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Executive Summary
This report provides an overview of the manual scanning activities conducted to support massive data
analysis for future and emerging technologies (FET) trends identification (task T2.1 / deliverable D2.1).
PREFET combines human intelligence and social perception with the most advanced AI engines to
identify the kick-off of promising future technologies (FET trends). The manual scanning (task T2.2)
ran in parallel and supported task T2.1, which focused on massive data analysis using Linknovate’s
artificial intelligence (AI) and machine learning (ML) developments in the form of intelligence
augmentation (IA). The objective of T2.2 was to provide human intelligence to, firstly, detect and
analyse technology trends, and secondly, to make sure “social innovations and big challenges” are
included in the list of 45 PREFET trends.
The manual scanning was conducted in three activities:
(1) Analysis of early signals for promising FET topics
(2) Selection of 45 FET trends
(3) Human scanning specifically related to “ethics and social challenges”
This report presents the main findings of the aforementioned activities.
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List of acronyms/abbreviations

Abbreviation

Explanation

AI

Artificial Intelligence

CSA

Coordination and Support Action

EC

European Commission

FET

Future and Emerging Technologies

IA

Intelligence Augmentation

IP

Impact

ML

Machine Learning

RIL

Responsible Research and Innovation Intensity Level

RRI

Responsible Research and Innovation

SDGs

Sustainable Development Goals

S&T

Science and Technology

TRL

Technology Readiness Level

UN

United Nations
Table 1: List of acronyms/abbreviations
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1. Introduction to the deliverable and its
objectives
In this report we present an overview of the status, inputs and outcomes of the manual scanning
activities for selection of future and emerging technologies (FET) trends identification conducted as
part of task T2.2. Task 2.2. runs in parallel and supports task T2.1, which focuses on massive data
analysis using Linknovate’s artificial intelligence (AI) and machine learning (ML) developments in the
form of intelligence augmentation (IA). The objective of T2.2 was to provide human intelligence to,
firstly, detect “seed” topics and support the evaluation and information gathering about those topics
(i.e. potential technology trends), and secondly, to make sure “social innovations and big challenges”
are included in the list of 45 PREFET trends.
PREFET takes a unique approach to identification and analysis of early signals for promising FET topics.
The project uses four layers of analysis (Figure 1):
1. Massive data analysis through a semi-automated scanning (Artificial Intelligence, AI): a
machine’s ability to ingest, connect and recall information goes far beyond what is possible
for humans, it could be understood as human cognition augmentation (what is now deemed
as Intelligence Augmentation, IA).
2. Manual scanning through a desktop research (Human Intelligence): a person’s ability to use
information to reason, judge, and strategize far surpasses the capabilities of machines today.
Human intelligence provides a creative dimension essential for reaching successful innovation
and progress.
3. Crowd (expert) feedback (Social Intelligence): a method of broadening the expertise available
for trend validation, prioritization and augmentation through engaging larger numbers of
experts via an internet-based approach. It focuses general feedback for the validation of
trends based on statistical feedback. The crowd helps at providing a “diverse” view of the map
presented (“weight the hot topics”). Crowd expert feedback is organised through the Open
Trend Consultation (OTC).
4. Unconventional expert feedback during an event (Expert Intelligence): organised in the form
of the Trendington event, aims at providing further insights, better understanding of
embedded opportunities and challenges (technological as well as legal, ethical and societal),
mapping the synergies and multidisciplinarity of PV trends. Furthermore, interviews with
other non-usual stakeholders (designers, artists, architects).
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1.
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opportunities,
synergies
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Reasoning,
judgement, filtering,
curation, creativity

PREFET: TOP 15 TRENDS IDENTIFICATION
Figure 1 PREFET’s four layers of analysis

Massive data-driven analysis applies innovative software tools such as machine learning (ML)
components and data mining techniques. Nevertheless, human intelligence is crucial for trend
evaluation and sense making for (semi) automated scouting. The manual scanning supports key
concepts and applications discovery by deepening and expanding searches performed with the use of
automated data processing and analysis using Linknovate.com.
To ensure a high quality and avoidance of bias, the use of human intelligence in data-driven analysis
needs to fulfil a set of requirements. Previous FET CSA projects, such as OBSERVE, indicate such
requirements:
“Key for the quality of the manual scouting is the selection of sources, the sensitivity of the
scouts and a good shared understanding of the type of finding that is targeted. Both aspects
evolved considerably within the scouting phase. We would therefore recommend for similar
exercises in the future foreseeing a pre-scouting phase of at least three months for fine-tuning
the set of sources and screening criteria”1.

1

https://www.horizon-observatory.eu/radar-wAssets/docs/WP-1_Deliverables/Deliverable-1-3_MethodologyReport.pdf
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PREFET responds to the call for fine-tuning, and therefore we ensure a feedback-loop between the
automated data processing and analysis (using Linknovate.com), and the manual scouting supported
by human intelligence. On the one hand, Linknovate.com provides sources for manual scouting
(discovery) and integrated multiple data sources (not only academic focus, but also industry and web
monitoring). On the other hand, the manual scouting by analysts helps to verify the relevance of these
sources and extend the list, analyse the content and classify findings. Moreover, the analysts support
the automated scouting through: (1) exercising “common sense”, i.e. sound and prudent judgment
based on a simple perception of facts or the situation (this seems evident, but recent debate on AI
and its extension or confusion with Artificial General Intelligence (AGI) makes it necessary to
communicate); (2) exercising intuition and zeroing in, i.e. finding a fact, idea, or course of action from
a very large, complex, ambiguous set of options; and (3) creativity and empathy, particularly in the
context of ethical and societal challenges related to FET2. Therefore, the “human-sense” is applied to
optimise the process and ensure alignment with the expected impacts of the project.
The manual scouting, i.e. manual scanning, was conducted using desktop research techniques,
scanning relevant current and historical academic studies, science and technology (S&T) policy and
impact documents, related horizon scanning reports, and RRI observatories. During the Trendington
meeting (T3.3), these findings will be complemented with the stakeholders consultation and the
experts’ participation (particularly those with a combined knowledge of FET and RRI aspects such as
ethics, gender specialists, related RRI and ethics projects and initiatives examining current and future
societal impacts of emerging technologies) and other potential FET stakeholders.
The manual scanning was conducted in three activities (Figure 2):
(1) Identification and analysis of early signals for promising FET topics (Partners: DMU, LKN, RTDI, TRI)
(2) Selection of 45 FET trends (Partners: DMU, LKN, RTDI, TRI)
(3) Human scanning specifically related to ethics and societal challenges (Partners: DMU and TRI).

• Identification
&
analysis
of
early
signals for promising
FET
• Support
for
and
supported by (semi)
automated processing

2.
• Selection of 45 FET
trends
• Support
for
and
supported by (semi)
automated processing

• Human
scanning
specifically related to
RRI and “ethics and
social challenges”

3.

1.
Figure 2 PREFET Manual scanning activities.

2

For further details see PREFET D2.1 Massive data analysis report for trends identification.
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The reminder of this report is as follows: Section 2 explains the methodological approach for manual
scanning. Section 3 discusses the results of the manual scanning and analysis for early signals of
promising FET topics; Section 4 explains insights of the manual scanning that contributed to selection
of 45 FET trends, this section provides an example of firstly, neuromorphic computing and biomimetic
AI, secondly cellular signalling and neuroscience; Section 5 is devoted to human scanning specifically
related to ethics and societal challenges by providing the RRI context. Lastly, in section 6 we conclude
our findings.

2. Methodological approach
2.1 Qualitative and quantitative research for FET foresight
For many years, qualitative and semi-quantitative methods were devised for early identification of
emerging technologies. However, only recently attempts to include and develop quantitative methods
were undertaken. These quantitative methods usually apply AI techniques (e.g. text mining, neural
networks) to large corpora of data aiming to extract early signals of new scientific developments or
technologies. These so-called weak signals have specific characteristics that allow them to be:
a) Detected
b) Analysed (to assess their disrupting potential)
c) Monitored (to follow their evolution in time)
PREFET deals with the first two challenges, namely detection and analysis. Monitoring of technological
trends is not part of the PREFET’s methodology. Nevertheless, the project takes into account the
evolution of trends over time, one of the critical aspects and challenges of tech foresight, to avoid
static pictures with quantitative methods.

Figure 3 “Alert system” for monitoring of emerging technologies’ weak signals, developed by LKN and launched
commercially to the market during the PREFET project duration.

LKN has developed an “Alert system” for monitoring of emerging technologies’ weak signals as part
of their product development (Figure 3). The system was introduced in the intel gathering process,
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such as time sensitive weak signal collections (e.g. certain trends are worth looking at in a
chronological manner, with time frames in weeks and not months, or years). In general, automatic
updates on trends signals are cumbersome and time consuming. LKN has deployed a new product that
PREFET can leverage free of charge for its use during the project, as well as for future manual scanning
to update trends summaries, activities in IdeAcademy and other work packages.
Therefore, the quantitative methods, including detection, analysis and monitoring, provide added
value and can strengthen foresight methods through:
1) complementing them by flagging new emerging topics or challenges that should be
explored by means of qualitative processes, or
2) being used to validate/reinforce the results of a qualitative exercise.
According to a recent report by the Joint Research Centre (JRC), the European Commission’s science
and knowledge service, weak signals can be evaluated by following an iterative and structured process
showing their significance and future impacts on the European economy and society3. Such evaluation
process could include, for instance, the use of Delphi to collect both qualitative and quantitative
insights, and workshops to validate and further deepen the implications of these insights4. The JRC has
designed and developed a technology monitoring system (TIM Trends) to detect weak signals of
emerging technologies or scientific topics. The JRC’s approach combines text mining techniques with
computation and data visualisation means. Precisely this example of quantitative forward-looking ran
by the JRC between May and August 20195 constitutes a proof of the alignment of PREFET with
ground-breaking work done at EU level, in two independent efforts to achieve similar outcomes, albeit
more complex in the case of PREFET, as the (technology) horizon is further afar.
JRC focuses on scientific literature covering 1996 to 2018 inclusive (Scopus data set). Comparatively,
PREFET concentrates on sources covering 2017 to present in order to detect very recent
developments. At the same time, PREFET targets exhaustive coverage of types of data sources (not
limited to scientific publications and conference proceedings, such as within Scopus). The JRC report
does not analyse what are the main actors, where they are located, or if Europe is strong (deeper
investigation of the signals has been directed to a specific space on its TIM platform6. This is an effort
which has been carried out, within the limitation of resources, by PREFET Project in task T2.2, where
human curation and desktop research has played an important role to define the Executive Summaries
of the trends, presented as the PREFET’s periodic table (https://www.prefet.eu/periodic-table/).
Lastly, JRC concentrates with short to mid-term technology foresight, which is not the same as for
PREFET. Hence building on top of these concepts was valuable, but leveraging the exact same
methodology was deemed not appropriate.
While taking different approaches, both JRC and PREFET show how quantitative methods can help in
tech foresight, particularly the use of data mining and text mining.

3

https://ec.europa.eu/jrc/en/publication/weak-signals-science-and-technologies-2019-report
Ibid.
5
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC118147/kjna29900enn.pdf
6
https://www.timanalytics.eu/TimTechPublic/main.jsp?dataset=s_1231.)
4
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2.2 Why Manual Scanning
Foresight methods have three crucial shortcomings, as summarised by Gutsche et. Al (2018)7.
1) Firstly, these approaches are usually built on qualitative approaches and expert opinions.
Methods fully based on expert opinions or qualitative work, can by nature not be conducted
automatically.
2) Secondly, existing approaches rely on manual input and expert opinions in various steps of
the process.
3) Thirdly, whenever companies decide to practice foresight, only the currently available
information can be taken into consideration. Therefore, the methods are built on static
information and are not adaptive to the changing environment with changing information.
Consequently, the identification of promising long-term business opportunities remains the primary
challenge of strategic planning, as mentioned by Gutsche et. Al (2018)8.
PREFET addresses the first shortcoming of Technology Foresight (TF) in recent history, and provides a
manner to improve, via quantitative methods (data mining support) and addressing the second point.
The OTC as a semi-automated method provides an enhancement with regard to this point. A
significant challenge remains in point three, because newly developed data & text mining tools cannot
account for all types of open data (primarily because open data is not always machine reusable data
or machine-friendly data; one could say that in fact it is usually not the case). Hence, there is a
significant need for manual input and curation. To provide further details: certain video channels,
specialised news, or even FET-like grants seemed relevant but were discarded after analyst
consideration. Video channels from museums speaking about the future would have been classified
as relevant for future disruptive technologies, but turned out they were serving the purpose of the
creator and limited to certain topics (e.g. for an event, an anniversary, etc.). Multiple specialised news
outlets with titles referencing future forecasting turned out to serve media purpose for immediacy.
Even grants with programs whose titles referencing disruption were limited in topic selection and
focus on a short-term technology evolution (e.g. internet of things, cybersecurity, virtual reality, and
similar). These constituted some of the reasons why PREFET envisioned the manual scanning (T2.2) as
necessary. Nonetheless, the consortium feels that this is the part of the methodology for trend
identification and validation with more room for improvement. As a result it would translate into a
bigger automation for the TF, the reduction of timelines and considerable human resources reduction.
The importance of manual human curation and pre-scouting at defining data sources has been
established, among others in Project OBSERVE (led by Fraunhofer, Germany). PREFET takes this
approach one step further to be permeable to human curation during quantitative analysis with the
software tools proposed (AI layer), and developing it in a cyclic manner.

