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Abstract

This paper introduces and motivates the Radical Technology Inquirer (RTl) methodology for anticipation of techno-
logical breakthroughs and their combined cross-sectoral and social impacts. The primary use of the methodology

is long-term policy evaluation and design. The first version of the methodology was published in 2013. This paper
reports the current RTI 2018 version, which is based on systematic collection of scientific and technological news and
grounded on theory. It combines societal functions with technological opportunities by conceptualising 20 “global
value-producing networks”GVNs and 100 “anticipated radical technologies” ARTs. The RTlI methodology is participa-
tory, using continuous crowdsourcing and stakeholder evaluations. Each GVN is characterised by a need and an exist-
ing and a novel way of satisfying that need and organising the societal function. The methodology combines existing
and new foresight methods and concepts to achieve a holistic and transparent approach for anticipating technology-
enabled transformative socio-technical developments of the next 20 years. In this anticipation effort, the focus is more
on recent weak signals of emerging technological capabilities than on past strong signals, e.g. the diffusion of various

technologies.

producing network, Anticipated radical technology
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Introduction

This paper introduces a novel methodology for anticipat-
ing transformations driven by radical technologies, such
as artificial intelligence (AI), plasmonics, CRISPR-Cas9,
3D printing and carbon nanotubes. The paper shows
that such a methodology can be realised as a novel com-
bination of foresight methods. The purpose is to enable
understanding on which established means satisfying
common human interests, such as health care, learning
or mobility, are going to be revolutionised during the
next 20 years and why. A crucial underlying insight is that
the technological component of such revolutions often
emerges from a field or sector that has not previously
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played a key role in serving that need. For example, pas-
senger transport has been based on privately owned vehi-
cles operated by a driver. The emergence of electric cars
combined with mobile robotics seems to boost the revo-
lutionising of passenger transport towards service with
autonomous vehicles. Importantly, digitalisation and
automation of vehicles have its origins in the IT industry,
from where the automation-increasing service concepts
are spreading to other industries.

Many authors have stressed the systemic interpretation
of foresight (e.g. [2, 55, 60]). For more systemic interpre-
tation, Dufva et al. [9] have suggested three complemen-
tary facets to foresight: knowledge creation and diffusion,
enhancing relations and networking and development
of capabilities. These three aspects of systemic foresight
are relevant both for short-term and long-term technol-
ogy foresight, but their content and relative importance
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differ. The methodology presented in this paper contrib-
utes especially to knowledge creation on possible future
developments.

The methodology presented in this paper anticipates
radical technological breakthroughs and their socio-
technical impacts on a 20-year perspective. The key
argument of the paper is that when the goal is long-term
foresight, sector-specific technological foresight must
account for the cross-sectoral nature of global sociotech-
nological development and cover all radical technologies
globally in order to be credible. Subsequently, concern-
ing the first facet presented by Dufva et al. [9], knowledge
creation should focus on early signals of radical tech-
nological breakthroughs impacting on many emerging
socio-technical systems. In this early stage, it is possible
to anticipate just crude basic features of changes in those
global systems, based on noticed evidence of emerging
technologies and social functions that these technologies
could relate to. In the present paper, the frame of Stiglitz
et al. [63] is used to identify these social functions.

Concerning the second and third facet presented by
Dufva et al. [9], this paper shows that the knowledge
created by the proposed methodology can and has been
used to promote networking among actors with the
potential to be involved in socio-technical change and
to recognise new skills and jobs required by anticipated
transformations.

A methodology for cross-sectoral anticipation is par-
ticularly useful for decision-makers and designers of pub-
lic services because they need a holistic understanding of
the possibilities created by simultaneous development of
various kinds of radical technologies in order to create
policies, regulation and infrastructure that enable soci-
etally beneficial outcomes and seek to prevent harmful or
undesired ones. For example, it is important to consider
the development of radical transport concepts together
with the design of city infrastructure, given that future
cars may spend less time parked but may need recharging
and function as distributed energy storage when parked.
A methodology to support interpretation is needed,
because people tend to make sense of the possibilities of
novel situations [72] and radical technologies [62] exclu-
sively from one’s own, experience-based perspective and
fail to see the situation from a broader perspective. Clas-
sified with Porter’s [56] foresight typology, the proposed
methodology has an extrapolative motivation, considers
technology and innovation as the drivers and has a scope
of multiple technologies and wide-range planning, global
locus, longtime horizon, intermediate level of participa-
tion and study duration of years.

The present paper proceeds from the observation that
existing technology foresight approaches do not provide
public decision-makers with a holistic overview of future
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possibilities brought about by radical developments
across all fields of technological development. The tradi-
tional diffusion models of technologies used in forecast-
ing (e.g. [48]) are not suitable for long-run anticipation
of socio-technical transitions, as these implicitly assume
that the innovation adopted by the first individuals or
firms does not change much during its diffusion process.
The various technology roadmapping approaches, in
turn, are best applied in the context of strategic foresight
of individual organisations or, in some cases, sectors [54]
rather than in the design of public policies, services and
infrastructure. The TechCast project [20, 21] has a broad
scope and is as such informative for decision-makers.
Its methodology is, however, based on subjective expert
judgements concerning future proceeding of single tech-
nologies in S-curves. This methodology is not able to
account for the interaction between different technolo-
gies in a transparent and systematic way. This lack of
systemic wholeness is a big weakness especially from the
point of view of policymakers that make infrastructure-
related choices. It can also poorly consider the inertia and
interests of present-day stakeholders as opposed to those
of proponents of novel technologies.

The methodology introduced, theoretically motivated
and illustrated in this paper is called Radical Technol-
ogy Inquirer (RTI). It is a cross-disciplinary and holistic
methodology of technology foresight. It is transparent in
the sense that it enables the observation, at every step, of
how technologies and their future impacts are identified
and evaluated. This means that one can in principle rep-
licate the study, starting from the empirical material. In
addition, RTT is participatory in the sense that the gather-
ing and interpreting the significance of the material are
crowdsourced, and the credibility of the interpretations
is checked in stakeholder seminars. The openness of the
developer community of the methodology enables the
cross-disciplinary nature of the foresight.

The development of the RTI methodology was origi-
nally commissioned from the first and third authors by
the Committee for the Future of the Parliament of Fin-
land in 2012. The intention was to provide a robust
understanding of the potential societal impact of rising
radical technologies. The first Finnish version of the RTI
methodology, reporting developments in 100 technology
areas, was published in 2013 (from now on “RTI 2013”)
([36]; English edition: [37]). An introduction of this
early version of the methodology also appeared in the
European Journal of Futures Research [68]. In an update
report ([38]; in English [39]), new niche innovations were
introduced, a participatory methodology of data gather-
ing was fully utilised, a proposal was made for basing the
understanding the dynamics of transformation on the
regime model [13, 14] and a follow-up was done on how



Linturi et al. European Journal of Futures Research (2022) 10:18

the anticipated technology breakthroughs had evolved
since 2013.

In summer 2017, the European Commission started a
project (RIBRI) related to Horizon 2020 to “Europeanise”
RTL. It took the RTI 2013 as a starting point but modi-
fied the methods to serve different aims. Meanwhile, an
updated RTT approach was published in 2018 (hereafter
“RTI 2018”) [40, 41], but it had not been available when
the main empirical material of RIBRI was collected in
autumn 2017 and in spring 2018. RIBRIs final report
“100 Radical Innovation Breakthroughs for the future.
The Radical Innovation Breakthrough Inquirer (RIBRI)”
was published in June 2019 [71]. This article focuses on
the detailed description and theoretical motivation of
the choices made in RTI 2018 and leaves the interesting
comparison with the RIBRI tool to some other connec-
tion. However, Kuusi [28] made in Finnish a preliminary
comparison of RIBRI and RTI 2018 from the perspective
of the future of work.

The most important differences between RTI 2013 and
RTI 2018 are the following. The renewed version gives
transformations a theoretically grounded structure by
anchoring them to the concept of socio-technical regime
[13, 14]. In the RTI 2018, interests of typical regime
actors were systematically identified and needed capa-
bilities, and other requirements were described for each
transformation. Also, the definition of technology cat-
egories was systematised, and their evaluation methodol-
ogy was completely redesigned.

The article proceeds as follows: “Theoretical founda-
tion” presents the theoretical foundation behind the key
concepts and methodical steps of RTI 2018. “Key meth-
odological elements of the RTI methodology” describes
the RTI 2018 tool in sufficient detail to enable replica-
tion of the methodology. “The uses of RTI results” shows
how the results of the methodology have been applied in
policy, educational and infrastructure planning contexts.
“Discussion” discusses the limitations and further devel-
opment possibilities of the methodology, and “Conclu-
sions” states the contributions.

Theoretical foundation

The starting point of the RTI methodology is empiri-
cal. It begins with systematic horizon scanning for pub-
lished news on technological advances. To manage the
observing and grouping of evidence of all kinds of radical
technological developments, the concept of “anticipated
radical technology” (ART) is introduced. ART refers to
the transformative promise of a cluster of technological
niche innovations or social innovations based on tech-
nological opportunities. Transformative promise means
that an ART has unrealised potential for applications that
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are anticipated to have radical impacts on current socio-
economic structures or behaviour.

In RTI, all radical technological developments globally
are divided into 100 ARTs. A specific ART is not limited
to a specific technological solution but includes any tech-
nological solution that promises to fulfil a general goal,
such as “autonomous cars and trucks” or “antibacterial
and repellent surfaces” Thus, an ART should be under-
stood as a cluster of rapidly advancing technological
solutions potentially enabling the same function or a pos-
sibly opening bottleneck (comp [5, 58].), in other words, a
trajectory from a problem area towards its possible solu-
tion, with batteries in electric cars being a good exam-
ple. For instance, the RTI report’s description of ART
no. 17, “easy 3D printing of parts’, shows that 3D print-
ing is already possible, but it is not yet easy enough to be
commonplace.

Ideally, the solving of an ART bottleneck(s) directly
enables new applications. Even when the functions are
similar, like solar panels and fuel cells, which both pro-
duce electricity, they form separate ARTs if the respec-
tive bottlenecks differ greatly from each other. Typically,
ARTs are systems with many bottlenecks whose solutions
may depend on each other. A driverless car is a good
example. It is defined as an ART, but many of its poten-
tial component technologies are also defined as separate
ARTs as they enable several other applications besides
driverless cars.

As an ART matures, some of the solutions typically
become dominant designs [1], while the development of
others stalls or ceases altogether. A related recent con-
cept is “next technology” (NT) that also refers to technol-
ogies (e.g. Al) with potential transformative impacts (e.g.
[17, 59]). Evidence of advancement of ARTSs can be inter-
preted as indicators of future capabilities. In this paper,
such interpretations are defined weak signals [10].

