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Preface 

This document provides the Foresight Report (D3) for a study entitled ‘Foresight Services to 

support strategic programming within Horizon 2020’ by RAND Europe, in collaboration 

with Horizon Scanning Ltd, the Institute for European Studies at the Vrije Universiteit 

Brussels (VUB) and 21C. 
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Abstract 

This report is an investigation into the scope for development and optimisation of policy 

interventions centred around the Horizon 2020 Programme (hereafter H2020), along ten 

thematic lines suggested by a recent crowdsourcing exercise. The study was conducted 

between June and September 2014. It was undertaken from a foresight perspective and seeks 

to explore links between long-term, forward-looking approaches and funding priorities. 

Chapter 1 presents the objectives and summarises the methods of the report; Chapter 2 

describes the themes and analyses the nature and implications of their trend development; 

Chapter 3 presents a SWOT analysis oriented to clustering the themes and designed to 

expose what might usefully be done to improve knowledge and its application based on the 

current situation; Chapter 4 tackles the uncertainties of the environment in which thematic 

development and policy intervention will work by means of scenario analysis to identify 

critical dependencies; Chapter 5 concludes by integrating the results from the Report as a 

whole and making suggestions as to how the framework constructed in this report can be 

consistently reused. This report is based on: a trend analysis of significant current and 

emergent developments along these themes; a SWOT (strengths, weaknesses, opportunities 

and threats) analysis from the perspective of European innovation system stakeholders in 

the context of societal grand challenges; and scenario development taking into account the 

critical uncertainties and policy implications associated with these themes leading to ‘meta-

scenarios’ showing how the themes will interact into the future. 
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Executive Summary 

 

This report explores how aspects of the EU’s Horizon 2020 programme (H2020) could be 

shaped to support development of European research and innovation capacity in ten key 

areas related to digital technology. It was undertaken from a foresight perspective and seeks 

to explore links between long-term, forward-looking approaches and funding priorities. The 

project on which this report is based consists of an analysis of current and emerging trends 

within these themes; a SWOT (strengths, weaknesses, opportunities and threats) analysis for 

European innovation in the context of societal grand challenges; and a suite of scenarios that 

bring together the theme trends with critical uncertainties and policy implications.    

The outputs and recommendations are relevant for H2020 and for policy and innovation 

more broadly. The scenarios create a stable framework for thinking through potential 

impacts of policy interventions. The analyses and scenarios can serve as a coordinating 

device, a starting point for modification and co-creation of new themes, and a platform for 

business case and policy development. 

The central question addressed in this report is: ‘what type of research should be funded by 

the public purse?’ This is to be framed by the ten themes identified in the EC crowdsourcing 

exercise. We feel that this should be understood broadly, in terms of:  

 How different topics relate (within and across themes  

 How the wealth of expert inputs currently being received can be digested when 

planning and implementing H2020  

 How funding and other support should be structured and delivered  

 How H2020 support should be coordinated with other policies.  

Themes  

The themes around which this report is organised emerged from a crowdsourcing exercise 

conducted by the European Commission’s Digital Foresight team in 2014. The resulting ten 

themes can be clustered along two dimensions:  

 Meta-themes (or ‘key challenges’) – data (the explosion of data and associated big 

data and open data responses); skills (the need to incorporate digital awareness in 

skills development, research, policy and business); and legal and policy 

environment (the tension between relatively inflexible, localised legal 

environment and fast-moving, globalised development). 
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 The type of research needed – from relatively low-risk, short-term, near-market, 

solution-driven, specialised and product-oriented projects to high-risk, longer-

term, ‘blue sky’ projects in completely new areas. Note that some of these areas 

already have extensive private-sector, national and academic research efforts 

and/or deployment. In such areas, publicly supported research is less a matter of 

pump-priming than of filling in gaps, especially as concerns the optimisation of 

societal benefits and the implications for law, regulation, competition, etc. 

Figure 1. Clustering of themes 

 
Considering each theme on its own terms, we identified the following relevant (in terms of 

importance for overall objectives and relevance to H2020) trends: 

Table 1. Trends associated with the ten themes 

1: The path towards singularity 

Singularity is the surpassing of human by 

artificial intelligence. Associated trends are: 

 Machines designing machines 

 Machine learning 

 Exponential increases in computational 

speed. 

However, their combined consequences are 

unpredictable. 

2: The emerging consumer Internet economy 

 Creating and innovating with consumers 

 Big data  

 Hyperconnectivity and e-commerce 

 

3: The evolution of learning and 

education 

 Gamification 

4: New economic models 

 Sustainability 

 ‘Me’ economy 



 

 xxi 

 MOOCs and distance learning 

 Big data and learning analytics 

 Blurring of formal vs informal learning  

 ‘Peer-to-peer’ economy 

5: The evolution of the web’s 

architecture 

 Explosion in number of connected devices 

 Cheaper, smaller, smarter devices 

 Advances in wireless communication 

technologies  

 Global IoT investments 

6: Do-It-Yourself Innovation 

 Democratisation of manufacturing 

 Transition to mass customisation 

 Local manufacturing 

 Freedom to create or obtain ‘whatever, 

wherever, whenever’  

7: The societal and economic impacts of 

robotics 

 Adoption of industrial robots 

 More robotics outside manufacturing 

 More human-robot interaction 

 Increasing robotics investment globally 

 More robotics patents and prizes  

8: Digital agriculture and food 

 Precision agriculture with sensors, robots, 

drones 

 Big Data 

9: Digital art and science 

 Open access to scientific publications, 

data 

 Crowdfunding, citizen science, co-

creation 

 Large, collaborative art and science 

projects 

10: Governance & policymaking 

 eGovernment: user-centric and user-

driven public services 

 More open, collaborative governance 

 More co-regulation in design and 

provision of services 

Unlike technology trends (which are concrete and relatively unambiguous) or Grand 

Challenges (which have both an official status and a degree of permanence), these themes 

are memes – ideas shared (but not wholly agreed upon) by many parties. This sharing allows 

the exchange of information and the coordination of action, so that they will combine or 

change over time. Specifically, in the context of this report: 

 The themes are defined by the interactions of stakeholders as much as by concrete 

evidence. As a result, they are not ‘right’ or ‘wrong’ but more or less useful; some 

disagreement among those involved or between the theme and observed evidence 

helps understanding to evolve and keep pace with the world1.  

 Using themes requires willing – and mutual – suspension of disbelief (serious 

gaming). 

                                                        

1 This is especially important for those involved in policy, which by definition and design changes 
more slowly than the ICT-enabled world, and often struggles to know what evidence to look at and 
how to analyse it. 
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 Precision, accuracy or understanding may not be possible or productive at the 

outset, but can usefully be sought in conjunction with other stakeholders.  

 Policies may be fixed for a period of time, but the thematic framework (along the 

lines in this report) should evolve. 

This futures-oriented approach can help to identify new topics of Research & Innovation 

(R&I) for targeted support (e.g. by H2020 instruments). We have pursued this use only to a 

limited extent, because there are a host of activities involving domain experts working to 

help the European Commission identify fruitful topics for research. We did identify some 

specific target areas along the way, which we hope are useful in their own right. But our 

ambition is to provide a framework for interpreting and integrating this wealth of Work 

Programme-specific advice from expert and interested parties in different domains to aid 

coordination of support across the portfolio of topics and identification of areas where 

Commission action is both necessary and appropriate. The framework in this report should 

help to connect different areas of action in their wider societal, market and technological 

contexts and thus to develop recommendations of how and with whom this support should 

be provided, rather than what should be supported.  

It is useful to bear in mind that the H2020 programme operates in a context that includes 

many related lines of action and policy themes including Internet-ready regulation, 

technology platforms and public-private partnerships. Innovation is risky and uncertain, 

involving a very wide range of players and a complex and fast-moving environment. By 

contrast, public R&I support tends to be slow, highly visible and inevitably politicised. The 

resulting commitment power can be used to encourage early and vigorous multi-stakeholder 

involvement and to provide a stable environment for new, risky and societally-beneficial 

initiatives. This calls for a future-looking analysis to assess and make visible the changes that 

might follow from R&I support. Hence the trend-based analysis of the themes was 

complemented by a SWOT analysis (Chapter 3) and the scenarios (Chapter 4). 

SWOT findings 

For aspects of each of the ten themes, some research and innovation activity is already 

established in Europe, but the trend analyses reveal that new dimensions can be introduced. 

In eight of the themes, European research and industry has already benefited from EU 

research funding through FP6 and/or FP7 and the first call of H2020 (specifically within 

ICT/LEIT).  

For those areas that are already established in EU research programmes, we should now 

focus on integrating social, legal and policy implications into our technological research. 

Many weaknesses and threats identified in the SWOT exercises related to the inflexibility of 

the legal and policy environment that created barriers to uptake of research outputs. 

Scenarios  

The scenario framework is organised along two critical dimensions of uncertainty (selected 

from a long list drawn from the literature for relevance and significant impact on the basis of 

the thematic trend analysis and SWOT): 
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 Sustained global growth vs shocks and setbacks to growth – the global 

economy is partially recovering from the recent troubles, but many commentators 

warn2 that this recovery may be weak, uneven and therefore hard to sustain. 

Continued weakness in employment, global imbalances and volatility will reduce 

willingness to invest in long-term risky projects and may discourage global 

knowledge- and market-sharing. 

 Competition, diversity, fragmentation vs cooperation, uniformity, 

‘collective’ – Partially in response to global challenges, citizens, businesses and 

governments can become more competitive, trying many different approaches in 

the hope that the best will prevail. Alternatively, if the cost of experimentation 

seems too high or the welfare of those potentially left behind seems too important, 

there may be a greater push towards agreed standards and rules, in which 

departures from the norm are discouraged. This difference determines whether 

‘natural selection’ or ‘economies of scale’ will more strongly influence the future 

and whether continuous or disruptive change will characterise the development of 

the themes. 

These dimensions were derived from a much longer list, obtained as follows: for each theme, 

the researchers who conducted the trend analysis identified critical uncertainties affecting its 

future development. These were then clustered to associate common uncertainties that were 

likely to affect many themes and to translate these into ‘dimensional’ terms by specifying 

‘high’ and ‘low’ outcomes. Because the uncertainties were inherently complex (e.g. whether 

the singularity would be shaped more by the physical or mental enhancement of individual 

human beings or the emergence of non- (or post-) human super intelligence, and whether 

the impacts would be evenly spread or concentrated, primarily positive or primarily 

negative), it was also necessary to step back from the specific details in order to produce a 

coherent and simple framing. To do this, we also surveyed the uncertainties used in a range 

of related macro-scenario studies such as the European Strategy and Policy Analysis System 

(ESPAS) reports that formed part of the background to the theme identification. This 

produced a ‘long list’ of uncertainties, which were further analysed to identify those 

outcomes that had significant probability and impact on or relevance to policy objectives and 

stakeholder interests. They were further clustered by considering the degree to which a high 

outcome along one dimension (e.g. sustained economic growth) might be associated with a 

high outcome along another dimension (e.g. high levels of new technology uptake) by logical 

consistency (e.g. high levels of disposable income and high and relatively low-risk rewards to 

innovation). 

Within this framework, four scenarios (Chapter 4) were developed along with implications 

for each of the ten themes: 

 ‘Easy riders’ – after a painful period of recovery, the world attains steady growth 

in aggregate economic performance and progress towards societal objectives, fed 

by a rich diversity of exciting changes and increased digital enhancements 

supplied by a vibrant set of new and agile companies and business models. 

                                                        

2 See e.g. http://www.oecd.org/newsroom/jobs-recovery-to-remain-weak-in-2015.htm. 

http://www.oecd.org/newsroom/jobs-recovery-to-remain-weak-in-2015.htm
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 ‘Stately procession’ – Growth is maintained in the aggregate sense, but the 

development of business and societal ecosystems has slowed to a crawl, ruled by 

large, powerful and stable organisations that produce a steady stream of modest 

advances in the most critical areas. 

 ‘Riders on the storm’ – the hoped-for recovery has faltered and a succession of 

crises has seen power returned to contending countries and increasing 

fragmentation and protectionism and the emergence of new networks based more 

on shared interest than national identity. 

 ‘Riding the waves’ – the emerging economies have been overtaking today’s major 

powers, but slowly enough that levels of inequality are also abating. The economic 

shocks of the 2007–2008 recession have given way to global problems involving 

rare earths, failed and terrorist states and climate change, which has strengthened 

international cooperation. 

These alternative, consistent futures help to explore connections among the themes and test 

the robustness of specific recommendations to critical uncertainties. This is reflected in 

Table 9, which shows how (for illustration) one opportunity and one threat for each theme 

play out in each scenario.  

This method can be used to explore the impact of uncertainties (scenario differences) on 

many elements, e.g. SWOTs, policy options, specific stakeholder interests or progress 

towards overarching objectives. Robust policy options, which work well across all scenarios, 

can be implemented early; others may need to be delayed until more is known, made more 

flexible, monitored closely and/or be implemented in suitable combinations. 

None of the scenarios will unfold precisely as specified; they give a template for identifying 

the emergence of new trajectories. As a result, the recommendations will not apply equally in 

all possible futures, but should be viewed as conditional. 

Used in this way, the scenarios provide a stable framework to maintain a consistent view of 

what might have happened (or might yet happen). The world in which H2020 will operate 

will not be the same as that in which it was conceived. The framework can also be used to 

anticipate or ‘game’ other stakeholders’ engagement with the programme – ideally in an 

open workshop setting. Even though H2020 funding is much smaller than other R&I 

resources and some supported projects may fail, the programme’s shaping influence and 

visualisation of societal as well as commercial impacts allows it to complement to its larger 

and potentially more agile counterparts.3 

Two specific areas of application illustrate additional points. First, knowledge gap does not 

necessarily call for public intervention; many recommended actions correspond to 

recognised needs and will be tackled in any case. In relation to research, for instance, what is 

known may matter less than by whom it is known and how it is applied. Therefore, not all 

gaps in knowledge and practice should be addressed by H2020. For example, precision 

agriculture is being actively developed and will be implemented by the rapidly growing 

private sector; but given its political, societal and economic significance, Europe must 

                                                        

3 These alterations will, in turn, change the SWOT and associated policy recommendations; hence the 
need to maintain and reuse the tool on an ongoing basis. 
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collectively understand the prospects, costs and benefits of seeking a leading role in 

developing these technologies. 

Second, the analysis indicates structural problems in implementing needed policy. For 

example, Do-It-Yourself (DIY) innovation is intimately bound up with the ‘sharing economy’. 

Because this is highly disaggregated and likely to be dominated by actors other than 

traditional firms, it may be hard to involve key players using traditional support 

mechanisms. Their contributions and the organisational innovation that could be built on 

the basis of this theme may be lost or foreclosed without new forms of engagement and 

support. 

 
 
 
  



RAND Europe 

 xxvi 

 



 

xxvii 

 

Acknowledgements 

The authors wish to thank a number of people for their suggestions and comments on earlier 

versions of this document. First of all, we are grateful to Adam Watson-Brown and Prabhat 

Agarwal at the European Commission Directorate-General for Communications Networks, 

Content & Technology (DG CONNECT) Foresight Network for their guidance and 

suggestions.  

A number of other experts at the European Commission offered their advice and provided 

useful contacts and suggestions, including: Zoe de Linde, Fabrizio Sestini, Michael Niebel, 

Marco Marsello, Peteris Zilgalvis, Ralph Dum and Dirk Beernaert. 

We express our gratitude to all workshop participants and interviewees who kindly agreed to 

participate in this study and donated their time and insights. Those who provided consent to 

being acknowledged are listed in the annex of this report. 

We thank Rosalind Horton of Cambridge Editorial for copy-editing the report and Calum 

MacLure, Olga van Zijverden and Minke van der Saar (RAND Europe) for excellent research 

assistance. Finally, we would like to thank Cecile McGrath and David Kryl (RAND Europe), 

who peer reviewed this document as part of RAND’s quality assurance process and provided 

useful comments and feedback on its earlier versions. 

 

  



RAND Europe 

 xxviii 

 

  



 

xxix 

 

Abbreviations 

Artificial General Intelligence  AGI 

Business-to-business  B2B 

Business-to-consumer  B2C 

Compound annual growth rate  CAGR 

Dynamic asset allocator DA 

Do-It-Yourself  DIY 

European Strategy and Analysis System  ESPAS 

Forward-Looking Activities  FLAs  

Food and Agriculture Organisation  FAO  

Horizon 2020 H2020 

Information and communication technology  ICT 

Implants IMPs 

International Telecommunication Union  ITU 

Internet of Things  IoT 

Internet Service Providers  ISP 

Linked Data Repository  LDR 

Machine-to-machine devices  M2M 

Massive Open Online Courses  MOOCs 

Micro-electro-mechanical systems  MEMS 

Make it yourself MIY 

National Intelligence Council  NIC  

National Research Council  NRC 

Quality of service  QoS 

Research and Innovation  R&I 

Radio frequency identification  RFID 

Universal Credit  UC 

Visual Networking Index  VNI 

Whole Brain Emulation WBE 

  





 

1 

 

1. Introduction  

1.1. Objectives and research questions  

The objective of this study has been to apply exploratory foresight methodologies to assist 

the European Commission in better understanding the research and innovation challenges 

related to the ten themes as identified by the European Commission’s Digital Futures Team 

that could be pursued within the Horizon 2020 Work Programme 2016–2017, or later. The 

ten themes suggested by a recent crowdsourcing exercise are formulated as follows: 

1. The path towards singularity: How will human-enhancement technologies, 

human-machine convergence, cyber-physical systems and artificial intelligence 

affect humanity, industrial innovation and society? 

2. The emerging consumer Internet economy: Big Data, hyperconnectivity and co-

creation  

3. The evolution of learning and education: How can advanced ICTs (e.g. mixed 

reality and presence technologies, gaming, etc.) improve learning and education, 

making them more inclusive and delivering the skills of the 21st century? 

4. The path towards new economic models: How can future ICTs experiment with 

and prototype new economic concepts to help find solutions to the long-tail 

effects of the systemic crisis? 

5. The evolution of the web’s architecture: How will the advent of the Internet of 

Things affect the evolution of the web (which was conceived to transfer hypertexts 

between clients and servers)? Could new technological needs generate new 

opportunities for EU industry? 

6. The prospects of a ‘do-it-yourself’ innovation ecosystem: How will the advent of 

open hardware and software, and the ‘commoditisation’ of 3D printing change 

manufacturing, innovation and the roles of producers and consumers? 

7. The societal and economic impacts of robotics: What is the impact of advanced 

robots and automation on economy and society and the related non-technological 

aspects? 

8. Digital agriculture and food: How can the advent of the Internet of Things, Big 

Data and cloud computing help improve productivity in agriculture and 

throughout the food value chain? 

9. Digital art and science: How will ICTs transform and benefit from the arts and 

sciences? 

10. Governance and policymaking: How will the Internet and social networks 

transform governance and policymaking?  
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1.1.1. Approach  

The methodologies used in this study included trend analysis, SWOT analysis from a 

European research and innovation (R&I) perspective, as well as development of alternative 

scenarios and the related cross-impact analyses. The foresight exercise will complement 

other strategic programming inputs gathered by DG CONNECT units and directorates (e.g. 

expert groups, strategic roadmaps of Public-Private Partnerships and European Innovation 

Partnerships, advisory groups, etc.). 

A participatory foresight approach aims to identify new ideas and constituencies as well as to 

connect R&I developments to citizens, with the aim of challenging assumptions or 

reinforcing existing findings/roadmaps. The outcome of the foresight process aims to be 

informative, but not determining. It will be up to the Horizon 2020 decision-making 

structures to have the final say on the strategic choices made to inform the development of 

the Work Programme 2016–2017. 

The trend analysis gives a sense of where things are and the immediate direction in which 

they are heading, but does not look deeply into new policies that might affect them or cross-

thematic linkages. 

The SWOT analysis lays out the prospects (positive and negative) that should inform the 

policy choices and stakeholder actions of EU R&D players starting from now (Strength, 

Weaknesses) and looking to the future (Opportunities, Threats).  

The scenarios provide a sense of different ways in which the future might unfold that takes 

critical uncertainties and a holistic (logically consistent) perspective into account. This work 

therefore attempts to be particular and definitive, rather than to cover all possibilities. 

The structure of the report is a natural flow from the theme reports through the SWOTs to 

the scenarios, as we go from the most micro-level examination to the most macro-level 

projections. From this perspective, we hope the reader will better understand the scenarios 

and their projected futures having first read the SWOT analyses for each theme and seen 

some of the key opportunities and threats that Europe faces in the future. In Chapter 5, we 

then have the opportunity to draw SWOT and scenarios back together in the form of a ‘meta-

swot’ at the end that can make some clearer recommendations not only about the themes in 

isolation, but also how they relate to one another.  

For the reader:  

 Chapter 2: Themes and Trends builds off what the reader is familiar with, 

completing the picture and inviting them to look ahead. 

 Chapter 3: SWOT engages the reader’s policy sense, conveying a picture of what 

might practically be done (and possibly a counter-reaction). 

 Chapter 4: Scenarios provides a sense of how to understand the future world, 

anticipate the consequences of different choices that the previous chapter tells us 

about and gives a basis for making decisions about what to do, what to defer and 

what to keep an eye on – and with whom to partner. 

For policymakers and analysts: 

 The themes and trends can be updated and tweaked in light of new evidence and 

experience in other parts of the world. 
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 The SWOT can be linked to existing and new business/consultancy analyses, refined 

to fit specific policy proposals or used as the starting point for business case 

(including policy) development. 

 The scenarios can be used as the basis of interactive workshop games or decision 

simulation exercises, and can be enhanced both to increase verisimilitude and to 

strengthen participants’ engagement (with the scenario and with each other). 
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2. Themes and Trends  

2.1. Introduction  

2.1.1. Method 

To understand what developments could occur on the time horizon 2025–2030 in our ten 

themes of interest, we began by examining current trends. We sought to identify the changes 

currently taking place in each area, the driving forces and barriers affecting these changes, 

and areas of uncertainty about how these trends could evolve or the impacts they could have. 

We looked in particular for aspects of these changes, drivers and barriers that pose 

challenges for policymakers, or could be shaped by policy actions. These findings are 

summarised in the trend card at the beginning of each theme section. 

This analysis of trends was based on information from two sources: literature (from 

academic and policy publications, and the media), and interviews with stakeholders active in 

each theme (in business, research or policymaking). For further details about our methods, 

including the literature search criteria we used and a list of interviewees, please refer to 

Appendix A.  

2.1.2. Chapter structure  

In the next sections of this chapter (2.2–2.11), we present our findings about trends in each 

of the ten themes:  

 Theme 1: The path toward singularity (2.2) 

 Theme 2: The emerging consumer Internet economy – Big Data, hyperconnectivity 

and co-creation (2.3) 

 Theme 3: The evolution of learning and education: How can advanced ICTs (e.g. 

mixed reality and presence technologies, gaming, etc.) improve learning and 

education, making them more inclusive and delivering the skills of the 21st century? 

(2.4) 

 Theme 4: The path towards new economic models: How can future ICTs experiment 

with and prototype new economic concepts to help find solutions to the long-tail 

effects of the systemic crisis? (2.5) 

 Theme 5: The evolution of the web’s architecture: How will the advent of the Internet 

of Things affect the evolution of the web (which was conceived to transfer hypertexts 

between clients and servers)? Could new technological needs generate new 

opportunities for EU industry? (2.6) 

 Theme 6: Do-It-Yourself (DIY) Innovation (2.7) 
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 Theme 7: The societal and economic impacts of robotics: What is the impact of 

advanced robots and automation on economy and society and the related non-

technological aspects? (2.8) 

 Theme 8: Digital agriculture and food: How can the Internet of Things, Big Data and 

cloud computing help improve productivity in agriculture and throughout the food 

value chain? (2.9) 

 Theme 9: Digital art and science: How will ICTs transform and benefit from the arts 

and sciences? (2.10) 

 Theme 10: Governance and policymaking: How will the Internet and social networks 

transform governance and policymaking (2.11) 

2.2. Theme 1: The path toward singularity  

2.2.1. Trend Card 

 

2.2.2. Introduction  

Much the same as a religion4, singularity has true believers, atheists and agnostics. 

Technological singularity often appears, much like the person who coined the term – Vernor 

Vinge (a computer scientist and science fiction writer), to hover between science and fiction. 

But regardless of whether one is an atheist, a true believer or an agnostic, singularity 

deserves a closer inspection, in particular with respect to its potential implications for the 

future. Singularity is inherently forward looking since the concept itself is an as of yet 

                                                        

4 Cole-Turner (2012) even compares Singularity views of the future to Christianity views of the future.  
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unrealised idea about what might happen. This also leads to a fundamental challenge about 

its mere existence. Will technological singularity take place? And, if so, when? To enhance 

the complexity, singularity is a single term used for different ideas.5  

Eden et al. (2013) write how singularity may refer to two different types of scenarios, which, 

according to them, are quite distinct. The first mainly concerns the development of an 

artificial intelligence super-agent, which supersedes human intelligence. The second stems 

from the transhumanist movement, which believes the singularity will assist humanity in 

overcoming all biological and cognitive limitations, to develop a post-human. This 

distinction is useful, but also up for debate, since other categorisations exist.  

The four aspects mentioned in the question are, according to one interviewee, four paths 

toward an intelligence explosion.6 Singularity, however, is broader than an intelligence 

explosion, since it also includes, for example, Whole Brain Emulation (WBE), which is a 

distinct phenomenon from an intelligence explosion. The connection and relation between 

the different concepts and developments, therefore, is an additional challenge of the subject 

matter. This is in addition to the inherent unpredictability, in particular about outcomes, of 

the singularity. As Michelucci (2013) writes, ‘In fact, “singularity”’ is a term borrowed from 

cosmology to refer metaphorically to a black hole’s event horizon, beyond which nothing is 

knowable. The implication is that we cannot predict what life would be like after such an 

event.’ While we may not be in a position to predict, we are in a position to philosophise and 

contemplate how the arrival of an intelligence explosion can influence modern life. 

Views on the future, when the singularity, or more specifically an intelligence explosion, 

actually arrives, can be both negative and positive.  

On the positive side, singularity could lead to ‘utopian post-scarcity world’ where disease has 

been eradicated, and humanity has everything it could possibly want and need (Solez et al. 

2013: 113). The negative outcome paints the opposite picture and describes a catastrophe 

that could even mean the end of humanity. As noted by an interviewee, if superintelligence 

does not go disastrously wrong – and there is a strong chance that it will – it will probably go 

fabulously right.7 The scenarios of the intelligence explosion, therefore, are quite black and 

white because the actual occurrence constitutes a dramatic change.8 This leads nicely into 

the justification for the lack of trends discussed within this summary. As one interviewee 

noted, singularity is atypical with respect to this study since it is a discussion not of where 

trends are going, but whether we can expect a radical deviation from trends.9 As such 

singularity is difficult to capture, especially since the concept embodies a myriad of different 

developments, in a straightforward summary of trends. Instead, the following sections 

(2.2.2–2.2.4) provide brief summaries of dominant ideas within this theme, before moving 

on to a section on how these ideas interact with drivers, barriers and policy challenges.  