7

Gutsche, T. (2018). Automatic Weak Signal Detection and Forecasting (Master's thesis, University of Twente).

8

Ibid.

PREFET (Grant Agreement number 824748)

D2.2 – Manual Scanning Report

PREFET took an iterative cycle approach between manual scanning and massive data analysis via data
mining of multiple heterogeneous data sources. Figure 4 summarises the tech seeds identification
through manual scanning methodology developed and used in PREFET (WP2) and tied to the rest of
work proposed in the project. Therefore, seeds for technology trends are not identified in a linear
process but in an iterative cyclic manner.
MANUAL SCANNING
ACTIVITIES

Figure 4 Workflow in PREFET WP2 activities.

Actions and outcomes of task T2.2, reported in this document, are designed specifically to improve
data collection from promising technologies showing the right FET indicators, including e.g. growth in
interest in the scientific community, prevalence of basic and fundamental, long-term vision research
as opposed to applied research, multidisciplinary research as opposed to niche mono-disciplinary
science, and others. These FET indicators and intel gathering are semi-automatically generated on a
query by query basis as explained in deliverable D2.1 Massive data analysis report for trends
identification. Once a promising technology is signalled by the semi-automated generation, the
manual scanning helps to ensure that the analyst team led by TRI and LKN does not missed any
important information. In other words, if multiple weak signals in adjacent or subtopic fields are not
being taken into account, or if signals coming from other countries are not being identified (Note: all
EU projects have the natural bias of researching more extensively the Wester World signals as
opposed to Asia, Russia, etc. due to obvious language barriers).
Therefore, there are three main roles that the manual scanning activities in task T2.2 served and how
they interacted with other tasks in WP2 and the overall PREFET’s methodology to enhance its
outcomes:
1. Manual Scanning as a Quantitative Methods
It is important to note that one of the main goals of task T2.2 is to complement the (heterogenous)
data aggregated to produce insights generated through Linknovate platform in task T2.1.
An example of this complementary role of the manual scanning is the case of “public funding graphs”.
As any other data mining insight does not necessarily refer to already existing FET-like research in the
area, but rather to “conventional” forward looking research that happens in an area (playground)
poised to developed multiple FET material ideas and proposals based on the parameters described.
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Such parameters may include game-changing potential, influence in multiple areas of research and by
multiple areas of research, multiple geographic interest, selected for funding at national level from
FET-like programs in different countries, interest in specialised news, and others.

Figure 5 Analysis intel gathering and exploration of PV technology trends. Iterative cycle together with Tasks
T2.2 in manual desktop research.

By mining data in these areas of knowledge, complemented with the manual desktop research,
PREFET effectively creates a landscape of potential key-players and niche subject matter experts and
organisations. They may not necessarily change the world or build a FET concept, but it is valuable
intelligence to gather to understand what is happening in those fields and build the capabilities for
“proactive” approaches (as opposed to more usual reactive approaches by funding bodies) to spot,
pinpoint and reach out to those communities and groups.
2. Manual Scanning as a Filter
Detecting weak signals implies looking into the past to verify novelty. This limitation awareness allows
PREFET to propose further layers of intelligence to the aforementioned crowd (expert) intelligence,
via the Open Trend Consultation (OTC) and the unconventional expert feedback through the
Trendington feedback and interviews with other non-usual stakeholders (designers, artists,
architects), for richer conversations (dialogue).
Various filters are proposed to refine the list of raw “weak signals”, which inevitably contain false
positives. This is one of the reasons why the PREFET’s approach to FET identification is designed as a
discovery and intel-gathering process about a topic in an iterative manner. The exploratory user does
not know what she does not know, but reading and documenting herself about it, supported by a
search engine (customised for exploration rather than search). Therefore, between various
exploratory steps, both manual and semi-automated scanning, there are feedback loops that allow to
accommodate change later in the development process, particularly as new or refined information
emerges.
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3. Specific contribution in the application to policy-making
The JRC report demonstrates that quantitative forward-looking methods could bring additional
elements to the design of policy-making by identifying new emerging trends. The quantitative
methodology developed by JRC allows for a high granularity in the detection of the weak signals, which
can be done at the level of a technology or just from mere issues that only few articles have reported.
Manual scanning plays a role at bringing complex-to-process data sources, and data sources that are
“unconventional” from the point of view of data mining and text mining (e.g. YouTube channels, PDF
reports). These sources require manual curation and validation to be included in the information
stream. This is key to complement the landscape of seeds to PV trends and consequently enrich the
nature and options in the final trends list after going through all PREFET methodological steps. In the
future, the technological development of AI tools would allow to process such types of data
automatically just like machine-readable structured data is mined nowadays. Nevertheless, since it is
not yet feasible, PREFET invested resources at this early phase to ensure a richer quantity and typology
of sources and signals.
In the European context, new policy making efforts aim at combining the results of new quantitative
methodologies for detecting weak signals with qualitative methods, e.g. expert consultations, to reach
an assessment of the European positioning and competitiveness in these technologies and their
possible widespread development. Such policies should also consider needs for further research and
investments and their ethical and societal acceptance. The ultimate aim is to identify a set of policy
recommendations and legislative opportunities for European stakeholders and policymakers to act
upon. This constitutes as well one of the objectives that PREFET committed to achieve.
To fulfil these roles, PREFET applied manual scanning in three activities:
(1) Analysis of early signals for promising FET topics
(2) Selection of 45 FET trends
(3) Human scanning specifically related to “ethics and social challenges”
The next sections present the main findings of the aforementioned activities.

3. Analysis of early signals for promising FET
topics
The first activity supported by the manual scouting focused on detecting a range of “weak indications”
of future impactful events. We focused on three main areas of potential FET-like topics, namely:
1. ICT
2. Health and Life Sciences (Bio)
3. Energy & Environment

PREFET (Grant Agreement number 824748)
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PREFET implemented an iterative cycle between desktop research and massive data analysis via data
mining of multiple heterogeneous data sources. The following list of parameters was considered for
listing “signals of seeds” for “future and emerging technologies”:
-

Appearance of signals on the same topic in different geographic locations

-

Appearance of signals in different industries

-

Appearance of signals in different research groups (academic or industrial)

-

Appearance of signals in basic research tasks forces, as opposed to applied research
(academic or industrial)

-

Detection of similarities (more than one) from public or private funding to FET

-

Nature of the technology requires multidisciplinarity, and/or teams from multiple
research fields are effectively engaged in the generation of the signals.

These parameters, as well as the FET definition for a topic, are qualitative, and hence have not been
quantified. In fact, it is important to note that a few exceptional trends have been included without
fulfilling all of these factors to favour the variety in their nature (e.g. weak signals may have not have
time to appear in other countries, groups, industries, etc., but the topic shows a promise, and this
promise may or may not be “validated” by the other knowledge layers of the project further in the
workflow). For example, PV Trend ‘Photoacoustics in Communication’ has few weak signals, as it is
ground-breaking research done in specific groups in MIT (possibly, to date, only one). However, it was
picked up by press and specialised journals crossing borders in terms of visibility, echo and citations.
This example of “outlier” does not translate into an issue, as the methodology validates these PV
Trends in subsequent layers of knowledge.
PREFET investigated Science and Technology (S&T) and beyond-research sources to:
a) optimise different methodologies and learn from major flaws;
b) identify fruitful weak signals sources;
c) improve the process productivity, scouting scope & criteria, and expected efforts and outputs.
These “weak signals” have been gathered in a (iterative) combination of manual scanning (T2.2) and
automated massive data analysis (T2.1). The automated processing provided knowledge discovery and
integration of multiple data sources. The manual scouting, comprised of the desktop research, helped
to verify the relevance of these sources, extend the list of sources, analyse and summarise a content
and classify findings. Moreover, the manual scanning was used for curation of early signals found for
promising topics. In this process, we looked at multiple data sources, especially those which are not
integrable in the Linknovate.com engine due to format incompatibilities (e.g. video, audio, PDF reports
in non-structured sources, etc.) or to complexity (e.g. specific PowerPoints, certain PDF reports,
sources with high noise to signal ratio, etc.).
The sources analysed through the manual scouting included existing literature in the field of S&T, such
as previous project results (e.g. OBSERVE, TEL-Map, FET Traces). Furthermore, to detect non-expected
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seeds of change, PREFET performed the manual scanning also beyond-research sources such as
specialised news, books, press, social media and videos. The sources are divided into eight categories,
namely:
1.
2.
3.
4.
5.
6.
7.
8.

Books
Scientific Journals and articles
Funders and Projects
Popular science media
Specialised News
Specialised reports
Videos
Other

These sources were assigned to the PREFET partners and analysed in terms of the following
information:
1. Validation check (valid / likely valid / not valid)
2. Link to the source/website
3. Name of article/content
4. Category (broader topic / field, e.g. wearables, algorithms in healthcare, industrial robots,
synthetic biology, greenhouse gas removal)
5. Classification as one or more category: 1 - ICT, 2 - Bio, 3 – Energy & environment / climate
6. SDG (Does it interface with any of SDG?)9
7. Contact (Does it provide an email or mention the name of an expert?)
8. Comments (typically a textual section)
An overview of the analysed categories of sources, specific sources and number of content and items
(such as online lectures and talks, interviews, news articles, scientific articles, specialised reports) with
statistics is provided in Appendix 1.
In the manual scanning, the total amount of analysed sources is 120.
The amount of analysed content/items is 983.
It is worth to note that the actual number of the analysed content/items is much higher. Firstly, dozens
of pieces of information or references have been manually explored for each source (e.g. for MIT tech
review dozens of items in the form of news, reports, videos, articles were considered). Therefore the
signals that were analysed is actually at least double. Furthermore, the desk study through manual
scanning was complemented with the semi-automated scanning, where the massive data analysis was
conducted. The manual scanning focused on specific contents and items that could not be analysed
using algorithms, because it required human intelligence. Taking into consideration time constraints
and limited resources, we documented relevant signals (documented in this section and specified in
Appendix 1). At the same time, we resigned from documenting signals that were not considered
useful, in other words, which led to nowhere. Such signals included e.g. a video with a catchy title on
emerging technologies which occurred to be a promotional material of an institution without any

9

Note: because of the futuristic nature of some of the technologies, the identification of interface
with specific SDGs and potential impact was speculative (e.g. basic science, no specific application).
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specifics on FET; a piece of news with a misleading title, an article on a specific technology that could
not be perceived as FET because it is already commonly used, etc.
The manual scouting (T2.2) combined with the massive data analysis supported by Linknovate.com
(T2.1) provided “seeds” for selection of 45 FET candidates.

4. Selection of 45 Pre-Validated FET trends
The next step for PREFET was to identify promising 45 (Pre-Validated) FET trends. To achieve this goal,
the manual scanning (T2.2) was used to support the AI massive data analysis (T2.1). The manual
scanning was used as a “primer” to help construct a general understanding of the topics identified
through the massive data analysis. Furthermore, the manual scanning was conducted to provide
insights about promising 45 FET trends. The insights about promising 45 FET candidates were collected
through desk research and expert consultation via the consortium partners’ networks. Further details
about the use of AI massive data processing in 45 FET trends can be found in deliverable D2.1.
As part of this task, the consortium partners provided the following types of information about specific
topic:
1.
2.
3.
4.
5.
6.
7.
8.

A brief explanation of a topic
Projects focuses on a topic that received funding grants (currently running and past)
Conferences on the topic (academic and non-academic)
People working on a topic
Institutions specialising in a topic, e.g. universities, research institutes and groups
Companies specialising in a topic, industry initiatives and projects
Relevant scientific publications and documents
Expert-based feedback

For better understanding, we provide two examples of the manual scanning results on the topic of (1)
regenerative medicine; and (2) neuromorphic computing and biomimetic AI. These examples
document in details the iterative approach to exploration of potential trends with feedback-loops
between the manual scanning and the semi-automated scouting.