In RTI 2018, special attention is paid on assessing the
cumulative future impact of ARTs on their socio-tech-
nical contexts. The methodology is inspired by Toffler’s
[66] waves that show societal and technical develop-
ments as interconnected, whereupon the anticipation of
technological advances is considered a fruitful perspec-
tive to the anticipation of potential societal changes, too.
To this end, the present paper introduces the concept of
the global value-producing network (GVN). It is a future-
oriented concept that, in addition to related emerg-
ing technologies and their regulation, is based on social
functions.

RTI 2018 recognises altogether 20 GVNSs, such as pas-
senger transport, redressing disabilities, producing expe-
riences and power structures. The GVNs promote “social
needs” or social functions that are closely linked to basic
dimensions of human well-being. The Commission on
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Fig. 1 Socio-technical transformation of a GVN (prism shape) involves a shifting balance between the two co-existing RTI regimes as time goes
by; the dominant regime (front end) diminishes as the challenger regime (depicted with a dashed line in the back end in 2018) gains ground. Each
edge depicts a different change in the regime, such as a change in technology, politics, industry and culture. Compare with the three waves of Alvin

the Measurement of Economic Performance and Social
Progress [63] suggested for measuring the following
social functions that promote human well-being: mate-
rial living standards (income, consumption and wealth),
health, education, personal activities including work,
political voice and governance, social connections and
relationships, environment (present and future condi-
tions) and insecurity, of an economic as well as a physi-
cal nature. These basic social functions nicely summarise
the result of the long discussion concerning dimensions
of human well-being and their measurement. This global
discussion started already in the 1970s. Especially impor-
tant was the OECD social indicator programme [34, 50].
The 20 GVNs can be seen as a synthesis of emerging radi-
cal technologies and various functions that promote the
mentioned eight social functions.

It is essential that the proposed RTI methodology
allows flexibility concerning ways that promote social
functions. As discussed a further below, every GVN is
assumed to include two images of future that are alter-
native ways to promote respective social functions: a
dominant regime and an ART-enabled challenger regime.
The dominant regime is presented as being structured
around mature technologies, while the structure of the
challenger regime is envisioned around emerging ARTs.
As images of future ([25]; comp [23].), these represent a
business as usual and an emerging radical change.

Both the dominant and challenger regimes fulfil the
GVN’s primary goal (such as the transfer of goods), albeit
via different socio-technical solutions. GVN transforma-
tion is understood as the challenger regime becoming
the dominant one (Fig. 1). The regimes are considered
to come to co-exist as parts of the GVN by 2037. Both

regimes are striving to fulfil the GVN goal via different
means and socio-technical networks that possibly but
not necessarily remain quite separated from each other.

Transformation towards the challenger regime can be
gradual or involve rapid sequences. Different actors per-
ceive it as happening at different times: change in inves-
tor behaviour typically happens earlier than change in
mainstream consumer behaviour.

Each GVN should be understood as a networked inter-
action process of all stakeholders involved in fulfilling a
specific primary goal that defines the GVN. Organisa-
tions and individuals often participate in several different
value-producing networks. Hospitals are a good example.
They provide housing, security, nourishment, logistics
and health services and thus add value to several value-
producing networks.

The idea of GVN is strongly inspired also by the multi-
level perspective on technological transitions (MLP). The
regimes of GVN resemble MLP’s concepts of the socio-
technical system and socio-technical regime (e.g. [13,
14]). MLP defines regime as a set of rules, which creates
stability to development by affecting the social actors.
“Examples of regime rules are cognitive routines and
shared beliefs, capabilities and competences, lifestyles
and user practices, favourable institutional arrangements
and regulations, and legally binding contracts” ([15], p.
27). MLP regimes are conceptualised around social func-
tions or practices such as mobility, sustenance, health
care and housing. Also, in RTI, the focus is on social
functions that are satisfied in the context of socio-tech-
nical regimes.

MLP has become the state-of-the-art way of study-
ing socio-technical change during the past 15 years,



Linturi et al. European Journal of Futures Research (2022) 10:18

Page 5 of 23

Socio-technical
landscape
(exogenous / \
context) / Landscape developments - >
/ put pressure on existing regime, s
II N\ which opens up, 7 New regime
; N crea‘ting windp\\'s‘ ‘ ‘ . 4 influences
Markets. user ~ (iopponumty for niche-innovations. / landscape
! preferences ’ e A 4 -4
-
>
. Indu.\'rr\.’/\ > » > a-n > / B
Socio- 1 . 4
. ( Science >y
technical , \Poticy - |
- » : )
regime " 'W—’ 1 ‘>_ > )
1 ! ‘
I > | 4
| 1 Technology o >
I Qacioctechnical reoime i< *dunamicallv . . . .
: |5m10j(uhn|%<ﬂ mglm.u is d.), namically Radical innovation breaks through, taking
I | Smt?'e -On d'“em'“_ d‘»'“_?““‘"“ ; advantage of ‘windows of opportunity”.
| I there are ongoing processes. : / Adjustments occur in socio-technical regime.
| |
‘\ \ !
\ ' /
External \ \ ' Elements become aligned,
influences f / rand stabilise in a dominant design.
m nichc; ‘ /1/1 f ' Internal momentum increases..
\ \ N |
¥\ > v
. < i
Niche- gt Y I
mnovations ~A ‘
f/ —¥ Small networks of actors!support novelties on the basis of expectations and visions..
Learning processes take place on multiple dimensions (co-construction).
Efforts to link different elements in a seamless web.
Time
Phase 1 Phase 2 Phase 3 Phase 4
Fig. 2 Multi-level perspective on socio-technical transitions ([16], p. 226; reprinted with the permission of the copyright holder)

especially among those researching so-called sustainabil-
ity tramsitions [15, 33, 46]. MLP has influenced futures
studies as well (e.g. [35, 47, 51, 70]), and its relevance for
technology foresight is also recognised (e.g. [54]). MLP
is theoretically interesting for technology anticipation. It
not only includes technological advances but relates them
to a systemic whole by accounting for the social and insti-
tutional structures that channel and hinder technological
developments. Figure 2 sums up the idea of MLP [16].
It illustrates how emerging niche innovations gradually
connect to challenge a prevailing socio-technical regime.

In the RTI context, Fig. 2 is also a way to describe how a
recent dominant regime within a global value-producing

network (GVN) will transform to or be at least par-
tially replaced by a new challenger regime. In RTI, the
emphasis is on assumed co-existence of dominant and
challenger regimes. This means that maturing radical
technologies are considered as part of emerging alter-
native systems, being compatible with anticipated novel
infrastructural solutions and ways of use. The dominant
and the challenger regime share a prime goal; only the
socio-technical means differ — private cars with a driver
represent the existing dominant regime for transport-
ing people; mobility services with autonomous vehicles
represent the envisioned challenger regime for human
transport that currently exists only in a pioneering phase.
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Electric vehicles support the emergence of the challenger
regime. Yet they have also become more compatible with
the standards, infrastructures and regulations of the
dominant regime, meaning that the switching costs are
lower and user practices do not have to change too much
while adopting the next technology as an alternative to
the old one.

Geels has argued that “[p] ositive and negative influ-
ences from other regimes on the focal regime are an
understudied but promising topic” ([15], 32), and that
future development of the MLP model needs to pay
greater attention to multiple innovations and system
reconfiguration, in particular interactions between niche
innovations, adoption of niche innovations in exist-
ing systems and interaction between multiple systems
[16]. A key argument in this paper is that when the aim
of research is turned from analysis of the past to antici-
pating the future on a 20-year perspective, foresight
related to detailed systemic niche interactions is not fea-
sible due to emergent socio-technical structures. Hence,
it is important to understand that the ARTs of RTI are
described simply in terms of their current maturity level,
the technological bottleneck they solve and the societal
interest and industry funding they attract in a somewhat
comparable manner as Toffler did in his Third Wave
[66] — but not in terms of their particular development
contexts.

In fact, stepping over micro-level interactions between
development contexts enables the holism of RTI. With-
out such simplification, it would be methodologically
impossible to anticipate the development of the socio-
technical system — all innovations in all GVNs — glob-
ally albeit coarsely.

Figure 3 below illustrates the global RTI perspective.
The upper part of the figure depicts the 20 GVNs (for
GVN number/topic, see Table 2). It also features a resid-
ual hypothetical GVN (Wasteland) to recognise that new
human needs could emerge as the challenger regimes
advance. For example, a need to digitise human con-
sciousness or to arrange human life on Mars is already
conceivable, but there is no evidence of its existence as
a major driving factor of technological development. The
arrows in Fig. 3 represent the ARTs. Each arrow’s posi-
tion indicates respective ART’s maturity, length of its
development speed and direction of the main benefit-
ing GVN or GVNs. Forked arrows represent ARTs that
are developed to serve a function in separate GVNs. The
figure is schematic, so most arrows are only illustrative.
The three numbered arrows roughly depict the maturity,
development speed and main benefiting GVN of actual
ARTs: ART 3 personal health diagnostics systems, ART
70 rapid development of photovoltaics and ART 57 radi-
cal longevity.

So far, the literature that has discussed transformative
changes of socio-technical regimes from an anticipa-
tory point of view has focused on individual rather than
multiple socio-technical regimes. Emphasis has been
on regimes where the transition is most evident: in the
energy system towards renewable energy sources and in
the traffic system towards new energy sources and auto-
mation [4, 6, 12, 32, 47]. This paper advocates the view
that due to path dependence and threshold cost consider-
ations, differences between paces of technological change
in different regimes as well as related cross-regime
impacts are particularly important to account for when
a long-term anticipatory or foresight goal is adopted. If
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Table 1 RTI methodology steps and forecasting methods used in each step

Methodology step Used methods

Relevant section of this paper
(Reference to studies with comparable
interpretation of the method)

Defining ARTs
ing weak signals

Defining the maturity of ARTs Own criteria
Defining GVNs and respective dominant and chal-
lenger regimes

Quialitative assessment of the impact of ART on

Quantitative scoring of the weak signals

Formulating images of future

|dentifying and assessing weak signals (weak
GVUN signal as an indicator of a resolving a bottleneck)

Assessing the maximum potential impact of the
weak signal on the GVN

Horizon scanning for factual evidence for identify- This section

(Comp. with horizon scanning by volunteers
in[8])

This section
(Comp. NASA?)
This section
(Comp [25])
This section
(Comp [10])

This section
(Comp. Tetlock et al,, 2015)

Assessment of the scale of impacts based on

question lists

Ordering of the ARTs based on scoring and
maturity

[teration Expert panels

Policy recommendations to enable or to prepare
for challenger regimes

Follow-up

Requirement-related backcasting

Comparing the results of RTI 2013 and RTI 2018

This section

This section
(Comp [521)

Next section
(Comp [18].)