                                                        

5 As one interviewee (Interview 3) noted, singularity is a word with different associations. Other 
interviewees demonstrated a dislike for the term. Interviewee 2 in particular, noted how it is a loaded 
term – portrays only one way of thinking, pushes thinking towards particular scenarios.   
6 Interview conducted by RAND Europe (2014). 
7 Interview conducted by RAND Europe (2014). 
8 Interview conducted by RAND Europe (2014). 
9 Interview conducted by RAND Europe (2014).  
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Part of the complexity and unpredictability of the technological singularity also rests in the 

interdependency of the human and the technical. As Kurzweil (qtd. in Perry 2008) notes, 

while these trends can be perceived as opposing in several contexts, the study of natural 

intelligence feeds into the development of artificial intelligence and vice versa. Kurzweil 

provides the example of reverse-engineering biology that is providing creative new designs 

for advanced technologies, while simultaneously those technologies help to overcome the 

limitations of biology.    

2.2.3. Beyond biological limitations 

In the absence of trends, there are certain developments within the field that can be 

discussed. The first is transhumanism, where technology allows humanity to expand beyond 

its biological boundaries. This development particularly focuses on human enhancement 

technology. Bostrom & Roache (2013) distinguish and subsequently discuss five types of 

human enhancement. These are life extension, physical enhancement, enhancement of mood 

or personality, cognitive enhancement and pre- and perinatal interventions.  

In broad terms, human enhancement technology can be used for two purposes. The first is 

medical interventions, or as Kurzweil describes it as ‘restored humans’, whereas the second 

goes beyond medical applications to actually move toward ‘enhanced humans’. Kurzweil 

(2013: 5) stated in an interview how he anticipates that insertion of computers into the 

human body will occur by 2020 and ought to become more mainstream by 2030 or 2035. 

The insertions he anticipates by 2020 will most likely be used for health interventions, for 

example a computerised artificial pancreas. During the following two decades, 2030s and 

2040s, however, Kurzweil anticipates the integration of microscopic sized computerised 

devices that will go beyond medical applications.   

Kurzweil (2013) furthermore states how biotechnology, through which we can reprogram our 

biology, will reach a mature phase in the next two decades. The next step, according to him, 

is to go beyond an optimised and reprogrammed biology through the use of nanotechnology. 

He specifically describes the example of blood cell sized robots that can act as an immune 

system that will not be hindered by the limitations of our present biological immune system.   

Human enhancement technology comes accompanied with several philosophical, ethical and 

legal questions. Beland & Patenaude (2013) describe how there is a considerable conflict in 

perspective between humanists, who generally originate from disciplines in the social 

sciences and the humanities, and transhumanists, who generally come from the natural 

sciences. The ethical implications generally focus on human identity and quality of life; 

where humanists fear the risks associated with transhumanism, transhumanists celebrate 

the potential for progress. They provide an example of how some anticipate that humans will 

become increasingly efficient and intelligent through the implementation of nanobots and 

other electronic implants.    

2.2.4. The Intelligence Explosion 

The second dominant idea with respect to singularity focuses more on the ‘robot evolution’ 

or the arrival of human-level artificial intelligence or the intelligence explosion. The 

statistician Good (1965) first expressed the idea of the intelligence explosion. He described it 

as follows:  
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Let an ultraintelligent machine be defined as a machine that can far 
surpass all the intellectual activities of any man however clever. Since 
the design of machines is one of these intellectual activities, an 
ultraintelligent machine could design even better machines; there 
would then unquestionably be an ‘intelligence explosion’, and the 
intelligence of man would be left far behind. Thus the first 
ultraintelligent machine is the last invention that man need ever make. 

In many ways, machines have already outsmarted humans. These include performing 

calculations, playing chess, searching large databanks and detecting underwater mines. As of 

yet, however, general intelligence, or the ability to adapt, solve problems for which the brain 

has never been trained, and manipulate the social environment, has exclusively been within 

the realm of humans (MIRI).  

2.2.5. Whole Brain Emulation (WBE) 

Whole brain emulation (WBE), also referred to as uploading or downloading, would take a 

particular brain, scan its structure in detail, and take that scan to construct a software model 

which, when run on the appropriate hardware, will behave in the same way as the original 

brain (Sandberg & Bostrom 2008). According to one interviewee, the WBE is the most 

plausible dramatic change discussed within the wider realm of singularity.10     

2.2.6. Projections 

Various projections have been made with respect to the arrival of singularity as well as the 

rate at which computer power will continue to grow in the future. According to Evans 

(2009):  

 By 2020, a $1,000 personal computer will have the raw processing power of a 

human brain. 

 By 2030, it will take a village of human brains to match a $1,000 computer.  

 By 2050 (assuming a global population of 9 billion), $1,000 worth of computing 

power will equal the processing power of all human brains on earth. 

Kurzweil has projected that machines will reach human level intelligence by 2030 and that 

by 2050 society will reach ‘a profound and disruptive transformation in human capability’. 

Kurzweil bases his projections on the Law of Accelerating Returns and has indicated how we 

have already reached a point of no return. Several experts, however, consider the probability 

of an intelligence explosion significantly higher in 2100 (MIRI 2014), whereas others assume 

it will happen much sooner or not at all. Chalmers (2010) notes how some of these estimates 

rely on extrapolation of hardware trends. He, however, believes that software is the biggest 

bottleneck, as in finding the correct algorithms, among others. Armstrong & Sotala (2012) 

assessed a total of 95 predictions about Artificial Intelligence developments. In their 

conclusions, the authors note how expert predictions were nearly indistinguishable from 

non-expert predictions and there seemed to be a preference for a ‘15 to 25 years in the future 

prediction’. Overall, Armstrong & Sotala (2012: 19) conclude how there are robust reasons 

for significantly increasing the uncertainty in any AI timeline prediction. Based on the rate of 

                                                        

10 Interview conducted by RAND Europe (2014). 
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progress, one interviewee even projected the arrival of the singularity in the next two to four 

centuries.11 

The main daunting prospect of singularity, both with respect to surpassing biological 

limitations and the intelligence explosion, is a lack of control. This is a general singularity 

concern. Muehlhauser & Salamon (2012) also describe how, in the negative scenario, there 

would be no room to negotiate with the intelligent machines. They further describe how the 

main goal is to achieve a controlled intelligence explosion, where AI ‘is specifically 

programmed to preserve what humans value’. Otherwise the explosion may destroy human 

valued structures including, potentially, humans themselves. This led to the development of 

the concept of AI safety theory (see for example Goertzel 2012). Goertzel (2012) sets forth the 

idea of a Nanny AI that would basically ‘stall’ a fully fledged state of singularity until we, 

humanity, have determined what type of singularity is desirable. Closely related ideas have 

been explored by Yudkowsky (2004) in which he describes the concept of friendly AI.  

 

2.2.7. Drivers, barriers and policy challenges 

The main driver behind artificial intelligence, according to one interviewee, is financial.12 

This is indirectly confirmed through the observation of another interviewee that most 

research in the area is carried out by the private sector by companies such as Google, which 

is the single largest player in AI.13 As Levy (2014) describes in a more illustrative manner: 

‘The field of artificial intelligence has become the scene of a frantic corporate arms race, with 

Internet giants snapping up AI startups and talent’. Examples Levy (2014) mentions include 

Google’s purchase of the UK deep-learning company DeepMind and the hiring of AI legends 

Geoffrey Hinton and Ray Kurzweil to its headquarters in Mountain View, California. Along 

similar lines, Facebook has its own deep-learning group, which is being led by Yann LeCun 

from New York University. According to Levy (2014), the goal of the Facebook deep-learning 

group is to build a new generation of AI that can process gigantic amounts of data to predict 

and fulfil the desires of its users.  

This is challenging since there is a lack of accountability towards the public with respect to 

the private sector, as they are not bound by a commitment to transparency. Whatever 

progress is made, therefore, in the area of AI does not need to be shared publicly by 

companies such as Google and Facebook. The drive for profit enhances the desire for 

Artificial General Intelligence (AGI), since the market would no longer be labour limited.14  

Besides financial incentives as a driver to AI, Muehlhauser & Salamon (2012) specifically 

discuss a number of other accelerators, including:  

 More hardware 

 Better algorithms 

 Massive datasets 

                                                        

11 Interview conducted by RAND Europe (2014). 
12 Interview conducted by RAND Europe (2014). 
13 Interview conducted by RAND Europe (2014). 
14 Interview conducted by RAND Europe (2014). 
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 Progress in psychology and neuroscience 

 Accelerated science. 

Barriers, or speed bumps, as they call them, include an end to Moore’s law, depletion of low-

hanging fruit, societal collapse and disinclination to move towards the singularity. In 

particular, an end to Moore’s law and depletion of low-hanging fruit deserve a closer 

inspection. For depletion of low-hanging fruit, Muehlhauser & Salamon (2012) specifically 

describe how scientific discovery is not exclusively reliant on research effort but also needs 

ease of scientific discovery in order to achieve progress. As the authors state, ‘…in some fields 

there is [a] pattern of increasing difficulty with each successive discovery’. Furthermore, they 

indicate how AI may be such a field that can lead to stagnation, or at least less speedy 

discovery and progression. This notion was supported by an interviewee who mentioned how 

the progress in AI over the last 10 to 20 years has not been significant, relatively speaking 

with respect to projected developments, such as an intelligence explosion.15 

Chalmers (2010) identifies structural obstacles and manifestation obstacles. Disinclination, 

according to Chalmers (2010) could be among the most powerful barriers. Specifically 

humans may resist the path toward singularity and actively prevent its arrival because of the 

unknown risks associated with the development and the potential for doom scenarios. The 

uncertainty of the arrival of singularity and its potential consequences requires policy 

makers to at least consider the implications of singularity related developments.  

This directly leads into the policy challenges of this theme. Since the projections of what may 

happen in the future are largely based on speculations due to the unpredictable nature of the 

developments, policy makers are challenged to consider how research can ensure a positive 

outcome. As one interviewee noted, a different question is about the direction of progress, 

rather than barriers to progress. Differential development, according to the interviewee, 

where certain developments are prioritised over others, could push progress in certain 

direction.16 

                                                        

15 Interview conducted by RAND Europe (2014). 
16 Interview conducted by RAND Europe (2014). 
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2.3. Theme 2: The emerging consumer Internet economy – Big 
Data, hyperconnectivity and co-creation 

2.3.1. Trend Card 

 

2.3.2. Introduction 

Connected technologies have been gradually transforming the context in which goods and 

services are produced and purchased. In the coming decades, increasing levels and 

multiplying means of connecting companies and consumers, co-creation and Big Data 

analytics will likely accelerate this transformation and pose challenges to European B2C 

companies that wish to maintain their competitiveness at the EU and global level, across all 

sectors. Digital products, such as apps, have been estimated to have a potential of adding 

millions of jobs and growing more than threefold in Europe in the coming few years 

(Mulligan & Card, 2014). The cumulative effect of these trends may be a greater convergence 

between previously separated industries (Thanassoulis, 2011; UK Government, 2012). As a 

result of these developments, consumers will become more empowered but also more 

vulnerable to certain aspects of the marketplace, which in turn will raise questions for the 

future of public policy in the areas of market regulation, incentives as well as protecting 

consumers and their data. 

2.3.3. Trend 1: Creating and innovating with consumers 

Although consumption has long been recognised as an essential element in production, 

recent trends driven by networked technologies have enhanced the possibilities for 

companies to place interaction with customers at the centre of value creation (Cova 2011). An 

interviewee also emphasised that companies will continue to learn more and more about 
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leveraging social media, data and interaction with consumers to form personal connections 

with them, although data on these activities are not yet available.17 Forms of co-creation 

leverage the creativity, engagement and judgement of the public in creating products and 

services is likely to be one of the trends that transforms all sectors in the near future (Dvorak 

2012; Filieri 2012). They range from mass-customisation (Nike) through mass-collaboration 

(Wikipedia) to user-generated content (e.g. customer reviews on Tripadvisor or videos 

uploaded to YouTube). Open innovation, such as the collaboration that leads to the 

perfecting of Linux software or the emergence of maker communities, is another form of this 

trend.18 The magnitude of co-creating activities, however, is not easy to measure. Some 

evidence can be gained by tracking Creative Commons licences (Figure 2) or the contribution 

of users on popular websites (see below at Figure 2). This trend may also result in companies 

diversifying more in the future to leverage the information gathered through collaborative 

interaction with consumers, ultimately impacting on the competitive environment in which 

small companies operate (Futurium 2014b). 

Figure 2. Creative Commons Licences 2003–2010 

  

SOURCE: Creative Commons Wiki (2011) 

As the figure above illustrates, the growth of content with Creative Commons licences, is 

often used by platforms oriented towards contributions from users, such as Flickr, YouTube 

or Vimeo. The number of works covered by the licence have shown a quasi-exponential 

growth pattern over the first decade of the 21st century. Content licensed under Creative 

                                                        

17 Interview conducted by RAND Europe (2014). 
18 Interview conducted by RAND Europe (2014) – see Trend Summary on DIY ecosystem. 
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Commons has also become freely reproducible and accessible to a growing extent, 

approximately 40 per cent by 2010.    

Besides involving the consumer in new product management and innovation, co-creation 

also revolutionises the general management perspective, as managers increasingly plan the 

engagement of consumers and extract more value from their contributions in a strategic 

manner. Evidence on the incidence of this trend is somewhat limited and can be mainly 

gained from industry surveys (e.g. Gartner and BCG have recently conducted surveys to this 

end).19 Finally, the role of marketing is likely to shift from products towards a more service-

oriented logic. 20 From the point of view of consumers, often over-heroicised in the discourse 

surrounding the trend (Cova 2011), co-creation may be empowering as it connects like-

minded consumers and allows them to showcase their expertise as well as offering services 

based on their own contributions (e.g. personal fitness apps). In the case of the media sector, 

for instance, this trend is illustrated by the rise in citizen journalism and the involvement of 

the public to add detail to professionally produced content (Vukanovic 2013). Some 

platforms, such as Amazon, rely heavily on contributions from users in the form of product 

reviews, and incorporate this feature into their service offering. The number of Amazon 

reviews tracked and analysed by the Stanford SNAP project illustrates the magnitude of 

these contributions (Figure 3).   

                                                        

19 See, e.g. Gartner Survey Reveals That 64 Percent of Organizations Have Invested or Plan to Invest in 
Big Data in 2013, Gartner press release, 23/09/2013 
http://www.gartner.com/newsroom/id/2593815; Rose, J. et al. 2013. The Trust Advantage: How to 
Win with Big Data BCG Perspectives 23/11/2013; IBM. 2013. Analytics: A blueprint for value. 

Converting big data and analytics insights into results, IBM BusinessValue http://www-
935.ibm.com/services/us/gbs/thoughtleadership/ninelevers/; Rubin, J. 2013. Survey Demonstrates 
The Benefits Of Big Data, Forbes Insights, 15/11/2013, 
http://www.forbes.com/sites/forbesinsights/2013/11/15/survey-demonstrates-the-benefits-of-big-
data/?utm_source=followingimmediate&utm_medium=email&utm_campaign=20131115  ,  
20 For a review of the relevant literature, see by Skaržauskaitė (2013). 

http://www.gartner.com/newsroom/id/2593815
http://www-935.ibm.com/services/us/gbs/thoughtleadership/ninelevers/
http://www-935.ibm.com/services/us/gbs/thoughtleadership/ninelevers/
http://www.forbes.com/sites/forbesinsights/2013/11/15/survey-demonstrates-the-benefits-of-big-data/?utm_source=followingimmediate&utm_medium=email&utm_campaign=20131115
http://www.forbes.com/sites/forbesinsights/2013/11/15/survey-demonstrates-the-benefits-of-big-data/?utm_source=followingimmediate&utm_medium=email&utm_campaign=20131115
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Figure 3. Number of Amazon reviews in the Electronics category 

 

SOURCE: Stanford SNAP project, (2013) 

However, insecurities remain in the ultimate potential impact of co-creation on the quality 

and cost structure of businesses and the exact economic impact of these practices. For 

economic projections, the value of prosumer participation is very difficult to quantify, 

because it is ‘realised by dispersed communities who do not pay through a monetary price for 

membership but rather through the consent given to the service providers to use personal 

data’ (CEPS 2012). 

 

2.3.4. Trend 2: Big Data and the consumer economy 

Big Data is projected to be a high-growth sector. A 2011 IDC projection IDC expects the Big 

Data technology and services market to grow from $3.2 billion in 2010 to $16.9 billion in 

2015. This represents a compound annual growth rate (CAGR) of 39.4 per cent or about 

seven times that of the overall information and communication technology (ICT) market.21 

While most of this growth is projected to take place in the B2B and technology areas, data 

analytics is likely to spark innovation in marketing and services in B2C markets. However, 

the evidence for this upward trend is often anecdotal or comes from market research firms 

such as Gartner, who cite that the global content analytics market grew about 8 per cent to 

$14.4 billion in 2013 (Figure 4).22 The position of content analytics in the hype cycle shows 

                                                        

21 http://ec.europa.eu/information_society/newsroom/cf/dae/document.cfm?doc_id=6242 
22 Some proxies can be used to appreciate the magnitude of the data generated, such as the number of 

daily active users/marketing-oriented users on popular social networks, or the European user base of 

companies that illustrates a trend towards convergence built on this technology.  
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that the technology is past its ‘peak hype’ and is projected to reach the ‘plateau of 

productivity’ within two to five years. 

Figure 4. Hypecycle 

 

 

SOURCE: Gartner 2013  

One of the most visible and controversial applications of data analytics in consumer markets 

is that of behavioural advertising (Chester 2011). Market research and industry associations 

report continued growth in advertising revenues for interactive digital advertising (Figure 5). 

However, research for this trend summary did not find impartial data on the incidence or 

impact of behavioural advertising on consumers. Furthermore, a meta-analysis of 

advertisement spending in 26 European countries for an industry association reported that 

the overwhelming majority of spending on advertisements continues to take place in 

traditional media (TV, print). 
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Figure 5. Interactive digital advertising trends in the US 

 

SOURCE: Source Interactive Advertising Board (2014) 

Figure 6. Ad spend per capita in Europe 

 

SOURCE: International Advertisement Bureau Europe (2013) 
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At the same time, although big data and analytics are often framed as crucial turning points 

in consumer markets, commentary has recently emphasised uncertainties about the 

continued growth in the area (Figure 6).23 If continued, analytics will support companies in 

learning more about their consumers, refining targeting and segmenting practices in 

advertising and developing new services and products that are based on analytics.  

2.3.5. Trend 3: Hyperconnectivity and e-commerce 

E-business models will have to revisit the user’s role, interaction pattern, nature of the 

offering, pricing system and level of customisation (Zott et al. 2011). This will likely mean 

convergence between the provision of services, goods and platforms, as well as the expansion 

of B2C activities across all devices and platforms, currently characterised by a fast growth in 

mobile technologies (Figure 7) (UK Government 2012).  

                                                        

23 Kanaracus, K. 2014. ‘Gartner says the Big Data Hype Didn’t Speed Growth’, InfoWorld 29 April 
2014, http://www.infoworld.com/d/big-data/big-data-hype-didnt-speed-growth-in-the-bi-market-
gartner-says-241563 

The Economist. 2014. The backlash against big data, 20 April 2014, 
http://www.economist.com/blogs/economist-explains/2014/04/economist-explains-10 

Marcus, G. 2014. Eight (No, Nine!) Problems With Big Data, 6 April 2014, NY Times, 
http://www.nytimes.com/2014/04/07/opinion/eight-no-nine-problems-with-big-data.html?_r=0  

http://www.infoworld.com/d/big-data/big-data-hype-didnt-speed-growth-in-the-bi-market-gartner-says-241563
http://www.infoworld.com/d/big-data/big-data-hype-didnt-speed-growth-in-the-bi-market-gartner-says-241563
http://www.economist.com/blogs/economist-explains/2014/04/economist-explains-10
http://www.nytimes.com/2014/04/07/opinion/eight-no-nine-problems-with-big-data.html?_r=0
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Figure 7. Mobile usage is growing across Europe but differences remain 

Individuals accessing the Internet via a mobile phone, percentage of all individuals (16–74) data for IT 2011 

 

SOURCE: DAE (2014) 

Digital business models are also impacting on the process of value creation. The role of 

intellectual property, crucial to value creation, is likely to continue being challenged 

(Chesbrough 2013). In Europe e-commerce has shown a growing trend over the past years, 

although large disparities in uptake between countries and limited cross-border e-commerce 

are barriers to the realisation of the Digital Single Market (Figure 8 and Figure 9).24 The 

efficacy of policy measures aimed at decreasing these barriers (e.g. VAT regime and 

consumer law) will have an impact on the future EU marketplace (Futurium 2014c).  

  

                                                        

24 Interview conducted by RAND Europe (2014). 
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Figure 8. E-commerce represents an opportunity to EU businesses, but uptake is uneven 

Turnover from E-commerce as a percentage of total turnover, all enterprises (2013 data; BE, LU 2011 data; DK 2010 data) 

  

 
 

SOURCE: DAE (2014) 
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Figure 9. Individuals having purchased goods or services online in the last 12 months, percentage of all 

individuals 

E-commerce uptake by individuals, selected EU countries 

 

SOURCE: DAE (2014) 
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Figure 10. Individuals who ordered goods or services for private use over the Internet in the last 12 

months from sellers from other EU countries, percentage of all individuals (16–74) 

Cross-border E-commerce takeup by individuals, selected countries

 

SOURCE: DAE (2014) 

2.3.6.  Questions that could inform research programmes: 

Financial benefits are often not perceived by the contributing users, who often end up paying 

a premium for a product to which they have contributed ‘free work’. A future stream of 

research suggested by the literature (Dvorak 2012; Skaržauskaitė 2013) could empirically 

investigate the role of organisations in using co-created processes and motivations of 

consumers to participate in these processes and for industry on how to leverage co-

innovation instruments efficiently.25 

From the point of view of strategic foresight for the connected consumer economy, one of the 

main barriers to understanding stems from the lack of empirical evidence. As Misuraca et al. 

(2013) synthesises: ‘Evidence of impacts of Web 2.0 on our society is largely anecdotal and in 

                                                        

25 Interview conducted by RAND Europe (2014). 
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most cases not systematically gathered and analysed. Existing metrics are not able to make 

sense of the transformations enabled by these emerging technologies as the changes they 

convey seem to be more behavioural and cultural than primarily ICT-driven.’ Therefore, 

research support efforts could aim at closing this gap. 

Public-private partnerships (in research, education and data ownership among others) may 

be an important tool in research funding to involve companies in developing new solutions 

supporting European competitiveness (Futurium 2014). 

2.3.7. Drivers  

The main driver behind these trends is that European consumers (in particular Digital 

Natives) are increasingly connected and use technology for a variety of purposes.26 We 

assume that these trends are likely to persist in the coming decade and more European users 

will interact with their economic context through connected technologies.  

Consumer involvement in content creation will drive change in the ways in which companies 

deliver high-quality products. This is a driver of change particularly in the media industry 

(an area likely to be substantially revolutionised by the above-mentioned trends) where 

citizen journalism and social media struggle to deliver content that meets the transparency 

and accountability standards of traditional business models.  

2.3.8. Barriers and policy challenges 

Overall, important geographical, age-based (Yoona et al. 2009) and socioeconomic 

differences in connectivity are likely to persist within Europe and will probably not be 

entirely overcome in the time horizon of our study. This could result in product 

segmentation and enhance discrimination in product and service development against the 

less connected (European Commission 2014b). Consumer protection therefore will have to 

consider the balance of powers between companies and consumers, who are likely to create 

increasing proportions of the value of the services and products through participation or by 

releasing data (Chester 2011). Furthermore, consumers, in particularly digitally less aware 

groups, may also have a limited understanding of their interactions with data and the 

information that is captured about them, thereby limiting the potential benefits from their 

side and their trust in interacting with companies (EC 2013).27 It is uncertain whether 

industry self-regulation initiatives will be able to perform this function adequately.28 

Companies wanting to excel in the new consumer Internet economy face the hurdles of 

adapting processes, skills and tools to the above-listed trends. Data analytics tools are 

becoming increasingly sophisticated (McKinsey 2011; McKinsey 2013), but companies 

appear to still have limitations in understanding and using the data to underpin their 

business strategies (Chaudhuri 2011). In particular, recent commentary on the limitations of 

                                                        

26 Interview conducted by RAND Europe (2014). 
27 Interview conducted by RAND Europe (2014). 
28 
http://ec.europa.eu/justice/news/consulting_public/0006/contributions/organisations/epc_annex2
a_en.pdf  

www.edaa.eu/certifcation-process/self-certify  

http://ec.europa.eu/justice/news/consulting_public/0006/contributions/organisations/epc_annex2a_en.pdf
http://ec.europa.eu/justice/news/consulting_public/0006/contributions/organisations/epc_annex2a_en.pdf
http://www.edaa.eu/certifcation-process/self-certify
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Big Data analytics underlines the problems that are inherent in the technology, such as 

sampling populations, confounders, multiple testing, bias and overfitting (See footnote 23). 

Unclear policy guidelines for data ownership are another barrier for companies and 

consumers benefiting from analytical applications (Futurium 2014b). 

Marketing research has emphasised the difficulties posed by the lack of new skills needed 

within management to efficiently run operations based on data analytics or co-innovation 

processes (LSE 2009; McKinsey 2013) and managing risks flowing from the sharing of 

potentially confidential production information with inside users. At the same time, 

challenges faced by incumbents mean new possibilities for agile startups to create new 

ventures harvesting the value from these trends.  

Institutions will face the challenge of devising support frameworks that facilitate the success 

of European companies in the global consumer Internet economy. This could include fiscal 

and non-fiscal incentives, e.g. intellectual property and VAT frameworks, but also finding 

ways in which incentives trickle down to the creative consumers rather than stopping at the 

company level (Futurium 2014a).
29

 Other challenges may also emerge, such as the difficulty 

in designing taxation frameworks for novel forms of value creation (Futurium 2014b; OECD 

2013). At a European Commission workshop, industry experts voiced a ‘perception that 

European companies carry a higher regulatory and fiscal burden compared with Internet 

newcomers, independent of European citizens’ need to have proportionate protection from 

some combination of EU and national law’ (Futurium 2014a). 

The ability for connected economies to support European competitiveness also depends on 

the education sector. Employment and contribution to growth hinge upon a European 

education system and lifelong learning facilities equipping the workforce with the necessary 

knowledge and skills for digital innovation (Futurium 2014a).  

                                                        

29 Interview conducted by RAND Europe (2014); see e.g. U.S. National Makers Day and Maker Faire at 
the White House http://www.whitehouse.gov/maker-faire  

http://www.whitehouse.gov/maker-faire
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2.4. Theme 3: The evolution of learning and education: How can 
advanced ICTs (e.g. mixed reality and presence technologies, 
gaming, etc.) improve learning and education, making them more 
inclusive and delivering the skills of the 21st century?   

2.4.1. Trend Card 

 

2.4.2. Introduction 

Across the world, societies are increasingly moving towards knowledge-based economies 

with the consequence that access to, and the quality of, education will become crucial 

predictors of growth and prosperity. Widening access to education and the potentially 

beneficial effects of ICT are said to be two of the primary drivers behind individual 

empowerment.30 This area could also have direct relevance to one of Europe’s focal societal 

challenges: ‘Europe in a changing world – inclusive, innovative and reflective societies.’31 

However, challenges remain in the disparities of Europeans that benefit from the 

possibilities offered by networked technologies to learn, within and outside of formal 

education, as illustrated by Figure 11 and Figure 12. 