4.1 Example trend: seed signals for “Regenerative medicine”
1. Key word searches:
•
•

Regenerative medicine. Cell immortality. Regenerative biology
Related keyword: Longevity boosters. References found since 2000
https://www.researchgate.net/publication/12350792_The_illusion_of_cell_immortality
https://www.ncbi.nlm.nih.gov/pubmed/12366377

-

2. A brief explanation of a topic (Description of TECHNOLOGIES and approaches)
There are substantially three approaches: cell-based therapy, use of engineered scaffolds and the
implantation of scaffolds seeded with cells.
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Advanced therapy refers to new medical products that use gene therapy, cell therapy, and tissue
engineering. In recent years, regenerative advanced therapies research has increased under
CRISPR/Cas9 advancements.
•

Source 1: Utrecht University https://www.umcutrecht.nl/en/Research/Strategicthemes/Regenerative-Medicine-Stem-Cells):
“Regenerative medicine and stem cell research is a relative new field of research and therefor
often involves innovative new technologies. Some are used already, but others were and are
developed during research:
o Mini organs – organoids
o Exosomes (the use of biomaterials, cells, and the secreted vesicles, called exosomes,
to further understand repair mechanisms of the human body)
o 3D printing - biofabrication and biomaterials”

•

Source
2:
Description
from
Journal
of
Regenerative
Medicine:
https://www.scitechnol.com/scholarly/cell-and-organ-regeneration-journals-articles-pptslist.php
“About Cell and Organ Regeneration
Researchers are expanding their understanding of identified adult stem cells, which include
blood-forming, brain, skin and skeletal muscle stem cells, while working to isolate stem cells
for the lung, liver, kidney, heart and other tissues. This work is providing the basis for ongoing
preclinical and clinical trials of organ and tissue regeneration from healthy adult stem
cells.With the capability of self-renewal, pluripotency and differentiation, stem cells have
been believed to be useful for treatment of a wide variety of diseases in the future, including
stroke, traumatic brain injury, Alzheimer’s disease, Parkinson’s disease, spinal cord injury,
baldness, blindness, deafness, wound healing, amyotrophic lateral-sclerosis, myocardial
infarction, muscular dystrophy, osteoarthritis rheumatoid arthritis, Crohn’s disease, and
diabetes. Amongst the applications, a number of adult stem cell therapies have already been
practiced clinically. As an example, hematopoietic stem cell transplantation has been
successfully applied to treat leukemia.
In addition to cell replacement therapy using stem cells, organ transplantation has been
successfully practiced in clinics for organ failure of the liver or kidney. However, the severe
shortage of donor organs has become the main obstacle to expand the organ transplant
program. Generation of biological or semi-biological organs could be an alternative approach
to solve the problem of the donor organ shortage. Notably, researchers have been hunting
for ways to establish a whole organ using stem cells.
Although organogenesis is a complex process, the organ generation systems using stem cells
or a combination of stem cells and tissue engineering may be applied, or at least raise the
hope, to treat organ failure in humans in the near future. Besides adult tissue stem cells and
embryonic stem cells, recent burgeoning and promising development of technology of
induced pluripotent stem cells opens a new avenue for potential cell replacement and organ
generation. Relevant to generation of functional organs, it is worth-mentioning that functional
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hepatocyte-like cells can be generated from induced pluripotent stem cells and the liver can
be partially reconstituted.
Stem cell therapy may one day not only repair tissue damage but also generate new tissues
for tissue/organ transplantation. Even though it is still at an infancy stage, these studies may
hold promise for generation of specific functional organs for organ transplantation, to help
solve the clinical problem of donor shortage.”
•

Source 3: Description and expected trends from European Initiative For Regenerative
Medicine
(2016)
https://ec.europa.eu/futurium/en/content/european-initiativeregenerative-medicine

“Regenerative Medicine is considered a novel frontier of medical research. The regeneration
of body parts is a rather common phenomenon in nature; a salamander can regenerate an
amputated limb in several days. Humans have this ability as well, but they lose it over the
years: a severed fingertip can regenerate until 11 years of age. The human regeneration
potential was well-known also in ancient times, as demonstrated by the myth of Prometheus.
Some European countries have developed a national strategy on regenerative medicine and,
first of all, UK has published documents (part of this proposal derives from them), built a
Catapult Center and defined UK as leader country in this field.
There are substantially three approaches: cell-based therapy, use of engineered scaffolds and
the implantation of scaffolds seeded with cells. diseases Therefore, medicine is facing with
pressing problems which require an evolution of medical treatments and the regeneration of
damaged tissues, “the fourthR”, could revolutionize modern medicine, offering the way to
cure, rather than merely treat symptoms.
Regenerative medicine is not one discipline, but covers a number of emerging and sometimes
related fields. At its simplest it can be defined as a therapeutic intervention which “replaces
or regenerates human cells, tissues or organs, to restore or establish normal function”.
Regenerative medicine deploys small molecule drugs, biologics, medical devices and cellbased therapies. However, the term is more colloquially used to mean advanced therapies
based on cells, tissue engineering, developmental and stem cell biology, gene therapy, cellular
therapeutics and new biomaterials (scaffolds and matrices).
Although not “regenerative”, there are also promising associated cell-based technologies such
as the use of cells for non-regenerative therapies, stem cells for drug discovery and toxicity
testing and other associated tools and technologies.
There are a number of key trends in healthcare today that will impact on the development of
regenerative medicine, and provide an indication of the significant role the field could play in
the future of healthcare:
There are strong pricing pressures from public healthcare payers globally as Governments
try to reduce budget deficits. Regenerative medicine could potentially save public health
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bodies money by reducing the need for long-term care and reducing associated disorders,
with potential benefits for the European economy as a whole.
While pharma companies remain attracted to the “blockbuster model” where products
are developed to work across the broad patient population they are also beginning to
develop medicines for much smaller groups of patients (e.g. stratified medicines and
targeted therapies) where their genetic predisposition makes it highly likely that the
medicine will be effective.
The expected ageing of the European population will continue to boost market
opportunities for regenerative medicine products as well as increase cost pressures on
healthcare providers. There are also large and growing unmet medical needs for example
neurodegenerative diseases (including Parkinson’s disease), stroke and heart failure that
currently have no significant therapeutic options and are therefore only managed
palliatively.
The increase in obesity and the accompanying rise in type 2 diabetes means that there
are growing markets in related products such as advanced wound-care for diabetic ulcers
and cardiovascular devices.
There are seven key areas where progress was expected in regenerative medicine in the next
five years:
1. Induced Pluripotent Stem Cells: In the next five years, the efficiency of generating iPS cells
and the understanding of the mechanisms of cell programming and reprogramming is
likely to improve. However, there are ongoing concerns over safety presenting a
significant hurdle before we will see significant progress towards therapies. In the shorter
term the use of iPS cell-technology will have highest impact in establishing models of
disease for research into pathological mechanisms and drug development and screening.
2. Direct reprogramming of differentiated cells has already been demonstrated, as explained
earlier and the ability of certain genetic factors to dominantly specify cell fate has been
known for some years. However, recent advances have convinced respondents to our call
for evidence that this technology is likely to progress significantly over the next five years.
Direct reprogramming has a number of major advantages including the potential to
produce therapies based on small molecules/biologics for in vivo reprogramming. This
method would also produce cell therapies without the need to use a pluripotent cell stage,
thus greatly reducing the risk of rogue cells leading to uncontrolled cell growth or
inappropriate differentiation into an unwanted cell type.
3. Ongoing trials of adult stem cells which provide the basis for the majority of current
commercial research in stem cell therapies, mostly in the area of bone/cartilage repair
and wound healing. Other areas under development include blood-related therapeutic
research including T cell immune modulation and cord blood.
4. Gene therapy and especially genetically modified cells as therapies (i.e. vehicles for gene
therapy delivery) will gain growing prominence – respondents felt that these
technologies, that were previously “stalled” due to the state of the science, could now be
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progressed due to recent advances in other areas. There is also potential to use cells as
vehicles to deliver other interventions such as cellbased cancer vaccines.
5. Safety and efficacy data from stem cell derived therapeutics: in the USA clinical trials using
human embryonic stem cells have now started for acute spinal cord injury (Geron),
Stargardt’s disease (ACT) and age-related macular degeneration (ACT). Clinical
applications using human ES cells will likely be focused on agerelated and ‘orphan’
applications initially.
6. Cord Blood: traditionally used to supplement the supply of bone marrow, umbilical cord
blood is increasingly proving to be as good as, and in some cases better, for unrelated
donor transplant. This is mainly due to the fact that research has proven that cord blood
units do not have to be identically matched to be transplanted into an individual. This
means that a wider range of patients can be treated. The relatively easy access to cord
blood and its availability make it a valuable resource for regenerative medicine. Also, in
the US especially, it is increasingly seen as route to provide blood stocks as a contingency
the increasing threat of emergency situations.
7. Translational science and technology: regenerative medicine will require new science and
technology to enable successful delivery and application, particularly from physical
sciences and engineering. This will include new imaging and diagnostics; regenerative
scaffolds for delivery and to support tissue function and cell manipulation; as well as
manufacturing monitoring and selection technologies. Related research on translational
sciences and technologies is essential if impact and economic benefit is to be realised from
stem cell science.
3. Priorities for achieving widespread therapeutics
As the first isolation of human embryonic stem cells only took place in 1998, it is not surprising that
therapies derived from embryonic stem cell lines (or iPS first discovered in man in 2007) are used in
widespread clinical trials yet. Therapies derived from embryonic, iPS cell lines or from foetal stem cell
lines are likely to develop at different rates depending on the specific medical indication, risk-benefit
to patients and the technical hurdles that are likely to be encountered in their manufacture and in the
clinic. Although the very first embryonic stem cell trials in patients have commenced (i.e. Geron- spinal
cord injury) it is unlikely that stem cell therapies will immediately lead to outright cures. Instead a
gradual emergence of efficacy over a few generations of cell-based products is a more realistic
expectation. Thus both the discovery science and translational science will be pivotal in making the
necessary incremental steps to unlock the full potential of cell therapies.
Regenerative medicine interventions will also require advanced diagnostics and stratified approaches,
supported by advanced imaging research. Multidisciplinary work on tissue and cell monitoring,
labelling, sorting and signalling is also needed, alongside more research into the regenerative repair
processes.”
•

Source 4: (Source: https://www.medicalnewstoday.com/articles/324497.php; Nature Paper
from 2019 by Tobias Deuse: https://www.nature.com/articles/s41587-019-0016-3):
Pluripotency for organ regeneration
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Skin cells – using induced pluripotent stem cells for organ creation (biomaterial scaffolds).
Current obstacle is angiogenesis; larger organs need a blood supply for oxygen, otherwise they
will die.
“To bypass the issue of donated tissue shortages, scientists have created stem cells out of
mature, fully developed cells they collect from the same person who needs a transplant. They
call these "induced pluripotent stem cells" (iPSCs).” “"There are many issues with iPSC
technology, but the biggest hurdles are quality control and reproducibility. We don't know
what makes some cells amenable to reprogramming, but most scientists agree it can't yet be
reliably done," notes Dr. Tobias Deuse (University of California (UC), San Francisco), lead
author on the new study paper that appears in the journal Nature Biotechnology.”
•

Source 5: (Source: http://www.ibecbarcelona.eu/ca/research-groups/pluripotent-stem-cellsand-activation-of-endogenous-tissue-programs-for-organ-regeneration/)
“The combination of gene-editing based methodologies together with the development of
novel protocols for cell differentiation into relevant tissues/organs, provides a unique scenario
for modelling disease progression, and the identification of molecular and cellular
mechanisms leading to organ regeneration”

This trend showed all of the following:
-

Appearance of signals on the same and similar (adjacent) topic in different geographic
locations
Appearance of signals in different research groups (academic or industrial)
Appearance of signals in basic research tasks forces, as opposed to applied research (academic
or industrial)
Nature of the technology requires multidisciplinarity, and/or teams from multiple research
fields are effectively engaged in the generation of the signals.