Next section

2 https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level

such cross-regime impacts are neglected, sector-specific
foresight results may remain seriously biased. The pro-
posed approach proceeds from the observation that
investments are first made and technologies developed
in the field or sector where the incentives are sufficient,
whereas the major transforming impact of the funded
innovation may eventually take place in another sector
or regime. Typically, development starts when switching
costs and quality requirements are low [7] or when they
yield high value. A piece of technology becomes adopted
and adapted by other sectors or regimes when it reaches a
level where the required investments in, e.g. R&D, infra-
structure and marketing become sufficiently low through
being developed for other uses first. Also, regulatory
change, productive capability or other enablers may be
promoted for the reasons relevant in one sector, while
their impact may be more extensive in another sector. For
example, the lithium battery received a major boost from
the mobile phone industry before achieving credibility in
the automobile industry or more recently as power grid
storage in the energy sector.

Key methodological elements of the RTI methodology

The methodology of RTI 2018 consists of several
methodical steps. Some of these are known foresight and
future methods; some are novel ways to combine the pre-
vious steps (Table 1). The methodology sections below
open the RTI methodological steps in more detail.

Defining ARTs

For RTI 2013, the body of evidence for technologi-
cal change was initially gathered by the first and third
authors from various technology assessment sources in
late 2012 and early 2013. The methodology soon came to
incorporate participatory elements especially for horizon
scanning and formulating images of the future. For final-
ising the RTI 2013, a social media group was founded. It
soon included hundreds of participants to complement
the initial findings of the authors. Since then, the group
has grown to include 3400 participants. For RTT 2018,
up to 2600 people — about 1000—2000 of them monthly
active readers — produced 1000-3000 monthly reac-
tions, ¢. 200—400 comments and 40—-60 separate threads
with c. 1-3 useful links each. Each new thread is required
to start with a source link describing a novel technology
breakthrough or major advance in the maturity of ear-
lier technologies that could be assumed to have a radical
impact on at least one GVN. This is followed by discus-
sion on the potential of the presented breakthrough and
possibly more useful links.

The final 1600 source links selected by the authors
from this crowdsourced original data for the RTI 2018
report were suggested by 213 people from diverse fields
and interests, 26 of whom were female. Nearly all have
Finnish origins as the working language of the groups
is Finnish. However, global content is sought, and the
source links are almost completely in English, from c. 400
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different global sources. Due to readability and availabil-
ity, popular science and technology sources have often
been preferred after fact-checking, when necessary, over
the original scientific publications. Business and technol-
ogy news are typically used for R&D funding information
and assessment of the practical benefits of each advance.

When comparing this extensive crowdsourcing with
the initial approach of RTI 2013, two findings are appar-
ent. A small group has a limited view. It is very difficult
to find the unexpected due to the fragmented nature of
today’s science and technology. There are also break-
throughs which no one even in a larger group would
expect. In the RTI approach, this is mostly remedied by
constant monitoring of various science news sources
as the important breakthroughs appear in daily news
streams and are recognised even when unexpected. This
kind of continuous crowdsourcing also seems to motivate
people to share their findings.

The gathered 1600 articles on scientific and technologi-
cal breakthroughs belonging to very diverse scientific dis-
ciplines had to be organised to assess their impact in an
orderly fashion. For RTI 2018, they were initially catego-
rised into 10 technology groups. The process was itera-
tive, and technology group boundaries emerged from
the source material itself. Each group was then further
divided into what came to be called anticipated radical
technologies (ARTs). Each ART was described by detail-
ing the problem area, recent and anticipated develop-
ment, funding sources and industrial motivations.

The basic requirements for each ART are as follows:

+ The ART shows promise based on a recent break-
through in research or clear signs of new innovations
spreading to the market and driving the learning
curve.

« The function of the ART is sufficiently defined to be
understandable and potentially mature and influen-
tial by 2037.

+ The potential impacts of an ART can be recognised
through crowdsourced reliable science news or stake-
holder workshops.

There are altogether 100 ARTs (for example see
Table 2). The precise amount of 100 ARTs was chosen
for communication purposes, but this scale also enabled
finding a place for each piece of evidence in a way that
keeps the categories understandable and meaningful and
the residual category (no. 101) as insignificant compared
to the others. The source links create plausibility to an
ART and assist in evaluating its potential.

The perspective of 20 years was chosen as a suitable
time frame for anticipation to enable the subsequent
planning and implementation of the legislative changes
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and public investments that the results seem to call
for. Further support for the time frame is gained from
research by Pezzoni et al. [53], who show that novel tech-
nological ideas seem to realise much of their potential in
20 years after the first patent.

The defining of the ARTs is not absolute but needs to be
changed as the problem areas evolve. The importance of
each ART depends both on the evaluation of the impact
of the ideas, the creativity in coming up with the ideas
and the coverage of the impacts of the ART. For example,
RTI 2013 included big data as one ART. In RTT 2018, big
data had been divided into several more functional ARTs.
Essentially, ARTs should be formed around a function
that accurately shows where the unrealised potential lays
(in the case of big data, the greatest unrealised potential
moved from data formation to data processing).

Defining the maturity of ARTs
As ARTs are defined as anticipated solutions to bottle-
necks, it is essential to assess the probability of open-
ing the bottleneck within the required timeframe. This
is accomplished with a stepwise maturity scale where
passing each step makes the opening of the full potential
more probable. The final step brings the ART to market
competition and into the realm of well-known learning
curve effects. If successful, this brings the costs down,
which is crucial for further bottlenecks to open in related,
cost-limited areas or GVNs. Different applications have
varying tolerances for cost. For example, solar panels
were used in space exploration when the cost of solar
panels was still prohibitively high for land-based electric-
ity production. Thus, the last step is never complete. As
an ART matures, some of the solutions typically become
more dominant, while the development of others stalls or
ceases altogether.

The maturity of each ART was evaluated on a seven-
level scale:

1. The scientific principle that enables the breakthrough
in the defining function has been proven to be pos-
sible at the level of a theoretical model, published by
a research team from a reliable research institute. The
observation is recent, and there appears to be aca-
demic interest in the subject.

2. The scientific model enabling the breakthrough in the
function-related area of application has been verified
with concrete and credible laboratory testing. The
research groups are funded, and the academic moti-
vation is clear. Progress appears to be taking place.

3. A laboratory prototype indicates that some material
problems previously preventing the breakthrough
have been solved, and the necessary functionality
has been achieved. Production costs or durability has
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yet to be solved at this level. The research groups are
funded, and the academic or commercial motivation
is clear. The progress is recent, and the new opportu-
nities presented are significant.

4. PoC (proof of concept): A functional prototype has
been scientifically or commercially demonstrated
to meet the requirements of commercialisation in
terms of its functionality and viability for production.
In terms of its functionality, the prototype exceeds
the benefits or involves lower production costs than
previous solutions after the economies of scale have
been taken into account. The progress is recent.

5. Competition between several well-capitalised market
actors developing the production prototype for this
ART after the PoC phase, or a production prototype
clearly in the finishing phase, with investments made
to launch production. The progress is fast paced.

6. Products being delivered to customers in increas-
ing amounts: The economies of scale are expected
to reduce prices considerably. The areas of applica-
tion are expected to expand. R&D activity is at least
partly based on internal financing, and the expansion
of production has been clearly financed.

7. Competing products are being delivered, and cus-
tomer demand is on the rise. Competition is inter-
nally financed to a significant degree, and growth is
financed by major industrial companies, a wide clien-
tele or venture capitalists. The development of prod-
uct properties involves significant known potential.

Pre-existing scales were studied, but none seemed
intended for this kind of long-term evaluation. For
instance, the criteria developed by NASA [49] and uti-
lised by for instance the EU Horizon Europe programme’
share some of these features, but it does not adequately
address the research and market interests or funding
issues.

Defining GVNs

GVNs represent the demand-pull or interest-bearing
side of the RTI methodology, while ARTs describe the
potentially opening bottlenecks. When a particular ART
is essential for a specific GVN transformation, these may
seem two sides of the same coin, but concepts GVNs and
ARTs are fundamentally different. The GVN concept is
used to organise various stakeholders’ interests? or their

! https://enspire.science/trl-scale-horizon-europe-erc-explained/

% Instead of needs that relate to prime goals, in this paper the wider, actor
and means related concept “interest” is used. From this perspective, the
targets that people try to achieve or artefacts that they demand are com-
binations of perceived needs and available means. Interest is a concept that
combines needs and considerations concerning available means, e.g. avail-
able technologies (compare [27]).
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potential demands into clusters. Each of these clus-
ters promotes a more general social function or “social
need” of Stiglitz et al. [63]. GVNs defined core element
is a prime goal, such as “the transfer of goods, equip-
ment, animals, raw materials and waste from one place
to another” of the GVN of logistics ([41], p. 88). A GVN’s
prime goal may be intrinsic (e.g. sustenance) or instru-
mental (e.g. logistics). Each GVN is defined to have also
important qualitative, moderating values, such as ease,
accuracy, cost and prevalence of the transport method in
the GVN of logistics. These values are related to the way
the goal is met. They are central for analysing the plausi-
bility of transformation of any GVN.

GVNs were defined iteratively. The starting point was
an intuitive list of GVNs with specific prime goals, such a
s sustenance and transport. Then, the first author initially
compared this list with various industrial classifications
and “Yellow Pages” types of listings of organisations,
including listings of third sector organisations. Each
organisation type was categorised into an GVN in terms
of what prime goal it mainly serves. For instance, the
church was seen as a provider of meaning to life. If no
suitable GVN was found, it was created while striving to
keep the number of GVNs as low as possible. The GVN
list was considered complete when no organisation type
could be found whose prime goal would not fit into some
of the GVNSs. Also, each GVN had to include a significant
number of organisation types whose primary goal served
the GVN prime goal.

Such category forming is a creative process rather than
a formal method. One can, however, evaluate the choices
with three criteria: simplicity, consistency and relevance.
A key boundary condition concerning the relevance is
that the GVNs cover all well-being promoting social
functions of Stiglitz et al. [63].

Finally, the dominant regime based on currently domi-
nant technological solutions was described for each
GVN. Then, weak signals relating to each GVN were
used to characterise the holistic transformative image
of future that is the challenger regime. In reality, this
required that the weak signals, described below in the
subsection “qualitative assessment of the impact of ART
on the GVN’, had first been constructed in a crude form.
Discussion in the social media group and stakeholder
groups played an important role in this (see subsection
“Iteration”). Next, the main drivers and tensions between
the dominant and challenger regimes of each GVN were
specified. Additionally, the plausibility of the challenger
regime was considered in relation to the interests and
power positions of stakeholders related to both regimes.

In the RTI methodology, a single GVN is considered
plausibly defined under the following conditions:


https://enspire.science/trl-scale-horizon-europe-erc-explained/
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1) There are good reasons to believe that the prime goal
of GVN and its moderating values will remain real
and pragmatic goals during the next 20 years.