                                                        

30 Hoorens et al. 2013; EUISS 2012. 
31 European Commission 2014. 
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Figure 11. Percentage of population that has used wikis to obtain knowledge  

on any subject 

  

Source: Eurostat isoc_bde15cua 

Adapting schools to the neuropsychological needs and skills of ‘digital natives’ would require 

schools to offer more individualised, interactive and creative tasks and make use of adequate 

tools (Tapscott, 2008; Vodanovich, 2010). However, other findings suggest that the demand 

for ICTs in education by young people is not increasing as dramatically as these theories 

would suggest (OECD, 2012).  

Figure 12. Percentage of children using Internet at least once a week for  

schoolwork 

  

Source: OECD PISA survey (2012) 

 

2.4.3. Defining the question 

What will education look like in the coming decades? Facer and Sandford (2010) discuss 

several prospective socio-technical developments that could take place over the next 25 years 
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and their implications for research into educational technologies. The study synthesises the 

following questions that can guide our thinking about education; 

 Reconsidering the centrality of the individual in education 

 Reconsidering the role of the school 

 Considering whether different values (e.g. wellbeing) may be a more 

important goal for education than knowledge-economy competitiveness. 

The most pressing questions do not always appear to be connected to cutting-edge 

technology trends. Rather, they are concerned with the systemic setup and the societal 

practices that influence what we define as education, and the definition of values and 

practices that society considers important. Emerging technologies may act as enablers 

and define the landscape in which these transformations take place. 

2.4.4. Trend 1: Gamification 

Gamification or the use of ‘serious games’ for learning has been posited as a promising 

technological development that could help stimulate student involvement and learning 

outcomes (Kapp 2012).32 Although using games for learning is not a new idea in education, 

until now they have mostly been used as a tool for interaction between student and teacher 

(Muntean 2011). Games have also been found to facilitate the learning of new skills such as 

spatial thinking, deduction and evidence-based decision-making (GaLa 2011; Kapp, 2012). 

Gamification could offer tools to overcome the barriers facing e-learners due to the lack of 

face-to-face engagement in the learning environment. Experimental studies on the 

development of video games have also been shown to support the acquisition of transferable 

skills, in particular in helping low-performing students to close the gaps with their higher-

performing peers (Annetta et al. 2009).33 Games and ICTs could also change the way 

standardised testing measures skills.34 These tools can also evolve to reflect the 

environments in which digital natives grow up (Simoes et al. 2012). 

However, despite the availability of some high-profile examples and case studies, as 

conducted by Khan Academy, gamification for education has not been systematically 

deployed and evaluated in large-scale studies.  

2.4.5. Trend 2: MOOCs and distance learning 

Dunn (2000) predicts that by 2025, traditional universities could be replaced by ‘virtual’ 

universities and ‘consortia’ of course providers with delivery systems that simply bypass the 

classroom. By means of novel educational technologies such as video-supported distance 

learning, Massive Open Online Courses (MOOCs) and new methods for measuring and 

monitoring performance, students with an adequate broadband connection will no longer 

need to be physically located near educational institutions. Moreover, this could potentially 

offer more personalised learning experiences at lower costs. While MOOCs have some 

                                                        

32 This goes beyond the use of videogames in the classroom. According to Deterding et al. (2011), 
gamification can be defined as the use of game design elements, characteristic for games, in non-game 
contexts (e.g. scoreboards and fast feedback). 
33 Interview conducted by RAND Europe (2014). 
34 Interview conducted by RAND Europe (2014). 
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drawbacks (e.g. high dropout rates; the necessity of digital literacy), according to some 

researchers the sheer volume and global reach of these courses is illustration enough of the 

empowering ICT potential in the context of education (Daniel, 2012; Kop, 2011, CEPS 

2013).35 MOOCs have also seen a rapid uptake in Europe (Figure 13). Delphi-based foresight 

studies identified MOOCs, together with tablet and mobile computing, as the two 

technology-related trends of the greatest short-term relevance (STELLAR 2012). One 

interviewee, however, expected the educational context to change relatively little in the next 

ten years, with students continuing to demand face-to-face instruction and social interaction 

with peers and professors.36 

Figure 13. MOOCs offered by EU and non-EU institutions 

 

Source: Open Education Europa 

2.4.6. Trend 3: Big Data and learning analytics 

Big Data analytics in the education sector have the potential to give insights into the working 

of the educational systems through automated analytics but also through visualisations that 

support human insights (Department for Education 2012; Siemens 2013). These tools have 

been used to tailor programmes to pupils with learning difficulties, allow revision of 

educational systems and can support the personalisation of learning (Department for 

Education 2012; Siemens and Long, 2011; STELLAR 2012; UK MoD 2012).37 Finally, big 

data and analytics are likely to transform the way research is done in higher education 

institutes. However, tensions are likely to emerge between an increasing importance of data 

privacy and the utility of data tracking for personalised learning.38  

                                                        

35 Interview conducted by RAND Europe (2014). 
36 Interview conducted by RAND Europe (2014). 
37 Interview conducted by RAND Europe (2014). 
38 STELLAR project. 
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2.4.7. Trend 4: Values and skills for the 21st century 

Trends towards converging disciplines and technologies (e.g. bioinformatics) are likely to 

mean a greater demand for interdisciplinary skills and lifelong learning, which may be 

beyond the reach of traditional educational channels (European Commission 2014a; UK 

Government 2012; UKCES 2012). The current lack of these skills is illustrated by the OECD 

survey of adult skills (Figure 14) and by European research (Figure 15) and is widely seen as 

one of the barriers to meeting the job market demand in ICT-related areas across Europe 

and responding to changes in technology and process (Figure 15. European Commission 

2014b).39 Other skills mentioned in the foresight workshop conducted for the project (see 

Annex 2.1) included digital leadership skills, literacy, media literacy and information literacy 

(DG CNECT workshop report 2014; Huesing et al. 2013, Lin et al. 2013). Similarly, the 

literature indicated that within a few decades, the role and skills demanded from teachers 

will also be modified by the new technological context of education and work, towards that of 

guiding students in interacting with personalised content (UK MOD, 2013). 40 

Figure 14. Percentage of adults scoring at a high level in problem-solving in technology-rich 

environments  

   
Source: OECD PIAAC 2012 

 

                                                        

39 Interview conducted by RAND Europe (2014). 
40 Interview conducted by RAND Europe (2014). 
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Figure 15. Rates of digital (a) information, (b) communication, (c) content creation and (d) problem-

solving skills among the EU population 

 

 

Source: European Commission, Digital Agenda, 2014 

2.4.8. Drivers 

Growth in educational technology is creating new markets for technology, services and 

content.41 Expanding broadband coverage and mobile computing enable growing segments 

of the population to access these materials. 

Demographic trends, together with quick developments in technology and a trend towards 

the digitalisation of production together with blurring lines between formal and informal 

ways of learning also create demand for novel ways to learn. In addition, they raise the need 

and relevance of lifelong learning.42 (Huesing et al. 2013; UKCES 2012).  

2.4.9. Barriers and policy challenges 

Uptake (by both teachers and students) of classroom technology is often the largest barrier 

to their consistent use, as the motivation of teachers often wanes with time following the 

introduction of new technologies 43 

The limits facing learning analytics are in part similar to those raised in connection with data 

analytics and related to the problems stemming from the inability to control 

representativeness of the data and overfitting, as well as actually distilling lessons from the 

                                                        

41 Interview conducted by RAND Europe (2014). 
42 Interview conducted by RAND Europe (2014). 
43 Interview conducted by RAND Europe (2014). 
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data.44 When applied to educational systems that are not sufficiently standardised (e.g. 

cross-country comparisons in Europe), this would be inclined to skew the meaning of the 

outcomes of any analysis.45  

The lack of evidence on learning outcomes (besides the PISA survey) is a potential barrier to 

designing and implementing reforms that work. 46 

As mentioned above, an overarching barrier to the success of technology-based educational 

approaches remains in the socioeconomic differences between students, which are also 

reflected in digital abilities and general scholastic achievement. While these inequalities may 

be mitigated through tailored subsidy programmes, interviewees stressed the importance of 

these divides in ICT-enabled learning, representing a crucial policy challenge for Europe.47 

An interviewee drew out the importance of standardisation efforts for distance learning and 

educational data-gathering processes to ensure interoperability and scaling up of benefits 

through exchanging and sharing information between universities.48 

Governments around the world (and European countries within the framework of the Digital 

Agenda) are focusing on incorporating e-skills in curricula for formal and continuing 

education.49 Differences in education policy towards ICTs and the fact that most available 

information is in English risk widening the digital divide within Europe.50 One interviewee 

stressed the impact of lack of strategic view on the role of ICTs in the classroom and in 

education as a whole.51 A highly important policy challenge is enabling European students to 

learn through technologies that reflect European needs and values (e.g. respect cultural 

differences), and find a place for open source approaches.52  

                                                        

44 Interview conducted by RAND Europe (2014). 

45 See e.g. Bleiberg J. and West D. (2014) Using Standards to Make Big Data Analytics That Work, 
Brookins Institutions Education blog, 7/3/2014 
http://www.brookings.edu/blogs/techtank/posts/2014/03/06-common-core-standards-big-data-
bleiberg-west  
46 Interview conducted by RAND Europe (2014). 
47 Interview conducted by RAND Europe (2014). 
48 Interview conducted by RAND Europe (2014). 
49 For best practices, see DAE Implementation Best practices (Action 66 – Member States to promote 
long-term e-skills and digital literacy policies; Action 68 – Member States to mainstream eLearning in 
national policies) on http://daeimplementation.eu/best_practices.php  
50 Interview conducted by RAND Europe (2014). 
51 Interview conducted by RAND Europe (2014). 
52 Interview conducted by RAND Europe (2014). 

http://www.brookings.edu/blogs/techtank/posts/2014/03/06-common-core-standards-big-data-bleiberg-west
http://www.brookings.edu/blogs/techtank/posts/2014/03/06-common-core-standards-big-data-bleiberg-west
http://daeimplementation.eu/best_practices.php


RAND Europe 

 32 

Figure 16. European schools differ in their ICT infrastructure  

Computers for educational purposes, by Grade 4 (Primary school)

 

The public discourse and social consideration of the teaching profession, together with 

employment conditions and education of teachers also determine the success of digital 

initiatives.53 Educating and incentivising teachers could be an important driver. Investment 

in these technologies is also necessary to provide the adequate tools in the classroom (BYOD 

and subsidised machines for students who cannot afford their own).54 Figure 16 shows that 

although almost all Member States are expanding digital technologies accessible in the 

classroom, inequalities between countries remain in this respect. The often polarised 

political context in which education policies are debated and revised may also represent a 

barrier to progress. 

2.4.10. Concluding remarks and future outlook 

However, it is also important to consider that technologies such as gamification may not be 

available and accessible,55 or even the best suited solution for all types of tasks and stages of 

institutional progress and outcomes will be dependent on the adequacy of the design of these 

tools (Kapp 2012). Uncertainties surround the role and setup of educational institutions and 

the ways that markets value and capture training and learning.56 It is also uncertain how 

technology will help vocational education.57 

The direction of technology development could present a barrier if there are not sufficient 

solutions created to support knowledge-creation and creativity.58 Furthermore, we do not 

know how these technologies will be influenced by the fact that they are being researched 

                                                        

53 Interview conducted by RAND Europe (2014). 
54 Interview conducted by RAND Europe (2014). 
55 Interview conducted by RAND Europe (2014). 
56 Interview conducted by RAND Europe (2014). 
57 Interview conducted by RAND Europe (2014). 
58 Interview conducted by RAND Europe (2014). 
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and developed by private companies rather than by governments.59 Often this will also mean 

that the technologies are not tailored to European needs.60  

Insights and suggestions for future research and the H2020 work programme 

The STELLAR project (2012) has synthesised four areas of tension between technology-

enabled trends and values that could impact the development and adoption of technology-

enhanced learning solutions. Finding solutions to these tensions would be worthy of further 

investigation within European programmes. 

 Privacy and data analytics for learning 

 Widening digital divides despite technology spread 

 Focused and critical processing of information vs ubiquitous learning 

opportunities 

 Standardised vs individual learning paths. 

Empirical research on the effectiveness and implementation of gamification and e-learning is 

fragmented (Kapp 2012).61 Research programmes focusing on expanding the empirical 

evidence on the integration of these methods into learning curricula and institutional 

frameworks could add to learning outcomes and our understanding of their impact on 

inequalities.62 Collecting and elaborating feedback and data collected from pilots can also 

inform the development of these systems. Furthermore, the debate is still ongoing on the 

design elements that make games a useful learning tool (Dieterding 2012). Interviewees 

suggested an increased focus on learning rather than education in the digital environment, 

and including users (teachers and students) in researching problems and developing 

solutions.63 Investigating the design principles necessary for useful learning games for 

European students is therefore another potential field of research. 

                                                        

59 Interview conducted by RAND Europe (2014). 
60 Interview conducted by RAND Europe (2014). 
61 Interview conducted by RAND Europe (2014). See e.g. Bencheit, http://www.eunis.org/task-
forces/benchmarking/  
62 Interview conducted by RAND Europe (2014); See also Opening Up Education initiative from the 
European Commission, Commission Communication on Opening up Education: Innovative teaching 
and learning for all through new Technologies and Open Educational Resources /* COM/2013/0654 
final */; Commission Staff Working Document Analysis and mapping of innovative teaching and 
learning for all through new Technologies and Open Educational Resources in Europe Accompanying 
the document Communication ‘Opening Up Education’ /* SWD/2013/0341 final */ 
63 Interview conducted by RAND Europe (2014). 

http://www.eunis.org/task-forces/benchmarking/
http://www.eunis.org/task-forces/benchmarking/
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2.5. Theme 4: The path towards new economic models: How can 
future ICTs experiment with and prototype new economic 
concepts to help find solutions to the long-tail effects of the 
systemic crisis? 

2.5.1. Trend Card 

 

2.5.2. Introduction 

The economy is an expression of its technology; as technology evolves so does the economy. 

Economic models need to keep pace with technology so they can help finding new ways of 

value and jobs creation (Arthur 2009; Maul and Mulligan 2014). The increasingly digital 

landscape – including data, devices (sensors, mobiles, tags and wearable devices), platforms 

and experiences – will envelop both consumers and business (AltimeterGroup 2012). As 

digital technologies become increasingly ubiquitous, they will give rise to the digital 

democratisation of production, distribution and consumption where each individual is at the 

centre.64 This shift will require economic models to (1) focus on ‘me’ as a unique economic 

agent, with unique behaviours and needs; (2) use large amounts of granular data; and (3) 

explore how technology can break the association between growth, resources consumption, 

pollution and carbon emission, thereby creating sustainable models of economic growth.  

                                                        

64 Interview conducted by RAND Europe (2014). 
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Our research identified four major trends likely to shape the new economic models for the 

digital economy: sustainability, ‘me’ economy, ‘peer-to-peer’ economy and distributed 

innovation. 

2.5.3. Trend 1: Sustainability 

 

 Demographic changes. World populations are growing. In the short run, the global 

population will increase rapidly, dominated by population growth in emerging and 

developing countries (Atlantic Council 2012). Current UN projections suggest that it 

will peak in 2100 at 10.9 Billion. The world is also ageing. By 2047, the old (over 60) 

will outnumber the young; by 2050 they will make up 21.1 per cent of the world 

population. But these patterns are not even; the developing world has yet to 

experience the full force of population ageing. Currently, 66 per cent of the world’s 

over-60s live in developed countries; by 2050 80 per cent will live in today’s 

developing countries.  

 Rise of new geographical markets. Partly due to the demographic changes, the 

growing markets of the future are likely to lie outside Europe, most likely in Asia, 

Africa and Latin America (Federal Ministry of Education and Research, DE 2012). 

 Growing resources and ecological concerns. The economic boom in the new fast-

growing countries goes hand-in-hand with an increase in the per capita consumption 

of energy, other raw materials, water and food. The OECD predicts that by 2050, 

terrestrial biodiversity will decline by another 10 per cent and 40 per cent of the 

world’s population is projected to live in areas of high water scarcity (Braconier et al. 

2014, European Commission 2014). 

 Need for climate action. The OECD predicts that without dramatic changes, 

greenhouse gas emissions will double from 2010 to 2060 (Braconier et al. 2014). This 

will increase the risk of costly climate change, exacerbate other environmental risks 

and thereby will hurt economic growth (Figure 17). 

Figure 17. Predicted climate change impact on global GDP65 

 

                                                        

65 Source: Braconier, H., G. Nicoletti, & B. Westmore. 2014. ‘Policy Challenges for the next 50 years’, 
OECD Economics Policy Paper, No. 9, OECD Publishing, Paris, p. 32. 
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Given these societal and ecological trends, the debate on the way forward is controversial. 

Some demand ‘prosperity without growth’ economic models, because traditionally more 

growth means more resources and more environmental damages. Others argue that Europe 

should keep the same economic paradigm to avoid falling behind the fast-growing economies 

(Federal Ministry of Education and Research, DE 2012). A more balanced way forward will 

be crafting new sustainable economic models that make use of technology to break the 

association between economic growth, resources consumption, pollution and carbon 

emission.66 

2.5.4. Trend 2: ‘Me’ economy  

 Individual empowerment will most likely accelerate, triggered by the expansion of the 

global middle class, poverty reduction, greater educational attainment and 

widespread use of ‘smart’ ICT technologies, including social networking, mobile 

technologies, ‘do-it-yourself’ manufacturing technologies and the Internet of Things 

(Atlantic Council 2012). 

 We will live and work in an increasingly digital environment, which will depend on an 

evolving ecosystem of interconnected and interoperable data, devices and platforms 

experienced by both people and business (AltimeterGroup 2012). 

 This digital environment will revolve around ‘me’. Our data gathered via ‘organic’ 

digital interfaces (wearable devices, near-field communications, or gesture-based 

recognition) will deliver more tailor-made and engaging experiences. Individuals who 

participate will benefit from contextualised digital experiences, in exchange for giving 

up personal data.67 A manifestation of this is the fast increasing trend on mobile data 

over the Internet (Figure 18). Data ownership and data monetisation will be major 

issues to address (NG 2014). 

                                                        

66 Interview conducted by RAND Europe (2014). 
67 Interview conducted by RAND Europe (2014). 
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Figure 18. Trends in mobile data and global Internet protocol traffic, 2005–201368 

 
 

The traditional economic models based on the ‘typical’, ‘all-equal’ economy actor will hardly 

cope with this trend towards the ‘me’ economy. Rather, economic models that assume that 

each individual is unique and behave in different ways will probably be better positioned to 

model the ‘me’ economy. Examples that have already gained traction include experimental 

economics, (e.g. agent-based simulation models), behavioural economics69 and neuro-

complexity and network economics (Alleman et al. 2009, Grechenig 2010, Tesfatsion 2006, 

Zak (2008).  

2.5.5. Trend 3: ‘Peer-to-peer’ economy 

 ICT developments are enabling consumers to become direct participants in 

production and distribution (Stalnaker 2008). In a growing number of industries, 

individuals are using digital platforms to (1) both produce and consume media 

contents, bypassing the traditional media industry; (2) lend to each other, bypassing 

the banking industry; (3) rent or buy houses, boats, tools and all sorts of services 

(babysitting, pluming, knowledge services, etc.) from each other, bypassing logistics, 

retail, house sales, hotel and education industries (Belk 2014). 

 ICT innovations are also boosting various forms of sharing and collaborative 

consumption where use does not necessarily involve ownership (Benkler 2004; 

Bockmann 2013; Stokes et al. 2014). 

 ‘Do-it-yourself’ technologies such as 3D printing and replicators will boost the ‘peer-

to-peer economy’ and ‘sharing economy’ further. Furthermore, people are likely to 

start using ‘personal’ currencies to pay for their peer-to-peers transactions, giving rise 

                                                        

68 Source: OECD (2013), OECD Science, Technology and Industry Scoreboard 2013, OECD 
Publishing. http://dx.doi.org/10.1787/sti_scoreboard-2013-en, p. 52.   
Note: VoD – Video on demand 
69 Behavioural economics in U.S. scholarly papers has increased substantially in the past few years, as 
this recent study shows: http://leconcurrentialiste.com/2014/04/23/behavioral-economics-in-u-s-
antitrust-scholarly-papers/. 
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to distributed currencies based on peer-to-peer reputational mechanisms (Hill 2014; 

Stokes et al. 2014). 

In this new economy, value shifts towards digital reputation and influence, digital goods and 

services and even data itself. The role of the economic agents is blurred as consumers 

become consumers-producers-lenders-distributors. Use and possession will be dictated by 

non-ownership forms of possession. The new economic models will have to cope with all 

these changes caused by the digital democratisation of production, consumption and 

distribution.  

2.5.6. Trend 4: Distributed innovation 

 Recent research from a wide variety of sources has argued that innovation is 

increasingly taking place in a distributed network across multiple stakeholders – an 

innovation ecosystem (Song and Liu 2013) where a complex mix of businesses, users, 

universities and other organisations co-create knowledge and economic value (Roser 

et al. 2013). However, the uptake has been different among OECD countries (Figure 

19). Several models of distributed innovation have been employed and are likely to 

continue to expand in the future (Bogers and West 2012). Among them are open 

innovation70 (Chesbrough 2012, 2006) and user innovation71 (Greer et al. 2012). 

Open source software and crowdsourcing are two applications of the different models 

of distributed innovation that have gained predominance in the recent years (Bogers 

and West 2012).  

 Future ICT developments are arguably positioned to catapult distributed innovation 

models and their applications (e.g. crowdsourcing) to an unprecedented scale 

(Acemoglu et al. 2014; Durugbo and Riedel 2013). Sophisticated online platforms will 

make it easier and simpler to manage, support and mediate among a distributed 

network of innovation stakeholders72 – companies, users, universities, entrepreneurs, 

research centres, etc. (Boudreau and Lakhani 2013). 

                                                        

70 Open innovation models focus on firms cooperating across organisational boundaries to create and 
commercialise innovations. 
71 User innovation models assume that users have the knowledge and motivation to create innovations 
that solve untapped needs.  
72 Interview conducted by RAND Europe (2014). 
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Figure 2. Firms collaborating on innovation with suppliers and clients, by firm size, 2008–2010
73

 

 

The traditional economic models, where the chief unit of analysis for innovation is the single 

firm, are poorly equipped to capture the economic value created by innovations that result 

from collaborations across a distributed network of stakeholders. The new economic models 

will have to be able to fill this gap so we can better understand, for example, what models of 

innovation work best, and in what circumstances, in fostering sustainable economic 

growth.74  

2.5.7. Drivers, barriers and game-changers 

The speed at which new economic models for the digital economy are developed in Europe 

and the nature of such new economic models are largely dependent upon how its drivers will 

play out, how potential barriers will be addressed and whether some game-changing events 

will materialise or not. Our research identified the following key drivers, barriers and game-

changing events for new economic models. 

 Drivers 

 Massive use of (personal and open) data. In the digital economy, data will 

become ubiquitous and in ever-increasing amounts and levels of granularity. This 

can drive the development of new economic models in at least two ways. First, the 

availability of massive public data sets (particularly open public data sets), as well 

as proprietary private sector data, can greatly improve the way we measure, track 

and predict economic activity. Second, massive data can prompt the expansion of 

new economic approaches (and development of new ones) that rely heavily on 

large amount of granular data.75 Agent-based simulation models, behavioural 

economic models and experimental economics are some examples that are 

gaining momentum, but others may emerge. These new approaches will allow us 

                                                        

73 Source: OECD (2013), OECD Science, Technology and Industry Scoreboard 2013, OECD 
Publishing. http://dx.doi.org/10.1787/sti_scoreboard-2013-en, p. 127. 
74 Interview conducted by RAND Europe (2014). 
75 Interview conducted by RAND Europe (2014). 

80

60

40

20

0

20

40

60

80
Suppliers Clients

Large firms 

SMEs 

http://dx.doi.org/10.1787/sti_scoreboard-2013-en


RAND Europe 

 40 

to better track the effects of different events and policies, for example (Einav and 

Levin 2013).  

 Entrepreneurship. Entrepreneurs are likely to play a key role in bridging the gap 

between the emerging digital technologies and trends such as crowdsourcing, co-

creation and open innovation76 (Gagliardi 2013). Emerging technologies related 

to data solutions, data analytics, cloud-based services and mobile Internet devices 

will help level the playing field, putting unprecedented IT capabilities within 

reach of entrepreneurs and small companies (Roser et al. 2013). Yet, the 

traditional economic models struggle to capture the role that entrepreneurs play 

in the economy, as well as the mechanisms through which their contribution to 

economic growth and job creation happens (Acs et al. 2014; Van Praag and 

Versloot 2007). 

 

 Barriers 

 Entrepreneurial-unfriendly business environment. By and large, most European 
countries compare unfavourably with other developed economies in offering an 
entrepreneurial-friendly regulatory environment.77 Within Europe, there are 
substantial differences as well, with some countries performing better than 
others, depending on the regulations (e.g. finance, construction permits, starting 
a business, resolving insolvencies, enforcing contracts, etc.) (Word Bank 2013). 
For example, the number of days required to start a firm in Europe in 2013 varied 
from a minimum of 3 in Portugal to a maximum of 40 in Malta, compared with 5 
days in the USA. 78  

 Skills mismatch. New technologies will render certain skills obsolete and create 
demand for new skills.79 The success of new economic models for the digital 
economy will largely depend upon the availability of skills demanded and the 
regions of the world where such skills will be abundant are likely to be the 
greatest winners (NG 2014). 

 Growing income inequality. The benefits of emerging ICT may be unevenly 
distributed and could even contribute to widening income inequality.80 Highly 
skilled workers and owners of capital are likely to benefit from greater 
opportunities (MGI 2013). The new economic models, therefore, might need to 
put a greater importance on education and training as well as on how to best deal 
with income inequality.81 

 Inadequate IP and regulatory regimes. One challenge to the new models of value 
creation will be to craft ways of managing intellectual property across multiple 
stakeholders (users, producers, suppliers, competitors, researchers) around the 
world, who have different types of IP requirements and operate under very 
different legal and regulatory regimes (Leung 2010). Equally important is to make 
sure that the regulatory regimes are in line with technological developments so 

                                                        

76 Interview conducted by RAND Europe (2014). 
77 Interview conducted by RAND Europe (2014). 
78 Source: World Bank, Doing Business 2013 Dataset 
http://www.doingbusiness.org/data/exploretopics/starting-a-business, last retrieved on 31/07/2014. 
The measure captures the median duration that incorporation lawyers indicate is necessary to 
complete a procedure with minimum follow-up with government agencies and no extra payments. 
79 Interview conducted by RAND Europe (2014). 
80 Interview conducted by RAND Europe (2014). 
81 Interview conducted by RAND Europe (2014). 

http://www.doingbusiness.org/data/exploretopics/starting-a-business


 

 41 

that outdated rules and regulations do not hold back the uptake of new 
technologies.82 

 

 Game-changers 

 Crisis-prone economy. Regional instability, especially in the Middle East and 
South Asia, coupled with greater global multi-polarity (Lijn 2012; National 
Intelligence Council 2008) can result in global insecurity and economic instability 
(Atlantic Council 2012). This would be likely to hamper the capacity for 
developing new models of value creation for the digital economy.  