4. Projects focuses on a topic that received funding grants (currently running and past)
•

•

•

•
•

The University of Glasgow has received £3.6M to engineer growth factors microenvironments
for regenerative medicine
https://gow.epsrc.ukri.org/NGBOViewGrant.aspx?GrantRef=EP/P001114/1
During the last 12 months, the EU has largely fund (some over €6M) research projects that
explore regenerative medicine to treat conditions like diabetes (EYELETS), brain damage
(HERMES), chronic back pain (OSTEOproSPINE).
o Eyelets: https://cordis.europa.eu/project/rcn/223324/en
o Hermes: https://cordis.europa.eu/project/rcn/219205/en
o Osteoprospine: https://cordis.europa.eu/project/rcn/215894/factsheet/en
FET project RESTORE aims to implement newly developed Advanced Therapies in clinical
routine to improve patients ́ outcome with high impact on Europe's society and economy.
https://cordis.europa.eu/project/rcn/223715/factsheet/en
Funded by 2 countries FET-like programs
Bright IDEAS program (UK) by EPSRC Engineering growth factor microenvironments - a new
therapeutic paradigm for regenerative medicine
Regenerative Medicine -
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•
•
•
•

•

•

https://gow.epsrc.ukri.org/NGBOViewPerson.aspx?PersonId=-455563
Stem
cell
technologies https://gow.epsrc.ukri.org/NGBOViewGrant.aspx?GrantRef=EP/P001114/1
Project H2020: https://www.restore-h2020.eu/home
Projects: STARSTEM http://starstem.eu/
MERLIN – MEsenchymal stem cells to Reduce Liver Inflammation http://fp7merlin.eu/
AUTOSTEM – Development of closed, scalable and Automated robotic systems for therapeutic
STEM
cell
manufacturing:
aseptic
systems
from
“Donor-to-Patient”
http://www.autostem2020.eu/;
Lists of other related projects past and ongoing:
- http://starstem.eu/related/
- http://fp7merlin.eu/related-projects/
Tensive has received €2,7M from the EC to bring to the market REGENERA, a mammary
prosthesis for breast cancer patients that is degraded over time and replaced by the patient's
fat
https://cordis.europa.eu/project/rcn/216768/factsheet/en

5. Conferences on the topic (academic and non-academic)
One example of events focused on regenerative medicine is:
•

Partnering event for Horizon 2020 call: Regenerative medicine BHC-07-2019 (past)
https://www.vr.se/english/just-now/events/all-events/calendar-events/2018-11-30partnering-event-for-horizon-2020-call-regenerative-medicine-bhc-07-2019-.html

6. People working on a topic & 5. Institutions specialising in a topic, e.g. universities, research
institutes and groups
We found a number of researchers and institutions working on regenerative medicine, including:
•
•

•

•
•

•

IBEC Barcelona http://www.ibecbarcelona.eu/ca/research-groups/pluripotent-stem-cellsand-activation-of-endogenous-tissue-programs-for-organ-regeneration/
Regenerative Medicine Center Utrecht (Prof. dr. Marianne Verhaar is Professor of
Experimental Nephrology and Head of the Dept. Nephrology & Hypertension / kidney
regeneration)
https://www.umcutrecht.nl/en/Research/Strategic-themes/RegenerativeMedicine-Stem-Cells
Institute for Technology-Inspired Regenerative Medicine (Maastricht University / A
Brightlands institute / the MERLN Institute and the Hubrecht Institute (KNAW))
https://www.maastrichtuniversity.nl/research/institute-technology-inspired-regenerativemedicine
Manuel Salmeron-Sanchez, chair of Biomedical Engineering at Glasgow University.
https://www.gla.ac.uk/schools/engineering/staff/manuelsalmeron-sanchez/
Núria Montserrat Pulido, Pluripotency for organ regeneration Group Leader at the Institute of
Bioengineering
of
Catalonia.
http://www.ibecbarcelona.eu/member/934/N%C3%BAria+Montserrat+Pulido/
Marianne Verhaar, Prof. of Experimental Nephrology at the Regenerative Medicine Center
Utrecht. https://rmutrecht.org/marianne-verhaar-md-phd/
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•

Most active organisations in Regenerative Medicine [top 10]:
https://www.linknovate.com/search/?query=%22regenerative+medicine%22
When looking at the aggregated set of data Linknovate has collected for regenerative
medicine, academia makes up for 75% of all active organizations since 2010, while
corporations represent less than 6%. However, 4 out of 10 of the most active organizations
are big pharma companies, which are collaborating with Universities and SMEs in academic
research and innovation grants.

7. Companies specialising in a topic, industry initiatives and projects
Industrial initiatives on regenerative medicine include e.g.:
•
•

•

•
•
•
•

•
•

•

News on start-ups: https://www.cbinsights.com/research/report/game-changing-startups2019/
Spun out of pharma company Celgene, Celularity develops therapeutics derived from
placental stem cells. Its drug pipeline spans immuno-oncology, regenerative medicine, and
functional regeneration. Funding: $250M / Investors: Celgene, Human Longevity, United
Therapeutics
Michigan-based startup –Forever Labs –allows individuals to store their stem cells from either
their bone marrow or adipose (fat) tissue for future access to fight age-related diseases.
Funding: $2.1M / Investors: Y Combinator, Northwestern Mutual Capital, Babel Ventures
Prellis Biologics develops placenta-derived stem cells to create anti-aging therapeutics.
Funding: $2.05M / investors: IndieBio, SOSV, Plug and Play Ventures
LyGenesis wants to grow ectopic organs in an individual’s lymph nodes to replace defunct
organs. Funding: $3M / Investors: Juvenescence
Alphabet's company: Established in 2013, Calico Life Sciencesis pursuing research in aging &
age-related diseases. Its recent publications include studying the naked mole rat’s unique
aging process along with identifying other ways to tackle aging.
Partnerships with Abbvie and Pharma companies.
Partnered with AncestryDNA: In 11/2018, they released the results of that study. Results
included that genes may play a smaller role in affecting our longevity than previous research
had indicated. Heritability of human longevity was less than 10%.
InsilicoMedicine is developing both pharmaceutical & nutraceutical R&D pipelines for antiaging candidates. Funding: $14.3M / Investors: Jim Mellon, WuXiHealthcare Ventures, Deep
Knowledge Ventures

8. Relevant scientific publications and documents
•
•

•

Atala, A., Lanza, R., Mikos, T., & Nerem, R. (Eds.). (2018). Principles of regenerative medicine.
Academic Press.
Chen, S., Wang, H., McCarthy, A., Yan, Z., Kim, H. J., Carlson, M. A., ... & Xie, J. (2019). ThreeDimensional Objects Consisting of Hierarchically Assembled Nanofibers with Controlled
Alignments for Regenerative Medicine. Nano letters.
Cossu, G., Birchall, M., Brown, T., De Coppi, P., Culme-Seymour, E., Gibbon, S., ... & Muntoni,
F. (2018). Lancet commission: stem cells and regenerative medicine. The Lancet, 391(10123),
883-910.
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•

List
of
relevant
publications:
Journal
of
Regenerative
Medicine
https://www.scitechnol.com/scholarly/cell-and-organ-regeneration-journals-articles-pptslist.php

9. Expert-based feedback
Using LINKNOVATE platform:
Query sub-trend (promising)
https://www.linknovate.com/search/?query="advanced+therapy"&query="regenerative+medicine"
Query in LKN - https://www.linknovate.com/search/?query=%22regenerative+medicine%22
Title: Nº of records in Regenerative Medicine [timeline]:
https://www.linknovate.com/search/?query=%22regenerative+medicine%22
Title: Nº of records in Advanced Therapies for Regenerative Medicine (sub-trend) [timeline]:
https://www.linknovate.com/search/?query="advanced+therapy"&query="regenerative+medicine"
Query of experts in LINK Generic [part]:
https://www.linknovate.com/search/?query=%22regenerative+medicine%22

4.2 Example trend: seed signals for “Neuromorphic computing and Biomimetic
AI”
1. A brief explanation of a topic
Neuromorphic computing and brain-like computing was the initial width of the topic.
Neuromorphic computing and brain-like computing was selected as a candidate for a PREFET trend. It
was primed by a “seed”, generally the identification of “weak signals” such as European initiative, a
public-private collaboration, an important scientific discovery, a new invention inspiring new
developments and lines of research and/or other FET-like public funding programs financing in the
field.
This trend showed all of the following:
-

Appearance of signals on the same and similar (adjacent) topic in different geographic locations
Appearance of signals in different industries
Appearance of signals in different research groups (academic or industrial)
Appearance of signals in basic research tasks forces, as opposed to applied research (academic
or industrial)
Nature of the technology requires multidisciplinarity, and/or teams from multiple research
fields are effectively engaged in the generation of the signals.
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2. Projects focused on a topic that received funding grants (currently running and past)
The manual scanning found a highly relevant public funding grant award by US Department of Defense
DARPA Agency in 2018 (USA) and basic research in previous years.
•

SyNAPSE Project (2014). Systems of Neuromorphic Adaptive Plastic Scalable Electronics
(SyNAPSE) program. The chip is loaded with more than 5B transistors and boasts more than
250 M “synapses,” or programmable logic points, analogous to the connections between
neurons in the brain. That’s still orders of magnitude fewer than the number of actual synapses
in the brain, but a giant step toward making ultra-high performance, low-power neuroinspired systems a reality. Other application for the SyNAPSE-developed chip is neuroscience
modelling, and deepening current understanding of brain function.10 Figure 6 shows a
computer chip whose architecture is inspired by the neuronal structure of the brain.

Figure 6. Computer chip inspired by brain. DARPA funding in the space, a weak signal important to
consider (Source: DARPA outreach11)

•

μBRAIN (201912). The program aims to explore innovative basic research concepts aimed at
understanding highly integrated sensory and nervous systems in miniature insects and
developing prototype computational models that could be mapped onto suitable hardware to
emulate their impressive function. Nature has forced on these small insects drastic
miniaturization and energy efficiency, some having only a few hundred neurons in a compact
form-factor, while maintaining basic functionality. This research could lead to capability of
inference, prediction, generalization, and abstraction of problems in systematic or entirely
news ways in order to find solutions to compelling problems.13 Figure 7 illustrates an example
of an electro implanted in the insect's brain.

10

DARPA, SyNAPSE Program Develops Advanced Brain-Inspired Chip, https://www.darpa.mil/newsevents/2014-08-07
11
DARPA, SyNAPSE Program Develops Advanced Brain-Inspired Chip, https://www.darpa.mil/newsevents/2014-08-07
12
Note: Proposal was submitted in 2018, however the starting date is 2019. See e.g. https://researchauthority.tau.ac.il/sites/resauth.tau.ac.il/files/DARPA-%CE%BCBRAIN-PA-18-02-03.pdf
13
DARPA, µBRAIN, https://www.darpa.mil/program/microbrain
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Figure 7. An electro implanted in the insect's brain (Source: Newsmax14)

•

Human Brain Project (HBP) (201315). HBP aims to build a research infrastructure to help
advance neuroscience, medicine and computing. It is one of four FET (Future and Emerging
Technology) Flagships, the largest scientific projects ever funded by the EU.16 HBP has six ICT
research platforms: Neuroinformatics (access to shared brain data), Brain Simulation
(replication of brain architecture and activity on computers), High Performance Analytics and
Computing (providing the required computing and analytics capabilities), Medical Informatics
(access to patient data, identification of disease signatures), Neuromorphic Computing
(development of brain-inspired computing) and Neurorobotics (use of robots to test brain
simulations).17 Figure 8 shows a snapshot of HBP’s website.

Figure 8. Human Brain project initiative in Europe (Source: Human Brain Project18)

Other important signals or “seeds” to further research an area as FET trend candidate include:

14

Newsmax, 10 January 2019, https://www.newsmax.com/newsfront/artificial-intelligence-defensecontractor-insect/2019/01/10/id/897745/
15
Note: HBP is the 10-year project, it began in 2013.
16
Human Brain Project (HBP), https://www.humanbrainproject.eu/en/about/overview/
17
Ibid.
18
Human Brain Project (HBP) https://www.humanbrainproject.eu/en/
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•

Effort from SyNAPSE Project (DARPA) continued by Air Force Research Lab (AFRL) world’s
largest neuromorphic digital synaptic supercomputer, using IBM’s TrueNorth tech in 201819.