2) All major organised activities can be seen to fit into
the defined GVN framework.

3) During the next 20 years, the challenger regime is
inclined to increase its plausibility.

4) During the next 20 years, the required enabling ARTs
are inclined to increase in maturity.

5) The overall set of GVNs cover all main social prime
goals that will be relevant during the next 20 years.

6) No major transformation is plausible, which cannot
be explained through some GVN.

There is no perfect solution for dividing stakehold-
ers’ interests or their potential demands into GVNs.
Therefore, continuous iteration, described at the end of
this section, has been adopted. Iteration has led to the
model evolving somewhat from the original RTI 2013.
In RTI 2018, each of the 20 GVNs has a separate, clearly
defined prime goal that is satisfied by the existing domi-
nant regime but could conceivably also be reached via
a challenger regime after the maturation of anticipated
radical technologies. Combined, the 20 GVNs seem to
cover almost all organised activities focused on the one
hand on social functions of Stiglitz et al. [63] and on the
other hand on stakeholders’ interests or their potential
demands of a typical western society (see Table 2).

Qualitative assessment of the impact of ART on GVN

This section shows how the ideas of anticipated radi-
cal technologies (ARTs) and the global value-producing
networks (GVNs) are used to assess the dynamic rela-
tionship between technological and socio-economic
development. This requires describing how each specific
ART might impact on each GVN. In RTI 2018, these
descriptions are short statements, labelled “weak signals”
Starting from Ansoff [3], there are many definitions of
weak signal [69]. Dufva [10] gives the following defini-
tion that is rather close to our use of the concept: a weak
signal is an indicator of a potentially emerging issue that
may become significant in the future.

Weak signal statements originate partly from source
materials, partly from discussions in the supporting
social media group and various stakeholder workshops
and seminars. They have been complemented by the first
and third authors.

To illustrate, the short statement concerning the pos-
sibilities of ART 11 “Speech recognition/synthesis and
interpreting” in GVN 2 “logistics” was “A distribution
robot can converse with customers (verbot) and act as a
shop, for example”. The statement needs to show an ART/
GVN pairing having the potential ability to concretely
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deliver significant instrumental added value to existing
practices, for example by saving costs, facilitating peo-
ple’s everyday lives, increasing comfort or by strengthen-
ing or weakening the structures of power.

To give another example, for ART 70 “rapid develop-
ment of photovoltaics” in GVN 5 “sustenance,” the state-
ment is “The improving efficiency and price of solar
panels and LED lights may lead to it becoming sensible
to cultivate plants more extensively indoors under LED
lighting” ([41], 108).

Quantitative scoring of the weak signals

After initial qualitative assessment, for RTI18, the first
and third authors of this paper made 2000 numeric eval-
uations, one for each short statement for the ART/GVN
pairing. These preliminary evaluations were reviewed by
crowdsourcing and expert panels and then finalised by
the two authors. The assessment was made in respect
to the goal and the moderating values of each GVN. It
resulted in values of 0, 1, 3, 5, 10 or 20. The highly loga-
rithmic scoring emphasises qualitative change, as the
values 10 and 20 can only be scored by ARTs that are
anticipated to contribute to the transformation of the
respective GVN. The scoring process has analogous fea-
tures with the probability-based scoring of future events
in Tetlock and Gardner [64]. The points from 1 to 20
were assigned according to the following, relatively loose
criteria®:

+ One point: the maturation of the ART enables con-
crete benefits that make it worthwhile to apply the
technology to the mentioned use.

o Three points: the maturation of the ART enables
tangible value impact on the GVN’s goal. A tangible
impact within the developed world would be on aver-
age an economic impact at the annual level of €2-20
per person or an impact of 1-10 h change in the time
used in the annual everyday life per person.

+ Five points: the maturation of the ART enables sig-
nificant value impact related to the GVN’s goal. A
significant impact within the developed world would
be on average an economic impact at the annual level
of €20-200 per person or an impact of 10-100 h in
the annual everyday life per person.

+ Ten points: the maturation of the ART enables, as
one option, the challenger regime. On an annual level,
the potential impact must exceed €200 per person
or influence on a weekly basis the everyday life of at
least one in ten people.

% In the original 2018 report, the share/GDP was expressed with concrete
sums that matched the scale of Finnish economy.
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Table 3 Assessment of the relevance of ARTs for achieving the goal and values of the GVN of logistics, ten examples
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ART number and name Short statement of the matured ART’s anticipated relevance for the GVN of logistics Points

6, environment 3D scanning and positioning Environment 3D scanning and positioning in relation to the model or absolute position- 20
ing are a necessary requirement for autonomous transport

16, real-time 3D modelling of environment A self-driving vehicle absolutely requires a real-time situation picture of its environment 20
and other moving vehicles and people. Detecting and identifying other moving vehicles,
people and material are an advantage

23, memristors and neural processors Increasingly small devices have the storage capacity for artificial intelligence that is 10
required for autonomous control, leaving more room for freight. The transport of small
packages by quadcopter benefits from this the most

39, 3D printing of buildings and constructs Automation of street and road repairs by 3D-printing structures 1

41, ubiquitous environment and Internet of Things  The unique identity of goods enables crowdsourced freight transport, address changes 10
during transport and right-based key management when goods change hands

49, production of nanomaterials The affordability of sturdy, lightweight materials and efficient batteries is key for aircraft 3

67, LED farming, robotic farming The needs of food logistics are going to completely transform when cultivation shifts from 5
cyclical and agriculture-dominated cultivation to continuous urban and factory cultivation

70, rapid development of photovoltaics Electric transport benefits from inexpensive solar energy. For example, it may have a mate- 5
rial effect on small waterborne vessels and rail transport, at least in southern countries

81, power lasers, ray guns, railguns Ray guns can efficiently disturb traffic 1

99, MyData and GDPR
can facilitate logistics

The transfer of logistics history information (MyData/GDPR) from one operator to another 3

+ Twenty points: the maturation of the ART is a nec-
essary, irreplaceable part of the challenger regime.
On an annual level, the potential impact must
exceed €200 per person or influence on a weekly
basis the everyday life of at least one in ten people.

When it comes to the transformative impact of ARTs,
their economic potential is only part of the assess-
ment. Equally important is the anticipated impact
of the ART to the everyday life of people. Hence, the
alternative assessment in terms of time use is consid-
ered equally important. For instance, from the perspec-
tive of the GVN of “redressing disabilities”, robotic legs
as an alternative to a rollator would enable a person to
climb stairs and access rougher terrain. The anticipated
impact per person is calculated either through the eco-
nomic value or by estimating the number of users and
the time they would spend on robotic legs in 2037. The
larger of the alternative impact types is selected.

Table 3 below gives examples of assessing ARTs from
the perspective of GVN “Logistics” Out of the 100
ARTs, 70 were assessed as being relevant for logistics
with a weight of at least 1 point. Out of those 70, the
table features two examples from each point category.
Examples include also such relevance, which most peo-
ple would consider having a negative impact.

Without some relevant tangible evidence, the impact
value between an ART and a GVN is evaluated to be
zero, and there is not even a weak signal of anticipated
competence. An example of an ART deemed irrelevant
for the GVN of logistics (featured in Table 2) could

be ART 62 “Microbiome, metabolism and genetics of
cells”.

Ordering of the ARTs based on scoring and maturity
In order to assess the relative anticipated impact of ARTs
for GVN transformations, an indicator was developed as
follows. For each ART, each GVN adds a special, mostly
nonoverlapping perspective. These 20 perspectives were
used to form the basic RTI 2018 indicator in the fol-
lowing three steps (see the rows in Table 4). First, each
ART’s potential impact on different GVNs was evaluated
using the short statements, as described above. Second,
for each ART, all potential impact values were summed.
Third, the sum potential impact value for each ART was
multiplied with the maturity value of each corresponding
ART, thus getting anticipated total value for each ART.
The sum of GVN-specific potential impact points for
each ART expresses the anticipated probability of sup-
port in R&D and investment communities for advanc-
ing the maturation. The strong logarithmic scale of
each GVN-specific impact takes into account how R&D
spending is not directly related to the size of the first or
main potential market but to potential market impacts
of an ART on many GVN-based markets. This scor-
ing method assesses generic technologies higher than
those with major impact to only a few GVNs; a technol-
ogy that scores low points in numerous GVNs accumu-
lates more points than one which scores 20 points in
only one GVN and no points from most GVNs. This can
be easily understood by comparing two examples. The
ART “Cloud computing and storage services” got a total
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score of 399 or 57 without the maturity multiplier while
only getting 10 points from the GVN “exchange” and 20
points from none but 1 to 5 points from 13 GVNs. On
the other hand, the ART “Curing and preventing demen-
tia” got a total score of only 132 or 44 without the matu-
rity multiplier while getting 20 points from GVN “health’,
10 points from GVN “existential meaning” and just seven
1- to 3-point evaluations [40].

It is important to note that the scoring does not explic-
itly consider the indirect impact of ARTs to GVNs. For
example, VR glasses increase the time spent with imma-
terial goods, and this might lessen the need for logistics,
but this indirect impact is not considered in the GVN of
logistics as it does not in this sense satisfy the prime goal
or values of the GVN.

The essence of the scoring method is its systematic-
ity. An individual assessment of a specific ART may not
be accurate, but it is satisfactory enough to make antic-
ipating the development of the 100 ARTs in relation to
each other possible. The order of the ARTs in Table 3 is
merely indicative, because of the coarseness of the scor-
ing method.

An important point is that the most transformative
ARTs are not necessarily those that are of high economic
value but ones that become freely or affordably avail-
able. The spreading of Internet access is the best present-
day example of such transformative dynamics. In fact,
the RTI scoring system is designed with the example of
the Internet of 1993 in mind. At that time, the Internet
application technology was at a low maturity level, but its
envisioned promise was considerable. In 1993, the Inter-
net, when compared to other communication networks
of the day, could not be envisioned as critical or strongly
transition enabling for any GVN. However, it would most
likely have been assigned (1-5) points from the perspec-
tive of most GVNs at that time. While 1-3 points would
actually have underestimated the impact of the Internet
in 20 years in many GVNs, the breadth of the hypotheti-
cal potential impact would have resulted in a high overall
score.

Iteration

Even RTI 2018 is described as a stepwise methodology,
the steps should be interpreted as the order of an iterative
process where accuracy increases in each iterative round.
Initial iterations for the creative formulation of ARTs and
GVNs and their qualitative and quantitative interactions
have taken place as a part of crowdsourcing and GVN-
specific seminars. More formal iterative step has been the
critical evaluation of each GVN, including the ART valu-
ations, in 12 stakeholder workshops, two for the overall
structure of the RTI 2018 GVN-structure and 10 work-
shops evaluating each GVN. The 88 expert participants
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were invited independently by Finnish innovation system
organisations. Of the participants, 42 were female and 46
were male.