 Security and privacy breaches. The event of major privacy or security breaches is 
likely to undermine trust among stakeholders in the digital economy. This 
mistrustful environment would severely compromise, if not reverse, some of the 
trends identified above, namely the ‘me’ economy, the ‘peer-to-peer’ economy and 
the ‘distributed innovation’. They would also compromise the massive use of data 
as a driver of new economic models in the digital economy, as data would be 
regarded more as a negative externality and less as a source of economic 
opportunities.83 

2.5.8. Insights and suggestions for future research and the H2020 work 

programme 

Our research has pointed to four suggestions for future research in this topic: 

 Data privacy, data control and data monetisation. Used well, the explosion of data 

holds tremendous potential to boost innovation, productivity, efficiency and, 

ultimately, economic growth and social value. At the same time, the use of all this 

data presents challenges in terms of privacy, security, data curation and data 

‘monetisation’ – ensuring that individuals share the benefits of the data collected 

about them. These issues need to be addressed in a forward looking way so we can 

ensure privacy, security, data control and data value sharing without undermining 

the capacity for society to discover data-driven innovative offerings and better ways 

of living. 84,85 

 Sustainable growth, innovation and technology. How can technology break the 
association between economic growth and resources consumption? How can 
‘distributed innovation’ and the ‘peer-to-peer’ economy foster sustainable forms of 
economic growth and in what circumstances?  

 Measuring economic prosperity in the digital era. How to measure innovation? 
What new metrics exist to measure the success of societies? Does the concept of 

                                                        

82 One striking example highlighted by an interviewee is the self-driving cars. The technology is pretty 
much ready but the legal and regulatory framework is not. For example, if my self-driving car hits a 
person, who is liable for that? Is it the car owner? Is it the manufacturer? The current legal and 
regulatory does not offer an answer to this question. Source: Interview conducted by RAND Europe 
2014. 
83 Interview conducted by RAND Europe (2014). 
84 Tene, Omer and Jules Polonetsky. 2013. ‘Big Data for All: Privacy and user Control in the Age of 
Analytics.’ Northwestern Journal of Technology and Intellectual Property 11 (5): 239–273. 
85 Cave, Jonathan, Rebecca Schindler, Neil Robinson, Veronika Horvath, Sophie Castle-Clarke, Arnold 
Roosendaal and Bas Kotterink. 2012. Data Protection Review: Impact on EU innovation and 
Competitiveness. European Parliament, Directorate General for Internal Policies, Policy Department 
A: Economic and Scientific Policy. 
http://www.europarl.europa.eu/RegData/etudes/etudes/join/2012/492463/IPOL-
ITRE_ET(2012)492463_EN.pdf 

http://www.europarl.europa.eu/RegData/etudes/etudes/join/2012/492463/IPOL-ITRE_ET(2012)492463_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/etudes/join/2012/492463/IPOL-ITRE_ET(2012)492463_EN.pdf
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measuring success by GDP need to be replaced or broadened to include well-being, 
happiness, health and quality of life?86   

 Role of procurement (private and public). What role can public procurement and 
private procurement (e.g. corporate-led business incubators and business 
accelerators) have in fostering the development of digital start-ups and thereby 
innovation, economic growth and job creation? 

2.6. Theme 5: The evolution of the web’s architecture: How will the 
advent of the Internet of Things affect the evolution of the web? 
Could new technological needs generate new opportunities for 
EU industry? 

2.6.1. Trend Card 

 

2.6.2. Introduction 

The Internet has arguably been one of the most significant creations in all of human history. 

Although still in a relatively early stages of development, the next evolution of the Internet – 

the Internet of Things (IoT) – is seen by many as one of the fastest-growing technology 

                                                        

86 Cost Foresight 2030 (2009). Living the digital revolution. 
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segments with the potential to greatly impact society, businesses and economies (Manyika et 

al. 2013; Schindler et al. 2013). With several billion devices around the world today already 

connected to the Internet, the IoT finds applications in key vertical sectors and has made it 

possible to merge industrial and information economies. In this regard, numerous 

independent studies have recognised the importance of the IoT and have identified it as a 

notable ‘disruptive’ technology whose rapid development is challenging many assumptions 

underlying business, market, policy and societal models (Atzori et al. 2010; Evans 2011; 

Manyika et al. 2013; National Intelligence Council 2008; Schindler et al. 2013; Smith 2012). 

While the development of the IoT has the potential to be used in innovative ways in many 

possible applications and across diverse sectors, it nevertheless introduces several 

challenges.  

Several trends have been identified that could shape future developments of IoT ecosystems 

around the world.   

2.6.3. Trend 1: Explosion in the number of connected devices 

According to the International Telecommunication Union (ITU) connected devices will 

potentially outpace connected people by six to one in 2020; the ITU forecasts 25 billion 

devices by 2020 (ITU Broadband Commission 2012). Other analysts estimate that the 

growth rate of connected objects will take place at a significantly faster rate, with the number 

of connected objects projected to reach approximately 50 billion (Bradley et al. 2013) to 200 

billion (Intel 2014) by 2020 (see Figure 20). For example, in addition to smartphones and 

tablets, today Internet-connected televisions, game consoles, Blu-ray players and set-top 

boxes have become very common, and smart electricity meters are now widespread. Manyika 

et al. (2013) report that between 2008 and 2013 there had been a 300 per cent increase in 

the number of connected machine-to-machine (M2M) devices and that the estimated 

potential economic impact of IoT-related technologies in 2025 could range between $2.7 

trillion and $6.2 trillion annually with the largest impacts being in the healthcare and 

manufacturing sectors. 



RAND Europe 

 44 

Figure 20. Comparison of the growth in the estimated number of connected devices in the Internet of 

Things and the world population (2003–2020) 

 

Source: Cisco IBSG (Evans 2011) 

2.6.4. Trend 2: Cheaper, smaller and smarter devices 

Over the last few years, there has been a reduction in the costs of the technologies that 

underpin the IoT.87 According to some estimates, there was an 80–90 per cent fall in the 

price of micro-electro-mechanical systems (MEMS) between 2008 and 2013 (Manyika et al. 

2013). In the 18 months leading up to April 2013, the price of RFID tags fell by 

approximately 40 per cent, with the price per RFID tag varying between 7 and 12 US cents 

(Truecount 2013). With shrinking form factors, devices are also progressively becoming 

smaller. For example, sensors that measure and transmit information such as temperature, 

pressure and movement are now available that are as small as a ‘speck of dust’ (Bradley et al. 

2013).88 Rapid advancements in technology are not only making sensors smaller and cheaper 

but also more capable in terms of their functionalities, now possessing greater computing 

and networking capabilities (Chui et al. 2010; Manyika et al. 2013). According to recent 

figures from the Cisco Visual Networking Index (VNI), there has been an increase in the 

number of mobile devices and connections (Figure 21) with a more pronounced global 

                                                        

87 Some experts have also listed the significant drop in the cost of WiFi routers (to approximately 
US$10) as one of the developments that has contributed in some ways to the business adoption of IoT 
(The Economist Intelligence Unit 2013). 
88 The aim is for such kind of ‘smart dust’ to be distributed in their thousands to provide continuous 
updates, for example, to monitor movement of bridges and skyscrapers; as medical implants (New 
Scientist 2013). Indeed, research is being carried out to investigate the feasibility of inter-connecting 
nanoscale devices (referred to as the ‘Internet of Nano-Things’) (Akyildiz & Jornet 2010; Miorandi et 
al. 2012). 
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growth in the number of smart mobile devices’89 a trend that is likely to continue into the 

future.90  

Figure 21. Global growth in mobile devices and connections (2013–2018) 

 

Source: Cisco VNI Mobile 2014 (Cisco 2014b) 

2.6.5. Trend 3: Progress in wireless communications technology 

Over the last few years as IoT applications have become more widespread, rapid advances 

have been made in wireless communication technologies – in particular wireless broadband 

technologies91 – and this has greatly enhanced communication capabilities (Atzori et al. 

2010; Chen 2012; Chui et al. 2010). Innovative techniques such as spectrum sharing (Ofcom 

2014a) and ‘white space’92 spectrum access (Weightless 2014a; Ofcom 2014a) are being 

investigated in the particular context of the IoT to meet the increasing growth in demand for 

wireless data capacity. Research is also being carried out to investigate the feasibility of using 

fifth generation (5G) wireless communications technology to support IoT (Ofcom 2013a; 

Tech Times 2014a; Wunder et al. 2014). 

The mobile Internet has resulted in ubiquitous connectivity: not only can devices 

communicate with each other but people seamlessly communicate with devices and vice 

versa.93 Indeed, it is forecast that the use of the wireless web will outstrip wired web use as 

                                                        

89 Note: Cisco define smart devices and connections as ‘those having advanced computing and 
multimedia capabilities with a minimum of 3G connectivity’ (Cisco 2014b). 
90 It is estimated that between 2013 and 2018, the proportion of smart devices and connections 
(expressed as a percentage of the total) will rise from 21 per cent to 54 per cent. 
91 According to the ITU (2013a), there has been a dramatic increase in the number of mobile 
broadband subscriptions globally, rising from 268 million in 2007 to 2.1 billion in 2013 (this 
corresponds to an average annual growth rate of 40 per cent). 
92 White space spectrum refers to the unused portions of the wireless spectrum (e.g. in and around the 
television broadcast frequency bands). 
93 Looking to the future, Cisco (2014a) has labelled the next step in the evolution of the Internet as the 
Internet of Everything (IoE). Building on the IoT, the IoE brings together ‘people, process, data, and 
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early as 2015 (Manyika et al. 2013). Figure 22 presents a global map of the estimations of 

mobile broadband subscriptions in 2013 and Figure 23 shows the estimated growth between 

2007 and 2013 in active mobile broadband subscriptions (per 100 inhabitants). By the year 

2018, global mobile data traffic is predicted to grow to approximately 16 exabytes per month 

(Cisco 2014b), an 11-fold increase over the figure in 2013 (this corresponds to a compound 

annual growth rate of 61 per cent from 2013 to 2018).94 

Figure 22. Estimations of worldwide mobile broadband subscriptions (2013) 

 

Source: ITU 2013a 

                                                                                                                                                                            

things to make networked connections more relevant and valuable than ever before – turning 
information into actions that create new capabilities, richer experiences, and unprecedented economic 
opportunity for businesses, individuals, and countries’. 
94 Some studies also suggest that even a relatively ‘mature’ wireless technology like Wi-Fi will continue 
to play a key role in the widespread adoption of IoT by enabling inter-connection between smart 
devices (Wi-fi.org 2014). 
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Figure 23. Growth of active mobile broadband subscriptions (2007–2013) 

 

Source: ITU 2013a 

2.6.6. Trend 4: Global investments in IoT-related sectors 

Today, many countries view the IoT as a vehicle for economic growth. For example, the US 

National Intelligence Council (NIC) (2008a) highlights the IoT as one of six potentially 

‘disruptive’ civil technologies that could have major impacts in a number of spheres (e.g. 

economically, geo-politically). In 2012 the Chinese government indicated that they were 

planning to invest $800 million in the Internet of Things industry by 2015 (CNN 2012). 

More recently, the UK government pledged approximately £73 million to develop IoT 

technology across a number of sectors within the UK (BBC 2014a).  

Realising the commercial potential of the IoT, global investments in the IoT sector have been 

rising recently and it is likely that investments will continue to increase. In 2013, companies 

working in various areas related to the Internet of Things attracted in excess of US$1.1 billion 

in venture capital funding, with financing transactions growing in each successive quarter of 

2013 (Figure 24) (CB Insights 2014). 
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Figure 24. Venture capital financing activity within the (US) IoT market (2012–2013) 

 

Source: CB Insights 2013. 

Businesses dedicated to IoT products and services (ranging from energy management and 

home automation to healthcare sensors and the ‘quantified self’95 technologies) are becoming 

more conspicuous96. At the same time, well-known multi-national companies such as Cisco, 

ARM, IBM, Google, Samsung and Microsoft have also recognised the many opportunities 

that the IoT can promise and have recently been devoting a lot of resources towards 

developing this area. 

In parallel to these developments, over the last decade there has been an increasing trend of 

smart city initiatives around the world into which governments, city councils and private 

sector businesses are heavily investing (Jin et al. 2012; Manville et al. 2014; Perera et al. 

2014). Developments surrounding the IoT are expected to play a key role in enabling this 

trend, particularly with rising urban populations (WHO 2014).97     

2.6.7. Drivers 

The growth of IoT is being driven by several factors. One of the key enablers has been 

sustained developments of standardised, low-power wireless technologies such as Bluetooth, 

Wi-Fi, ZigBee, Z-Wave and Weightless and increased wireless coverage. Consumer devices 

such as smartphones, tablets and laptops will continue to be critical building blocks for the 

IoT; however, future growth will predominantly be driven by ‘node or sensor type devices’ 

(ABI Research 2013). Other technological developments such as dramatic enhancements in 

                                                        

95 Also sometimes referred to ‘lifelogging’, the ‘quantified self’ movement broadly refers to a relatively 
recent movement that incorporates self-monitoring and self-sensing technologies to track and acquire 
data related to different aspects of a person’s daily life (e.g. tracking one’s fitness, sleep, stress, food 
consumed and other consumer health areas). 
96  E.g. Libelium; SIGFOX; SmartThings; Soundhawk. 
97 According to one forecast, annual revenues from global smart city technologies will grow from 
US$8.8 billion in 2014 to US$27.5 billion in 2023 (Navigant Research 2014); indeed, others report 
that the global smart city market is expected to be worth over US$1 trillion as early 2016 (Perera et al. 
2014). 



 

 49 

processing power,98 storage and low-cost bandwidth (The Economist 2013) are also 

facilitating the evolution of the IoT. In addition, high-volume manufacturing is driving 

growth (Manyika et al. 2013). 

In terms of ensuring that the billions (and potentially trillions) of objects are capable of 

seamlessly connecting to the IoT and communicating data by having their own IP addresses, 

the migration to Internet Protocol version 6 (IPv6) will play a crucial role by eliminating 

concerns about the limitation of IP addresses (Bradley et al. 2013; Hurlburt et al. 

2012;IPv6.com). The transition to IPv6 has already begun – Cisco (2014b) forecasts that by 

2018, globally almost 50 per cent of all mobile devices and connections and as many as 80 

per cent of smartphones and tablets will be IPv6-capable (although not necessarily actively 

possessing an IPv6 connection). Furthermore, between 2013 and 2018, it is projected that 

IPv6-capable M2M devices in particular, will emerge as an important segment of growth 

(Table 2) 

Table 2. Global estimates of IPv6-capable devices by device type (2013–2018) 

 

Source: Cisco VNI Mobile 2014 [Cisco 2014b] 

Another promising opportunity for development comes from the potential synergy between 

the Internet of Things, cloud computing technologies (Chen 2012; The Economist 

Intelligence Unit 2013) and Big Data with innovations and advancements within all three 

domains being intrinsically linked.99 Finally, other areas where ICT-related developments 

                                                        

98 It may be noted that although Moore’s law appears to be still at work, some predictions indicate that 
this will slow down and not hold for much longer (The Economist 2013). [Gordon Moore, the co-
founder of Intel Corporation had predicted (in 1965) that the number of transistors in a silicon chip 
would double approximately every two years, which would have implications for reduced costs of 
microchips.] 

99 For example, the cloud provides storage and computation services for the large amounts of data 
generated by the IoT, while the sensors and actuators within the IoT ecosystems offer improved 
functionalities to cloud-based services. A recent survey of leading M2M solution providers indicated 
that cloud-based services were ‘vitally important’ as it greatly reduced the cost and complexity of 
delivering M2M solutions (Beecham Research 2012). With respect to Big Data, the IoT, on the one 
hand, acts as a source of the large volumes of data used in big data analytics (enabling companies, for 
example, to make more informed decisions based on these data); on the other hand, the continual 
analysis of these Big Data streams will help in realising the potential of numerous IoT applications. 
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will affect the future of the IoT include business-to-business (B2B)100 and business-to-

consumer (B2C)101 transactions and the public-sector developments102 (e.g. stimulation of 

smart city developments).103 

2.6.8. Barriers and policy challenges 

Undoubtedly, the future of the IoT looks bright; however, in order to achieve its full 

potential, there are several challenges – technical, societal and policy – that must be 

overcome. First, the sheer number and diversity of connected devices in the IoT creates 

significant scalability, heterogeneity (Iera et al. 2010; Miorandi et al. 2012) and systems 

engineering issues.104 Outside of environmental control applications, practical deployment is 

a major barrier with sensors and actuators becoming more non-trivial.105 With respect to 

heterogeneity are the challenges associated with inter-operability and standards. Enabling 

billions of devices to talk to each other and inter-connect seamlessly and cost-effectively is 

absolutely vital to the widescale adoption and deployment of the IoT; it is essential that 

stakeholders align around common building blocks and data protocols and standards. There 

have been numerous initiatives106 and there is still a large degree of immaturity and lack of 

consensus in this area (Atzori et al. 2010; IEEE 2014b; Schindler et al. 2013).107 Indeed, the 

challenge in this sphere might be too many standards rather than a lack of standards. 

Related to standards is the issue of ‘discoverability’ of the billions of internet-connected 

devices.108   

Although novel energy harvesting technologies are being investigated (Gorlatova et al. 2013; 

Shwe & Liang 2009), the need for prolonged battery life and energy optimised solutions is 

likely to remain one of the foremost constraints for the large number of miniature devices 

that constitute the IoT ecosystem (Atzori et al. 2010; Miorandi et al. 2012.), particularly if it 

is to be ensured that the IoT contributes to a sustainable environment.109 Furthermore, the 

availability of spectrum may pose issues (Miroandi et al. 2012) both in terms of bandwidth 

                                                                                                                                                                            

Experts have reiterated that Big Data (and analytics) ‘provide a huge opportunity for new service 
businesses to open up’ and will transform business practices (IEEE 2014a). 
100 E.g. are businesses going to be using sensors/actuators to drive efficiencies? 
101 E.g. are consumers going to be taking up IoT-type devices? 
102 E.g. will the public sector drive some of the growth by stimulating the introduction of IoT in 
domains like health services and smart city infrastructure? 
103 Interview conducted by RAND Europe (2014). 
104 Interview conducted by RAND Europe (2014). 
105 Interview conducted by RAND Europe (2014). 
106 E.g. the IEEE Standards Association’s IoT Related Standards; the ITU’s IoT Global Standards 
Initiative; Open Interconnect Consortium; AllSeen Alliance; IPSO Alliance. 
107 Manyika et al. (2013) add that the lack of inter-operability introduces the risk of ‘betting on the 
wrong technology’, which could further hamper IoT adoption rates. 
108 In this respect, similar to the ‘whois’ protocol, the potential significance of a ‘whatis’ service is 
highlighted in order to obtain information from an Internet-connected device; this could be required 
to facilitate social acceptability for a sustained period of time [Interview conducted by RAND Europe 
(2014)]. 
109 Public investments could be essential to ensure that the IoT contributes towards a more sustainable 
environment [Interview conducted by RAND Europe (2014)]. 
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and latency.110 The successful evolution of the web’s architecture will also be largely 

dependent on the characteristics and patterns of the traffic that will be communicated across 

the IoT, with the majority of data being directed to and from ‘machines’ (as opposed to 

humans) (Atzori et al. 2010; Iera et al. 2010). In addition, with businesses becoming more 

reliant on a robust IoT architecture, and the IoT itself being a key enabler of, for example, 

smart cities, quality of service (QoS) requirements will become increasingly paramount. 

Pertinent questions are being asked about security issues affecting Internet infrastructure, 

privacy, data protection and ethical considerations related to individual freedom (Ericsson 

2012; Mattern & Floerkemeier 2010; Miorandi et al. 2012; Schindler et al. 2013; van 

Kranenburg & Bassi 2012). These embody key requirements in order to ensure acceptance 

from users of the technology. Iera et al. (2010) anticipate that ‘as long as there are no 

trustworthy and well recognized solutions to security and privacy support, people will resist 

the deployment on a large scale of such a pervasive technology as the IoT is supposed to 

become’.111 

It has also been suggested that educating customers about privacy and security of data 

generated will become increasingly important as IoT networks become more widespread 

(Ericsson 2012). Others have advocated that it is imperative to get buy-in from customers 

and business leaders by selling the benefits of the technology in a ‘language they can 

understand’ (IEEE 2014b).112 A recent survey of several hundred business leaders from 

around the world suggested that another hurdle to widespread deployment of IoT, 

particularly from the business perspective, is the lack of IoT-specific skills and knowledge 

among employees (The Economist Intelligent Unit 2013).113 Moreover, despite the many 

developments within and around the IoT domain, it is still not clear what the business model 

for IoT will be (and therefore there may not be as widespread take-up of the technology as 

was anticipated).114 For example, will data monetisation be the key to realising a business 

model for IoT? Moreover, from the perspective of social acceptance, what are the levels of 

‘anonymisation’, ‘pseudonymisation’ and ‘opt-outs’ that will be permitted?115 

                                                        

110 Interview conducted by RAND Europe (2014). 
111 Indeed, in a recent review of ten popular IoT devices (that included, for example, home thermostats 
and alarms, web cams, remote power outlets), it was found that there were a disturbingly large 
number of security vulnerabilities across the devices (HP 2014). 
112 In this regard, the technology must be simple without added complexity and the interfaces must be 
user-friendly. 
113 For example, to understand the underlying technologies of the IoT. Interestingly, the survey also 
indicated that the high costs of required investment in IoT infrastructure was one of the ‘top five’ 
barriers to companies increasing their use of the IoT. The other major obstacles highlighted in the 
survey included: ‘lack of senior management knowledge/commitment’; ‘products or services do not 
have an obvious IoT element to them’; and ‘immaturity of industry standards around the IoT’ (The 
Economist Intelligence Unit 2013). 
114 Interview conducted by RAND Europe (2014). 
115 What people are prepared to accept, for example, in relation to health activities may vary 
considerably from what they are ready to accept in other spheres such as finance or leisure [Interview 
conducted by RAND Europe (2014)]. 
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2.6.9. Concluding remarks and future outlook 

The EU has always seen great potential in the IoT and the prospective breakthroughs it could 

deliver to keep Europe at the forefront of global markets while at the same time respecting 

European values and regulations. Given the public good nature of the IoT, it is important to 

balance financial interests and social objectives when designing and developing the IoT. 

If the IoT is to become a reality in the near future and ultimately enhance quality of life in 

Europe, a concerted and coordinated effort must be made by governments and policy 

makers, businesses, standards bodies and academia to resolve the many challenges that exist 

today. As the IoT will require a number of players to come together to make it work, the 

importance of clusters in Europe has been highlighted (as opposed to channelling all funding 

towards a few large companies).116 Focusing on the questions surrounding the resilience and 

privacy of the IoT are areas where Europe could take the lead. A direct consequence of the 

explosion in the number of connected devices is the exponential growth in the amount and 

complexity of data that are being generated. This, in turn, will have repercussions on the way 

in which data are stored and analysed, although advances in cloud computing and machine 

intelligence will improve analytical capabilities (Chen 2012). Thus the importance of 

developing proper frameworks for data handling and data protection cannot be 

overestimated. Indeed, it was noted that the EU could play a strategic role by trying to 

‘nudge’ industry into doing verification and privacy by design (for example, by changing or 

enforcing law on liability).117 

A lot of the objects and apps within the IoT are going to be built ‘bottom-up’ with SMEs 

playing a key role; in this regard, the use of challenge/prize competitions and hackathons 

was highlighted as potentially effective tools to promote innovation in these areas.118 A 

crucial aspect will be the policy apparatus that will be required to ultimately deliver the 

Internet (e.g. rural broadband roll-out) to the places where the ‘things’ will be.119 The 

complex systems engineering challenges associated with deploying IoT ecosystems on a 

large-scale is another area that could potentially be addressed under Horizon 2020, 

particularly as the IoT is going to be the critical infrastructure for ‘smart-X’ markets (e.g. 

smart cities, smart homes, etc.).120 Associated with this, a key question will be how do you 

sustainably power billions of devices? With an ageing population, IoT in healthcare 

(MDTmag 2014) is another area in which Europe could lead the way.121 Additionally, the 

governance of the Internet itself and the interaction among the different stakeholders needs 

to be taken into consideration, with new models and frameworks emerging to shape the 

evolution of the Internet at a policy level (Schindler et al. 2013). Addressing these pressing 

issues will be a step towards making Europe a world leader in the IoT domain. From this 

perspective, focal questions will be ‘who owns the IoT (and the associated devices)?’ and 

‘who owns the large amounts of (personal) data that the IoT will generate?’ From the legal 

                                                        

116 Interview conducted by RAND Europe (2014). 
117 Interview conducted by RAND Europe (2014). 
118 Interview conducted by RAND Europe (2014). 
119 Interview conducted by RAND Europe (2014). 
120 Interview conducted by RAND Europe (2014). 
121 Interview conducted by RAND Europe (2014). 
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standpoint, ‘how will liability issues that sensor/actuator-based systems potentially generate, 

be resolved?’122 The answers to these pressing questions are likely to have implications for 

how the IoT continues to serve as an attractive sector for policy makers and businesses. 

2.7. Theme 6: Do-It-Yourself (DIY) Innovation  

2.7.1. Trend Card 

 

2.7.2. Introduction 

In 2012, Neil Gershenfeld announced the anticipated arrival of ‘a new digital revolution’. 

This time, he said, in fabrication. According to Gershenfeld (2012), digital fabrication would 

give individuals the opportunity to design and produce tangible objects on demand, 

wherever and whenever they want. Broad access to digital fabrication technologies, 

according to Gershenfeld (2012), will challenge conventional models of business, aid and 

education. The most popular example of technology used for digital fabrication, also known 

as Do-It-Yourself (DIY) Innovation, is 3D printing. Santoso & Wicker (2014) note how when 

3D printing came along approximately 30 years ago, it ‘was the exclusive domain of 

industrial manufacturing’. More recently, however, the technology has become more 

                                                        

122 For example, Manyika et al. (2013) pose the question as to who will be held legally responsible for 
injuries or damages that are the result of errors in a system dictated by the actions of a ‘machine’. 
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mainstream due to changes in price and ease of use, which has created the opportunity for 

more widespread adoption. This development has introduced the potential for a DIY eco-

system that has allowed 3D printing to step out of its industry shadow and into a consumer 

reality. The distinction between a focus on industry versus a focus on consumers is expressed 

in the terminology. While often used interchangeably, 3D printing and additive 

manufacturing are, according to Hague & Reeves (2013), distinct and must be treated as 

such. 3D printing is generally used when discussing consumer-focused usage whereas 

additive manufacturing is industry focused.  