Moreover, in 2018 the EC FET launched a call (PROACT-02) to support work on ambitious emerging
technology topics derived from an extensive consultation and advice from the FET Advisory Group20.
3. Conferences on the topic (academic and non-academic)
One example of conferences that tackle the topic of neuromorphic computing and brain-like
computing is:
•

Future Summits by Imec: https://www.imec-int.com/en/stories/claim-the-lead-in-our-techfuture-future-summits

4. People working on a topic
We found a number of researchers working on neuromorphic computing and brain-like computing,
including:
•
•

Steve Fuber, (ICL Professor of Computer Engineering at the University of Manchester,
SpiNNaker project)21
Pavlo Mikheenko (associate professor of condensed matter physics at the University of Oslo)22

5. Institutions specialising in a topic, e.g. universities, research institutes and groups
Some example of institutions working on neuromorphic computing and brain-like computing:
•

•
•

The Heidelberg research group headed by Prof. Dr. med. Karlheinz Meier is involved in the
Human Brain Project. Role as head of the research platform "Neuromorphic Computing" in
cooperation with Steve Fuber (SpiNNaker)2324.
Oak Ridge National Laboratory25
Institute of Engineering Research, Research Institute of Advanced Materials, Nano Systems
Institute (NSI), Seoul National University26

6. Companies specialising in a topic, industry initiatives and projects

19

Data Center Dynamics, 27 July 2018, https://www.datacenterdynamics.com/news/us-air-force-ibm-unveilworlds-largest-neuromorphic-digital-synaptic-supercomputer/
20
European Commission Decision C(2019)4575 of 2 July 2019, Horizon 2020 Work Programme 2018-2020 2.
Future and Emerging Technologies, https://ec.europa.eu/research/participants/data/ref/h2020/wp/20182020/main/h2020-wp1820-fet_en.pdf.
21
The University of Manchester, https://www.research.manchester.ac.uk/portal/steve.furber.html
22
University of Oslo, https://www.mn.uio.no/fysikk/english/people/aca/pavlom/index.html
23
The Heidelberg University, 25 October 2017, https://www.uniheidelberg.de/friends/human_brain_project_en.html
24
Data Center Dynamics, The creation of the electronic brain, 17 January 2019,
https://www.datacenterdynamics.com/analysis/creation-of-the-electronic-brain/
25
Oak Ridge National Laboratory, https://www.ornl.gov/division/csmd/projects/programming-and-usabilityneuromorphic-computing
26
Seoul National University, https://www.useoul.edu/index.html
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Industrial initiatives on neuromorphic computing and brain-like computing:
•
•

The IBM TrueNorth (TN) Neurosynaptic System27
Start-ups: Billion dollar start-up Cambricon (China), developing a brain-inspired processor chip
that simulates human nerve cells and synapses to conduct deep learning28

7. Relevant scientific publications and documents
A set of scientific publications and documents provided by the consortium was used as “primer” to
help construct a general understanding of the topic. These publications include:
•
•

•

•
•

Lebedev, M. A., Opris, I., & Casanova, M. F. (2018). Augmentation of Brain Function: Facts,
Fiction and Controversy. Frontiers in systems neuroscience, 12, 45.
Levi, T., Nanami, T., Tange, A., Aihara, K., & Kohno, T. (2018). Development and Applications
of Biomimetic Neuronal Networks Toward BrainMorphic Artificial Intelligence. IEEE
Transactions on Circuits and Systems II: Express Briefs, 65(5), 577-581
(https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8334247);
Schuman, C. D., Potok, T. E., Patton, R. M., Birdwell, J. D., Dean, M. E., Rose, G. S., & Plank, J.
S. (2017). A survey of neuromorphic computing and neural networks in hardware. arXiv
preprint arXiv:1705.06963 (https://arxiv.org/pdf/1705.06963.pdf).
Lee, Y., & Lee, T. W. (2019). Organic Synapses for Neuromorphic Electronics: From BrainInspired Computing to Sensorimotor Nervetronics.
Schuman, C. D., Najem, J. S., Weiss, R., Skuda, N., Belianinov, A., Collier, P. & Rose, G. (2019).
Biomimetic, Soft-Material Synapse for Neuromorphic Computing: from Device to Network.
Oak Ridge National Lab.(ORNL), Oak Ridge, TN (United States).

Moreover, the consortium partners indicated social media news, such as MIT blog:
•

Massachusetts Institute of Technology (MIT) on brain-on-a-chip” hardware29

8. Expert-based feedback
A more expert-based feedback (in this case by DMU network) provided extra references. As a result
of this investigation, the following sub-trends of Neuromorphic Computing were considered:
1) Simulation in conventional hardware
2) Neuromorphic hardware
Inside each one, basic intelligence was gathered for further understanding of the sub-areas of the
trend under study:
1) Simulation in conventional hardware

27

IBM, Research Blog, 21 July 2017, https://www.ibm.com/blogs/research/2017/07/brain-inspired-cvpr-2017/
Cambricon, http://www.cambricon.com/
29
Massachusetts Institute of Technology (MIT) News, 22 January 2018, http://news.mit.edu/2018/engineersdesign-artificial-synapse-brain-on-a-chip-hardware-0122
28
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Simulation in conventional hardware is used in the SpiNNaker project (Figure 9) is a novel
massively-parallel computer architecture, inspired by the fundamental structure and function
of the human brain, which itself is composed of billions of simple computing elements,
communicating using unreliable spikes.30 Large-scale simulations of plastic neural networks on
neuromorphic hardware SpiNNaker is a digital, neuromorphic architecture designed for
simulating large-scale spiking neural networks at speeds close to biological real-time. Rather
than using bespoke analogue or digital hardware, the basic computational unit of a SpiNNaker
system is a general-purpose ARM processor, allowing it to be programmed to simulate a wide
variety of neuron and synapse models. Knight, James Courtney and Tully, Philip Joseph and
Kaplan, Bernhard A. and Lansner, Anders and Furber, Steve B.31

Figure 9. Informing SpiNNaker project, identified early on as a relevant “seed” document for further
analysis of Neuromorphic Computing as a trend candidate.

2) New neuromorphic hardware
IBM/DARPA TrueNorth reference for low power spiked NN hardware.32
Review of memristor devices in neuromorphic computing: Novel computing architectures
based on memristors have shown great potential in replacing or complementing conventional
computing platforms based on the von Neumann architecture which faces challenges in the
big-data era such as the memory wall.33
Neuromorphic computing example is strengthened by cybernetic fuse with AI through acquisition of
“super powers”: mimics of the animal kingdom (low power, reduced learning), and seamless
integration with machines (ubiquitous communication, “telepathy”, AR, “back up of memories”, and
other perceived super powers).
The example of Neuromorphic computing and Biomimetic AI reflects how the insights obtained
thanks to manual scanning supported the automated data processing (T2.1), explained in detail in
D2.1, and ultimately led to 45 Pre-Validated FET candidates framing and contextualisation.

30

SpiNNaker Project, http://apt.cs.manchester.ac.uk/projects/SpiNNaker/
Manchester University, http://apt.cs.manchester.ac.uk/publications/papers/JCK_FIN16.php
32
IBM, Research Blog, 21 July 2017, https://www.ibm.com/blogs/research/2017/07/brain-inspired-cvpr-2017/
33
Li, Y., Wang, Z., Midya, R., Xia, Q., & Yang, J. J. (2018). Review of memristor devices in neuromorphic
computing: materials sciences and device challenges. Journal of Physics D: Applied Physics, 51(50), 503002.
31
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5. Human scanning specifically related to
“ethics and social challenges”
While S&T promise to benefit the society, coming up with radically new ideas being able to materialise
it with highest potential for Europe's economy and society is a tremendous challenge. It not only relies
on the capability and inspiring potential of the researchers, but in the suitability and synergy of other
factors such as the economic, political and environmental context, ethical acceptability and social
desirability. PREFET aims to support early detection and resources facilitation of promising future and
emerging technologies (FET) that respond to these challenges and have significant positive societal
impact. Nevertheless, in order to maximise the alignment of the research and innovation (R&I)
activities with social needs and benefits, it is crucial to understand what are the major societal
challenges and the needs. We have identified three concepts that respond to this question, namely:
1. Wicked problems, grand challenges and grand societal challenges
2. Responsible research and innovation (RRI)
3. Sustainable Development Goals (SDGs)
In the next subsection we introduce these three concepts.

5.1 PREFET concepts related to “ethics and social challenges”
1. Wicked problems, grand challenges and societal challenges
Rittel and Webber (1973) introduce a concept of “wicked problems”, as problems that are difficult to
define and understand, highly complex and have no definitive solutions34. The authors provide a
number of characteristics of such problems: there is no definitive formulation of a wicked problem;
they have no stopping rule, i.e. the problem-solver does not know when the solution is found;
solutions to wicked problems are not true-or-false but good-or-bad; a wicked problem is a “one-shotoperation”, because there is no opportunity to learn by trial-and-error; and every wicked problem can
be considered to be a symptom of another problem35. One example of wicked problems is poverty.
Wicked problems are also known as “grand challenges”. In Europe, the concept of grand challenges as
a normative call is introduced in the Lund Declaration (2009). The Lund Declaration calls for European
leadership in R&D, for frontier research, and a joint private and public stakeholder-driven approach.
Nevertheless to achieve this, “European research must focus on the Grand Challenges of our time”36.
The Lund Declaration emphasises the need for a strategic approach to responding to grand challenges,
because “meeting the grand challenges will be a prerequisite for continued economic growth and for
improved changes to tackle key issues”37. The Lund Declaration calls for sustainable solutions in areas
such as global warming, tightening supplies of energy, water and food, ageing societies, public health,

34

Rittel, H. W., & Webber, M. M. (1973). Dilemmas in a general theory of planning. Policy sciences, 4(2), 155169.
35
Ibid.
36
Lund Declaration. Conference: New Worlds–New Solutions. Research and Innovation as a Basis for
Developing Europe in a Global Context, Lund, Sweden, 7–8 July 2009.
37
Ibid.
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pandemics and security. Therefore, “measures are needed to maximize the economic and societal
impact of new knowledge in areas such as industrial, environmental and social policies, agriculture
and regional development”38. As emphasised by von Schomberg (2013), the Lund Declaration sets up
a clear goals: to steer the innovation process towards societal beneficial objectives39. Since the Lund
Declaration, a process to take into account societal objectives in the form of addressing grand
challenges, such as climate change, resource depletion, poverty alleviation, ageing societies, has been
set in motion40. From the macro-economic perspective, investment in research and innovation is the
“only answer” to tackle grand challenges, such as “returning to growth and higher levels of
employment, combating climate change and moving towards a low carbon society”41. At the same
time, the grand challenges are “the starting point for the identification of major manufacturing R&D
priorities, bringing-in opportunities for new markets and products / services in the years to come”42.
The difficulty with wicked problems and grand challenges is that many stakeholders have different
views about what the ‘real’ problem is and what should be a solution to this problem434445. Moreover,
different stakeholders have different agendas and divergent motives4647, for instance, nongovernmental organisations (NGOs) have different objectives than multi- and transnational
corporations. Therefore, we need processes for the identification of grand challenges “which gain
political support and gradually move away from current thematic approaches, towards a structure
where research priorities are based on these Grand Challenges”48. Such processes should be based on
the interaction between “top-down” and “bottom-up” initiated research in order to ensure both the
social and technological relevance of the agenda’s priorities49. While a top-down approach aims to
identify the “demand” priorities, which reflect the perspective of policy-driven future markets, a
bottom-up approach aims to identify the “supply” priorities, which reflect the perspective of future
technologies (technology push)50. To respond effectively to these grand challenges, research and
innovation should involve “women and men on equal terms in the development of society and cut
across social, religious, generational and cultural obstacles bringing about new possibilities and
increase the well-being and quality of life for all.”51

38

Ibid.
Von Schomberg, Rene ( 2013). "A vision of responsible innovation". In: R. Owen, M. Heintz and J Bessant
(eds.) Responsible Innovation. London: John Wiley
40
Ibid.
41
EC, From Challenges to Opportunities: Towards a Common Strategic Framework for EU Research and
Innovation Funding. Green paper, com (2011)48.
42
Ibid.
43
Rittel, H. W., & Webber, M. M. (1973). Dilemmas in a general theory of planning. Policy sciences, 4(2), 155169.
44
Kreuter, M. W., De Rosa, C., Howze, E. H., & Baldwin, G. T. (2004). Understanding wicked problems: a key to
advancing environmental health promotion. Health education & behavior, 31(4), 441-454.
45
Blok, V., & Lemmens, P. (2015). The emerging concept of responsible innovation. Three reasons why it is
questionable and calls for a radical transformation of the concept of innovation. In Responsible Innovation
2 (pp. 19-35). Springer, Cham.
46
Yaziji, M., & Doh, J. (2009). NGOs and corporations: Conflict and collaboration. Cambridge University Press.
47
Blok, V., & Lemmens, P. (2015). The emerging concept of responsible innovation. Three reasons why it is
questionable and calls for a radical transformation of the concept of innovation. In Responsible Innovation
2 (pp. 19-35). Springer, Cham.
48
Ibid.
49
Ibid.
50
Ibid.
51
Ibid.
39

PREFET (Grant Agreement number 824748)

D2.2 – Manual Scanning Report

The EU has developed several programs for giving financial support to innovative technologies. The
European Framework Programmes for Research have a long tradition of awarding research grants on
the basis of anticipated impacts52. The EC’s flagship programme funding research, technological
development, and innovation, EU Framework Programme for Research and Innovation “Horizon
2020”, addresses major concerns shared by citizens in Europe and elsewhere, known as societal
challenges. Funding focuses on seven societal challenges listed in Figure 10.

1.

HEALTH, DEMOGRAPHIC CHANGE AND WELLBEING

SOCIETAL CHALLENGES

2.

FOOD SECURITY, SUSTAINABLE AGRICULTURE AND FORESTRY, MARINE
AND MARITIME AND INLAND WATER RESEARCH, AND THE BIOECONOMY

3.

4.

5.

6.

7.