The stakeholder workshops relied on the ART and
GVN definition criteria presented in above subsections.
Several improvements were made in GVN definitions at
this stage.*

The uses of RTl results

The results of RTI 2018 have been condensed in a report
([40]; in English [41]). The assessment of anticipated total
value of 100 ARTs is the core result of that report. How-
ever, the report also contains links to crowdsourced evi-
dence behind each ART and analysis of motivations of
dominant and challenger regime actor types. For each
regime transformation, the results outline the following:

+ DPotential benefits and threats

+ Obstacles

+ Opportunities

+ Growing professions and skills shortages

+ A wide range of policy recommendations (suggested
changes in legislation, public funding, education)

The analysis of the challenger regimes yields under-
standing of how transactions and responsibilities can
be structured and what kind of specialisations would
be beneficial for transformations. Envisioning the novel
means and processes also helps in understanding poten-
tial hindrances. There might be missing infrastructure,
legislative limitations and missing competences. All of
these require policy changes. An example is GVN 12,
“Health care and its transformation towards self-diagnos-
tics, gamification of health and individual nutrition” It is
evident that legislative framework, organisational struc-
tures and professional capabilities are not optimal for
this transformation. It is for the policymakers to decide if
they see the anticipated transformation as beneficial and
thus the outlined policy measures worth implementing.

The main use of these results relates to various actors’
diverse interests in the future possibilities described
in the report. The report has been widely read among

4 For example, for most GVNs, there was a strong consensus of the form
of the potential challenger regime. Multiple credible challenger scenarios
emerged only for the GVN of sustenance; instead of localised food produc-
tion and robotized preparation, development might become directed towards
the full robotisation of countryside farming. Localised challenger regime
was chosen as it more clearly deviates from the dominant regime. A some-
what less credible yet possible radical scenario could be formed around the
advancement of technologies that preserve packaged fresh food for a long
time at room temperature. The collapsing of the cost of transport and long-
term storage of perishable foodstuff would strongly undermine the relative
cost-effectiveness of local scale and in many places also the national scale of
food production.
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educators, R&D departments, ministries and city plan-
ners especially in Finland. For example, the City of Hel-
sinki has used the report as a source in long-term city
planning [22]. The report has been covered or used as a
source in hundreds, mainly Finnish, popular published
articles, theses, studies and reports (for example [11],
p- 756-757 [26];). Especially, the view upon future skills
and professions has been a regular topic in the press.
RTI 2018 results have also been used in numerous expert
statements in parliamentary committee hearings and
the results have been regularly referred to especially
in many statements of the Committee for the Future®,
which originally commissioned the development of the
methodology.

Finally, the results have stimulated or supported inter-
action between actors that are shown to have shared
interests in specific challenger regimes or in ARTs with
potential to contribute to several regime transformations.
For instance, several regional development seminars have
gathered actors from companies, universities and univer-
sities of applied science. Another example is the Finnish
photonics stakeholders’ analysis of the future potential of
the field [57], where RTI 2018 results have been referred
to multiple times.

No complex future scenario can be relied upon as
such as the basis of policies. To increase reliability, RTI
includes continuous and transparent reassessment. Both
ARTs and anticipated GVN transformations progress are
followed critically. This continuous process has already
led to some clear changes in ARTs, GVNs and the whole
methodology since RTI 2013. A follow-up study ([38],
in English [39]) was commissioned by the Parliament of
Finland to check how the developments anticipated in
2013 had been realised by 2016, what methodological
changes would be useful and what new developments
required attention. Despite some clear misses, the results
showed that the 25 technologies that scored the highest
anticipated value in 2013 had matured on average faster
than the rest of the 100, while the second quartile of tech-
nologies was on average the second fastest to mature and
so forth. As the high anticipated value correlates with
ART being relevant in many GVNs, a possible explana-
tion for the rapid advancement might be that the demand
for and investments in such ARTs are greater and more
stable as it is spread across multiple industries and sec-
tors. This is not investigated empirically, however. A

° It is to be noted that the second and fourth authors have been involved in
drafting these committee statements, one in the role of senior advisor of the
committee one as a member of Parliament presenting the policy problems.
The first and third authors have designed the key methodological elements of
RTI 2018. The second and fourth authors have been involved in applying the
findings into committee’s work and in drafting the present paper.
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critical follow-up of the 2013 results was included in RTI
2018 both for ARTs and GVN transformations. Topic-
specific studies have already partially assessed the RTI
2018 results.

Despite the methodological improvements, the results
of RTI 2013 and RTI 2018 have remained sufficiently
comparable in the level of the GVNs. They provide a
possibility to check how the anticipated transformation
of GVNs have advanced in 5 years. Table 5 below shows
the GVNs in the order where the challenger regime had
advanced the fastest based on the total impact of all 100
ARTs.

The challenger regimes seem to advance the fastest in
the domains of transportation, work and income, auto-
mation of work, nutrition, manufacturing, construc-
tion and exchange. Here, the relevant ARTs appear to
have rather powerful support, and real-life embryonic
transformation is already on the way. From a policy per-
spective, the relevant question is whether one wants to
accelerate the transformation by removing its structural
barriers related to, for example standards, regulations or
legislation — or whether one wants to slow the transfor-
mation down by safeguarding the interests of the propo-
nents of the dominant regime.

The comparison also shows that transformation had
advanced less in the GVNs at the bottom of the list: pro-
ficiency and its proof (education and proving of learn-
ing) and redressing disabilities (technological assistance
to disabled people). This is not necessarily because of the
lack of radical technologies but instead due to the strong
reification of power structures in the dominant regime
(esp. in education®) and lack of substantial investment
(esp. for technologies for the disabled). Here, the relevant
ARTs seem to lack powerful proponents, which means
that more active policy support in addition to removal of
structural barriers would most likely be needed, should
the decision-makers see benefits in the envisioned
transformations.

Another type of use of RTI relates to follow-up stud-
ies that build on the methodology of RTI 2018. This
also functions as additional iteration as all these studies
gather new evidence and insight in the same framework.
The Development of Genetic Engineering in Different
Areas of Application 2018-2020 [42] was initiated as a
reaction to EU Commission’s gathering of information
of novel genomic techniques from the member states. In
Finland, a related survey was coordinated by the Board

¢ During the review rounds of this paper, the power structures of the educa-
tion GVN were shifting, however, as distant learning was suddenly made nec-
essary by the rapidly spreading COVID-19. The consequences of the crisis in
Ukraine, in turn, appear to accelerate transformation in the GVN of energy
supply.
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Table 5 Global value-producing networks (GVNs) are arranged according to the rate of anticipated development speed

Ranking Value-producing network The rate with which the anticipated value of GVN has
grown
[= 10 x LOG (anticipated total value of ARTs in a GVN in
2018/anticipated total value of ARTS in a GVN in 2013)]

1 Passenger transport 6.7

2 Logistics 6.3

3 Work and income 59

4 Automation of work 58

5 Sustenance 53

6 Manufacturing of goods 52

7 Built environment 5.0

8 Exchange 46

9 Acquiring information 4.1

10 Safety and security 4.1

11 Remote impact 4.0

12 Existential meaning 37

13 Power structures 3.1

14 Producing experiences 27

15 Health care 26

16 Materials 24

17 Energy supply 23

18 Collaboration and trust 23

19 Proficiency and its proof 1.0

20 Redressing disabilities 0.8

for Gene Technology. The board approached the Com-
mittee for the Future in the Parliament of Finland, ask-
ing if the committee had deliberated on the state of
gene technologies since 2018. RTI 2018 was utilised as
a framework updating info on relevant ARTs and actor
motivation. Pandemiateknologiat (“Pandemic technolo-
gies”) [43] was commissioned by the Committee for the
Future to understand how technology could better be uti-
lised and regulated in order to face future pandemics. It
used directly the RTI 2018 GVN framework for analysing
how different technologies were being used to prevent
or mitigate the ill effects of the COVID-19 pandemic.
That report also evaluated how the pandemic influenced
the anticipated transformations towards the challenger
regimes and provided several policy recommendations
for appropriate GVNs. The article in Digital Innova-
tion and the Future of Work [45] followed more closely
the GVN structure of the original RTI 2018 report and
described an overview on how each anticipated GVN
transformation would change work.

The Towards a Better Future [44], in turn, showed how
the RTI can be used for assessing means to achieve soci-
etal goals. In terms of Porter’s (2005) typology, RTI 2018
is explorative, whereas Towards a Better Future has a nor-
mative motivation. In Towards a better future, the role
of RTI 2018 is to provide holistic regime transformation

visions whose credibility as sustainability goals is then
evaluated. The GVN transformations are first described
as if each challenger regime would become well-regu-
lated mainstream without major problems. Then, these
are evaluated with respect to each United Nations’
Agenda 2030 sustainable development goals (SDGs),
using a qualitative questionnaire assessing how a trans-
formation supports each SDG’s subgoals and what poten-
tial threats and tensions that would entail. The report
builds on the premise that goal-oriented evaluation only
becomes possible when holistic regime transformations
are considered. If taken out of their socio-technical con-
text, the sustainability impacts of technologies cannot be
evaluated. In other words, the real question is not what
technologies we have but how we use what we have.
The policy argument is that emphasis should be given
to issues where societal intervention could diminish
threats and help turn opportunities into positive develop-
ment. Attention should also be paid to potential conflicts
between various sustainability goals. This is necessarily a
qualitative assessment.

Discussion

The RTI methodology has at least four limitations,
to be discussed here. The first is the strong role of two
authors of this article in the qualitative and quantitative
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assessment of the impact of ARTs. The alternative would
be to have an expert panel for each GVN (or for each
group of ARTs) and have those experts do the final scor-
ing, which would resemble the route taken in the Tech-
Cast project, for example [21]. The challenge in both
alternatives is that the scoring needs to be balanced
between GVNs and groups of ARTs, so that, e.g. score
5 means the same thing across sectors. As such experts
do not exist that would be readily familiar with techno-
logical opportunities across all sectors, the expert panels
would have to spend unrealistic amounts of time famil-
iarising themselves with new socio-technical contexts. In
RT], it has been considered more feasible for two people
to balance the final scoring in a somewhat crude manner,
adhering to the defined criteria and iterating between the
varied discussions and arguments in expert panels and in
the social media group. Even this is somewhat time-con-
suming, which can be considered a practical drawback of
the RTI tool.”

The second limitation of the RTI is that the maturity of
ARTs has not been defined in a GVN-specific manner. In
reality, novel technologies tend to resolve technological
bottlenecks in an economically feasible manner earlier in
one application context than another. For example, aug-
mented reality glasses (ART 19) can be considered near-
ing maturity for remote impact (GVN 9) in maintenance
work but due to high cost, bulky form and missing appli-
cations, but much less mature for producing experiences
(GVN 16). A GVN-specific maturity scale would possibly
increase accuracy of the evaluations, but due to resource
limitations, a single maturity value for each ART was
selected. This practice can be defended as the funding of
the ART development in one GVN can generally be seen
to increase its maturity for other GVNs too.