2.7.3. Trend 1: Reconfiguring the manufacturing landscape 

The main trend with respect to digital fabrication in general, and 3D printing in particular, is 

the reconfiguration of the manufacturing landscape. Birtchill & Urry (2013) describe how 3D 

printing could potentially have significant implications for the manufacturing process. As 

Birtchill & Urry (2013) write, the new system has the potential to transfer manufacturing 

away from mass production to mass customisation. This could potentially change the 

landscape of manufacturing over the next decade or two. The present manufacturing 

landscape focuses on mass production of generalised goods, whereas digital fabrication 

provides a platform for customised goods on a personal level, also known as mass 

customisation or hyper-customisation. The implications for the manufacturing process are 

echoed by various other authors (see, for example Garrett 2014; Mota 2011; Petrick & 

Simpson 2013; USPS 2014). The United States Postal Service (2014) even indicates how 3D 

printing could become the largest change to global manufacturing since the invention of 

assembly lines. Mota (2011) speaks of a ‘democratization of manufacturing’ while others 

anticipate a ‘disruption’ of the current manufacturing process (Petrick & Simpson 2013). The 

Economist (2012) spoke of the Third Industrial Revolution. According to Petrick & Simon 

(2013: 14), 3D printing will alter the nature of design while also increasing the interactivity 

between design and production. Perhaps more significantly, however, digital fabrication can 

radically localise innovation and manufacturing, as individuals gain access to the 

technologies to design and produce. Garrett (2014) even speaks of the potential for a 

significant alteration in the structure of the global economy, precisely because the 

production and distribution of goods could lead to a state of ‘de-globalization’ as goods are 

manufactured much closer to home. This could have several consequences, as he writes 

(2014: 73), ‘The reduced need for labor in manufacturing could be politically destabilizing in 

some economies that rely on traditional manufacturing for a large percentage of their labor 

force’. These economies he refers to, however, such as China, also appear to be actively 

involved in the digital manufacturing developments. One interviewee specifically mentioned 

how the Guangdong and Shenzhen regions in China are extremely developed in 

manufacturing and are areas worth studying.123 This could, in fact, contrary what Garrett 

(2014) asserts, make China even more competitive since it will have both conventional and 

digital manufacturing.124  

                                                        

123 Interview conducted by RAND Europe (2014). 
124 Interview conducted by RAND Europe (2014). 
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2.7.4. Trend 2: Changing roles and responsibilities  

Closely related to the first trend is a second trend – that of the changing of roles and 

responsibilities of actors or stakeholders in the manufacturing process. The dividing line 

between designers, producers and consumers fades as digital fabrication leads to a different 

class of manufacturers, for example prosumers, and also provides opportunities for co-

creation (Rayna & Striukova 2014). Garrett (2014) claims 3D printing will lead to new 

industries and professions. The fluctuation of roles and responsibilities, either through the 

blurring of lines or the development or introduction of new actors, leads to legal challenges 

and questions. Mota (2011) asks ‘While the manufacturing industry is currently subject to 

regulations concerning the safety, quality and environmental impact of the goods they 

produce, how can these be applied to the objects individuals fabricate themselves? Who is 

liable if someone gets injured by one of these home-made objects?’ Hague and Reeves (2013) 

echo this worry when they write how in the event of product malfunction, the challenge will 

be to disentangle the cause of the malfunction and subsequently the responsibilities of 

associated actors such as the designer, printer and additive manufacturer. Ratto & Ree 

(2012) also indicate the necessity for future research into legal questions in general with 

respect to fluctuating and changing roles and responsibilities, and in particular with regard 

to liability.  

2.7.5. Trend 3: Whatever, whenever and wherever  

Since customisation is a keyword with respect to digital fabrication and 3D printing, the 

third trend is about the freedom of making and/or ordering whatever, whenever and 

wherever consumers want. Part of the digital revolution, as described by Gershenfeld (2012) 

in the introduction, is a state where ‘consumers’ are in a position to produce whatever, 

whenever and wherever they want. This process is enhanced through open source 

communities and tools. An often mentioned example is the replicating rapid prototype, 

better known as RepRap, which is an open-source home-use 3D printer. This state of affairs 

could have economic consequences. Wittbrodt et al. (2013) concluded how even with 

extremely conservative assumptions, the average US household could save anywhere from 

hundreds to thousands of dollars per year in avoided purchases by printing commercial 

products themselves in their own homes. How this will play out in reality, however, is an 

area of discussion (see 2.7.5).   

Besides convenience and potential economic savings, 3D printing can also influence our 

mindset. Campbell (2012: 49), for example, writes ‘Playing with 3D printing exposes that 

everything in our built environment is designed by somebody who makes choices for us 

about how we should or shouldn’t use our possessions. They dictate when we should buy 

things and how quickly we should dispose of them. We’re about to have more of a say in this 

process, if we so choose.’ This leads to a sense of freedom previously not experienced by a 

large part of the population. The DIY eco-system has also ignited a maker movement, which 

is an umbrella term for independent inventors, designers and tinkerers (Bajarin 2014). The 

development of this movement has given rise to various areas where members can come to 

engage in DIY technology.  

The ‘whatever’ aspect of this trend is also indicative of the wide range of products that can be 

produced through DIY technology. With respect to society in general, 3D printing has led to 

product development in a variety of industries, ranging from the health sector, through 



RAND Europe 

 56 

producing hearing aids, prosthetic limbs and other crucial medical devices, to the automotive 

and aerospace industries.  

2.7.6. Drivers, barriers and policy challenges 

Whereas traditionally the main overarching driver is customer need, with respect to 3D 

printing there is more a technology push than a market pull.125 There appears to be an 

overall consensus, however, about the general drivers behind the emerging 3D printer 

market and the DIY ecosystem. The first is accessibility to materials, namely 3D printers, as 

well as Internet access.126 More specifically, the price of 3D printers is a primary driver for 

uptake by the public, as it continues to drop and the market expands. Whereas prices were 

quoted as low as $1,000 to $2,000 in 2012, Rodriguez (2014) describes how one company 

planned to introduce the Da Vinci 3D printer for $499 in 2014.127 According to a Wohlers 

Report (2013), the sales of 3D printers demonstrated a rise from 66 in 2007 to a total of 

35,508 in 2012. Zach Kaplan (qtd. Bajarin 2014), also stated that the main driver behind 

digital fabrication is the drop in costs of tools such as 3D printers, CNC Mills and things like 

Arduino and Raspberry PI mother boards and other core tech products and are now within 

reach of regular consumers. 

The prices are driven down through competition as the 3D printer market continues to grow 

and more players enter (Lomas 2013). At the same time, however, there also appears to be 

movement towards consolidation of the market. Stratasys, an established player, for 

example, acquired MakerBot, which allows it to also access the consumer market share of the 

3D printing industry. Gartner projected how in 2016 an Enterprise-class 3D printer will be 

available for under US$2,000. Canalys (2014) projects that the 3D printing market will grow 

from US$3.8 billion in 2014 to US$16.2 billion by 2018. McKinsey (2013), however, provides 

an estimation of a total economic impact of US$550 billion per year by 2025.  

The reality of these projected figures, however, deserves a healthy sense of scepticism. 

Interviewees indicated how the developments must be placed in a realistic context to caution 

for potential hyping of the phenomenon. After all, not everyone wants to be a designer.128 

Some people want to design, whereas others want to just buy the design and print at 

home.129 3D printing may be an attractive prospect, but not necessarily for everyone. 

Moreover, a compromise between self-designing and printing could be services such as the 

one recently introduced by Amazon, where individuals can customise product but have them 

printed by Amazon. In July 2014 Amazon announced how it will start selling 3D printed 

products. The main focus appears to be on customisation and Amazon also demonstrates the 

intention of using its site as a platform for designers to sell their products.  

                                                        

125 Interview conducted by RAND Europe (2014). 
126 An interviewee specifically mentioned how digital manufacturing will ‘map to’ broadband access – 
where broadband exists, digital manufacturing will develop.  
127 http://articles.latimes.com/2014/jan/09/business/la-fi-tn-ces-2014-why-3d-printing-matters-
20140109 
128 Interview conducted by RAND Europe (2014). 
129 Interview conducted by RAND Europe (2014). 
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Ease of use is also an essential driver in uptake of DIY innovation and digital fabrication. 

Through the introduction of, for example, MakerBot, consumers can scan existing items and 

have them printed by the MakerBot. There are limitations, with respect to physical 

capabilities, but these only appear to be a matter of time and a matter of technological 

progress. The Maker Movement, as described above, also enhances ease of use and 

accessibility for uptake, because it provides a platform and creates a community.  

One of the main potential barriers discussed in the literature is the aspect of intellectual 

property rights (see for example; Li et al. 2014; Peacock 2014). This falls within a broader 

discussion about the difficult relationship between innovation and intellectual property 

regulation. As such, the novelty of the challenge is questionable. One of the interviewees 

noted how there appears to be no difference between present intellectual property issues 

with respect to other technological developments and digital fabrication.130 According to a 

Gartner projection (2013), by 2018 3D printing will result in an annual loss globally of at 

least $100 billion due to intellectual property infringements. The USPS (2014), however, 

describes how due to the expiration of patents at the start of 2009, along with some of the 

other drivers mentioned such as the decrease in costs, the grass-roots open source 3D 

community managed to flourish. Intellectual property, therefore, is a double-edged sword.    

Another potential barrier is that due to the freedom of being able to make whatever, 

whenever and wherever we want, there is a chance of overproduction leading to considerable 

waste. Two interviewees observed this potential negative scenario as well.131 Several factors 

could potentially lead to significant waste and overproduction. The first is that since 3D 

printing is still in development, the producer sometimes does not know what she is getting 

since one mistake can ruin the product without knowing what exactly went wrong. The 

second factor is the lack of recyclable materials, which enhances the sustainability challenge. 

As such there is a need for recyclable materials to use for 3D printing endeavours. If such 

materials arrive, there is room for a more positive scenario where supply and demand will be 

better coordinated especially if consumers only manufacture what they need 

2.7.7. Concluding remarks 

The matter of intellectual property with respect to digital fabrication is an ongoing policy 

challenge, much the same as it has been for the Internet, where stakeholders maintain 

different interests and existing regulatory models appear to fall short of reaching a workable 

compromise between the different parties. Besides this policy challenge, other challenges 

may occur in the near future depending on how the digital fabrication revolution unfolds and 

how the public as well as private industry respond to the developments. Mota (2011) 

describes how ‘Digital fabrication tools can turn out to be either a much more sustainable 

form of production or the generators of an enormous amount of additional refuse.’ 

                                                        

130 Interview conducted by RAND Europe (2014). 
131 Interview conducted by RAND Europe (2014). 
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2.8. Theme 7: The societal and economic impacts of robotics: What 
is the impact of advanced robots and automation on economy 
and society and the related non-technological aspects? 

2.8.1. Trend Card 

 

2.8.2. Introduction 

In 2007, Bill Gates predicted that the robotics industry would emerge in much the same way 

as the PC industry developed 30 years ago (Gates 2007). Echoing this foresight, Manyika et 

al. (2013) estimated that the potential global economic impact of advanced robotic 

technologies (in healthcare, manufacturing and services) could, by 2025, range between 

US$1.7 trillion and US$4.5 trillion annually. Indeed, the US National Intelligence Council 

(2008) listed service robotics as one of six disruptive civil technologies with potential 

impacts projecting forward to 2025. Likewise, the UK government, in its Technology and 

Innovation Futures report, identifies service robotics as an increasingly important field with 

the potential to support economic growth into the 2020s (Foresight 2012). Robotics and 

automation hold great potential for the future, but there are challenging issues that must still 

be addressed. 
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2.8.3. Trend 1: Increasing adoption of industrial robots 

Over the last few years, industrial robotics has seen a growing trend in terms of its adoption 

in the manufacturing sector, particularly in industries that need heavy lifting and repetitive 

movements (Baily et al. 2013).132 In general, there has been an upward trend in the yearly 

sales of industrial robots with a particularly marked increase in sales since 2009 (Figure 

25).133 With approximately 179,000 industrial robots sold globally in 2013 (12 per cent more 

than in 2012), it is expected that the growth in unit sales will continue into the future 

(Worldrobotics.org 2014a). Robot sales touched record levels in practically all regions of the 

world in 2013 (Figure 26) with China standing out as the largest and fastest growing market 

for robot sales.134 The traditional key players in the global robotics market – Japan,135 USA, 

Republic of Korea and Germany – continue to dominate overall, representing about 50 per 

cent of the global market. It should be noted, however, that there has also been an upsurge in 

industrial robot installations in other Asian (e.g. Taiwan, India and Indonesia) and Central 

and Eastern European countries. 

Figure 25. Worldwide annual supply of industrial robots (2003–2014) 

 

Source: International Federation of Robotics 2014a. 

                                                        

132 Baily et al. (2013) cite (industrial) robotics and automation as one of a handful of technological 
innovations that could potentially lead to productive economic growth in the manufacturing sector.   
133 Manyika et al. (2013) also report that between 2009 and 2011, there was a 170 per cent growth in 
the sales of industrial robots. 
134 To illustrate this trend, one in five industrial robots sold worldwide in 2013 were installed in China 
(Worldrobotics.org 2014a). 
135 Japan is the most ‘automated’ country in the world with the highest number of operational 
industrial robots and is the leading robot manufacturing nation (Worldrobotics.org 2014a). 
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Figure 26. Worldwide annual supply of industrial robots by region (2009–2013) 

 

Source: International Federation of Robotics 2014a. 

2.8.4. Trend 2: Increase in global innovative activities related to 

robotics and autonomous systems  

Using patent data as a proxy for innovative capacity, a recently published report by the UK 

Intellectual Property Office (2014) highlights that global patenting in the domain of robotics 

and autonomous systems has displayed sustained growth between 2004 and 2013 (Figure 

27) with approximately 120,000 patents published in this period (corresponding to more 

than 35,000 patent ‘families’.136) The yearly figures for the number of patent publications 

and families have tripled since 2004.137 In terms of global distribution of (priority) patents 

(Figure 28), Japan is the clear leader with approximately 31 per cent of all patents first filed 

here.138  

                                                        

136 A patent family is described as ‘one or more published patents originating from a single original 
(priority) application [and] generally there is one invention per patent family’ (UK Intellectual 
Property Office 2014). 
137 The study also indicates that the growth in patenting activity in robotics and autonomous systems 
exceeds the general growth in patenting across all technologies by a significant amount. For example, 
from 2011 to 2012, there was a 24 per cent growth in robotics and autonomous systems publications 
worldwide compared with a 13 per cent increase in patenting publications across all technologies. 
138 Japan is followed by the USA, Germany, China and Korea with 19 per cent, 17 per cent, 10 per cent 
and 9 per cent of robotics and autonomous systems patents first filed in these countries, respectively 
(UK Intellectual Property Office 2014). 
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Figure 27. Total number of worldwide patent publications by year in robotics and autonomous systems 

(2004–2013) 

 

Source: UK Intellectual Property Office 2014. 

Figure 28. Global distribution of (priority) patents in robotics and autonomous systems 

 

Source: UK Intellectual Property Office 2014. 

There have also been an increasing number of ‘prize’ or ‘challenge’ competitions in the field 

of robotics, several of these to tackle challenging ‘real world’ application scenarios such as 

disaster recovery (e.g. DARPA Robotics Challenge), manufacturing (e.g. European Robotics 

Challenges), safe operations in oil and gas environments (e.g. ARGOS Challenge in France) 

and space applications (e.g. Google Lunar Xprize; NASA Centennial Challenges Sample 

Return Robot prize). Indeed, the DARPA Robotics Challenge was launched in response to the 

2011 Fukushima Daiichi Nuclear Power Plant disaster with the specific aim of accelerating 

‘the development of robots that can help humans, not only with nuclear emergencies but also 
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with fires, floods, earthquakes, chemical spills, and other kinds of natural and man-made 

disasters’ (Guizzo 2013). 

As a sign of growing consumer interest, there have been some recent examples of successful 

crowd-funded robotics projects139 – for example, as of August 2014, JIBO, touted as ‘the 

world’s first family robot’ had successfully raised over US$ 1.7 million on a popular 

international crowfunding site after setting a goal to raise US$100,000 (Indiegogo 2014a). 

2.8.5. Trend 3: Growing applications of robotics in domains outside of 

manufacturing and industry and increasing human-robot 

interaction 

In addition to having implications for changing the landscape of manufacturing and 

industry, robots are becoming more ubiquitous in several other fields. Robotic technologies 

are increasingly being deployed to carry out more complex tasks and over the last decade 

there has been an evolving trend towards more human-robot interaction as robots begin to 

permeate various areas of daily life.140 In the domain of health, for instance, robotic 

technologies can aid and potentially improve certain medical procedures (e.g. assisting 

surgeons to carry out delicate surgical procedures), enabling them to be less invasive and 

consequently result in fewer side effects for patients and faster recovery times (Najarian & 

Afshari 2012).141 In this regard, over the last few years, surgical robotics has been an area of 

great interest in the research community (Gomes 2011; Griffen & Sugar 2013; Satava 2006; 

Spana et al. 2011). Furthermore, numerous surgical robotic products are being developed 

and commercialised and recent figures demonstrate that the sales of medical robots are 

increasing at a considerable rate (Worldrobotics.org 2013a).142 Robotic technologies are also 

increasingly being deployed to assist individuals with diminished mobility – Manyika et al. 

(2013) predict that by 2025, 5–10 per cent of the population in the developed world who 

have impaired mobility (estimated to be in excess of 50 million) could have access to some 

form of ‘robotic augmentation’.143  

Away from health,144 robotics has also found application in areas such as agriculture (e.g. 

crop management) (Comba et al. 2010), environmental remediation (e.g. trash collection, 

clearing up after nuclear disasters, etc.) (Lin et al. 2011), search and rescue (Guizzo 2013), 

transport (e.g. autonomous vehicles and drones),145 professional (e.g. inspection of power 

                                                        

139 Interview conducted by RAND Europe (2014). 
140 Interview conducted by RAND Europe (2014). 
141 Indeed, the number of medical procedures carried out recently using robotic technologies has 
grown by more than 40 per cent annually (Robotics VO 2013). 
142 For example, in 2012, the total sales of medical robots grew by 20 per cent compared with 2011 
figures and accounted for approximately 8 per cent of the total unit sales of professional service robots 
(Worldrobotics.org 2013a). 
143 Related to this is the use of ‘social robots’ for self-care to help people become more self-reliant so 
that they can cope with their problems – i.e. better supporting people with chronic diseases such as 
diabetes or with developmental disorders such as autism, etc. (Looije et al. 2010). 
144 It is worth pointing out that while robotics and automation are being increasingly applied in several 
sectors, there is still reluctance in some industries – such as the construction industry – to keep pace 
with this change in technology (Son et al. 2010). 
145 Interview conducted by RAND Europe (2014). 
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plants and infrastructure such as bridges) and domestic services (e.g. autonomous vacuum 

cleaners and lawn mowers) and space exploration (Robotics VO 2013).146 

2.8.6. Trend 4: Increasing global investment in robotics companies 

Recently, large companies like Google and Amazon have been investing heavily to acquire 

automation/robotic firms.147 Viewing this as an indication of a maturing robotics market 

with untapped opportunities, an increasing number of venture capital firms have been 

investing in start-up robotic companies.148 Consequently, venture capital funding for robotics 

and autonomous systems companies has been increasing in recent years. Based on limited 

data for the past three years, estimations of venture capital funding raised by robotics 

companies exceeded US$190 million, US$220 million and US$250 million for 2011 (Hizook 

2012a), 2012 (Hizook 2013a) and 2013 (Hizook 2014a), respectively.149 With all this growth, 

it is anticipated that global annual revenues for robotics industries will increase from the 

current figure of around €22bn to €50bn – €62bn by 2020 (SPARC 2014). 

2.8.7. Drivers 

It is clear that advances in robotic technologies have permeated many socio-economic 

domains and these technologies hold the potential to further transform the world we live in. 

According to Robotics VO (2013), the widespread adoption of robotics will be driven by three 

crucial factors: (i) economic growth (e.g. to improve productivity and deliver labour savings); 

(ii) the need to improve the quality of life (e.g. robots in health and healthcare); and (iii) the 

need to preserve the safety of ‘first responders’ and soldiers (e.g. disaster response robots).  

Advancements in technologies such as artificial intelligence and machine vision are also 

driving developments within the field of robotics (Manyika et al. 2013). The mass production 

of devices like smart phones and tablets is driving a lot of the components that robotics use 

to become better and cheaper (e.g. processors, sensors).150 These advances, in both the 

hardware (e.g. smart materials) and software domains, are facilitating the development of 

novel and innovative robotics technologies (such as improved 3D motion sensing and cloud 

robotics) that are cheaper and more accessible (Guizzo & Deyle 2012).151 Furthermore, open 

                                                        

146 Looking to the future, Lewis (2014) identifies the following five application areas in robotics that 
have the potential to transform society and have a major economic impact over the next few years: (i) 
drones; (ii) medical procedures, operations and health; (iii) prosthetics and exoskeletons; (iv) artificial 
assistants; and (v) driverless cars. Lin et al. (2011) include the following additional application areas: 
(i) research and education; (ii) entertainment; (iii) personal care and companions; (iv) environment. 
147 For example, Google recently bought Boston Dynamics (BBC 2013), one of several robot companies 
that it has acquired over the past year, while Amazon acquired Kiva Systems in 2012 (BBC 2014b); 
Amazon also recently announced its ambitious plans for delivering packages using drones (IEEE 
Spectrum 2013a). 
148 Interview conducted by RAND Europe (2014). 
149 It is also worth mentioning that in November 2013, ‘Robo-Stox’ was launched as the world’s first 
stock index of robotics and automation firms. 
150 Interview conducted by RAND Europe (2014). 
151 For example, there has been an attempt to improve 3D motion sensing using Microsoft’s Kinect, 
which is a relatively inexpensive alternative to using laser rangefinders (Guizzo & Deyle 2012). 
Another approach referred to as cloud robotics enables robots to use existing cloud computing 
infrastructures to access large quantities of data and make use of the tremendous processing power 
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source software for robot control, robotic simulation tools and prototyping tools (e.g. 3D 

printers, laser cutters) are becoming more prevalent and are driving developments within 

the field.152 Generally, robots are progressively becoming safer and ‘smarter’, now possessing 

greater capabilities that are enabling them to be employed in a diverse set of application 

areas.153 

Falling costs is another important enabler for robotics: over the past few decades, the prices 

of robots have decreased by roughly 10 per cent annually and may continue to fall – at a 

similar or faster rate – leading up to 2025 (Manyika et al. 2013).154 Indeed, some robotic 

firms are already manufacturing relatively low-cost robots that can be used in different 

manufacturing environments to perform numerous ‘repetitive production tasks – all while 

safely and intelligently working next to people’ (Rethink Robotics 2014).155 With particular 

reference to the industrial robotics market, increased investments recently from the 

automotive, metal and electrical/electronic industries were identified as the main drivers of 

growth (Worldrobotics.org 2014a).156 Finally, it is evident that the future of robotics will not 

only be determined by factors such as global labour market conditions,157 but also by 

elements such as demographics and globalisation.158 Particularly in the context of economies 

with ageing populations (e.g. Western Europe, USA, Japan), advanced robotic systems could 

‘meet the large and growing need to provide quality health care’ (Manyika et al. 2013). 

2.8.8. Barriers and policy challenges 

As we have seen, robots are no longer simply confined to factory floors. The increased use of 

robotics across several domains promises a number of opportunities for societies, economies 

and business. There are, however, several challenges and issues that must be addressed. A 

key factor that would potentially hold back the progress of a thriving robotics industry, 

particularly in Europe, is skills and resource shortages in specific areas such as engineering 

                                                                                                                                                                            

available. For example, Google has recently been working on robot-friendly cloud services, and 
RoboEarth, a European project is aiming to develop a large cloud enabled database for robots 
(something like a ‘World Wide Web’ for robots) (Guizzo & Deyle 2012). 
152 Interview conducted by RAND Europe (2014). 
153 Interview conducted by RAND Europe (2014). 
154 It has been suggested that the fall in prices could be attributed to a number of factors such as: (i) 
scale efficiencies in the production of robots; (ii) the fast declining costs of advanced sensors and 
actuators (used, for example, in devices like smartphones and tablets); and (iii) the increasing levels of 
performance of computers and software. 
155 However, for industrial tasks that require a degree of ‘human’ dexterity, the costs of deploying 
robots have so far been prohibitively high (Baily et al. 2013). 
156 For example, investments from the automotive industry (predominantly China, Germany and the 
USA) continuously grew between 2010 and 2013, increasing by approximately 22 per cent every year. 
157 E.g. as education levels in countries such as China rise, fewer potential employees will be willing to 
take jobs that require ‘long hours of precise piecework that can lead to repetitive stress injuries’ 
(Manyika et al. 2013). Consequently, manufacturers like Foxconn (Apple’s iPhone manufacturer) have 
acknowledged that they will be supplementing their human workforce by investing heavily in robotic 
technologies (New York Times 2012a). 
158 E.g. robots are now also being manufactured and sold in ‘non-traditional’ robotics markets in Latin 
America and Asia such as Mexico, Brazil, Thailand and India (International Federation of Robotics 
2013a). 
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and computer science.159 For example, Manyika et al. (2013) note that engineers with a high 

level of expertise will be required to operate and maintain some of the advanced robots. A 

field of robotics within which there have been relatively few breakthrough developments and 

innovations over the years is that of robotic actuators; this is an area in which it is was felt 

that Europe could lead the way in the future.160 Despite a great deal of research being carried 

out in the field of artificial intelligence for a number of decades, progress has remained slow 

and major breakthroughs in the field have failed to materialise.161 

The National Intelligence Council (2012) reiterates robotics as a technology with the capacity 

to modify working patterns across the world, remarking with particular reference to 

developed economies, that robotics will, on the one hand, improve productivity while at the 

same time potentially result in redundancies.162 Frey and Osborne (2013) examine the 

expected impact of future computerisation on the US labour market and estimate that 

approximately 47 per cent of the total US employment is at risk.163 Lin et al. (2011) highlight 

loss of jobs and technology dependency as the main concerns.164 Linked to this, a critical 

issue for societies and policymakers could be to provide economic assistance and retraining 

to individuals who could be made redundant due to the widescale deployment of robots 

(Manyika et al. 2013). 

Manyika et al. (2013) also maintain that businesses would need ‘evidence’ that substantial 

capital investments required by advanced robotics will bring significant positive returns on 

investment. With regard to software and design, considering that human beings are 

ultimately responsible for designing and programming robots, Lin et al. (2011) ask how safe 

and reliable robots are. Moreover, laws concerning liability for robotic errors are still 

untested and since ethical and cultural laws vary across the world, deciding on a standard set 

of laws to tackle this issue is a cause for concern (Lin et al. 2011).165 Another potential barrier 

to progress, particularly with robotic tasks becoming progressively more complex, is that of 

technical standards concerning robots (e.g. international safety standards).166 

Finally, despite all the advances being made in the field of medical robotics, Najarian and 

Afshari (2012) point out that many surgical robotic systems still have limitations such as ‘less 

dexterity, limited traction, issues with hand-eye coordination, and judgement’. Indeed, 

Griffen and Sugar (2013) highlight that surgical robotic technologies are ‘simply inaccessible’ 

                                                        

159 Interview conducted by RAND Europe (2014). 
160 Interview conducted by RAND Europe (2014). 
161 Interview conducted by RAND Europe (2014). 
162 In the context of developing economies, the National Intelligence Council (2012) highlights that the 
advent of new robotic technologies will encourage new manufacturing capabilities. 
163 In contrast to this, a recent study examines the positive impacts of industrial robots on 
employment (focusing on Brazil, China, Germany, Japan, South Korea and the USA), and estimates 
that between 2017 and 2020, a total of one to two million new jobs will be created due to robotics 
(Metra Martech 2013). 
164 In the field of medicine, for example, this might lead to gradual replacement of surgeons with 
skilled robots resulting in the ‘loss of that medical skill or knowledge, to the extent that there would be 
fewer human practitioners’ (Lin et al. 2011). 
165 Lin et al. (2011) also argue that the increasing adoption of robotics could greatly impact human 
relationships, much in the same manner as the Internet revolution has (e.g. will psychological harm 
result from replacing human relationships with robotic ones?). 
166 Interview conducted by RAND Europe (2014). 
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for some surgeons while other surgeons believe that that the ‘currently unfavourable 

cost/benefit equation makes the expense of adding robotics wasteful, if not ridiculous’.167 

2.8.9. Concluding remarks and future outlook 

Without question, a lot more work needs to be done to advance the robotics and automation 

market in order to achieve its full impact, both from a social and an economic point of view. 