SECURE, CLEAN AND EFFICIENT ENERGY

SMART, GREEN AND INTEGRATED TRANSPORT

CLIMATE ACTION, ENVIRONMENT, RESOURCE EFFICIENCY AND RAW
MATERIALS

EUROPE IN A CHANGING WORLD - INCLUSIVE, INNOVATIVE AND
SOCIETIES

REFLECTIVE

SECURE SOCIETIES - PROTECTING FREEDOM AND SECURITY OF EUROPE AND ITS
CITIZENS

Figure 10 Societal Challenges - Horizon 2020 (adapted from European Commission, Horizon 2020, Societal
Challenges)

Horizon 2020 takes a challenge-based approach. As opposed to research structured by research
themes or disciplines, a challenge-based approach is designed in such a way as to contribute to
meeting major societal challenges. A challenge-based approach is based on interdisciplinary projects
and often covers the entire innovation chain from fundamental research to demonstration. Such
research projects should bring together resources and knowledge across different fields, technologies
and disciplines, including social sciences and the humanities. This will cover activities from research to
market with a new focus on innovation-related activities, such as piloting, demonstration, test-beds,
and support for public procurement and market uptake53.
2. Responsible Research and Innovation (RRI)

52

Von Schomberg, Rene (2013). "A vision of responsible innovation". In: R. Owen, M. Heintz and J Bessant
(eds.) Responsible Innovation. London: John Wiley.
53
European Commission, Horizon 2020, Societal Challenges,
https://ec.europa.eu/programmes/horizon2020/en/h2020-section/societal-challenges
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In the European context, Responsible Research and Innovation (RRI) has become increasingly
important among policy-makers and academics, which concerns research and innovation that is
ethically acceptable and socially desirable54. The EC refers RRI to denote part of its research and
innovation strategy, particularly under the EU Framework Programme for Research and Innovation
“Horizon 2020”. There is a variety of definitions of RRI55, nevertheless the most well-known definition
by René von Schomberg characterises RRI as “a transparent, interactive process by which societal
actors and innovators become mutually responsive to each other with a view to the (ethical)
acceptability, sustainability and societal desirability of the innovation process and its marketable
products (in order to allow a proper embedding of scientific and technological advances in our
society)”56. According to von Schomberg stakeholders play a crucial role in RRI and addressing grand
challenges, and therefore RRI “should be understood as a strategy of stakeholders to become mutually
responsive to each other, anticipating research and innovation outcomes aimed at the “grand
challenges” of our time, for which they share responsibility”57. Concerning further characteristics of
RRI dimensions, there are those that tend to recur in various interpretations of the concept, and those
that are more idiosyncratic. In the official European Union policy interpretation of RRI58, RRI is
described through six dimensions or “pillars”, i.e. RRI is research and innovation that:
1. incorporates citizen engagement and participation of societal actors in research;
2. incorporates ethical principles so as to ensure the compatibility of research and innovation
processes with fundamental values;
3. promotes science literacy and science education;
4. promotes gender equality;
5. promotes open access to scientific knowledge; and
6. is guided by transparent, accountable, and coherent multi-stakeholder governance59.
The academic literature on RRI focuses on features of R&I that are believed to make it more
responsible. These features include, amongst others, inclusion (also called engagement, or
involvement of society), anticipation (assessment at an early stage in R&I of benefits and risks, so that
informed choices can be made), reflexivity (reflecting on values and beliefs during R&I) and
responsiveness (the ability to change routines, structures and systems to adapt to changing
circumstances and new insights6061. These dimensions tend to be compatible with the EU definition,
and they correspond to the engagement, ethics and governance dimensions.

54

Von Schomberg, Rene (2013). "A vision of responsible innovation". In: R. Owen, M. Heintz and J Bessant
(eds.) Responsible Innovation. London: John Wiley.
55
Burget, M., Bardone, E., & Pedaste, M. (2017). Definitions and conceptual dimensions of responsible
research and innovation: a literature review. Science and engineering ethics, 23(1), 1-19.
56
Von Schomberg, Rene (2013). "A vision of responsible innovation". In: R. Owen, M. Heintz and J Bessant
(eds.) Responsible Innovation. London: John Wiley.
57
Ibid.
58
European Commission. Responsible Research and Innovation: Europe’s Ability to Respond to Societal
Challenges; Publications Office of the European Union: Luxembourg, 2012.
59
Ibid.
60
Stilgoe, J., Owen, R., & Macnaghten, P. (2013). Developing a framework for responsible innovation. Research
Policy, 42(9), 1568-1580.
61
Taebi, B., Correlje, A., Cuppen, E., Dignum, M., & Pesch, U. (2014). Responsible innovation as an
endorsement of public values: The need for interdisciplinary research. Journal of Responsible Innovation, 1(1),
118-124.
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RRI is believed to help R&I tackle societal challenges, like the seven Grand Challenges formulated by
the EC, and align to values, needs and expectations of a wide public62. This is not only ethically and
societally worthwhile, but also produces better science, making research agendas more diverse and
taking better account of real-world complexities63.
3. Sustainable Development Goals (SDGs)
According to the Bruntland report (1987), Our Common Future, sustainable development is defined
as “development that meets the needs of the present without compromising the ability of future
generations to meet their own needs”64. Sustainable development calls for concerted efforts towards
building an inclusive, sustainable and resilient future for people and planet. To achieve sustainable
development, it is crucial to harmonise three interconnected core elements: economic growth, social
inclusion and environmental protection65. These elements are crucial for the well-being of individuals
and societies66.
In order to achieve sustainable development, in 2015 the United Nations General Assembly set 17
global goals (Figure 11) for the year 2030, known as Sustainable Development Goals (SDGs). The SDGs
follow and expand on the Millennium Development Goals (MDGs), which were agreed by
governments in 2001. Every country is expected to work towards achieving the SDGs. The Goals are:
1. End poverty in all its forms everywhere
2. End hunger, achieve food security and improved nutrition, and promote sustainable
agriculture
3. Ensure healthy lives and promote wellbeing for all at all ages
4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities
for all
5. Achieve gender equality and empower all women and girls
6. Ensure availability and sustainable management of water and sanitation for all
7. Ensure access to affordable, reliable, sustainable and modern energy for all
8. Promote sustained, inclusive and sustainable economic growth, full and productive
employment, and decent work for all
9. Build resilient infrastructure, promote inclusive and sustainable industrialisation, and foster
innovation
10. Reduce inequality within and among countries
11. Make cities and human settlements inclusive, safe, resilient and sustainable
12. Ensure sustainable consumption and production patterns
13. Take urgent action to combat climate change and its impacts (taking note of agreements made
by the UNFCCC forum)
14. Conserve and sustainably use the oceans, seas and marine resources for sustainable
development
62

RRI Tools, https://www.rri-tools.eu/about-rri
Ibid.
64
United Nations General Assembly. (1987). Report of the world commission on environment and
development: Our common future. Oslo, Norway: United Nations General Assembly, Development and
International Co-operation: Environment.
65
UN, SDGs, https://www.un.org/sustainabledevelopment/development-agenda/
66
Ibid.
63
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15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage
forests, combat desertification and halt and reverse land degradation, and halt biodiversity
loss
16. Promote peaceful and inclusive societies for sustainable development, provide access to
justice for all and build effective, accountable and inclusive institutions at all levels
17. Strengthen the means of implementation and revitalise the global partnership for sustainable
development

Figure 11 List of 17 Sustainable Development Goals (SDGs) (Source: UN, Department of Economic and Social
Affairs67)

Through SDGs, the UN calls for action by all countries – poor, rich and middle-income – to promote
prosperity while protecting the planet68. According to the UN, “ending poverty must go hand-in-hand
with strategies that build economic growth and address a range of social needs including education,
health, social protection, and job opportunities, while tackling climate change and environmental
protection”69. From the European perspective, Europe’s leadership in meeting the global challenges
will make it an attractive partner in global cooperation for sustainable development70.

5.2 Relevance of concepts related to “ethics and social challenges” for PREFET
This section discusses the relevance of concepts discussed in section 5.1 for PREFET research. Firstly,
we discuss how PREFET addresses grand societal challenges through manual scanning. Secondly, we

67

UN, Department of Economic and Social Affairs, https://www.un.org/development/desa/disabilities/aboutus/sustainable-development-goals-sdgs-and-disability.html
68
UN, SDGs, https://www.un.org/sustainabledevelopment/development-agenda/
69
Ibid.
70
Lund Declaration. Conference: New Worlds–New Solutions. Research and Innovation as a Basis for
Developing Europe in a Global Context, Lund, Sweden, 7–8 July 2009.
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discuss how the concepts of RRI and SDGs serve PREFET to reflect ethical acceptability and societal
desirability of FET candidates.

5.2.1 Wicked problems, grand challenges and societal challenges
Tasks 2.1 and T2.2 allowed PREFET to identify 45 Pre-Validated FET trends candidates. These trends
respond to the call for “radically new lines of technology through unexplored collaborations between
advanced multidisciplinary science and cutting-edge engineering.”71 At the same time, these trends
should benefit the society and match the ideas with real social needs. Therefore, we aimed to include
“social innovations and big challenges” in the list of 45 PREFET trends. We analysed PREFET 45 trends
in terms of seven societal challenges determined in Horizon 2020. Table 2 shows a preliminary
identification of seven trends in this “social category”. This analysis provides a “top-down” perspective
on definition of societal challenges. However, to ensure representation of various stakeholders, this
analysis will be verified as part of task T3.3 Trendington. During the Trendigton we will engage FET
stakeholders to express their perception on the societal challenges (“bottom-up” approach).
Number

PREFET Trend

1.

Trustworthy AI

2.

Antibiotic Resistant Super Bacteria

3.

Microbiome

4.

Immunotherapies And Genomics To Treat
And Prevent Cancer

5.

Arctic Climate Change

6.

Ocean And Marine Preservation

Societal challenge
6. Europe in a changing world inclusive, innovative and reflective
societies;
7. Secure societies - protecting
freedom and security of Europe and its
citizens
1. Health, demographic change and
wellbeing
1. Health, demographic change and
wellbeing
1. Health, demographic change and
wellbeing;
6. Europe in a changing world inclusive, innovative and reflective
societies
2. Food security, sustainable agriculture
and forestry, marine and maritime and
inland water research, and the
Bioeconomy;
3. Secure, clean and efficient energy;
4. Smart, green and integrated
transport;
5. Climate action, environment,
resource efficiency and raw materials);
2. Food security, sustainable agriculture
and forestry, marine and maritime and
inland water research, and the
Bioeconomy;
3. Secure, clean and efficient energy;

71

European Commission, Future and Emerging Technologies,
https://ec.europa.eu/programmes/horizon2020/en/h2020-section/future-and-emerging-technologies
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7.

Algae And Marine Climate Change

4. Smart, green and integrated
transport; 5. Climate action,
environment, resource efficiency and
raw materials
2. Food security, sustainable agriculture
and forestry, marine and maritime and
inland water research, and the
Bioeconomy;
3. Secure, clean and efficient energy;
5. Climate action, environment,
resource efficiency and raw materials

Table 2 PREFET trends and their correspondence to Horizon 2020 societal challenges.

Since the majority of 45 trends selected by PREFET require further analysis in terms of potential
application and use-cases, the identification of societal challenges will be provided in the final
deliverable of WP2 – deliverable D2.4 Final RRI-Technology Trends analysis report. Furthermore,
deliverable D2.4 will determine for the 15 trends what social innovations are required to maximise
the benefits of these technologies and to mitigate the risks, including top-down and bottom-up
approaches.

5.2.2 RRI and SDGs – PREFET approach
Any assessment of responsible innovation requirements must gauge not only what RRI must be
undertaken (what is necessary) but also how much is enough (sufficient). These two questions must
both be answered correctly in order to ensure that the right balance is found. An appropriate pathway
must be followed between a zealous approach to RRI that could be seen to be a constraint on curiosity
as well as potentially a misuse of research time and funding, or an overly laissez-faire approach that
could put society at risk from innovation that has not been carefully considered.
The questions of whether and why RRI is carried out must therefore be extended to include the
concepts of how and how much RRI should be undertaken. Building upon the concept of the RRI
Maturity Model proposed by Stahl et al, (2017)72, the authors are therefore proposing this new
concept aimed at the assessment of this measurement. This method seeks to gauge how much RRI is
both necessary and sufficient. This assessment is a crucial precursor to the actual carrying out of RRI
activities, which cannot be undertaken without reference to the context and development of a
particular project.
This novel method is being termed Responsible Research and Innovation Intensity Level, or RIL. It is a
method of evaluating a project and then selecting what type and how much RRI activity is feasible,
appropriate and effective.
We propose an approach to establishing the RIL based upon a matrix that takes into account its
position along two axes - the Technology Readiness Level, and the Innovation Potential Level.
Innovation Potential is a hybrid scale intended to indicate in what manner and to what degree a
technology might affect wider humanity. The result of a given project’s position along these two axes

72

Stahl, B., Obach, M., Yaghmaei, E., Ikonen, V., Chatfield, K., & Brem, A. (2017). The Responsible Research and
Innovation (RRI) Maturity Model: Linking Theory and Practice. Sustainability, 9(6), 1036.
https://doi.org/10.3390/su9061036
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results in an RIL score. The score provides a measurement of how and how much RRI should be
undertaken before and during the project. For example, a high RIL score may indicate very significant
stakeholder involvement is necessary, perhaps even at policy-making level, as well as other
governance measures such as a series of agreed ‘stage-gates’73. Conversely, a low RIL may only require
involvement of the researcher’s broader team or department and sufficient departmental or
supervisory oversight.

