus cell carcmnma llsccl T~ 8
proresolving Constructionbase = 3z _ = NOA csnphagenl cancer EC) = B

integration stratesy
atheroscierotic cardiovascular disease (ACB] routine clinical care

cellutar microeny ronment

osnesis (GP1

GEPIA
Stands for Gene Expression Profiling Inter Analysis, an interactive online tool for cancer prognosis analysis
based on gene expression. Prognostic biomarkers help to predict the chance of survival of patients with
cancer, are used to adjust the treatments, to elucidate tumorigenesis mechanisms, and to identify therapy
targets.

Figure 69: Visualisations for GEPIA
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M6A RNA methylation modulators and cancer

Modifications of the RNA N6-methyladenosine (m6A) have recently been discovered to have a crucial role in
the progression of cancer. Aberrant modifications contribute to tumorigenesis and metastasis. It has also
been reported to have an impact on the resistance of malignant tumors to chemotherapy and radiotherapy.

Figure 70: Visualisations for M6EA RNA methylation modulators and cancer
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Metagenome-Assembled Genome

is an approach that facilitates the sequencing of whole genomes from environmental samples (instead of
using pure cultures); several genomes from a sample are assembled to generate the metagenome-assembled
genome. This method is mainly used on phylogenetic analysis of microbial populations. However, recent
research investigates its potential use in public-health microbiology for surveillance of virulence factor and
antimicrobial resistance genes.

Figure 71: Visualisations for metagenome-assembled genome
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MOTS-c

Mitochondrial-derived peptides are a novel class of bioactive microproteins that modify cell metabolism.
Among them, MOTS-C is being studied for its potential use in Alzheimer's disease, prostate cancer, macular
degeneration, cardiovascular disease, diabetes, obesity, and others.

Figure 72: Visualisations for metagenome-assembled genome
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Phylosymbiosis
Microbiome of plants and animals often show a degree of correlation with the phylogeny of the host, an eco-
evolutionary pattern known as phylosymbiosis. Given that phylosymbiosis has been shown to relate to

functional components of host fitness, researching the processes that contribute to these patterns will be
important for better understanding the ecology and evolution of host-microbe interactions.
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Shp2 inhibitors for cancer

Src homology 2 domain-containing phosphatase 2 (SHP2), and its inhibitor SHPO99, are being investigated for
their potential as therapeutic target for human cancers and other human diseases.

Figure 74: Visualisations for Shp2 inhibitors for cancer
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Tumour-derived extracellular vesicle

are important signals in tumor-host cell communication and have a role in preparingtumor-free organs to
become hosts for new tumors by transferring biologically active molecules that facilitate the malignant
growth, metastatic process, and resistance to chemotherapy.

Figure 75: Visualisations for tumor-derived extracellular vesicle
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TurbolD proximity labeling

Proximity labelling techniques are used to define specific protein interactions and to identify spatially or
temporally restricted local proteomes, which helps to better grasp cellular processes. Two recently developed
highly active biotin ligase variants (TurbolD and miniTurbo) allow to overcome some limitations of traditional
labelling techniques like cell toxicity, long incubation time and high incubation temperature.

Figure 76: Visualisations for metagenome-assembled genome
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Weak signals related to RNA

Circular RNA and long non coding RNA are subject to intense research in the recent years for their possible
role in ageing, cancers and other diseases. Investigations on circRNA and IncRNA are blooming in many
medical fields, as can be seenin the list of the most recently pervaded journal categories.

Figure 76: Visualisations for weak signals related to RNA
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2.7 Social sciences

is a new concept that combines behavioral science with theories of public administration. Proponents of the
behavioral public administration call for using theories from psychology and experimental research designs to
improve the rigor of public administration research.

Figure 77: Visualisations for behavioral public administration
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is an emerging practice where citizens are using modern IT technologies for societal vigilantismi.e. a parallel
criminal justice with no moral or legal legitimacy.

Figure 78: Visualisations for digital vigilantism
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is what happens when geospatial computing and analysis meets big data and artificial intelligence. New Al
techniques are being developed for geospatial data management, processing, analysis, modeling, and
visualization.

Figure 79: Visualisations for geospatial Al
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Touristic pressure on local populations has received much attention recently in the media as tensions related
to social, economic or environmental change have grown in many destinations. In reaction, anti-tourism
movements are now more organised, vocal, and active at a political level.

Figure 80: Visualisations for tourism phobia
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3.1

3.2

Methodology

Building datasets

A dictionary of multi-word concepts is generated from a corpus of documents using text
mining techniques. To capture the recent vocabulary used in scientific publications,
documents from the last five years (2016-2020) of the Scopus database are used as
corpus (~2.5 million scientific publications). Single words, multi-word terms and acronyms
are extracted from the title, abstract or author keywords of the publications. The TF*IDF?>
method is then used to select the most relevant keywords, and stemming is applied to
group words with similar basic meaning. The resulting dictionary is composed of more than
four million relevant concepts, each of them subsequently used in an automated query
process that builds an equivalent number of datasets. These contain the documents
retrieved by the search from scientific publications dating from 1996 to 2020°.

Detection of raw weak signals

A custom-built indicator called "activeness" is used to sort the datasets obtained by the text
mining process. This indicator is defined as the ratio between the number of documents
retrieved for a certain period and the total number of documents re trieved for the period
1996-2020. For example, activeness[2018-2020] corresponds to the ratio [#documents
published during the period 2018-2020]/ [#documents published during the period 1996-
20201]. A high activeness score means that a higher percentage of documents have been
published during the selected period. Several activeness indicators for different periods
have been used to detect the weak signals in the Scopus database.

Figure 81: Typical shape of a weak signal on a graph #documents (Y -axis) Vs years (X-axis).

>Term frequency-inverse document frequency (TF-IDF) is a numerical statistic method that calculates how
important a word is to a document in a collection or in a corpus.
6 Detecting weak signals implies looking into the past to verify novelty.
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Selection of relevant weak signals

Various filters are used to refine the list of raw weak signals, which inevitably also contains
false positives. First, a simple filter is applied to reject datasets that do not reach a certain
minimum number of documents. Then, a more elaborate filter relying on "semantic
compactness'’ is used to reject weak signals containing documents that are not similar
from a semantic perspective. Weak signals pertaining to different conceptual areas but with
one or two semantic concepts in common are not considered (e.g. documents related to a
conference where the only common term between the documents is the name of said
conference). Manual filtering is also used to reject datasets resulting from errors in the
original corpus (e.g. spelling mistakes). Finally, custom-made indicators are usedto further
refine the list of weak signals. To complete the selection, the remaining weak signals are
reconstructed in the TIM Technology system, which, in addition to scientific publications,
also contains patents and EU R&D grants. The search queries are optimised to increase the
recall of documents and to further validate the list of weak signals.

7 The semantic compactness indicator allows evaluating the semantic proximity of a collection of documents.
It relies on the cosine similarity matrix, calculated for the collection of documents. To build the matrix, a
vector of relevant semantic concepts is built for each document; these vectors are then used to calculate the
cosine similarity of each document to the others. The indicator then displays the compactness of the set of
documents from a semantic perspective.
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