On the one hand, the advent of robotics could potentially deliver unprecedented economic 

growth, massive labour and productivity savings, and safer surgical procedures. However, 

with the growing adoption of robotic technologies across a wide spectrum of domains, 

governments, policymakers and industries could face increasing opposition, particularly if 

these technologies are observed by society to be doing away with more jobs than they create. 

For example, in 2012 a Eurobarometer survey was conducted across the 27 Member States 

that looked at gauging public opinion towards robots. Approximately 70 per cent of 

respondents indicated that, in general, they had a ‘positive’ view about robots; however, the 

majority also expressed their concerns about robots with approximately 70 per cent stating 

that they felt ‘robots steal people’s jobs’, and as many as 91 per cent agreeing with the 

statement that ‘robots are a form of technology that requires careful management’ (Figure 

29).168   

                                                        

167 Consequently, many surgeons are adopting a ‘wait and see’ approach to adopting robotics in their 
practice. 
168 Clear views were also conveyed about the specific areas in which it was felt that robots should 
operate, with the majority of respondents remarking that robots should primarily be used in areas that 
are potentially difficult or dangerous for human beings such as space exploration, manufacturing, 
military and security, and search and rescue tasks. As many as 60 per cent of the respondents stated 
that robots should be banned in application areas that involved the care of children, the elderly and 
the disabled, with 34 per cent and 27 per cent maintaining that the use of robots should be banned in 
the areas of education and healthcare, respectively (Eurobarometer survey 2012). 
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Figure 29. Sample results from a Eurobarometer survey conducted across the 27 Member States in 

2012 to gauge public attitudes towards robots 

 

Source: Eurobarometer survey 2012. 

From a European policy perspective, enhancing research and innovation in the field of 

robotics is one of the focal priorities of the Digital Agenda for Europe (Digital Agenda for 

Europe 2014b). Despite having a globally successful robotics industry primarily focused on 

industrial robotics, as well as a strong R&D ecosystem in the field, there are areas where 

Europe can build on its current strengths. For example, actively supporting an SME culture 

in Europe will potentially facilitate robotics technologies to diffuse into new markets; in this 

respect, ensuring that EU-funded robotics projects move beyond academia into deployment 

is vital (i.e. promoting an entrepreneurial spirit to move robotics research from the 

laboratory into tangible products and services).169 To achieve this, the balance between the 

‘engineering’ and ‘computer science’/‘AI’ aspects of robotics research in Europe, which is 

currently more skewed towards the latter, could be shifted to have slightly more emphasis on 

the ‘engineering’ side of robotics research (although a radical change would not be 

required).170 Furthermore, the ‘gap’ between academia and industry needs to be closed using 

mechanisms like technology transfer171 and more collaboration could be encouraged between 

European researchers and their counterparts in, for example, the USA.172 Prizes and 

crowdfunding could be effective means of driving innovation and leveraging investment 

                                                        

169 Interviews conducted by RAND Europe (2014). 
170 Interview conducted by RAND Europe (2014). 
171 As a strong signal of its increasing confidence in the use of robots to deliver societal and economic 
impacts across Europe, the European Commission very recently launched (in partnership with 180 
companies and research organisations) the Partnership for Robotics in Europe programme (SPARC), 
the ‘world’s largest civilian research and innovation programme in robotics… to strengthen Europe’s 
position in the global robotics market’ (Digital Agenda for Europe Press Release 2014). 
172 Interview conducted by RAND Europe (2014). 
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particularly in areas with focused goals.173 Looking forward, it would also be important to 

facilitate the long-term testing of prototypes of robotic and autonomous systems that are 

developed (e.g. funding projects that evaluate the operation of complex robotic systems in 

‘real’ working environments over a sustained period).174 Finally, it is crucial that the ethical, 

legal and social implications of robotics are not ignored while rapid technological advances 

are being made in the field. 

2.9. Theme 8: Digital agriculture and food: How can the Internet of 
Things, Big Data and cloud computing help improve productivity 
in agriculture and throughout the food value chain? 

2.9.1. Trend Card 

 

2.9.2. Introduction 

In the 20th century, increased productivity enabled food prices to go down despite rapid 

population growth (Figure 30). In the past 50 years, the world’s population doubled, (from 

3.5 billion in 1961 to 7 billion today) while the amount of land being used for agriculture 

increased just 12 per cent. However, in recent years the situation has changed. Food prices 

                                                        

173 Interviews conducted by RAND Europe (2014). 
174 Interview conducted by RAND Europe (2014). 
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have begun to rise, growth in agricultural productivity has slowed in developed countries and 

yield growth for wheat and rice has been reduced globally (Fuglie & Nin-Pratt 2012).  

Alongside rising prices, production may need to increase 70 per cent by 2050 (FAO 2009) to 

keep up with increased population and wealth (FAO OECD 2014). Climate change, 

competition for land, soil degradation and the need to reduce negative environmental effects 

will also put pressure on the food supply (Godfray et al. 2010).  

Problems with obesity, waste and food safety highlight challenges beyond balancing supply 

and demand. At present, while one billion people are hungry and one billion lack important 

micronutrients in their diet, another one billion are over-consuming and up to 30 per cent of 

the food produced worldwide goes to waste (UK GO Science 2011). Meanwhile, disease and 

pathogen outbreaks, such as the 2013 meat adulteration scandal in Europe, have raised 

questions about meat and produce safety and traceability.  

Recent reports, for example from the UN’s Food and Agriculture Organisation (FAO 2009), 

the UK government (UK GO Science 2011) and the IPCC (2014), stress the need for joined-up 

policy making in this area, as food security depends on energy, water supplies, land use, 

oceans, ecosystems and biodiversity. Food security also requires changing consumer 

behaviours and scrutinising food systems. The summary that follows focuses on how tools 

from digital technology can contribute to a broader effort to address global food challenges.  
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Figure 30. Agricultural price index and population trend, 1900–2010 

 

Source: Fuglie & Nin-Pratt (2012). 

2.9.3. Trend 1: Precision Agriculture 

One of the most important ways that digital technologies are impacting agriculture is 

through precision agriculture, defined as an approach ‘that uses information technologies to 

bring data from multiple sources to bear on decisions associated with crop production’ 

(National Research Council (NRC) 2010). Sensors collect precise data about crops, soil, 

livestock, weather and other environmental conditions. They can monitor compost, 

greenhouses and toxic gas levels, hydroponic growing conditions and conditions for livestock 

(Libelium 2014). This information can be fed into automated systems and, when combined 

with GPS location data, guide machinery and other devices. It can optimise conditions down 

to the level of plants instead of applying equal treatments across fields, and increase 

precision in livestock feeding and nutrition. Using variable-rate technology for pesticides, 

fertilisation and irrigation can lead to reduced environmental damage from pesticide use and 

fertiliser run-off and reduce water needs (NRC 2010).   

The types of precision agriculture technologies being adopted range from more basic 

changes, such as steering guidance on tractors, up through completely automated systems 

for nutrient sensing and fertilisation, with the more basic technologies acting as an entry 

point and having higher take-up. There is also considerable variability across different types 

of crops, with more take-up among farmers farming large farms with large fields. Precision 

technologies are also being adopted in fruit, vegetable and wine production, and in livestock 

management (Zarco-Tejada et al. 2014).  

Sensing can also be applied further downstream in the food production process. Radio 

frequency identification (RFID) tags can be used to track products, monitor storage 

conditions and improve labelling for consumers. RFID has already been used for animal 

identification on farms, tracking products in the food supply chain and is now seeing use in 

environmental monitoring, farm machinery and other areas (Ruiz-Garcia & Lunadei 2011). 

Sensors can monitor food during processing and storage to reduce spoilage (Bond et al. 
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2013). ‘Active’ or ‘intelligent’ packaging could sense and possibly control environmental 

factors including temperature, product integrity and microbial contamination (Ruiz-Garcia 

& Lunadei 2011). 

2.9.4. Trend 2: Robotics 

With the potential to do a range of functions, from ploughing and planting to spraying, 

milking and picking, robots may also play an increasingly significant role in agriculture and 

could help reduce food waste by improving efficiency in harvesting and food processing 

(Bond et al. 2013). According to a market research report published in 2014, the market for 

agricultural robotics was worth $817 million in 2013 and may reach $16.3 billion in 2020 

(WinterGreen Research Inc. 2014). Particular applications highlighted in the report include 

automated ripeness sensing and picking, site-specific spraying. Another potential use 

suggested for agricultural robots has been in controlling weeds without the need for 

herbicides (Michaels et al. 2012). Other projects, currently under development in a US 

programme, include developing automated systems for the inspection and sorting of plant or 

animal products, small inexpensive robots to assist humans in harvesting strawberries, aerial 

vehicles that can take water samples from remote areas and improved robotics for handling 

large numbers of live plants or animals (USDA 2013).  

Interviewees also highlighted the importance of unmanned aerial vehicles (drones), which 

can survey entire farms and collect images of crops in both the visual and infrared spectra – 

revealing aspects of plant health that cannot be seen by eye.175 These images allow farmers to 

monitor their crops with better resolution than satellite imagery can provide and are 

relatively inexpensive (Anderson 2014). 

2.9.5. Trend 3: Big Data 

Data are playing an increasingly critical role in agriculture and the types of data relevant for 

agriculture and food are diverse. Information collected by sensors, drones and satellites can 

be combined with genomic information or climate data to better inform farm management 

decisions. Farmers can use real-time market information to make better business decisions, 

and data from labelling technology can gather information about the food supply chain. 

Knowledge of consumer behaviour based on supermarkets’ customer data could be used to 

encourage choices that would reduce food waste (Bond et al. 2013).  

As one indicator of the growing importance of data in agriculture, in 2013 US-based 

Monsanto, one of the world’s largest agriculture companies, purchased data company The 

Climate Corporation (Monsanto 2013a, 2013b). According to Monsanto, the company’s 

software uses weather monitoring and simulations, and agronomic modelling to better 

inform farmers’ operating and financial decisions. Monsanto reportedly paid $930 million 

for the company (Upbin 2013).  

Digital technologies can also be used to improve transparency, and to identify inefficiencies 

and safety problems in the food supply chain. Using labelling to track data from every step of 

the food chain could unlock a potential for self-organisation in the supply system 

                                                        

175 Interviews (2, 3) conducted by RAND Europe (2014). 
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(interviews176; Cave et al. 2014). The authors conclude that a failure to retain and use the 

data generated along the supply chain has exacerbated issues of food safety and provenance, 

and supply chain inefficiencies. They suggest that releasing high-quality supply chain data 

could lead to an increase in public trust, better food safety management, and even new 

business models related to the food supply.  

2.9.6. Barriers, drivers and uncertainty 

Environmental, economic and cultural factors could all drive the uptake of digital 

technology. Interviewees stressed the importance of the cost of labour, which could drive 

uptake of robotics in particular.177 They also stressed the importance of reducing risk and 

costs. Having access to new information can reduce risk, while precision technology can 

reduce the use of expensive pesticides, herbicides and fertilisers and increase yields. Being 

able to demonstrate profitability is critical for encouraging adoption (Zarco-Tejada 2014).  

Returns from investment are reported to be higher from precision agriculture systems than 

conventional systems due to more optimal fertilisation and seeding (Bochtis 2013). However, 

reports indicate that initial adoption of precision technologies focuses on large farms, which 

were more willing to gamble on uncertain economic returns and deal with relatively high 

initial costs and technical complexity (NRC 2010, Zarco-Tejada 2014). Interviewees also 

stressed that larger farms are better positioned to invest in new technologies, while farmers 

in some parts of Europe simply do not have the investment capacity necessary to adopt new 

technologies.178  

In general, farming is an area where changes, including in technology, happen relatively 

slowly. A US report has said that education, age and cultural attitudes determine farmers’ 

willingness to adopt precision agriculture technologies and practices (NRC 2010). However, 

interviewees said that farmers are generally not technology-averse but risk-averse; they are 

willing to try new technologies as long as they can be sure these provide a clear benefit.  

Interviewees noted that two aspects of the European agriculture context could drive uptake 

of precision agriculture. First, farmers are expected to provide extensive documentation of 

their farming practices to demonstrate compliance with EU regulations, and this activity can 

be extremely time-consuming.179 Automating this documentation process (by automatically 

logging fertilisation use for example) could reduce this burden significantly. Second, under 

the Common Agricultural Policy, EU farmers face strict limits on the amount of fertiliser that 

can be used in certain areas. Precision agriculture could provide a means to maintain yield 

while keeping fertilisation within permitted limits.180  

Interviewees also suggested that consumer preferences for organic and local food, and 

resistance to GM crops could become more important drivers in agriculture. This shift could 

encourage adoption of precision agriculture and robotics technology, which can provide 

                                                        

176 Interview (1) conducted by RAND Europe (2014). 
177 Interviews (1, 3) conducted by RAND Europe (2014). 
178 Interview (3) conducted by RAND Europe (2014). 
179 Interviews (2, 3) conducted by RAND Europe (2014). 
180 Interview (3) conducted by RAND Europe (2014). 
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alternatives to pesticide and herbicide use and promote biodiversity and a shift away from 

monoculture farming (Ammann 2009).  

A significant challenge for applying ICTs in rural areas is Internet connectivity (interviews181; 

The Data Guild 2014). In Europe, improvements in the availability and reliability of satellite 

signals through the EGNOS and Galileo programmes may facilitate the use of some precision 

agriculture approaches (Bochtis 2013). Interviewees said that access to distance learning 

programmes may become increasingly important.182 One interviewee suggested that 

subsidies for the use of more connected devices like sensors in rural areas could be more 

effective in helping to promote infrastructure development than subsidies for Internet 

infrastructure providers directly.183  

Common issues arising with the use of data in other contexts are also relevant for agriculture 

and food. Interoperability, data privacy and data ownership are all relevant for agriculture 

(interviews184; The Data Guild 2014). Interviewees stated that generally technology is 

available for collecting various types of data relevant for agriculture, but that diverse types of 

data (e.g. on weather, genomics and yields) have yet to be integrated effectively.185  

The Future of Food and Farming identifies several important areas of uncertainty in the 

future of the food system, including future population sizes and changes to consumption 

habits (UK GO Science 2011).186 Increased volatility in food prices is also expected; although 

the extent of that volality is uncertain, price spikes are considered ‘inevitable’ (UK GO 

Science 2011). This volatility could result from a wide range of events including conflicts and 

government breakdowns, oil price volatility, market regulations, biotechnology 

improvements, biofuel subsidies, levels of food stocks held publicly or privately (ibid), and 

climate change (Pardey & Pingali 2010).  

2.9.7. Future considerations 

Interviewees highlighted the potential for ICT technology to play a role in measuring the 

‘true cost’ of activity in this sector by monitoring the environmental or public health impacts 

resulting from food production or availability.187 This information could influence a market 

presently driven by activity in commodities trading based on supply, demand and potentially 

speculative trading (ISDA Inc. 2014) without regard for important longer-term impacts.   

Interviewees discussed several risks relating to technology and agriculture. One is the risk of 

becoming overly dependent on a third party (possibly a data management company) for data 

processing and management decisions. 188 It is possible that only a few companies could end 

                                                        

181 Interviews (1–3) conducted by RAND Europe (2014). 
182 Interviews (1, 2) conducted by RAND Europe (2014). 
183 Interview (2) conducted by RAND Europe (2014). 
184 Interviews (1–3) conducted by RAND Europe (2014). 
185 Interviews (1–3) conducted by RAND Europe (2014). 
186 While the population of Africa has been predicted to double from one billion to two billion by 2050, 
it is unclear how much consumption there will rise. Continued increases in the consumption of meat 
in emerging economies such as China and Brazil are also expected, but it is unclear at what point 
consumption will level off and whether consumption patterns will change in India. 
187 Interview (1) conducted by RAND Europe (2014). 
188 Interviews (1–3) conducted by RAND Europe (2014). 
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up having the capabilities to deal with the full range of complexity of agricultural data, and 

they could end up with information about and influence over the entire supply chain. 

Dependence on infrastructure such as Internet and satellite navigation could also be a risk, 

as the impacts of these systems breaking down could be disastrous. As farms begin to make 

better use of precision technology, farmers who do not adopt these technologies may be 

unable to compete; small farms may be particularly disadvantaged.  

Interviewees suggested that public-private partnerships, where the public sector provides 

data and the private sector the knowledge services, may help address emerging challenges in 

European agriculture.189 They suggested that data could be shared and managed collectively, 

following the model of cooperative farming, with ICTs enabling the virtual aggregation of 

farms. Meanwhile, parallel developments in the democratisation of science (see Theme 9) 

could enable farmers to contribute to innovation. Important related actions would involve 

promoting open data and technologies, and providing education, medical care and digital 

infrastructure in rural areas. In this way, ICT could help boost productivity in areas that 

currently depend on low-productivity agriculture, so that farming could become a more 

viable and attractive way of life.  

These interviewees highlighted the important connection that agriculture has to cultural 

heritage and history, noting that its outputs can extend beyond crops to improved quality of 

life in rural areas. They argued that two key goals in Europe are to diversify economies in 

rural areas and to protect natural landscapes and cultural heritage, but that these goals are 

currently under threat in an environment that favours industrial agriculture. In this 

environment, they said, production is increasingly being separated from the sociocultural 

aspects of agriculture.  

Fuglie & Nin-Pratt (2013) conclude that globally, irregular access to resources, technologies 

and food are more significant risks for food security than limitations in productivity and 

availability. Global agriculture productivity has been increasing in the past few decades due 

to improvements in developing countries (Fuglie & Nin-Pratt 2013). While the amount of 

R&D spending devoted to food and agriculture190 has been declining globally in recent 

decades and dipped below 5 per cent in 2000, global public R&D spending increased 22 per 

cent from 2000 to 2008, driven by spending in middle-income countries, particularly China 

and India (Figure 31).191  

                                                        

189 Interview (1) conducted by RAND Europe (2014). 
190 About 2/3 of this spending goes to public agencies. 
191 China and India together accounted for 29 per cent of global R&D spending on agriculture in 2000 
compared with 16 per cent in 1981 (Pardey & Pingali, 2010). 
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Figure 31. Global Public Agricultural R&D Spending, 2000–2008 

  

From Fuglie & Nin-Pratt (2013). Note: PPP = purchasing power parity 

 

2.10. Theme 9: Digital art and science: How will ICTs transform and 
benefit from the arts and sciences? 

2.10.1. Trend Card 
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2.10.2. Introduction 

Through mobile technology, social media, sensors and cheap digital tools, digital technology 

is revolutionising the processes of artistic creation and scientific discovery. It is providing 

new tools, new means of collaboration and creating a need for new digital skills. At the same 

time, data is playing an ever-growing role in all aspects of our lives, increasing the urgency of 

our need to make sense of the information accumulating around us and about us – a need 

that both artists and scientists could help address.  

While the arts and sciences communities exist largely separately, lines are blurring at the 

interfaces of design, technology and the arts. Indeed, some argue that greater interaction 

between arts, science and technology communities can provide insights and raise critical 

questions about how science and technology are developing. For instance, one interviewee 

cited a piece involving choreographed drones as an example of how the arts can help people 

relate to technology in new ways.  

Digital technology is also helping to democratise the arts and sciences. Social media is 

enabling artists to collaborate and interact with audiences in new ways and digital 

technology offers new ways to create, access and experience art. In the sciences, a parallel 

shift, referred to as ‘Science 2.0’, entails more online discourse, engagement with the public 

and citizen science initiatives.  

2.10.3. Trend 1: Crowdfunding, crowdsourcing and co-creation 

Digital technologies are providing new ways for the general public to participate in the arts 

and sciences, allowing members of the public to play a role in creating and curating art, 

doing science, and choosing to provide financial backing directly to particular art and science 

projects.  

In the arts, this involvement can take various forms, from a Twitter-based opera that 

attracted patrons who were not normally operagoers (Fogg & South 2010) to an immersive 

virtual symphony orchestra performance experience (Center for the Future of Museums 

2014). One photo exhibition enabled visitors to rank photos and determine what would be 

displayed (Proctor 2010).  

In the sciences, discussion and collaboration is moving online. Through blogs and social 

media, anyone can create content and participate in dialogues that were previously governed 

by formal publication channels. So-called citizen science programmes enable the public to 

contribute to scientific developments and provide new educational experiences. One example 

is GalaxyZoo, which crowdsources contributions from online visitors who classify images of 

galaxies. In the game FoldIt, online players help to solve protein-folding problems, 

contributing to scholarly publications naming ‘FoldIt Players’ among the authors (Cooper et 

al. 2010, Eiben et al. 2012). In the humanities, the Bentham Project aims to digitise the 

unpublished manuscripts of philosopher Jeremy Bentham through crowdsourced 

transcription contributions (UCL 2014).  

Crowdfunding websites also enable researchers and artists to solicit public donations for 

projects. This ‘micropatronage’ enables the general public to support emerging artists (e.g. 

Westcott 2011). Kickstarter (2014), describing itself as the world’s largest funding platform 

for creative projects, has enabled funding for projects ranging from potato salad to video 

games, films and music tours. Experiment.com (2014), launched in early 2014, has funded 
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science projects such as a water quality test and a palaeontology course for teachers. Both 

sites encourage participants to engage backers through updates.  

2.10.4. Trend 2: Open access and online collaboration 

One of the most heavily discussed changes underway in the sciences and scholarly publishing 

is the move towards open access. Scientific content that was previously only accessible in 

print through paid subscriptions (typically held by universities and other institutions) is 

becoming freely accessible online. A study commissioned by the European Commission 

found that in the EU28, 45 per cent of the papers published from 2008 to 2011 are open 

access. Worldwide, this figure was 44 per cent in 2011, up from 38 per cent in 2004 

(Archambault 2013). The authors note that open access material gets cited more, particularly 

in fields with little open access content.  

Collaboration is also happening online. Some researchers share protocols and tips online 

through sites like OpenWetWare.org. The effort to sequence the human genome is a high 

profile example of large-scale scientific collaborations that are becoming more common and 

feasible. New types of journals have also emerged, such as a peer-reviewed scientific video 

journal that allows researchers to demonstrate experimental methods (JoVE 2014). Nature 

Publishing Group’s journal Scientific Data (2014), launched in 2014, publishes descriptions 

of reusable scientific datasets, as opposed to traditional reports of new scientific insights or 

methods.  

While social media use through platforms such as Facebook, Twitter and LinkedIn has 

exploded in recent years,192 specialised networking platforms for researchers are also gaining 

traction. ResearchGate is best known (followed by Mendeley and Academia.edu), according 

to a recent survey that found nearly half of scientist and engineer respondents regularly visit 

ResearchGate (Van Noorden 2014). The survey found that researchers use the site for 

networking, and sharing and discovering publications, but usage is mixed. Another study, 

examining the social media presence of highly cited scientists in Europe, found that most did 

not have profiles on Google Scholar, Mendeley, Academia.edu or LinkedIn (Mas-Bleda et al. 

2014).  

Technology is also making art more accessible to audiences and to artists. A huge range of 

music has become available free online (a development that forced changes in the industry’s 

business models). Meanwhile, people with smart phones and laptops can easily access tools 

for creating visual art and music. High-resolution images of some paintings make it possible 

for people who cannot visit museums to see art and can even expose details not visible 

during a museum visit.193 Live simulcasts of cultural events such as ballets and operas have 

also enabled more people to see performances and 3D printing is giving visitors with visual 

impairments a way to experience sculptures.194 

                                                        

192 According to Pew (2014), 74 per cent of US adults who are online use social media, compared with 
8 per cent in 2005. 
193 Arts Bus Scot. 
194 Trendswatch 2014. 
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These developments are underpinned by some more ‘structural’ changes, mainly around the 

development and adoption of Open IPR arrangements and Open Data policies and 

repositories to encourage both sharing and reuse. 

2.10.5. Trend 3: The evolving role of data  

Science is building on the proliferation of data of many types, from satellite imagery to 

health records, and information collected by sensors in forests, buildings, human bodies and 

elsewhere. Genomic information and health data are enabling the development of stratified 

medicine, which promises to tailor health interventions to individuals’ particular needs. 

Social media data open up other possibilities with researchers turning to Twitter for 

information on public health and epidemiology (Brownstein et al. 2009), political trends 

(Larsson & Moe 2012) and even weather (Cox & Plale 2011). One interviewee highlighted an 

increase in specialisation occurring along the data chain in large-scale projects such as the 

mapping of the human genome.195 Here, some researchers specialised in data collection, 

others in data analysis and others in deriving results and conclusions.  

The digital humanities, which combine text and data mining with traditional humanities 

approaches, continue to evolve as new data tools and types become available. For instance, 

one initiative is developing methods to search and access content efficiently from TV news 

archives (TV news archive 2014).  

With 90 per cent of the world’s data having been created in the last two years (IBM 2014), 

data is accumulating faster than we can understand and use it. Art can offer new perspectives 

for visualising, understanding and relating to data. One simple example is a vending 

machine at London’s Open Data Institute, which monitors online news and gives out free 

snacks when the economic outlook is unfavourable (WSJ Live 2014). Works in a recent US 

exhibition, DataViz: Information as Art, have gone beyond familiar graphical visualisations 

of data to make use of sculpture, audio versions of location data, music and weaving in 

representing data about telecommunications, weather, wine and travel (Beall Center 2012). 

2.10.6. Drivers  

A number of external changes appear to be driving ICT-related developments in the arts and 

sciences. Several are identified in the European Commission’s background document for the 

Science 2.0 consultation (European Commission 2014). These include an increase in the 

number of researchers, pressure for science to deliver solutions to major societal challenges, 

greater awareness of research misconduct and demand for accountability in science. An 

increased availability of social data (e.g. government data) may be a particular driver for the 

digital humanities and social sciences (Greenhow & Gleason 2014). One interviewee 

questioned the role of societal challenges here, however, arguing that current challenges, 

defined by policymakers, do not match what science can realistically achieve.196   

Drivers affecting both the arts and sciences include mounting pressure to demonstrate the 

value of public investments in the arts and sciences, and the entry of ‘digital natives’, who 

have grown up using the Internet, into the research and arts communities (European 

                                                        

195 Interview (2) conducted by RAND Europe (2014). 
196 Interview (2) conducted by RAND Europe (2014). 
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Commission 2014; Nesta 2013). Interviewees noted that policies requiring open access 

publishing are driving change in this area.197. 

In the arts, cultural organisations report that audiences are increasingly expecting to be 

given the opportunity to contribute content and engage with cultural content as they do on 

commercial websites (e.g. when they contribute reviews). This expectation is driving arts 

organisations to offer ways to engage through technology (Fogg & South 2010).  