5.2.2.1 Technology Readiness and Innovation Potential
The selection of these two dimensions is based on the recognition that RRI practice is related to at
least two aspects of a research or innovation project.
The first of these is the project’s readiness. This links to Collingridge’s famous dilemma of control
(Collingridge, 1981)74. As Collingridge showed, at an early stage of development it is relatively easy to
change the trajectory and thus the outcomes of a particular technology. However, at such an early
stage it is difficult to predict what exactly the outcomes will be. During the development process, as a
piece of innovation or technology matures, its consequences become clearer but the trajectory is
more difficult to change. Another analogy would be that of stem cells, that in their initial state may
develop into many different forms, but once that development matures, the earlier options become
closed-off. This shows the need for RRI along the entire lifecycle of an innovation but also
demonstrates that more mature technologies need to be covered in more depth, as their
consequences can be understood better - not only by their developers but by other stakeholders in
society. Therefore, in order to measure this developmental stage of a project, we propose to use a
well-established indicator of maturity of a technology, the Technology Readiness Level or TRL. TRLs
were originally developed by NASA75 as a method of measuring the maturity of space exploration
technology. A variety of different industries now use the same approach and using this measure
provides a cross-platform, consensus-based measure that can be understood across both academia
and industry. It did not appear to be valuable to create a new measure of assessing a project’s
developmental phase.
The second aspect that affects RRI decisions is the impact and reach of a project. Technology readiness
is important, but it is easy to see that on its own it is not sufficient to provide accurate information
about the amount of effort that needs to be invested in RRI in a particular instance. A technology may
have a high TRL and be close to market, but have very little societal impact, thus may not require
significant RRI efforts. We therefore need an indication of the type (impact) and level (reach) of social
change that the technology may create. There are various indicators for the level of disruption that
can result from the deployment of a technology, such as those from KPMG76, Gartner77, Cisco78 and
other professional service organisations, but these do not concern themselves with social disruption.
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Stilgoe, J., Owen, R., & Macnaghten, P. (2013). Developing a framework for responsible innovation. Research
Policy, 42(9), 1568–1580. https://doi.org/http://dx.doi.org/10.1016/j.respol.2013.05.008
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Collingridge, D. (1981). The Social Control of Technology. Palgrave Macmillan.
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https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html
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https://assets.kpmg.com/content/dam/kpmg/xx/pdf/2016/11/disruptive-technologies-barometer-tech-report.pdf
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https://www.gartner.com/imagesrv/books/digital-disruption/pdf/digital_disruption_ebook.pdf
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Their focus is on disruptive impact on business and therefore seek to find ways to manage risk. These
may, therefore, be sufficient for the risk-management part of RRI.
However, it is crucial to consider that RRI is not just about managing risks, but about integrating
societal preferences and actors into research and innovation. If RRI is to incorporate and take into
account societal values, then it is vital to understand the level to which these are likely to be affected
by an innovation, in order to determine the scope and scale of RRI-related efforts. There is much
debate within the RRI community about the types and instantiations of these values that research and
innovation are meant to promote. Suggestions include philosophical ethics, more applied approaches
such as research ethics or corporate social responsibility, or more politically oriented candidates such
as human rights. We believe that all of these are valuable, but lack the specificity required to guide
practical action. We therefore propose to rely on a set of normative aims that are now well
established, build on and incorporate many of the earlier more abstract values, and that are
internationally discussed and agreed viz. the UN’s Sustainable Development Goals (United Nations,
2015). Relevance of a piece of research, innovation or technology to the SDGs is therefore the second
measure that we consider when determining the level of RRI that would be necessary and sufficient
to ensure that societal needs and preferences are expressed.

5.3

PREFET step-by-step methodology to RRI analysis

This section provides a comprehensive description of PREFET methodology to RRI assessment. This
approach comprises of three steps:
•
•
•

Step 1 Technology Readiness Level (Axis 1)
Step 2 Innovation Potential (Axis 2)
Step 3 Assessing RRI Intensity Level

The following sections discuss each of these three steps.

5.3.1 Step 1: Axis 1 - Technology Readiness Level
To be effective, RRI needs to be appropriate to the stage that the research has reached. For example,
undertaking public engagement activities for basic research would pose significant challenges in
defining any realistic scenarios for potential societal impacts, comprehensively identifying
stakeholders, or creating actionable insights. Broad public engagement work would, however, be
entirely appropriate for work that anticipated a substantial impact and an imminently marketable
result.
Technology readiness level is one development pathway for new technologies. These give a common
reference point when considering the level of development a given technology has achieved. The
journey of any given technology through the technology development pathway is rarely a simple linear
progression, there are likely to be frequent forks in the path, dead ends or feedback loops where
activities generate new avenues of research, invention and iteration, or where components of systems
at higher readiness levels in their own right, are considered to be at a lower level when integrated into
a new system.
The technology readiness level scale has its own challenges when it comes to using it as a predictor of
how technologies may interact with marketplaces. The science ‘push’ model, which is predicated upon
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the suggestion that science leads market adoption, has limited predictive validity and ignores the vast
range of activity that will never reach a marketplace. Conversely, the technology ‘pull’ model—that
the market pulls desired new technologies out of the laboratory—is also too simplistic. Neither model
takes into account the range of complex ways in which new technologies may reach fruition. In
addition, this has a consequentialist approach to harms which conflicts with the virtue-ethics approach
that suggests responsible methods should be undertaken even if the development may never progress
to a final, public, form. Pathways to widespread adoption may also vary by industry sector and
technology domain.
Table 3 shows the increments of the Technology Readiness Level score. The TRL is the score that is
aimed at for the end of the project. As noted above, the technology may develop through loops, or
may not reach its targeted readiness level, so the score will undoubtedly be less than 100% accurate,
but it is suggested that this is sufficient for our purposes.
TRL 1

Basic principles observed.

TRL 2

Technology concept formulated.

TRL 3

Experimental proof of concept.

TRL 4

Technology validated in lab.

TRL 5

Technology validated in relevant environment
(industrially relevant environment in the case of key enabling technologies).

TRL 6

Technology demonstrated in relevant environment
(industrially relevant environment in the case of key enabling technologies).

TRL 7

System prototype demonstration in operational environment.

TRL 8

System complete and qualified.

TRL 9

Actual system proven in operational environment.

Table 3 Technology Readiness Levels (source: NASA)

4.3.2 Step 2: Axis 2 – Innovation Potential
As discussed above in considering the fundamental principles of RRI, one of the critical success factors
for a responsible innovation approach is the consideration of societal impact - the manner and the
level of impact are key pieces of evidence. The inclusion of civil society and a wide range of
stakeholders is an integral part of the RRI process. It is, however, clearly neither necessary nor possible
to include public engagement in every project. In addition to the practical issues, different societies
will assign different levels of importance to societal goals. There is therefore a need, when proposing
a new method for assessing responsible innovation, for a single, widely agreed metric against which
to measure the interests of society in the proposed research, innovation or development.
The metric we propose for this axis of the RIL matrix is therefore achieved by creating a score on how
and in what way the technology may affect society. Given the difficulty of formulating widely agreed,
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generally applicable societal measures, and subject to the reservations expressed previously, we are
here proposing the use of the UN Sustainable Development Goals.

5.3.2.1 Sustainable Development Goals
The Sustainable Development Goals (SDGs) were created by the United Nations to be universal goals,
targets and indicators that UN member states are expected to use to frame their agendas and political
policies over the next 12 years. Within the 17 SDGs are 169 targets (SDG Indicators79) that expand on
the main overall goal to provide more specific and measurable targets for countries to aim at. Targets
under goal 1, for example, include reducing by at least half the number of people living in poverty by
2030, and eradicating extreme poverty (people living on less than $1.25 a day). The targets thus lend
themselves to being tailored to the specific sets of circumstances prevailing in individual countries.
There are criticisms of the SDGs, but this proposal does not seek to argue that they are a perfect set
of societal goals. The RIL method uses them as a globally adopted measure of public ‘goods’ and
therefore a useful metric against which to measure the potential impact of a technology and assess
the level of required responsible innovation work. The ‘impact’ encompasses both positive and
negative impact - for example GM crops that are beneficial for increasing food supply but may have a
negative impact on the environment.

5.3.2.2 Establishing the Innovation Potential score
As discussed above, the second axis of the RIL matrix is a composite score called Innovation Potential.
The Innovation Potential score is formulated based on the impact on the Sustainable Development
Goals. It is necessary for the researcher to assess the size of the potential impact of a technology on
one or more of the sustainable development goals. This can range from no clear impact to formally
quantifiable impact.
Example
The technology for the purposes of this example is a tool to allow parents, teachers and carers to find
out how many data trackers or harvesters are contained within a tablet game aimed at children. This
could have an impact against SDG 3 - promoting wellbeing for all at all ages. This type of tool will
clearly have some impact, given the problematic nature of data-harvesting, storage and re-use and its
effects on people’s lives, but it could be difficult to quantify without other research. We therefore use
the table below (Table 4) to gather the Innovation Potential score. One SDG is affected, and there is
an unquantifiable impact, giving an IP score of 2.
Impact of the technology
Number of SDGs affected

No clear impact

Unquantified impact

Quantified impact

1

IP1

IP2

IP4

2

IP1

IP3

IP5

Table 4 Innovation Potential
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5.3.3 Step 3: Assessing RRI Intensity Level
Assessing a project’s RIL is the final stage in the assessment process. Once the Technology Readiness
Level and the Innovation Potential is established, the project’s RIL can be found using the matrix in
Table 5. The higher the Innovation Potential, and the higher the Technology Readiness Level, the
higher the Required RRI Intensity Level. Using our example of the parental tool above, which would
need very little additional development to reach the marketplace (and therefore is being given a TRL
of 8), we can see, using the matrix, that this gives an overall RIL of 4.
9

RIL3

RIL4

RIL5

RIL5

RIL5

8

RIL2

RIL4

RIL4

RIL4

RIL5

7

RIL2

RIL3

RIL4

RIL4

RIL5

6

RIL2

RIL3

RIL4

RIL4

RIL5

5

RIL2

RIL3

RIL4

RIL4

RIL5

4

RIL2

RIL2

RIL3

RIL3

RIL5

3

RIL2

RIL2

RIL3

RIL3

RIL5

2

RIL1

RIL1

RIL2

RIL2

RIL5

1

RIL1

RIL1

RIL2

RIL2

RIL5

1

2

3

4

5

Technology
Readiness Level

Innovation Potential
Table 5 Finding the RIL

RIL is founded on the principle that, in order to be effective, RRI needs to be appropriate to the stage
that the research has reached. For example, undertaking public engagement activities for basic
research would pose significant challenges in terms of defining any potential societal impacts,
comprehensively identifying stakeholders, or creating actionable insights. This would be especially
true when research is being undertaken for the sake of pure knowledge. This method is predicated up
on assumptions such as the concept that any kind of transformative technology or research should
always have a high RIL. By contrast, very basic or conceptual research that will have little direct impact
on society should still have some RI work, but this can be relatively low key.
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Following this through with our worked example, its RIL score of 4, might indicate RRI activities such
as parents’ and children’s focus groups or juries during the development process, as well as possible
co-ordination with games manufacturers. The inclusion of an appropriate group of stakeholders is a
key part of all RRI activity.

5.3.4 Other factors
5.3.4.1 Research portfolios
For projects with a low RIL but which form part of a portfolio of research (such as quantum computing),
the researcher must ensure that at the portfolio level an RRI exercise has been undertaken, and that
the implications of their work on that portfolio have been properly considered. To do this the
researcher should produce a written assessment of the potential implications of their work on the
portfolio as a Portfolio Impact Report for the Portfolio manager, and get positive assurance that the
implications of this have been considered in the portfolio level RRI work.
If the portfolio level RRI activity has not been considered then the RIL for the assessed research should
be increased to take account of this lack in the overall portfolio, and provision needs to be made for
the appropriate cost and time implications.