The third limitation is that RTI 2018 does not dis-
cuss how ARTs and GVNs develop step by step in their
mutual interaction during 2018-2037. In other words, it
does not recognise path dependencies that might occur
between the beginning and the end states of the antici-
pated period. This limitation is partially bypassed by
defining ARTs as bundles of alternative solutions instead
of separate technologies. As a consequence, winning
technologies cannot be anticipated even when the matu-
ration of ARTs is. This is not necessarily a big problem
from the perspective of needed regulation, but it may
be an issue from the point of view of credibility of links
between ARTs and GVNs and concerning the urgency of
investments in different technologies.

7 The use of artificial intelligence has sometimes been suggested as a possible
solution, but it has been rejected by the authors on the basis that AI would be
weak in understanding social needs/functions, let alone imagining how these
could be satisfied by novel means that do not yet fully exist.
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Osmo Kuusi and Martin Meyer have developed an
approach or model that might help new versions of RTI
to overcome this limitation [19, 27, 30, 31]. Kuusi and
Meyer have called the maturation process of a technical
niche innovation together with its applications “technol-
ogy generalisation process” The term stresses anticipa-
tion-related learning processes that continuously change
technological innovations in interaction processes of
technology push and demand pull (Fig. 4).

In Fig. 4, arrows illustrate different kinds of technology
generalisations. Using the model, Kuusi and Meyer have
analysed the future prospects of niche innovations, e.g.
carbon nanotubes and cellulosic ethanol based on patent
applications [19, 31].

The arrows of the Fig. 4 can be given the following
interpretations that connect them to interaction pro-
cesses between developing ARTs and GVNs. It is possible
to divide expected or anticipated technology generalisa-
tions into three basic types. First, some generalisations
combine made technical discoveries related to an ART to
new discoveries related to the same ART (arrow 1 a & b);
the second class of generalisations connect made discov-
eries related to an ART fo new applications in emerging
GVNs (2 & 5). The third group refers to generalisations
where an ART is replaced or improved by another ART
in realising of an anticipated feature of some GVN (3 &
4). The 1a, 2 and 3 represent earlier generalisations (e.g.
during the first 10 years of the 20 years’ anticipation hori-
zon) that are needed before 1b, 5 and 4 are possible (later,
e.g. during the second 10 years). One could call 1a, 2 and
3 expected generalisations and 1b, 5 and 4 anticipated
generalisations.

The fourth limitation concerns the holism of the RTI
methodology. Inevitably, it can only be accomplished
in a coarse manner and by simplifying methodological
choices. These are needed especially concerning the fixed
prime goals of GVNSs. For further research, an important
challenge is to define the quality criteria more explicitly
for anticipated GVNs and their prime goals in particu-
lar. In this paper, the quality of defining GVNs has been
promoted by considering transparency, consistency and
simplicity as boundary conditions. The further highly
important and difficult boundary condition concerns
how the 20 GVNs cover all relevant social functions in
2037. Our choice has been to link the targets of GVNs
to eight social functions of Stiglitz et al. [63]. They func-
tion as a kind of checklist of the coverage of 20 GVNs.
The existing public, private and third sector organisations
have also been assessed to check that there is no mean-
ingful residual that did not find a place within the 20
GVN:s. There is however a big basic problem in this kind
of checking. Relevant social functions depend beside
human needs also on available means or technologies. In
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Realised techniques
(processes, methods)

Promising techniques
ijased on generic technologies)
<

Technological breakthroughs

Visionary targeD

Promising targets
(based on envisaged artifacts)

Realised targets
(artifacts, products)

Fig. 4 Technology generalisations as interaction processes of technology push and demand pull (modified from [19])

the distant future, the colonisation of Mars might be an
important social function though its role as a social func-
tion is presently very limited. Changing human interests®
are based on human needs and available means, and thus,
it is important to realise that the relative importance of
GVNs will change during the next 20 years, and it might
be necessary to construct a new GVN or remove some of
the existing ones.

As a final point in this discussion, the authors would
like to bring up that back in 2013; when the develop-
ment of RTI was initiated, many of the envisioned 20
GVN developments were hypothetical. The facts that
key ARTs in all 20 GVNs had increased their maturity
by 2016 and a plausible challenger regime with advanc-
ing ARTs could be defined for all GVNs in 2018, it took
the authors by somewhat of a surprise. While interesting,
this was also alarming; if radically transformative change
is to be expected on such a broad scale, will societal insti-
tutions and infrastructure be able to keep up with it?
Will, for example, a large part of the existing auto indus-
try collapse due to too slow adaptation speed? Will the

8 About the concept of interest in futures research, see Kuusi and Hautamaki
[29].

education systems of different countries be able to pro-
vide continuous education with the same speed as exist-
ing competences become outdated? Is the reason behind
Russian military aggression in Ukraine at least partially
due to the anticipated energy sector transformation?
Should we remind ourselves of Toffler’s Future Shock [65]
or the analysis of long cycles following Kondratjev’s and
Schumpeter’s work [24, 61, 67], which seemed to show
that each radical transformation is preceded by major
political, military or economic crises?

The motivation behind this paper is partly backed up
by this alarm. The methodology should indeed be criti-
cally scrutinised because of the broad scope of changes
claimed to be anticipated with it. The results further
indicate that there is an urgent need for further meth-
odologies and practical processes through which deci-
sion-makers could become familiar with anticipatory
thinking and in particular anticipatory thinking related to
impacts of novel technologies on existing socio-technical
structures.

Conclusions

This paper introduces a methodology called Radical
Technology Inquirer (RTI). The tool is designed to pro-
vide results that enable decision-makers to anticipate
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long-term socio-technical changes created by novel
technologies. Such anticipation serves the creation
of policies, regulation, legislation, infrastructure and
other capabilities that seek to support positive develop-
ments and avoid negative consequences. The methodi-
cal steps of RTI are presented in sufficient detail to
allow replication.

The authors claim that existing technology foresight
approaches do not enable fulfilling the above aim. Most
technology foresight approaches serve other needs: tech-
nology diffusion models are useful for economists, and
roadmapping approaches serve strategy work in organi-
sations. These perspectives work poorly when there is
a need to understand the cumulative societal impact of
multiple kinds of technologies. Even when the scope and
the time horizon of the foresight approach are quite simi-
lar with RTI, as is the case with the TechCast project, the
focus on development trajectories of single technologies
does not help much in the key objective RTI, which is to
help public decision-making concerning regulation and
strategic investments in relation to broader socio-techni-
cal developments.

The authors propose that the holistic interpretation of
technology foresight serves better the decision-making
needs presented in this paper than TechCast’s expert
evaluations of the future development of single technolo-
gies. The authors consider that RTI is able to support
proper regulation and public and private strategic invest-
ments focusing on three complementary facets to sys-
temic foresight suggested by Dufva et al. [9]: knowledge
creation and diffusion as the whole picture of 20 global
value-producing networks (GVNs) and 100 emerging
anticipated radical technologies (ARTs), enhancing rela-
tions and networking of various stakeholders that can
use the RTI results to identify and discuss joint interests
especially in relation to challenger regimes, and suggest-
ing needed capabilities based on 20 GVNs.
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Anticipated radical technology; MLP: Multi-level perspective; Al: Artificial intel-
ligence; RIBRI: Radical Innovation Breakthrough Inquirer.

Acknowledgements

The authors would like to thank the Committee Counsel Olli Hietanen for
his support in the beginning of the RTI development process and the three
anonymous reviewers for the truly valuable comments and suggestions for
this paper.

Authors’ contributions

RL, OK'and VV designed the reported methodological principles. RL collected
and organised research materials, operationalised the method and was the
sole author or lead author of the reports upon which this paper is based

on, to some of which OK also contributed. For this paper, all authors made
substantial contribution to conceptualising the arguments in frequent joint
workshops. MH and OK positioned the study in relation to previous studies.

Page 21 of 23

MH and RL and OK drafted the text of the paper, and VV designed the novel
graphics and the anticipation idea behind Table 4. The authors read and
approved the final manuscript.

Authors’ information

Risto Linturi is a futurist with experience of leading several high-profile trans-
formational projects pioneering radical technologies. He has also been the
Director of Radical Innovations Programme for the Aalto University. Recently,
he has concentrated on innovations and foresight research for the private
sector and the Parliament of Finland.

Maria Hoyssa is a Senior Research Fellow in Finland Futures Research Centre at
the University of Turku. Since 2017, MH has functioned as the Senior Advisor
for the Committee for the Future of the Parliament of Finland.

Osmo Kuusi is Adjunct Professor in Futures and Innovation Studies at the Aalto
University and affiliated researcher in the Finland Futures Research Centre

at the University of Turku. Since 1980, OK has worked in the Prime Minister
Office of Finland, Academy of Finland, the Finnish Innovation Fund (Sitra) and
Government Institute for Economic Research of Finland (VATT). Since 1999,
OK has worked as the scientific adviser or project researcher in technology
assessment and foresight in the Committee for the Future of the Parliament
of Finland.

Ville Vahamaki (M.Sc.) is Member of the Parliament of Finland since 2011. He is
member of the Finance Committee and chairs subcommittee for Adminis-
tration and Security and is a member of Tax Subcommittee and Agriculture
Subcommittee. He is also a member of Parliamentary Supervisory Council and
deputy member of Commerce Committee and Committee for the Future. In
2011-2015, VWV chaired the Radical Technologies Subcommittee that defined
the need to develop the methodology presented in this paper. This paper

is a separate follow-up to the line of commissioned studies initiated by that
subcommittee. VV has participated in the authoring of this article in the role of
an independent expert.

Funding

The development of the method reported in this article has been funded by
the Committee for the Future of the Parliament of Finland, which also has
published a series of related reports referred to in the article. The committee
has set the aim that the developed foresight method needs to integrate social
and technological aspects and has commented the basic methodological
solutions. It has not influenced data collection or subsequent analysis. This
article has been written after the ending of the funded projects, indepen-
dently of the committee’s views. The fourth author has functioned as a
member of the Parliament of Finland and the Committee for the Future but
has participated in the authoring of this article in the role of an independent
expert.

Availability of data and materials

Internet sources of the data based on which recent anticipated radical tech-
nologies (ARTs) are constructed are available in the descriptions of the 100
ARTs in the last basic report of the RTI [41]. The access to social media support
group where new evidence of radical technologies of the ARTs has been and
is being added and evaluated (not in English) can be requested from the cor-
responding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'R. Linturi Plc., 00870 Helsinki, Finland. 2Finland Futures Research Centre
(FFRC), University of Turku, Turku, Finland. 3What Futures Inc,, Finland Futures
Research Centre (FFRC), University of Turku, Turku, Finland. *Parliament of Fin-
land, Helsinki, Finland.