2.10.7. Barriers  

A lack of incentives for researchers to share findings or data in non-traditional ways is often 

cited as a barrier for open science. While researchers have traditionally evaluated based on 

the number of formal publications and citations they have, discussions are ongoing about 

using alternative evaluation metrics (altmetrics) based on social media mentions, article 

views and other indicators or research impact. At present, researchers in a range of 

disciplines report encountering negative attitudes to activities such as blogging or public 

engagement that are seen as taking time away from research. While certain skills are needed 

for this online engagement, an interviewee noted that there does not appear to be a 

generation gap in the shift towards Science 2.0.  

A number of other cultural barriers could prevent digital communications platforms and 

data from being used more by some members of the arts and science communities. Scientists 

may be reluctant to share ideas at an early stage for fear of making a mistake publicly 

(Waldrop 2008). Concern that ideas shared online could be stolen can discourage 

engagement in more spontaneous scientific discourse online (Konneker & Lugger 2013). But 

proponents of open science argue that openness mitigates that risk because online records 

are evidence of idea ownership (Waldrop 2008).  

Cultural barriers are stronger in certain disciplines. A survey focused on art history, for 

instance, revealed that a culture of working alone, territoriality, bias towards print 

publications and the idea that technological ignorance is a badge of honour creates a strong 

culture against carrying out digital scholarship. Fear of ideas being misused by the public, 

widespread perfectionism and conservatism and a lack of engagement with software 

developers also prevent adoption of new tools in that field (Zorich 2013). 

A lack of skills also acts as a barrier for adopting new technologies and approaches in arts 

organisations and among researchers. Greenhow & Gleason (2014) emphasise that training 

is needed to narrow the gap between researchers who adopted social media tools early and 

others. Limitations in funding and infrastructure can also be barriers (Zorich 2013). An 

interviewee said that skills for dealing with data are particularly important.  

2.10.8. Future considerations 

One interviewee highlighted the important role that artists can play in questioning 

technology and innovation, suggesting that innovation programmes could benefit from 

incorporating arts early on to drive change and development.198 Scientists on their own may 

                                                        

197 Interviews (2, 4) conducted by RAND Europe (2014). 
198 Interview (1) conducted by RAND Europe (2014). 
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develop technologies that will never be used or benefit society, he said, but artists can bring 

controversy, promoting discussion and fresh thinking about science and technology. This 

interviewee stressed that disharmony between, for instance, scientists and artists, is positive 

because it increases the potential for change. In addition, the arts can act as a glue bringing 

together areas with disparate aims, such as pharmaceutical businesses and the sciences, to 

look at complex problems like antibiotic resistance.  

In terms of data challenges, a US report stresses the need to invest in cross-disciplinary areas 

such as the interface of computer science with health, energy and climate sciences (PCAST 

2010). One interviewee suggested that allowing the above-mentioned specialisation in 

dealing with data – with some researchers focusing on collection and others on analysis – 

could lead to better research quality.199 At the same time, this interviewee said, it is 

important to consider which research data are valuable to share and which cannot be used 

effectively by anyone who does not fully understand how they were created. While there are 

ongoing discussions about promoting data sharing (and Horizon 2020 includes a pilot data 

sharing initiative), it may be that only some data should be shared. Practical aspects of data 

storage and access are also important considerations.  

The same interviewee suggested that an explosion in the amount of scientific content 

available could be overwhelming and cause researchers to focus on a narrower range of 

content, resulting in more closed communities instead of greater openness. Policies and 

platforms (which may be controlled by private companies) that promote interdisciplinarity 

and discourage closed communities could help counteract this risk. This interviewee added, 

however, that a benefit from more open research communication would be that researchers 

could learn to interact more effectively both with the public and with researchers from other 

fields.  

Some authors suggest research should target aspects of Science 2.0 itself. Schneiderman 

(2008) states that researchers need new ways of working to understand the collaborative 

socio-technical systems that could link health records to health care or Facebook to disaster 

responses. Levin (2014) emphasises that as ways of conducting science are changing, so are 

the underlying values of science, and he recommends these changes be studied.   

                                                        

199 Interview (2) conducted by RAND Europe (2014). 
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2.11. Theme 10: Governance and policymaking: How will the 
Internet and social networks transform governance and 
policymaking? 

2.11.1. Trend Card 

 

2.11.2. Introduction 

While technological advances have significantly altered the way governments interact with 

citizens and share information, the impact of this enhanced flow of information remains 

uncertain.200 Some of this uncertainty concerns the way in which people participate in the 

political process and how these trends will influence governance and policymaking 

dynamics. It also raises questions about the kind of governance mechanisms that will 

accompany the growing use of ICTs by public bodies and the emergence of new players in the 

provision of public services.201 In addition, there are some tensions between the public’s lack 

of trust in government and the concomitant rise of social medias as a powerful tool of 

                                                        

200 See Hoorens et al. 2013. ‘Europe’s Societal Challenges’; Schindler et al. 2010. ‘Study on e-

government scenarios for 2020 and the preparation of the 2015 Action Plan’. Technical Report, 

RAND; Cave et al. 2009. http://www.rand.org/pubs/technical_reports/TR776.html 

201 Reddick, Christopher G. & Stephen K. Aikins, ‘Web 2.0 technologies and democratic governance.’ 

Web 2.0 Technologies and Democratic Governance. Springer New York, 2012. 1–7. 

http://www.rand.org/pubs/technical_reports/TR776.html
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political participation that could bypass traditional forms of political expression. These 

elements could mark a paradigm shift in politics and policy towards more collaborative ways 

of governing.  

2.11.3. Trend 1: The development of eGovernment solutions: the move 

towards the creation of public value through the provision of 

more user-centric and user driven services 

The rapid penetration of ICTs, networked infrastructures and rising use of Internet and 

social medias, alongside the development of Big Data analytics, is allowing public and private 

entities to store and process personal information to provide more personalised and 

responsive services to users. The development of eGovernment is being strongly encouraged 

at the EU level to improve innovation and efficiency in various areas (e.g. health, education, 

environment, transport, public procurement, etc.) to provide user-centric and user-driven 

solution in response to citizens’ needs while reducing costs.202. 

The coming years will see the development of networked infrastructures, Big Data analytics 

and interoperable platforms across systems to develop user-driven and user-friendly 

services. 

Open data initiatives are being implemented and are likely to develop to address increased 

demand for more transparency, accountability203 and efficiency and because of the potential 

economic benefits represented by big publicly available datasets. Governments’ activities are 

thus progressively moving away from the traditional provision of public services and are 

increasingly oriented towards the creation of public value.204 The growing use of ICT 

solutions, Internet and social medias are also allowing the emergence of private sector 

intermediaries – Internet Service Providers (ISP), Analytics Companies, App Developers – 

and voluntary organisations in a range of areas that were previously the responsibility of 

governments (examples in the health and education sectors).205     

The rising number of stakeholders in the Big Data ecosystem (e.g. individuals owning their 

own data, third parties like ISPs, data vendors, app developers, social medias, etc.), 

alongside with the growing recognition of the economic value of personal information, is also 

likely raise questions about data ownership in the future, hence challenging the role of 

governments and individuals as principal data owners.206 This effect will be further enhanced 

by the trend towards an increasing digitalisation of personal information and personal 

characteristics.  

                                                        

202 See PwC, 2013. ‘The Future of Government’; Schindler et al. 2010. ‘Study on e-government 
scenarios for 2020 and the preparation of the 2015 Action Plan’. Technical Report, RAND. 
203 Data.Gov.Uk is an example of an open data platform that wishes to fosters public accountability, 

stakeholders’ engagement and innovation, providing access to over 20, 000 datasets on a wide range 

of topics: deprivation, government spending, road safety, etc.  

204 Manville et al. 2014. ‘Mapping smart cities in the EU’. 
205 Interview I. 
206 Miani et al. 2014. ‘Health and healthcare: Assessing the Real World Data policy landscape in 
Europe’. 
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2.11.4. Trend 2: The renewal of democracy? Towards more open and 

collaborative forms of governance 

The past ten years have been marked by an increase in online collaboration tools (e.g. online 

consultations, online polls, crowdsourcing tools) at different government level,207 facilitating 

direct communication between local, regional or national governments, businesses and 

citizens to exchange information, collect feedback and opinions on specific policy issues in 

real time and include new groups (e.g. citizens, civil society and advocacy groups) to the 

decision-making process. It has also allowed citizens to connect around specific national 

and/or international issues.208 Worldwide initiatives such as the Open Government 

Partnership209 aim to foster dialogue between governments and the civil society to develop 

and implement open government solutions. The initiative grew from eight participating 

countries in 2011 (Brazil, Indonesia, Philippines, Mexico, Norway, South Africa, United 

Kingdom and United States) to 64 in 2014. While it is likely that the face of political 

processes will pose an important challenge to democratic institutions in the coming decades, 

at present the exact outcome of the interaction of these processes (loss of legitimacy of 

traditional structures; rise of grassroots movement enhanced by technology-enabled network 

society) is difficult to predict (Chadwick 2013). 

ICTs are likely to broaden civic participation only if collaboration between governments and 

ISPs leads to the development of participatory tools that allow people to shape the output of 

the consultation and see its value in the policymaking process.210 The Global 

Multistakeholder Conference on the Future of Internet Governance (NetMundial) held in 

Brazil in April 2013 allowed 850 representatives from governments, academia, the civil 

society and technical experts to participate in the redaction of Internet Governance Principle, 

an online consultation tool also allowed citizens from all over the world to comment on the 

draft document in real time.211    

ICT and social network-based governance mechanisms remain, however, at an early stage 

and efforts to involve people more broadly are still lacking. The organisation of ‘interest 

groups’ via the Internet may also enhance existing advantaged groups.212 This concern was 

also expressed in several studies213. 

An over-enlarged circle of participation may lead to policies that leverage the ‘lowest 

common denominator’ in decisions, building on short-term consideration at the expense of 

solutions that would require a longer-term view. 

                                                        

207Misuraca, G., C. Codagnone & P. Rossel. 2013. ‘From Practice to Theory and back to Practice: 
Reflexivity in Measurement and Evaluation for Evidence-based Policy Making in the Information 
Society’, in Government Information Quarterly, 30, 2013. S68–S82 Elsevier Publishing, USA. 
208 European Commission. 2012. 
209 http://www.opengovpartnership.org/ 
210 Farina, C. R., Newhart, M. J., Heidt, J. & Cornell ‘eRulemaking Initiative’. 2012. 
211 http://document.netmundial.br/ 
212 Interview conducted by RAND Europe (2014). 
213 Breindl, Yana. 2011. Promoting openness by ‘patching’ European directives: internet-based 
activism & EU telecommunication reform. Journal of Information, Technology and Politics, 8 (3), 
346–366.  
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In parallel to these new forms of democratic consultation, initiatives such as Citizen Lab,214 a 

watchdog group based at the University of Toronto, and more recently WikiLeaks, illustrate 

the emergence of more radical forms of political engagement, which directly challenge 

governments’ legitimacy and authority. Web 2.0 tools can enable local problems to win a 

global exposure.215 For example, Avaaz.com is a platform to help citizens mobilise beyond 

borders by organising offline protests, supporting the launch of petitions, lobbying 

governments, etc.).216 However, the translation of online participation into offline activism 

remains a challenge. Some argue the increase of online activism has not necessarily been 

accompanied by an increase in offline participation, and instead might even turn into 

‘slacktivism’ or ‘clicktivism’.217  

2.11.5. Trend 3: Towards more co-regulation 

The rise of new public services providers, the growing available amount administrative and 

personal data and resulting interest from different stakeholders poses a number of risks 

related to information system security and data privacy that national governments and other 

data owners/users will have to solve jointly.  

Governments will have to develop multi stakeholder and cross-sectoral approaches in 

response to the need for more personalised and sophisticated services for citizens and 

businesses218 so as to include new players in the design and provision of public services.219 

The move towards a mixed approach to governance – based on both traditional top-down 

and more open bottom-up mechanisms – will favour more co- and self-regulation.   

The opening up of administrative and personal data will require the development of 

appropriate technical standards allowing data sharing and data reuse across systems and 

countries to stimulate innovation. Several European wide projects are paving the way into 

that direction but need to be further strengthened to facilitate the uptake of efficient and 

secure e-Government and open data platforms. Pan European initiative such as the ISA 

project (Interoperability Solutions for European Public Administration)220 – aiming to 

develop IT solutions for public administrations and support interoperability of existing 

systems across Europe – have emerged to overcome the lack of interoperability across 

systems.   

                                                        

214 https://citizenlab.org/ 
215 Breindl, Yana. 2011. Promoting openness by ‘patching’ European directives: internet-based 
activism & EU telecommunication reform. Journal of Information, Technology and Politics, 8 (3), 
346–366. 
216 Interview conducted by RAND Europe (2014). 
217 See Morozov, Evgeny. 2012. The net delusion: The dark side of internet freedom: PublicAffairs; 
Christensen, H. S. 2011. ‘Political Activities on the Internet: Slacktivism or Political Participation by 
Other Means.’ 

 
218 United Nations. 2014. ‘E-Government survey 2014. E-Government for the future we want.’ 
219 Schindler et al. 2010. ‘Study on e-government scenarios for 2020 and the preparation of the 2015 
Action Plan’. Technical Report, RAND. 
220 http://ec.europa.eu/isa/ 
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Access to and use of personal data will also be determined by further regulatory 

developments. Concerns have risen regarding the penetration of private economic actors in 

the provision of online public (but also economic) services, and their resulting access to a 

vast amount of personal data. The ability of national governments to provide effective 

responses to system security and data privacy requirements will be crucial going forward but 

remains slow, as illustrated by the constant postponing of the General Data Protection 

Regulation.
221

 

2.11.6. Drivers, barriers and policy challenges 

Broadband Internet will be widely adopted across Europe, the diffusion of mobile ICT will 

become more important and provide the basis for development of the Internet of Things.222 

This will allow the co-design of responsive public policies through enhanced web-mediated 

interactions between governments, citizens and third parties. Connected societies have given 

birth to empowered individuals and the rise of the Net generation223 is also pushing towards 

the development of more tailored, flexible and customisable public services.224 Further, the 

increased use of the Internet encourages the development of a global culture. eUsers 

worldwide share similar attitudes related to certain values: online freedom of expression, 

privacy, trust and security, although the level of prioritisation of these values can vary along 

socio-demographic lines.225 One aspect of this is the changing relationship regarding user 

data and privacy between governments and technology firms, pushing governments and 

society to reflect on the role that ISPs and technology companies in general play in the public 

sphere. Moreover, the growing middle class increasingly endorses democratic values and 

media plurality.226  

The growing dissatisfaction with electoral democratic systems as well as distrust of 

policymakers (Figure 32) are likely to exert a strong push towards the trends identified 

above. In the future, citizens will ask for more accountability and transparency from their 

governments, encouraging the adoption of open data and open democracy solutions.  

                                                        

221 Miani et al. 2014. ‘Health and healthcare: Assessing the Real World Data policy landscape in 
Europe.’ 
222 Gubbi et al. 2013. ‘Internet of Things (IoT): A vision, architectural elements, and future directions.’ 
223 Born after 1977. 
224 Rana, N. P., M. D. Williams & Y. K. Dwivedi. 2012. EGovernment Adoption Research: A Meta-

Analysis of Findings. ECIS 2012 Proceedings. 

225 Dutta, S. and B. Bilbao-Osorio. 2012. ‘The Global Information Technology Report 2012: Living in a 
Hyperconnected World.’ 
226 Hoorens et al. 2013. ‘Europe’s Societal Challenges.’ 
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Figure 32. Trust in national government, national parliament and the European Union between 2004–

2013 

 

Source: ONI 2012 Eurobarometer, 2013 – Question ‘I would like to ask you a question about how much trust you 

have in certain institutions. For each of the following institutions (national parliament, national government, 

European Union), please tell me if you tend to trust it or tend not to trust it’. 

Increased levels of public debt have led to a higher pressure on the reduction of government 

spending across the EU. The development of ICT and Internet based solutions to deliver 

public services is likely to be encouraged as the automation of certain administrative tasks 

through the adoption of ICT solutions, the emergence of new players in the provision of 

public services and the widespread use of data analytics will provide opportunities to reduce 

costs and increase service delivery efficacy.227  

The lack of interoperability across national and European systems remains a potential 

barrier to the development of eGovernment and open data. In addition, the use of ICT by 

governments remains highly concentrated in advanced economies and the gap between 

developed and developing countries is widening as technology evolves, as indicated by the 

latest UN eGovernment Survey.228 The uptake of eGovernment infrastructures has been 

quite steady across the EU despite governments’ increasing investment in this area. 

According to a recent survey from the Digital Agenda Scoreboard, the number of 

eGovernment users declined between 2012 and 2013 (from 44 per cent in 2012 to 41 per cent 

in 2013). A 2011 survey by the European commission showed that one of the main reasons 

for not using online public services in the EU resides in the lack of trust and the lack of skills. 

Privacy concerns remain a major obstacle to the full development of political participation 

and full engagement with ICTs and social media as a tool for governing. Since the beginning 

of the 2000s, analysis by OpenNet and Freedom House has found that development turned 

                                                        

227 Schindler et al. 2010. Study on e-government scenarios for 2020 and the preparation of the 2015 
Action Plan.’ Technical Report, RAND. 
228 UN, e-Government Survey, 2014. 
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towards continuous increase in forms of control, which also became more subtle and 

nuanced229 (Figure 33). These concerns are likely to be increased with the emergence of new 

– often private – stakeholders in public service delivery. 

Figure 33. Internet censorship scores for political reasons230  

 

Source: ONI 2012 

The digital gap is reducing and the number of non-Internet users has been reduced across 

the EU, from 30 per cent in 2009 and it is expected to decline by half by 2015.231 However, 

the situation varies greatly among European countries, and despite recent progress in new 

member states, some of them still have a high rate of non-Internet users (Figure 34). 

                                                        

229 Bitso, C., I. Fourie & Theo J. D. Bothma. 2012. Trends in transition from classical censorship to 
Internet censorship: selected country overviews, IFLA-FAIFE, 2012; Open Network Initiative, 2010; 
Freedom House. 
230 The level of filtering is determined empirically, based on access tests on two (global and local) 
sample lists of websites cutting across a range of topics (e.g. political, social and Internet tools, such as 
Skype). The category of web censorship for political reasons is focused primarily on websites that 
express views in opposition to those of the current government. Content more broadly related to 
human rights, freedom of expression, minority rights and religious movements is also considered 
here. (Source: OpenNet Initiative Data FAQ https://opennet.net/oni-faq). 
231 Digital Agenda Scoreboard, 2014. 

https://opennet.net/oni-faq
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Figure 34. Non-Internet users in the EU: % of individuals who have never used the Internet 

 

Source: Digital Agenda Scoreboard, 2014 – Digital Inclusion and Skills 

Future governance and political participation strongly relates to how new technical 

developments will affect media pluralism, which remains uncertain. Connected technologies 

could empower citizen journalism and challenge the power wielded by the most established 

media sources. There is also potential for controlling social and traditional media to 

manipulate the views of citizens.  

In addition, to fully exploit the potential of eGovernment and open data, citizens will need 

the skills that allow them to interact and understand large amounts of data and information. 

Communicating complex information is the key to involving citizens in decision-making, 

especially when huge datasets are opened up to the public. Representing data in a 

transparent and non-partisan manner can be challenging. Design tools can help make 

information accessible, understandable and usable by a wider audience. Arts can be used as a 

medium to comment on and raise questions about the ways in which we use technology and 

the impact it has on social norms and behaviours.  

This, however, also requires further advances in other complementary research areas, such 

as defining appropriate legal regulatory frameworks and mechanisms, especially regarding 

personal data protection, as well as more research in the current shifts in the organisational 

and societal structures that underpin the movement towards more open, transparent and 

integrated policymaking systems. More research should also be conducted to design and 

implement pan-European interoperable systems that allow data sharing across national 

systems. 
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3. SWOT 

3.1. Introduction 

3.1.1. Method  

The objective of this SWOT analysis is to provide insights concerning the strengths, 

weaknesses, opportunities and threats facing European scientific and industrial 

stakeholders, particularly in the research and innovation fields, with respect to their science, 

technology and innovation capacity related to the ten selected themes. This part of the study 

builds upon the activities carried out in the trend analyses (Chapter 2) for the ten selected 

themes. The evidence sources are described in greater detail in Appendix A: Methodology. 

Our methods included gathering insights from an expert workshop, a series of semi-

structured stakeholder interviews, primary document analysis, secondary literature review 

and indicator building through searches conducted on the Web of Science. The trend 

analyses outlined in the previous chapter provided evidence for construction of the SWOTs.  

3.1.2. Structure of chapter 

This chapter is structured as follows: we start with a discussion on the relationship between 

the ten themes, identifying where we think it is useful to cluster the themes in order to 

maximise their impact in the context of the research and innovation environment 

surrounding Horizon 2020.  

The chapter then identifies the strengths, weaknesses, opportunities and threats for the 

European research and industrial stakeholder base in each of these themes. Each thematic 

SWOT is rounded off with recommendations for future research activity in the context of 

Horizon 2020. These recommendations emerge as the result of reflections on the 

Opportunities elaborated in each theme, and more specifically an examination of the gap 

between the strengths and opportunities. They reflect the team’s reading of the trend 

analyses and the scenario exercise, as well as insights provided by the stakeholder interviews.  

3.1.3. Points of reflection concerning the ten themes 

First of all, the exercise reveals a need to deconstruct the themes in order to understand their 

core aspects and to prioritise topics and activities for each of these. 

Second, the trend analyses already revealed a substantial amount of overlap and interaction 

between themes. This is highlighted in specific SWOTs; attention should be paid when 

launching calls for these areas, so as to reduce confusion for the research and innovation 

community. 
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Third, the ten themes are all areas where research and innovation activity is already 

relatively well established in Europe and across the world. In eight of the themes (Table 3), 

European research and industry has already benefited from EU research funding through 

FP6 and/or FP7 and the first call of H2020 (specifically within ICT/LEIT). The themes 

themselves are thus not new, although the trend analyses reveal that new dimensions can be 

introduced into each theme that build upon previous experiences in these areas. 

Consolidation of previous and current activities in some areas is necessary, in order to 

achieve political goals and to fully reap the benefits of previous research. Table 3 shows 

where European efforts have principally been directed within the themes, based on analysis 

of previous work programme texts. In the SWOTs for each theme, past efforts in EU research 

have been identified, and combined with the trend analyses, emerging and completely new 

topics for EU research programming have been identified. 

In the areas that are already well established in EU research programmes, we should now 

focus on integrating social, legal and policy implications into our technological research. This 

is due to the fact that many weaknesses and threats identified in the SWOT exercises related 

to the inflexibility of the legal and policy environment as erecting barriers reducing the 

uptake of research outputs. In general, our SWOTs show that there is an overall need to 

introduce interactions between disciplines to stimulate new innovations in these themes, 

with a focus on the user, policy and legal frameworks in which the technologies emerge. 

Table 3. Clustering themes according to ‘novelty’ of research in the EU Framework Programme context 

Theme number Theme description Past efforts Emerging 
Completely 
new 

3 Learning and Education X   

5 Internet of Things X   

7 
Societal and Economic Impact of 
Robotics 

X (not societal 
and economic 
impact) 

  

10 Governance and Policymaking X   

1 Singularity  X  

6 DIY Innovation  X  

8 Digital Agriculture and Food  X  

9 Digital Art and Science  X  

2 
Consumer Internet Economy– defined 
as co-creation, etc. 

  X 

4 New Economic Models   X 

 

3.1.4. Clustering the themes through meta-themes 

Given the overlap, existing research capacity and multiple faces of many of these ten themes, 

we believe that there is value to be gained through creating clusters of research themes. By 
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clustering the ten themes, new topics may emerge. This may ignite new outputs from the 

European Research Area. We suggest one possible way to do this is by clustering projects 

through horizontal ‘meta-themes’ ( or ‘key challenges’) that can open up these themes to new 

possibilities and potential new innovations. This may help overcome the challenges noted 

above, specifically of themes that overlap and interact to a high degree. 

When examining the ten themes as a coherent whole, we suggest that their contribution to 

Europe 2020 would be maximised if the richness of the interactions between the themes 

were to be recognised. This could be executed through specific actions to examine central 

issues that elicit responses from actors engaged in all themes. These transversal meta-

themes (or ‘key challenges’) run through each of the ten selected themes, and have been 

noted as present in the trend analyses, the SWOT exercises and the scenario exercise. These 

are identified as:  

1. Data: the capacity to make use of immense amounts of data is now upon us. We need 

to enhance our understanding of how these data should be used, both in the sense of 

Open Data and Big Data. This is notably (although not exclusively) predominant in 

areas such as the Internet of Things, Governance and Policymaking, and Digital 

Agriculture. 

2. Skills: there is a need to ensure that European research takes a more comprehensive 

approach to developing the capacity to adapt to the new digital environment. 

Learning and Education, Societal and Economic Impact of Robotics, Digital Art and 

Science and both the Emerging Consumer Internet Economy and New Economic 

Models all specifically refer to the need for more ‘digital awareness’ in skill 

development, research, policy and business. 

3. Legal and policy environment: many weaknesses and threats identified in the 

SWOT exercises revolve around the inflexibility of the legal and policy environment 

surrounding the outputs of research. All themes identified this as a key area for 

further investigation, especially in making progress at the EU level. Related to this, 

there is also a general concern about the impact of (non-) standardisation in the 

themes. EU policy and research activities in relevant areas should focus on 

collaborating with international standards bodies, and consider the importance of 

global standards rather than European, or national ones, wherever relevant.  

Ideally, the ten selected themes should therefore interact and integrate efforts across these 

fields to ensure that impacts are maximised.   

3.1.5. Short-term vs long-term research 

Another key insight emerging from the SWOT analyses relates to the ‘type’ of research that is 

executed in each theme. The ten predetermined themes that were the subject of this foresight 

exercise show a great deal of variation across the following spectrum: 

 Short-term, near-to-market, solution-driven specialised product-oriented 

technological objectives in low-risk projects that will certainly yield (already known) 

outputs against longer-term, high-risk ‘blue sky’ projects in completely new areas 

Several of the topics lend themselves to production of clearly defined concrete outputs, and 

others are far more forward looking as research topics. The scenario exercise (see Chapter 4) 

provides a useful tool for understanding which of the (aspects of the) themes can be seen to 
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be ‘resolved’ some 30 years hence, and which ones are still ‘under development’. The 

following diagram (Figure 35) highlights where our analysis shows the type of research most 

appropriate for each theme. This (very rough) representation of the areas where European 

research should be identified is drawn from the trend and SWOT analyses.
232

  

Figure 35. Identifying themes against the spectrum of research projects (from low-risk, short-term 

projects with solution-driven objectives to longer-term ‘blue sky’ projects with accompanying higher 

risk) 

 

 

Our evidence (interviews, literature review) points to a focus on efforts on longer-term 

research in more FET-style activities in themes where the European legal and policy 

framework is underdeveloped or non-existent. In areas where legal and political certainty at 

the European level is assured, we may be able to use the ‘cart before the horse’ principle of 

prescribing outcomes (so-called ‘expected impacts’) before projects have even been 

proposed. Our findings also correspond with one of ISTAG’s key recommendations: to create 

‘open fast-track schemes for innovation detection, amplification, and acceleration’ (ISTAG 

2011). 