5.3.4.2 Significant risks
There are some technologies and developments that - regardless of how many SDGs they affect and
whether that impact is quantifiable - must be subject to the maximum level of RRI and therefore incur
an RIL 5 score. This includes technologies that are only in relatively early stages such as quantum
computing. It is anticipated that relatively few technologies will fall into this ‘significant risk’ category.

5.3.4.3 Alternative applications
Where an alternative application for the research with a higher Innovation Potential has been
identified, but this alternative application is outside of the expertise of the PI, then external advice
should be sought from an RRI adviser.

5.4 Examples of FET trends assessment using PREFET methodology
In this section we illustrate the application of PREFET methodology to assess selected FET trends and
provide the score for a measurement of how and how much RRI should be undertaken before and
during the project. The examples of FET trend are assessed taking into consideration the following
aspects discussed in sections 4.2 and 4.3:
• SDGs, and SDGs indicators (examples of SDG Indicator impacted)
• Can the SDG impact be quantified? And if so on how many SDGs? How SDG impact is
quantified?
• What is the technology readiness level (TRL)?
• What is the RRI Intensity level based upon the SDG Impact?
• Is this technology especially risky on non SDG factors?
• Why is this technology thought to be especially risky?
• What is the actual RRI intensity level (RIL) required based upon all factors?
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In Table 6 we provide five examples of FET trends identified by PREFET, namely: (1) New Schemes And
Paradigms In Quantum Computing; (2) Limits Of Quantum Computing; (3) Homomorphic computing;
(4) Bioinformatics And Ai In Genetics; and (5) Beyond Smart Grid: Advanced Data Analytics & ML
Applied To The Grid. For each FET trend we develop use-cases, which are assessed regarding RRI
Intensity level (RIL), necessary to define what type and how much RRI activity is feasible, appropriate
and effective.
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Trends

New
Schemes
And
Paradigms
In
Quantum
Computing

Use-case
summary

SDGs
impacted

Can the
Choose 3
SDG impact How can
examples
SDG
SDG
be
SDG impact
of SDG
Indicator 2 Indicator 3 quantified?
be
Indicator 1 impacted impacted
And if so quantified
impacted
on how
?
many?

Goal 17.
Strengthen
the means
of
17.8.1
Creating a implement Proportion
practical
ation and
of
quantum
revitalize individuals
computer the Global using the
Partnership Internet
for
Sustainable
Dev.

Defining
the
applications
for
Limits Of
quantum
Quantum
computing
Computing
perf. to
exceed

None

NA

NA

NA

No

A practical
quantum
computer
could
decrypt
secure
internet
comm.
Undermining
trust and
reduce the
use and
positive
impact of
internet
access

NA

NA

NA

NA

conventional

systems
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What is the
technology
readiness
level (TRL)

What is the
Is this
Why is this
RRI
technology technology
Intensity
especially thought to
level (RIL)
risky on
be
based upon
non SDG
especially
the SDG
factors?
risky?
Impact?

What is the
actual RRI
Intensity
level
required
based upon
all factors?

TRL2

RIL2

No

Too early to
determine
any impact

RIL2

TRL2

RIL1

No

Too early to
determine
any impact

RIL1

Trends

Use-case
summary

SDGs
impacted

Can the
Choose 3
SDG impact How can
examples
SDG
SDG
be
SDG impact
of SDG
Indicator 2 Indicator 3 quantified?
be
Indicator 1 impacted impacted
And if so quantified
impacted
on how
?
many?

Goal 17.
Strengthen
Processing the means
17.8.1
of
of implt.
Proportion
Homoencrypted
and
of
morphic
data to
revitalize
individuals
computing
ensure
the Global
using the
privacy and Partnership
Internet
security
for
Sustainable
Dev.
Bioinformatics
to identify
potential
genetic
Goal 3.
causes of
Ensure
Biohereditary
healthy
3.2.1 Under
informatics disease and lives and
5s
And Ai In
AI to
promote
mortality,
Genetics
propose a wellbeing
genetic
for all at all
change
ages
which could
prevent
occurrence
in children
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NA

3.3.1 HIV
infection
rate

NA

No

No

What is the
technology
readiness
level (TRL)

Resilience
to internet
surveillance
may
increase
internet
usage

TRL6

NA

TRL9 -based
upon
Chinese HIV
resistance
CRISPR
experiment
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What is the
Is this
Why is this
RRI
technology technology
Intensity
especially thought to
level (RIL)
risky on
be
based upon
non SDG
especially
the SDG
factors?
risky?
Impact?

RIL3

Yes

Highly
secure
comm.
availability
to terrorist
networks
may make
law

What is the
actual RRI
Intensity
level
required
based upon
all factors?

RIL5

enforcement
problematic

RIL4

Yes

Significant
ethical
issues
around
eugenics
and EDI

RIL5

Trends

Use-case
summary

SDGs
impacted

Can the
Choose 3
SDG impact How can
examples
SDG
SDG
be
SDG impact
of SDG
Indicator 2 Indicator 3 quantified?
be
Indicator 1 impacted impacted
And if so quantified
impacted
on how
?
many?

Beyond
Consumer
Smart Grid: demand
7.1.2
3.9.1 Air
Advanced
mngt. to
Population
quality
Data
support
Goals 3,7,9
relying on
related
Analytics &
electric
clean
death
Ml Applied
vehicle
energy
To The Grid charging
Table 6 examples of FET trends identified by PREFET.
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9.4.1 CO2
emissions
per unit of
value add

Yes

https://uea
eprints.uea.
ac.uk/5933
4/3/Assess
ment_of_E
Vs_Article_
revised.pdf
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What is the
technology
readiness
level (TRL)

TRL9

What is the
Is this
Why is this
RRI
technology technology
Intensity
especially thought to
level (RIL)
risky on
be
based upon
non SDG
especially
the SDG
factors?
risky?
Impact?

RIL5

Yes

Over
reliance on
predictive
analytics
may result
in infrastr.
failure

What is the
actual RRI
Intensity
level
required
based upon
all factors?

RIL5

The full assessment of all 45 FET trends will be provided in the final deliverable of WP2 – deliverable
D2.4 Final RRI-Technology Trends analysis report. Moreover, it is important to note that task T2.2,
particularly the development of PREFET approach to RRI is related to task T3.1 “Integration of RRI
dimension”, where we further anticipating the alignment between FET trends and SDGs.

6. Conclusions and lessons-learnt
This report discussed the PREFET manual scanning activities conducted to support massive data
analysis (task T2.1 / deliverable D2.1) to identify promising future technologies (FET trends). The
manual scanning (task T2.2) ran in parallel and supported task T2.1 with human intelligence. The
manual scanning was conducted to detect and analyse technology trends, and to make sure “social
innovations and big challenges” are included in the list of 45 pre-defined trends.
In this report, we documented three manual scanning activities:
(1) Analysis of early signals for promising FET topics
(2) Selection of 45 FET candidates
(3) Human scanning specifically related to “ethics and social challenges”.
Firstly, the manual scanning was used to analyse early signals for promising FET topics in three core
areas (1) ICT; (2) Health and Life Sciences (Bio); and (3) Energy & Environment. The findings of the
manual scouting combined with the massive data analysis supported by Linknovate.com provided
“seeds” for selection of 45 FET trends.
Secondly, the manual scanning served as a “primer” to help construct a general understanding of the
topics identified through the massive data analysis. Furthermore, the manual scanning was conducted
to provide insights about promising 45 FET trends. In this report we provide an example of the manual
scanning for “Neuromorphic computing and Biomimetic AI”.
Thirdly, we conducted the manual scanning to determine: How FET trends respond to grand societal
challenges of our times? If and how these powerful new technologies will make a difference for society
in the decades to come? What type and how much RRI activity is feasible, appropriate and effective
to ensure that these technologies are ethically acceptable and socially desirable? To this extent, we
develop PREFET approach to RRI assessment using a novel method called Responsible Research and
Innovation Intensity Level (RIL). Moreover, to illustrate the PREFET approach to RRI assessment, we
provide five examples of FET trends.
Finally, the whole process of effectively summarising the vast amount of intel gathered from topics
and subtopics adjacent and inside the PV trends took place as explained in D2.4 Final RRI-Technology
Trends analysis report.
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APPENDIX 1 – Sources analysed for
detection of early signals for promising
FET topics
No

SOURCE CATEGORY

LIST OF SOURCES IN A CATEGORY

1.

Books

1. Hiltunen, E., & Hiltunen, K.
(2015). Technolife 2035: How Will
Technology Change Our Future?.
Cambridge Scholars Publishing.

2.

Scientific Journals and
articles

1.
2.
3.
4.

3.

Funders and Projects

1. Academy of Finland (AKA)
2. Danish National Research
Foundation (DNRF)
3. Engineering and Physical Sciences
Research Council
4. FWF Austrian Science Fund
5. German Research Foundation
(DFG)
6. Horizon2020
7. National Centres of Competence
in Research (NCCRs)
8. NWO Open Technology
Programme
9. Top-level Research Initiative
(TRI)/Toppforsknings Initiativet

3.

Popular science media

1. Ars Technica
2. COSMOS The Science of
Everything
3. Phys.org
4. Scientific American
5. The Economist Technology
Quarterly
6. Wall Street Journal

Health security
Physical Review letters
Science
Physical Communication
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NUMBER OF ANALYSED
CONTENT IN THE
CATEGORY (ITEMS)
1

4 (number of scientific
articles)

136 (number of projects)

239
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5.

Specialised News

1. American Libraries Magazine
2. Atmospheric Chemistry and
Physics
3. BBC
4. BBC Futures
5. CBInsights Trends - gamechanging Startups
6. CBInsights Trends - Space tech
trends
7. CBInsights Trends - Wellness
trends to watch
8. CBInsights Trends - Additive
Manufacturing report
9. CBInsights Trends - Blockchain
10. CBInsights Trends - Food &
Grocery trends to watch
11. DeepStuff.org
12. Discover Society Journal
13. Exhibition: A brief history of the
future
14. FastCo Impact - Ideas
15. FastCo Impact - Tech Forecast
16. FastCo Impact - World Changing
Ideas
17. Future Today Institute
18. Futuristech Info
19. Instructables
20. Intelligencesquared
21. Kurzweil Accelerating Intelligence
- Blog
22. Kurzweil Accelerating Intelligence
- Digest
23. Kurzweil Accelerating Intelligence
- Essays
24. Kurzweil Accelerating Intelligence
- Videos
25. Lancet Commission
26. Mit 10 breakthrough tech 2018
27. Mit emtech Digital 2019
28. Mit emtech Next 2019
29. Monocle
30. Mother Jones
31. Motherboard - VICE
32. Nesta - Innovation Foundation
33. Royal Astronomical Society Research Highlights
34. Royal Society - New and Emerging
Technology
35. Royal Society - Reports
36. Royal Society
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37. Science Daily/Royal Astronomical
Society
38. Scientific American - Tech
39. Scientific American
40. TED talks
41. TED talks / technology
42. The Awl
43. The Economist Open Future Open Progress
44. The Economist Open Future Society
45. The Economist Science and
Technology
46. The Economist Technology
Quarterly
47. The Guardian
48. The Intercept Blog Unofficial
Sources
49. The Millenium project - State of
the Future
50. The Sociological Imagination
51. The Verge
52. Thomson Reuters Research Fronts
53. Trends der Zukunft/CITYTREE
Trends of the future
54. Trends of the future, Trends der
Zukunft
55. Vienna Biennale/MoMa
56. Wall Street Journal
57. Washington Post
58. Wired
59. Worldwatch Institute
60. XPRIZE
6.

Specialised reports

7.

Videos

1. CB Insights
2. Center for Advanced MetaMaterials
3. MIT Technology Review
1. American Museum of Natural
History
2. AMNH - channel
3. Ars Electronica
4. Computer History Museum
5. European Commission
6. Futuris
7. Google Apps Videos
8. Google Mobile Videos
9. Google Tech Talks
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
8.

Other

Sum
mar
y

8 categories

Google Zeitgeist Minds
IBM Research
IEEE Spectrum
Kurzweilai
Lawrence Livermore National Lab
Microsoft Surface
MIT OpenCourseWare
NASA TV
New Scientist
NOVA | Secret Life
PARC Forum
Rock Stars of Science
Sandia Labs
Singularity University Talks
TED talks / technology
Tony Darnell’s Deep Astronomy
University of California TV
Zeitgeist Young Minds

1. DARPA
2. DOD DUIx
3. EPSRC funded Human-Like
Computing Network+
4. Horizon Observatory Radar
5. Innovation Radat Prize
6. INQtel
7. Lancet Commission
8. MIT
9. Royal Astronomical Society
10. The Royal Society

120 sources

254

983 items

Table 7: Sources analysed through the manual scanning for detection of early signals for promising
FET topics
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