Linturi et al. European Journal of Futures Research

(2022) 10:18

Received: 12 July 2021 Accepted: 24 June 2022
Published online: 14 July 2022

References

1.

20.

21.

Abernathy WJ (1978) The productivity dilemma. Johns Hopkins University
Press, Baltimore

Andersen AD, Andersen PD (2014) Innovation system foresight. Technol
Forecast Soc Change 88:276-286

Ansoff HI (1975) Managing strategic surprise by response to weak signals.
California Manag Rev XVIII(2):21-33

Auvinen H, Tuominen A (2014) Future transport systems: long-term
visions and socio-technical transitions. Eur Transp Res Rev 6:343-354.
https://doi.org/10.1007/512544-014-0135-3

Baldwin, CY (2018) Design rules, volume 2: how technology shapes
organizations: chapter 7 The value structure of technologies, part 2:
technical and strategic bottlenecks as guides for action. Harvard Business
School Working Paper, No. 19-042, October 2018. https://www.hbs.edu/
faculty/Pages/download.aspx?name=19-042.pdf.

van Bree B, Verbong GPJ, Kramer GJ (2010) A multi-level perspective

on the introduction of hydrogen and battery-electric vehicles. Technol
Forecast Soc Change 77:529-540

Christensen CM, Raynor ME (2003) The innovator’s solution: creating and
sustaining successful growth. Harvard Business School Press, Boston
Cuhls, K, van der Giessen A, Toivanen H (2015). Models of horizon scan-
ning - how to integrate horizon scanning into European Research and
Innovation Policies. Affiliation: Fraunhofer ISI, TNO, VTT. https://www.resea
rchgate.net/publication/303403699_Models_of_Horizon_Scanning_-_
How_to_integrate_Horizon_Scanning_into_European_Research_and_
Innovation_Policies

Dufva M, Kénnola T, Koivisto R (2015) Multi-layered foresight: lessons from
regional foresight in Chile. Futures 43:100-111

Dufva M (2019) What is a weak signal? (9.1.2019) https://www.sitra.fi/en/
articles/what-is-a-weak-signal/. Accessed 27 Mar 2022.

European Commission 2020. Science, research and innovation perfor-
mance of the EU 2020. A fair, green and digital Europe. European Union,
2020. https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-
2020-report.pdf.

Epprecht N, Von Wirth T, Stiinzi C, Blumer YB (2014) Anticipating transi-
tions beyond the current mobility regimes: how acceptability matters.
Futures 60:30-40. https://doi.org/10.1016/j.futures.2014.04.001

Geels FW (2002) Technological transitions as evolutionary configuration
processes: a multi-level perspective and a case-study. Research Policy
31:1257-1274. https://doi.org/10.1016/50048-7333(02)00062-8

Geels FW, Schot J (2007) Typology of sociotechnical transition pathways.
Research Policy 36:399-417

Geels FW (2011) The multi-level perspective on sustainability transitions:
responses to seven criticisms. Environ Innov Soc Transit 1:24-40

Geels FW (2018) Disruption and low-carbon system transformation:
progress and new challenges in socio-technical transitions research and
the multi-level perspective. Energy Res Soc Sci 37:224-231

Glenn C J, The Millennium Project Team (2019) Work/technology 2050:
scenarios and actions. Global future Studies & Research. Millennium
Project, Washington DC. Executive Summary available at http://www.
millennium-project.org/wp-content/uploads/2019/09/Work_Tech_2050-
ExecSumm.pdf. Accessed 17 June 2021.

Gonzélez-Gonzélez E, Nogués S, Stead D (2019) Automated vehicles and
the city of tomorrow: a backcasting approach. Cities 94:153-160. https://
doi.org/10.1016/j.cities.2019.05.034

. Gustafsson R, Kuusi O, Meyer M (2015) Expectations, anticipations,

and generalizations in emerging technological fields: the case of cel-
lulosic ethanol, technological forecasting and social change, vol 91, pp
179-193

Halal WE, Kull MD, Leffmann A (1998) The George Washington University
Forecast of Emerging Technologies: a continuous assessment of the tech-
nology revolution. Technol Forecast Soc Change 59(1):89-110. https://
doi.org/10.1016/50040-1625(97)00163-7

Halal WE (2013) Forecasting the technology revolution: results and learn-
ings from the TechCast project. Technol Forecast Soc Change 80(8):1635-
1643. https://doi.org/10.1016/j.techfore.2013.02.008

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 22 of 23

Helsingin kaupunki (2020). Helsingin keskustavisio. Linjauksia
maankdyton ja liikenteen suunnittelulle kantakaupungissa. https://www.
hel fi/static/liitteet/kaupunkiymparisto/asuminen-ja-ymparisto/kaavo
itus/Helsingin_keskustavisio_2020_09.pdf. (Accessed 20 Mar 2022).
Jokinen L (2022) Ideation for future cruise ships. Collaborative foresight in
cruise ship concept ideation. Doctoral thesis, University of Turku
Kondratiev ND (1935) The Long Waves in Economic Life. Rev Econ Stat
17:105-115

Kosow H, Gallner R (2008) Methods of future and scenario analysis:
overview, assessment, and selection criteria. Deutsches Institut fur
Entwicklungspolitik gGmbH, DIE Studies, 39. Bonn. https://nbn-resolving.
org/urn:nbn:de:0168-ssoar-193660. Accessed 21 Mar 2022.

Koukios E, Sacio-Szymariska A (2018) Assessing the emergence of bio-
economy by the radical technology inquirer tool. Eur J Futures Res 2:23.
https://doi.org/10.1186/540309-018-0152-x

Kuusi O (1999) Expertise in the future use of generic technologies, Gov-
ernment Institute for Economic Research, Research Reports 59, Helsinki
School of Economics A-159, Helsinki

Kuusi O (2018) Recent technological breakthroughs and the future of
work. Futura 37:19-28

Kuusi O, Hautamaki A (2022) Four basic philosophies for scientific futures
research, Futura 1/2022

Kuusi O, Meyer M (2002) Technological generalizations and leitbilder—
the anticipation of technological opportunities. Technol Forecast Soc
Change 69:625-639

Kuusi O, Meyer M (2007) Anticipating technological breakthroughs: using
bibliographic coupling to explore the nanotubes paradigm. Scientomet-
rics 70:759-777

Kohler J, Turnheim B, Hodson M (2018) Low carbon transitions pathways
in mobility. Applying the MLP in a combined case study and simulation
bridging analysis of passenger transport in the Netherlands. Technol
Forecast Soc Change. https://doi.org/10.1016/j.techfore.2018.06.003
Kohler J, Geels FW, Kern F, Markard J, Wieczorek A, Alkemade F, Avelino

F, Bergek A, Boons F, Fuinfschilling L, Hess D, Holtz G, Hyysalo S, Jenkins

K, Kivimaa P, Martiskainen M, McMeekin A, Mihlemeiers MS, Nykvist B,
Onsongo E, Pel B, Raven R, Rohracher H, Sandén B, Schot J, Sovacool B,
Turnheim B, Welch D, Wells P (2019) An agenda for sustainability transi-
tions research: state of the art and future directions. Environ Innov Soc
Transit 31:1-32. https://doi.org/10.1016/j.eist.2019.01.004

Land, K C, Alex C M (2015) Fifty years after the social indicators move-
ment: has the promise been fulfilled? An assessment and an agenda for
the Future (http://www.migols.org/howb/wp-content/uploads/2016/06/
LandAndMichalos-50YearsPaper-Draft7.pdf (Accessed 28 Mar 2022).
Lauttamdki V (2018) Geoenergia kiinteistojen lammitysratkaisujen markki-
noilla Suomessa energiakriisien ajoista 2030-luvulle [Ground-source heat
on facilities"heating market in Finland from the times of energy crisis in
the 1970s until 2030]. University of Turku, Dissertation http://urn.fi/URN:
ISBN:978-951-29-7234-0

Linturi R, Kuusi O, Ahlqvist T (2013) Suomen sata uutta mahdollisuutta:
radikaalit teknologiset ratkaisut. Eduskunnan tulevaisuusvaliokunnan
julkaisu 6/2013. Eduskunta, Helsinki

Linturi R, Kuusi O, Ahlqvist T (2014) 100 opportunities for Finland and

the world. Radical Technology Inquirer (RTI) for anticipation/ evaluation
of technological breakthroughs (from the original Finnish book written
by Risto Linturi, Osmo Kuusi and Toni Ahlgvist (2013) "Suomen 100

uutta mahdollisuutta” Translated, updated and edited by Osmo Kuusi
and Anna-Leena Vasamo). Publication of the Committee for the Future
11/2014. Parliament of Finland, Helsinki.

Linturi R (2016a) Teknologiamurros 2013-2016. Esiselvitys radikaalien
teknologioiden kehityksesta 2013 katsauksen jalkeen. Eduskunnan tule-
vaisuusvaliokunnan julkaisu 1/2016. Eduskunta, Helsinki

Linturi R (2016b) Technological change 2013-2016. Preliminary investiga-
tion of the development of radical technologies after the 2013 review.
Publication of the Committee for the Future 1/2016. Parliament of
Finland, Helsinki

Linturi R, Kuusi O (2018) Suomen sata uutta mahdollisuutta 2018-2037.
Yhteiskunnan toimintamallit uudistava radikaali teknologia. Eduskunnan
tulevaisuusvaliokunnan julkaisu 1/2018. Eduskunta, Helsinki

Linturi R, Kuusi O (2019) Societal transformation 2018-2037. 100 antici-
pated radical technologies, 20 regimes, case Finland. Publication of the
Committee for the Future 10/2018. Parliament of Finland, Helsinki


https://doi.org/10.1007/s12544-014-0135-3
https://www.hbs.edu/faculty/Pages/download.aspx?name=19-042.pdf
https://www.hbs.edu/faculty/Pages/download.aspx?name=19-042.pdf
https://www.researchgate.net/publication/303403699_Models_of_Horizon_Scanning_-_How_to_integrate_Horizon_Scanning_into_European_Research_and_Innovation_Policies
https://www.researchgate.net/publication/303403699_Models_of_Horizon_Scanning_-_How_to_integrate_Horizon_Scanning_into_European_Research_and_Innovation_Policies
https://www.researchgate.net/publication/303403699_Models_of_Horizon_Scanning_-_How_to_integrate_Horizon_Scanning_into_European_Research_and_Innovation_Policies
https://www.researchgate.net/publication/303403699_Models_of_Horizon_Scanning_-_How_to_integrate_Horizon_Scanning_into_European_Research_and_Innovation_Policies
https://www.sitra.fi/en/articles/what-is-a-weak-signal/
https://www.sitra.fi/en/articles/what-is-a-weak-signal/
https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-2020-report.pdf
https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-2020-report.pdf
https://doi.org/10.1016/j.futures.2014.04.001
https://doi.org/10.1016/S0048-7333(02)00062-8
http://www.millennium-project.org/wp-content/uploads/2019/09/Work_Tech_2050-ExecSumm.pdf
http://www.millennium-project.org/wp-content/uploads/2019/09/Work_Tech_2050-ExecSumm.pdf
http://www.millennium-project.org/wp-content/uploads/2019/09/Work_Tech_2050-ExecSumm.pdf
https://doi.org/10.1016/j.cities.2019.05.034
https://doi.org/10.1016/j.cities.2019.05.034
https://doi.org/10.1016/S0040-1625(97)00163-7
https://doi.org/10.1016/S0040-1625(97)00163-7
https://doi.org/10.1016/j.techfore.2013.02.008
https://www.hel.fi/static/liitteet/kaupunkiymparisto/asuminen-ja-ymparisto/kaavoitus/Helsingin_keskustavisio_2020_09.pdf
https://www.hel.fi/static/liitteet/kaupunkiymparisto/asuminen-ja-ymparisto/kaavoitus/Helsingin_keskustavisio_2020_09.pdf
https://www.hel.fi/static/liitteet/kaupunkiymparisto/asuminen-ja-ymparisto/kaavoitus/Helsingin_keskustavisio_2020_09.pdf
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-193660
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-193660
https://doi.org/10.1186/s40309-018-0152-x
https://doi.org/10.1016/j.techfore.2018.06.003
https://doi.org/10.1016/j.eist.2019.01.004
http://www.miqols.org/howb/wp-content/uploads/2016/06/LandAndMichalos-50YearsPaper-Draft7.pdf
http://www.miqols.org/howb/wp-content/uploads/2016/06/LandAndMichalos-50YearsPaper-Draft7.pdf
http://urn.fi/URN:ISBN:978-951-29-7234-0
http://urn.fi/URN:ISBN:978-951-29-7234-0

Linturi et al. European Journal of Futures Research (2022) 10:18

42.

43.

44,

45.

46.

47.

48.
49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.
67.

Linturi R (2020a) Development of genetic engineering in different areas
of application 2018-2020, Publication of the Committee for the Future
3/2020. Parliament of Finland, Helsinki

Linturi R (2020b) Pandemiateknologiat: teknologian rooli koronapan-
demian aikana ja koronapandemian vaikutus teknologian kehitykseen.
Eduskunnan tulevaisuusvaliokunnan julkaisu 4/2020. Eduskunta, Helsinki
Linturi R (2021) Towards a better future: technological opportunities and
threats to the promotion of sustainable development. Publication of the
Committee for the Future 1/2021. Parliament of Finland, Helsinki

Linturi R, Kuusi O (2020) Emerging technologies and working life. In:
Schaffers H, Vartiainen M, Bus J (eds) Digital Innovation and the Future of
Work. River Publishers

Markard J, Raven R, Truffer B (2012) Sustainability transitions: an emerging
field of research and its prospects. Research Policy 41:955-967

McDowell W (2014) Exploring possible transition pathways for hydrogen
energy: a hybrid approach using socio-technical scenarios and energy
system modelling. Futures 63:1-14

Metcalfe J (1995) Forecasting profit. Kluwer, London

NASA (2012) Technology readiness level (28.10.2012). https://www.nasa.
gov/directorates/heo/scan/engineering/technology/technology_readi
ness_level (Accessed 27 Mar 2022).

OECD (1973) List of social concerns common to most OECD countries.
OECD, Paris

Papachristos G (2018) A mechanism based transition research methodol-
ogy: bridging analytical approaches. Futures 98:57-71. https://doi.org/10.
1016/j.futures.2018.02.006

Pearson RL (2011) Forecasting future technology: foresight, Winter 2011.
Issue 20:24-28 https://citeseerx.ist.psu.edu/viewdoc/download?doi=
10.1.1.363.1429&rep=rep1&type=pdf

Pezzoni M, Veugelers R, Visentin F (2019) How fast is this novel technol-
ogy going to be a hit? Antecedents predicting follow-on inventions.
Research Policy 51(3):104454. https://doi.org/10.1016/j.respol.2021.
104454

Phaal R, Farrukh CJP, Probert DR (2003) Technol Forecast Soc Change
71(1-2):5-26

Pombo-Judrez L, Konnola T, Miles |, Saritas O, Schartinger D, Amanatidou
E, Giesecke S (2017) Wiring up multiple layers of innovation ecosystems:
contemplations from personal health systems foresight. Technol Forecast
Soc Change 115:278-288

Porter AL (2010) Technology foresight: types and methods. Int J Foresight
Innov Policy 6(1-3):36-45

Purmonen J, Saarinen J (2018) Fotoniikasta valoa Suomen hyvinvointiin.
Selvitys alan vaikuttavuudesta ja kasvunakymista. Eduskunnan tule-
vaisuusvaliokunnan julkaisu 5/ 2018. Eduskunta, Helsinki

Rosenberg N (1969) The direction of technological change: inducement
mechanisms and focusing devices. Econ Dev Cultural Change 18:1-24
Sanborn L (2015) Information literacy and instruction: the future of
academic librarianship: MOOCs and the robot revolution. Ref User Serv
Quarterly 55:97-101. https://doi.org/10.5860/rusq.55n2.97

Saritas O (2013) Systemic foresight methodology. In: Science, Technology
and Innovation Policy for the Future: Potentials and Limits of Foresight
Studies. Springer-Verlag, pp 83-117

Schumpeter JA (1939) Business Cycles: A Theoretical, Historical and Statis-
tical Analysis of the Capitalist Process. Abridged, with an introduction, by
Rendigs Fels. McGraw-Hill Book Company, New York Available via https://
www.mises.at/static/literatur/Buch/schumpeter-business-cycles-a-theor
etical-historical-and-statistical-analysis-of-the-capitalist-process.pdf
Shane S (2005) Prior knowledge and the discovery of entrepreneurial
opportunities. Organization Science 11(4):448-469

Stiglitz, J E, Sen A, Fitoussi J-P (2011) Report by the Commission on the
Measurement of Economic Performance and Social Progress. https://ec.
europa.eu/eurostat/documents/8131721/8131772/Stiglitz-Sen-Fitoussi-
Commission-report.pdf.

Tetlock PE, Gardner D (2015) Superforecasting: The Art and Science of
Prediction. Crown Publishers

Toffler A (1970) Future Shock. The Bodley Head, London

Toffler A (1980) The Third Wave. William Morrow & Company, New York
Valenduc G (2018) Technological revolutions and societal transitions. ETUI
Research Paper - Foresight Brief #04-April 2018. doi: https://doi.org/10.
2139/55r.3180000 (Accessed 28 Mar 2022).

Page 23 of 23

68. Vasamo A-L (2015) The Radical Technology Inquirer (RTI) tool for technol-
ogy anticipation and evaluation: introduction and quality criteria analysis.
Eur J Futures Res 3:18. https://doi.org/10.1007/540309-015-0081-x

69. van Veen BL, Ortt JR (2021a) Unifying weak signals definitions to improve
construct understanding. Futures 134:102837. https://doi.org/10.1016/j.
futures.2021.102837

70. Vahdkari N, Lauttaméki V, Tapio P, Ahvenainen M, Assmuth T, Lyytimaki
J,Vehmas J (2020) The future in sustainability transitions - interlinkages
between the multi-level perspective and futures studies. Futures. https://
doi.org/10.1016/j.futures.2020.102597

71. Warnke P, Andreescu L, Baboschi C, Cuhls K, Curaj A, Daniel L, Dragomir B,
Gheorghiu R, Kuusi O, Parkkinen M (2019) 100 radical innovation break-
throughs for the future. The Radical Innovation Breakthrough Inquirer
(RIBRI), EU Directorate-General for Research and Innovation. Publications
Office of the European Union, Luxembourg https://ec.europa.eu/info/
sites/info/files/research_and_innovation/knowledge_publications_
tools_and_data/documents/ec_rtd_radical-innovation-breakthrough_
052019.pdf

72. Weick K, Sutcliffe KM, Obstfeld D (2005) Organizing and the process of
sensemaking. Organ Sci 16(4):409-421. https://doi.org/10.1287/orsc.1050.
0133

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level
https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level
https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level
https://doi.org/10.1016/j.futures.2018.02.006
https://doi.org/10.1016/j.futures.2018.02.006
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.363.1429&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.363.1429&rep=rep1&type=pdf
https://doi.org/10.1016/j.respol.2021.104454
https://doi.org/10.1016/j.respol.2021.104454
https://doi.org/10.5860/rusq.55n2.97
https://www.mises.at/static/literatur/Buch/schumpeter-business-cycles-a-theoretical-historical-and-statistical-analysis-of-the-capitalist-process.pdf
https://www.mises.at/static/literatur/Buch/schumpeter-business-cycles-a-theoretical-historical-and-statistical-analysis-of-the-capitalist-process.pdf
https://www.mises.at/static/literatur/Buch/schumpeter-business-cycles-a-theoretical-historical-and-statistical-analysis-of-the-capitalist-process.pdf
https://ec.europa.eu/eurostat/documents/8131721/8131772/Stiglitz-Sen-Fitoussi-Commission-report.pdf
https://ec.europa.eu/eurostat/documents/8131721/8131772/Stiglitz-Sen-Fitoussi-Commission-report.pdf
https://ec.europa.eu/eurostat/documents/8131721/8131772/Stiglitz-Sen-Fitoussi-Commission-report.pdf
https://doi.org/10.2139/ssrn.3180000
https://doi.org/10.2139/ssrn.3180000
https://doi.org/10.1007/s40309-015-0081-x
https://doi.org/10.1016/j.futures.2021.102837
https://doi.org/10.1016/j.futures.2021.102837
https://doi.org/10.1016/j.futures.2020.102597
https://doi.org/10.1016/j.futures.2020.102597
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/ec_rtd_radical-innovation-breakthrough_052019.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/ec_rtd_radical-innovation-breakthrough_052019.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/ec_rtd_radical-innovation-breakthrough_052019.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/ec_rtd_radical-innovation-breakthrough_052019.pdf
https://doi.org/10.1287/orsc.1050.0133
https://doi.org/10.1287/orsc.1050.0133

	Radical Technology Inquirer: a methodology for holistic, transparent and participatory technology foresight
	Abstract 
	Introduction
	Theoretical foundation
	Key methodological elements of the RTI methodology
	Defining ARTs
	Defining the maturity of ARTs
	Defining GVNs
	Qualitative assessment of the impact of ART on GVN
	Quantitative scoring of the weak signals
	Ordering of the ARTs based on scoring and maturity
	Iteration

	The uses of RTI results

	Discussion
	Conclusions
	Acknowledgements
	References