3.2. The path towards singularity 

Strength (S): The Singularity has been an ongoing area of research in ICT work 

programmes since before 2007 in the form of a number of research ambitions. Initially, 

themes covered by ‘Singularity’ were encompassed by the terms: ‘Accessible and Inclusive 

ICT’, ‘Pervasive Adaptation’,233 and ‘Intelligent Content’. The FP7-ICT Interim Report (Bravo 

et al. 2010) identified embedded systems as one of the key technology strengths in European 

research. In H2020, the appearance of the term ‘cyber-physical system’ in the first ICT work 

programme for Horizon 2020, combined with the flagship status of the Human Brain 

                                                        

232 Bearing in mind that these themes are very broad and should be deconstructed as per the SWOT 
exercise and trend analysis. 
233 Including other elements in the FET open call. 
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Project, has consolidated Singularity-related research as a key strength of the European 

Research community.  

Weakness (W): European research has consistently focused on funding for Singularity-

related topics, and yet the linkages between these and the different themes described (see 

below) are often overlooked. The lack of linkages provides the source for a key weakness of 

the European research agenda in this field. The consolidation of research actors around 

highly specific topics, rather than collaboration among diverse research groups, appears to 

have become the norm. Furthermore, the uncertainty surrounding this topic, particularly the 

arrival date for ‘The Singularity’ (which is predicted variously as arriving in 2030, 2100 or 

not at all) and the exact scope of the field (whether it refers to machine intelligence, cyber-

physical enhancement or both), leads to different challenges for research programming. The 

themes covered by the term ‘Singularity’ are too abstract to yield meaningful results that 

advance Europe’s industrial leadership. Singularity is an imprecise term that covers a 

number of distinct research themes that could more usefully be pursued under separate 

headings (e.g. super-human machine intelligence, cyber-physical human enhancements, and 

more). 

Opportunity (O): The ambiguity in the topic provides opportunities for innovative future 

research to consolidate and build upon the extensive European track record. The three major 

streams of ‘Singularity’ research: (i) moving the human being beyond its biological 

limitations, (ii) developing machines that are capable of greater intelligence than human 

beings, and (iii) whole brain emulation present significant opportunities for enhanced data 

processing speeds for artificial intelligence, augmentation of the physical self, and the 

development of cognitive networks. Furthermore, Europe has the opportunity to pursue 

advanced research in a policy and regulatory framework capable of accommodating machine 

intelligence. 

An additional opportunity for future research lies in the integration of such advanced 

research with clear understandings of the relevant legal, ethical and societal frameworks. 

This need for understanding of the societal implications of these technological developments 

needs to be integrated clearly into future research, given the challenges for accountability in 

new systems and processes. 

Threat (T): The principal threat concerns the inherent risk of uncertainty surrounding the 

topic as a whole; as the trend analysis highlights, existing trends in this area are almost 

certain to be rendered irrelevant if ‘The Singularity’ arrives.234  

Near-Term Recommendations (NTR): Programming European research in this field is 

relatively difficult, given the uncertainty of the theme; however, crossovers between this 

theme and others described below may prove incredibly fruitful and develop new 

understandings and rationales for innovation processes. Mapping activities, such as those 

already underway in the form of the Human Brain Project, are very useful for identifying 

potential areas of research. This theme may be most appropriately considered for larger scale 

coordination and/or support actions. 

Long-Term Recommendations (LTR): Future research into the theme is best managed 

in the respective industrial and social domains that govern sub-topics such as robotics for 
                                                        

234 See i.a. Dautenhahn 2007; Fortuna & Mohorcic 2009; Leitão 2009. 
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cyber-physical enhancements or large-scale computing systems for machine intelligence. In 

the long term, the topic of ‘Singularity Research’ is likely to be an unproductive grouping of 

diverse research streams. It is recommended that clearly focused research projects that make 

use of trends in this theme be pursued under other domains to maintain their focus on 

subject-specific areas. 

3.3. The emerging consumer Internet economy: Big Data, 
hyperconnectivity and co-creation 

S: The emerging Consumer Internet Economy has been an ongoing area of research for the 

European Community for more than a decade. The field has been developed under a number 

of different terms including ‘Secure, Dependable and Trusted Networks’, ‘Networked Media’, 

‘3D Media Internet’ and ‘Creative Sector Technologies’. A wealth of background research has 

thus been developed in prior research programmes. In the policy sphere, efforts to encourage 

internet-based consumption models, involving increased trust online and more broadband 

access, have been apparent since the eEurope initiative at the turn of the millennium; more 

recently, EU policy has focused on developing a reliable legal framework for online 

consumers. 

W: Research in the field has historically addressed a specific challenge in European 

industry: European companies are finding it hard to adapt to changes driven by the 

increased competition from Internet-based companies.235 This weakness stems, in large 

part, from the misplaced reliance on new tools, technologies and services to solve the 

difficulties traditional large companies experienced from the growth of new economic trends, 

practices and models. European research programmes have often sought to support 

incumbent industries. Therefore, a key weakness in the European research community 

relates to the emerging role of ‘Prosumers’ (the producer is also the consumer) within the 

Internet economy.236 In addition to Prosumers, the increasing availability and applications 

of ‘Big’ Data is driving development of the Internet economy at a pace that is currently 

outstripping European research in the field. Furthermore, Europe has a protective policy 

towards established industry sectors (particularly in the media) that is hampering the 

development of new markets.237  

O: Europe thus needs to look forward towards a prosumer-driven economy through an 

examination of concrete legal (policy) and user-centric research understanding the 

conditions necessary for enabling co-creation. Opportunities for this theme lie in 

understanding how Big Data and hyperconnectivity can enrich existing and future 

organisational business and industrial structures. Specifically, expert interviewees suggested 

that Europe’s emphasis on effective cross-border economies provide a focal point for future 

                                                        

235 Several expert interviewees specifically identified the failure of large European companies to adapt 
to Internet-based competition as a key weakness for Europe and a primary driver of research efforts in 
this area.  
236 One interviewee lists the regulatory environments of Asia and North America as having a 
significant ‘research and development’ advantage in embracing prosumer or ‘sharing economy’ 
models compared with Europe. 
237 Interviews conducted by VUB and 21c (2014). 
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research that can enable the effective integration of new and existing economic actors in a 

single European online economy.238 Research needs to address legal and consumer 

interaction across borders. Research in other areas such as HTML5 and other open web 

standards (OECD 2013b) will be necessary to achieve greater integration between policy 

research and technological developments (see also OECD 2013a). Greater linkage between 

this and other themes such as the Internet of Things or the rise of New Economic Models 

could unlock new opportunities for wider themes (e.g. predictive analytics).  

T: Attempting to preserve or replicate existing economic conditions in the online space, by 

not supporting new initiatives, industries and smaller more flexible companies will provide a 

massive threat to the Digital Single Market. Interviewees warned that a failure to embrace 

the new economic models such as Prosumers and the Sharing Economy in the regulatory and 

policy spheres risk leaving Europe well behind global competitors.239 

240NTR: As an emergent research and policy area, research undertaken under the auspices 

of Horizon 2020 should examine the relationship between the Digital Single Market legal 

and policy frameworks and these emerging characteristics of the Consumer Internet 

Economy. Smaller research projects may provide useful instruments to dig deeper into 

online behaviour and the societal impacts of co-creation and hyperconnectivity. Specific 

research into new technological developments could also be carried out in this area of 

research, with direct linkages to IoT research. 

LTR: The consumer-Internet economy offers long-term scope for enhanced near-market 

actions to accelerate relevant technologies to market. The use of risk-capital funding 

instruments is likely to become a more productive instrument for promoting the EC’s 

objectives in this theme than pure research. Two further long-term topics of study are the 

impact of regulatory reform on the wider landscape of consumer regulations in the EU and 

the application of large-scale data flows to improve the efficiency and operation of emergent 

Internet economies. 

 

3.4. The evolution of learning and education: How can advanced 
ICTs (e.g. mixed reality and presence technologies, gaming, etc.) 
improve learning and education, making them more inclusive and 
delivering the skills of the 21st century? 

S: The EU does not have a specific competence in the field of education, but has been able to 

contribute actively towards the development of educational systems through its various 

funding schemes. The Jean Monnet programme is one such example. Horizon 2020’s 

                                                        

238 One interviewee notes that ‘Making ecommerce and services work better across the union is 
enormously important and we are a long way off that goal’. 
239 Two interviewees suggested that attempts to resist sharing economy services such as Uber or 
AirBnB jeopardise the competitiveness of Europe in a global environment where other areas are 
advancing such policies. 
240 See i.a. OECD 2013a; OECD 2013b; Payne et al. 2008. 
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YOUNG programme, and the current ICT-2015 work programme are others. FP7 work 

programmes have also proposed the need for research on ‘technology-enhanced learning’, 

including ‘adaptive and intuitive systems for learning’. Technology enhanced learning was 

allocated 25 million EUR in the 2013 work programme (Call identifier: FP7-ICT-2013-11) for 

a range of funding instruments: large Integrated Projects, smaller research projects, and 

Coordination Actions. The EU Framework Programmes can therefore lay claim to having 

provided funding in the topic area for several years, and as publications records show by the 

sheer volume of articles written, these programmes have developed into a key area of 

research activity in Europe. Particularly in the development of learning technologies, Europe 

is significantly ahead of many other world regions.241 

W: One structural weakness is the lack of Europe-wide linkages between the various aspects 

of this theme, ranging from research to implementation. For example, although the 

European Union’s research capacity and capability is rather advanced in this field,242 we find 

it difficult to turn these outputs into implementable tools, a recurrent problem often referred 

to as the ‘European Paradox’. Fragmentation is also apparent, given the challenge of multiple 

languages, the plethora of education systems and the variety of legal frameworks for both 

teachers and students. Data on large-scale implementation is also lacking, as currently most 

research has focused on small-scale pilots. Research has been executed predominantly in the 

field of educational research,243 with computer science emerging as the second most 

important field. Access to technologies in the classroom is also a weak point, and despite 

attempts to the contrary, the gender bias in science and technology-related fields is still very 

strong. Furthermore, much current research takes current educational system(s) into 

consideration and does not work towards developing new models of educational 

organisation. 

O: Gamification for education has not been systematically deployed and evaluated in large-

scale studies concerning implementation: this could provide a key opportunity for applied 

research in the education field; ‘Massive Open Online Courses (MOOCs) and new methods 

for measuring and monitoring performance’ (trend analysis – theme 3) provide another. 

With MOOCs, ‘students will no longer need to be physically located near educational 

institutions; another significant consequence of this is the potential to offer more 

“personalised” learning experiences at lower costs’, Big Data and learning analytics will 

provide an impact on both education and research. Combined, these areas of research may 

contribute to achieving better skills for European students and researchers. Focus on change 

management in the education sector provides a great opportunity for future research as well. 

The technologies already exist to drive change, so what is required is European leadership in 

driving change through the very diverse national and local education systems. 

T: Crucial threats to the future of this research theme lie in uptake (e.g. Papastergiou 2009) 

and impact. Both uptake and impact need to be carefully measured (e.g. Sun et al. 2008). 

Skills and learning are central poles of the development of an innovative EU, and although 

                                                        

241 Interviews conducted by VUB and 21c (2014). 
242 Source: interviewee. 
243 The ‘Research Areas’ identified by Web of Science state that 900 articles from the pool of 13401 
have been published in the area of ‘Education/Educational Research’, whereas 269 have been 
published in ‘Computer Science’. 
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European research is strong in the development of new tools and techniques for ICTs in 

learning, there is a huge need to ensure large-scale implementation driven by the community 

itself, in order to ensure that Europe’s students are fully equipped for the digital, 

hyperconnected world. Without support for community-driven large-scale projects in the 

area, uptake in all areas of education from schools and higher education institutions, to 

vocational and lifelong learning contexts is likely to remain low.244  

NTR: Smaller research projects, focusing on metrics and blending between on- and offline 

educational systems may be useful areas to fund under H2020 programmes. Projects that 

attempt to understand the requirements for change management also need to be 

implemented given the wealth of tools and the lack of large-scale uptake. 

LTR: Larger scale projects implementing (on a large-scale) new learning systems will be 

necessary. Such projects will have to take into consideration the evolutions in traditional 

educational systems, which (will) focus more on modularisation, lack of physical 

infrastructures and lifelong learning, thus revolving around change management in Europe’s 

diverse education landscape.  

3.5. The path towards new economic models: How can future ICTs 
experiment with and prototype new economic concepts to help 
find solutions to the long-tail effects of the systemic crisis? 

S: The study of new economic models has a long history in academic research (Hodgson 

1999), which offers enormous potential for many of the EU policy objectives. In addition, the 

theme has significant knock-on effects on many of the other themes identified in this study 

by providing the economic underpinning of new developments in these fields. Nevertheless, 

there are still nuanced views on how this trend should be taken forward. To give an example, 

EU-funded research in FP7 examined the role of ‘ICT in support of the networked enterprise’ 

(FP7-ICT-2007-1.3). The EU has also focused on ‘social innovation’ in the SSH work 

programme. This area, populated by ten projects, all starting around the beginning of 2008, 

focused heavily on RFID as a driving technology for the evolution of new business models 

and knowledge management. There is therefore a strong connection between this and the 

Internet of Things theme (theme 5) in so far as specific technical research is concerned. 

European researchers are highly prominent in key areas of the research agenda, notably in 

addressing the relationship between economic value and business models (Chesbrough 

2010). Mauskopf et al. clearly show that there is a need for these transformations to impact 

on the public sector as well (2007). 

W: EU-funded research to date has focused on transformations in specific technologies and 

how these impact on economic and organisational transformations. There is a pressing need 

to understand the transformations from a societal perspective, in order to understand how 

the other, more technology-driven themes (e.g. described in this document) can receive 

                                                        

244 See i.a. Bocconi 2014; Fischer 2013; Krasny et al. 2013; Papastergiou 2009; Sun et al. 2008. 
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greater attention from the user/market: business models need to be developed and there 

needs to be a space for these to be implemented in order to gain traction. Previous EU-

funded research has not taken this wider perspective into account, and has not focused on 

solutions to the long-tail effects of the systemic crisis. Research is currently more reactive to 

specific technological trends, rather than proactive and flexible in its approach. 

O: Europe’s concern with environmental degradation and sustainability provide us with an 

opportunity to focus on sustainability as one of the major opportunities for the development 

of new economic models, such as the circular economy, as this links into other potential EU-

level policy objectives. As noted by Enkel et al. (2009), research should be conducted on the 

role that openness plays in innovation in corporate settings, ‘for example, how can 

technology break the association between economic growth and resources consumption?’ 

(trend analysis – theme 4). There is also an opportunity to deliver maximum positive impact 

to the EU through research focused specifically on the economic performance and 

affordability of the European Social Contract.245 

Moreover, there are other underdeveloped business sectors where Europe has pronounced 

opportunities, including ‘[d]ata privacy, data control and data monetisation. Used well, the 

explosion of data holds tremendous potential to boost innovation, productivity, efficiency 

and, ultimately, economic growth and social value. However, the use of all this data presents 

challenges in terms of privacy, security, data curation and data “monetisation”, and the 

regulatory considerations that go hand in hand with these issues’ (trend analysis – theme 4). 

More emphasis on the individual, through new approaches to economics driven by 

‘experimental economics, (e.g. agent-based simulation models), behavioural economics and 

neuro-complexity and network economics’ (trend analysis – theme 4) provide opportunities 

for continuing research.  

Linking with other themes, innovation models (theme 6) and co-creation and consumption 

models (theme 2) will provide opportunities for excellence in research, as the combination of 

these areas appears ripe for future research – particularly in challenging old, traditional, 

economic models.  

T: Main threats associated with theme 4 concern the policy environment, such as an 

unfriendly environment for entrepreneurs, and a skills mismatch, which needs to be 

addressed in terms of education and learning (theme 3). The slow pace of regulatory change 

and the diversity of national environments present a threat to implementing the outcomes of 

future research in effective and useful timeframes, thus jeopardising the impact of research 

in this topic (source: interviews).246 

NTR: Funding near-market research projects set up to operationalise and test a diversity of 

economic models are perhaps the most useful focus for this topic within the H2020 

programme.  

                                                        

245 Interview conducted by VUB and 21c (2014). 

246 See i.a. Chesbrough 2010; Enkel et al. 2009; Mauskopf et al. 2007; Mezias & Goutam 2014; 

interviews conducted by VUB and 21c. 
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LTR: Long-term European research in this area should lean towards a more fundamental 

assessment of innovation processes, business models and linkage to broader policy 

objectives, while taking into account a need to mark out a specific ‘European’ approach to 

economic development in the global environment.  

3.6. The evolution of the web’s architecture: How will the advent 
of the Internet of Things affect the evolution of the web (which 
was conceived to transfer hypertexts between clients and 
servers)? Could new technological needs generate new 
opportunities for EU industry? 

S: The Internet of Things (IoT) is a key component of the Digital Agenda for Europe strategy 

to deliver sustainable growth to the EU over the coming years. The architecture of the web 

has been a European topic of research for some time now, and has been present since the 

beginning of FP7 (‘Network of the Future’, ‘Internet Connected Objects’ and the ‘Future 

Internet Core Platform’). In 2011 alone, seven EU-funded projects were launched 

(responding to call text FP7-ICT-2011-1.3), which focus on the Internet of Things. 

Additionally, Europe has built up capacity in this area through initiatives like FIRE. Europe 

has been successful in the development of, and support for, standardisation processes that 

are considered highly important in this domain: for example, RFID has been a major 

development in the EU, and is deemed a central element in IoT (Atzori 2010). 

W: A substantial weakness for the EU in this area appears to be the lack of the flow between 

research and concrete applications for IoT. Despite the ongoing efforts to date, there seems 

to be a distinct lack of translation into applications and technologies that are available in the 

marketplace.  

O: Several broad trends provide future research opportunities in this field. As 

interconnection between devices grows (or shrinks), we need to explore possibilities for the 

usage of these devices and consider their (political, social, economic, legal, environmental) 

implications. Data handling and the role of the cloud in supporting the IoT provide key 

opportunities that can be further researched at an EU level (source: trend analysis – theme 

5). Use of IoT in specific sectors, such as healthcare (as identified by one interviewee), could 

provide an opportunity for Europe to lead the way, especially given our ageing population 

(source: interview). As with robotics (theme 7), there is scope for Europe’s SME culture to 

bring specialist, niche innovations to the fore. 

T: Although there are more connected devices in the world than people (trend analysis – 

theme 5), the threat of hyperconnectivity being unequal across the world is very present. 

Another threat concerns the role of data in this hyperconnected world. This holds especially 

for issues of privacy: in a world where everything is connected, there are threats of the abuse 

of personal data. Similarly, the manufacturing of the components that underpin the future of 

the topic is likely to progressively move from Europe to developing regions, leading to a loss 

of dominance in the development of ‘hardware’ components (source: interviews). 

Fragmentation must be avoided and global standardisation promoted – in order to avoid 

standardisation multiplication. This can be done by contributing to the development of, and 
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adhering to, globally-agreed standards. Themes 1 (Singularity), 3 (Learning and Education) 

and 4 (New Economic Models) link closely to these opportunities and threats.247 

NTR: Research in the near-term should link socio-economic research (user analysis, policy 

frameworks, legal considerations) to considerations for uptake and future device 

development. Such research will provide a strong basis for continued EU leadership in the 

field.  

LTR: Work is also necessary on developing proper frameworks for data handling and data 

protection, which may be facilitated by engagement with international standards bodies 

(where appropriate). For these, a variety of different instruments can be used. For example, 

smaller projects that develop potential new applications and tools could be supported, 

alongside larger networks of researchers that monitor and react to technological/legal/policy 

developments. 

3.7. The prospects of a ‘do-it-yourself’ innovation ecosystem: How 
will the advent of open hardware and software, and the 
‘commoditisation’ of 3D printing change manufacturing, 
innovation and the roles of producers and consumers? 

S: The ‘Do-it-Yourself Innovation Ecosystem’, a relative newcomer to the field of European 

research (in this form), has been present in the first work programme of Horizon 2020 as a 

component of open innovation. It also appears, as themes 4 and 5 in this document indicate, 

as a fundamental ‘bridge’ to other research areas, and is closely related to the notion of social 

innovation. It was an area that garnered very little attention in the academic community 

prior to the turn of the century, but far more in the trade press (Chau & Tam 1997). (Social) 

Research on Open Source software (F/LOSS) has been widely supported by the EU research 

programmes, notably in FP6. 

Despite its relative newcomer status to the European scene, European countries fare 

relatively well in terms of scientific journal publications in this area. The EU is mentioned as 

a funder in 2.57 per cent of the total number of articles (291 out of 11,327), which is a 

substantial number, respectively speaking. 

W: Regarding this theme, there are major problems with the inflexibility of regulation, the 

lack of technical skills necessary for coping with new changes in the technological 

environment, and the focus on technological breakthroughs as solutions themselves, rather 

than as providing opportunities to developing further solutions. Likewise, Europe is 

currently overinvested in bespoke ICT as opposed to commoditised ICT.248 This 

concentration has led to Europe falling behind other areas of the world in the development of 

multi-purpose solutions to drive DIY innovation.249 

                                                        

247 See i.a. Atzori et al. 2010. 

248 Source: interview. 
249 Source: interview. 
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O: The reconfiguration of the manufacturing landscape, referred to in certain circles as the 

‘Third Industrial Revolution’ (Rifkin 2011) provides an opportunity to move away from the 

crisis-prone (cyclical) nature of our current economic systems. For this revolution to take 

place, however, the dividing lines of expertise between designer, manufacturer and consumer 

will need to change: this can only happen if appropriate skills are developed. The legal 

implications for, notably, producer liability in such a field need to be carefully revisited: the 

innovation space needs a predictable legal framework in order to be able to develop (see 

West & Gallagher 2006 for more details on challenges to open innovation).  

Opportunities also lie in increasing societal inclusion and participation through the opening 

of new channels for innovation.  

T: A threat to the research topic is a lack of development concerning legal and policy 

implications for intellectual property in the field resulting from increased speed and scale 

(although this should not be exaggerated). Similarly, the need for a greater understanding of 

the implications for sustainability needs to be made, given this research theme’s focus on 

unlimited production capacity. Likewise, there is concern that 3D printing is a passing 

technological trend, rather than a sustainable and potential General Purpose Technology 

(like the telephone or the Internet). Finally, the topic is very broad and covers a large 

number of different research themes that need to be separated to avoid confusing and 

unproductive research.250 

NTR: Two specific directions emerge for research in this area under H2020: (i) the 

development of technologies that will enable and encourage the prevalence of sustainable 

methods of 3D printing, if and when sustainable means arise to deal with this phenomenon, 

and (ii) greater understanding of what open hardware, open software and 3D printing mean 

for economic models. Smaller research projects may be used to encourage alternative 

conceptions of these models. 

LTR: In the long term, this theme may cease to be a separate area of research. Many of the 

most promising trends in the DIY innovation ecosystem are likely to be ‘absorbed’ into the 

work of theme 4 (New Economic Models) and 2 (Consumer Internet Economy) by means of 

focus on production/consumption and the development of new economic models that 

respond to these changes. In short, it is projected that the DIY innovation trend will become 

widely embedded in the economic paradigm of Europe and will therefore be best furthered 

by a concentration in economic and consumer impact. 

3.8. The societal and economic impacts of robotics: What is the 
impact of advanced robots and automation on economy and 
society and the related non-technological aspects? 

S: Interaction and Robotics has already been extensively researched by the EU Community 

and within European ICT work programmes. This has contributed to Europe’s present global 

leadership role in the topic, both in research and industry (source: FP7-ICT interim 

                                                        

250 Source: interviews. See also, i.a., Chau et al. 1997; West & Gallagher 2006. 
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evaluation). European industry is relatively strong in the precision robotics industry.251 EU 

research funding is used to promote innovation through, for example, the European Robotics 

Challenges (I4MS project).252 

W: Research lags on the broader implications of robotics for society. Legal, ethical and 

societal consequences of the increased use of robots inside and outside of the industrial 

sector have yet to be understood. Interviews show that Europe is also behind in terms of 

translation into commercial viability and deployment. 

O: We can anticipate that more and more robotics systems will be adopted in manufacturing 

processes. This booming market presents a real opportunity with regard to its potential for 

expansion and innovation. Other themes such as New Economic Models can be linked in, 

further enhancing the impact of robotics on various fields: research and education, 

entertainment, the environment and/or personal care. A clustering with theme 1 

(Singularity) will also prove fruitful. As human-robot interaction becomes more prevalent 

and robots become increasingly ‘intelligent’, this may provoke novel understandings of 

science and technology in our societies. 

The active support of SME culture, in order to facilitate the diffusion of robotics technologies 

into new markets, will be a useful contribution to maintaining Europe’s leadership and boost 

its innovation potential vis-à-vis Asia and Japan.  

Europe has the opportunity to focus efforts in the area on near-market actions to translate 

broad research base into practical commercial innovations where there is no current market 

incentive. A useful model for this type of action can be found in the development of the self-

driving car in the US, which was driven by a DARPA challenge with a large cash reward, 

stimulating intense competition (source: interviews). 

T: Socio-economic research into robotics is relatively new, despite the established interest 

and expertise in Europe on robotics, and needs to be developed in light of the desire to 

stimulate more pervasive roles for such technologies in the daily fabric of our economic and 

social lives. Specifically, markets for robots will only be opened up if the interactions with 

humans are understood: retraining for workers in robotics fields, along with more advanced 

research into human acceptance of advanced robotics is necessary.253 

NTR: Research should focus on near-market actions to translate a broad research base into 

practical commercial innovations where there is no current market incentive. Funding grand 

challenge competitions along the DARPA model may provide best results within the H2020 

context. 

LTR: Larger-scale coordinating actions and/or projects that ‘critically accompany’ the 

established research community’s activities should be supported at the EU level, given the 

                                                        

251 Source: interviewee. 
252 Rapid bibliometric analysis shows that, despite the fact that the United States is far ahead of other 
countries/territories in terms of scientific journal publications, EU funding was mentioned in a 
relatively large number of publications on robotics (2.48 per cent or 397 articles). This is a higher 
proportion than any other publicly acknowledged international funder. 

253 See i.a. Dautenhahn 2007. 
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need to understand how to recognise the place of advanced robotics in our societal context. 

As the trend analysis for this theme indicates, the focus should also consider how to 

overcome the ‘European Paradox’ of getting such technologies to market. This may be driven 

by longer-term testing of prototypes and transposition of technologies from the factory to 

various ‘human’ areas of research, such as offices, homes, and hospitals. Such activities 

should also ensure that the (legal and ethical) conditions for increased take up of robotics 

technology are addressed. 

3.9. Digital agriculture and food: How will the Internet of Things, 
Big Data and cloud computing influence processes and 
productivity in agriculture from farm to fork? 

S: Europe has long sought self-reliance in terms of food production, and this remains one of 

the key EU priorities with the Common Agricultural Policy. Europe is seen as a global leader 

in the development of agricultural technologies and has a significant research base from 

previous calls, particularly related to traceability and origin of foods in the single market. 

W: The biggest issue in Europe appears to be policy coherence. Relatively few linkages have 

been made between research in Agriculture, Fisheries and Climate Change (one of the EU’s 

Joint Programming Initiatives), and ICTs (H2020 impact assessment).   

O: So-called ‘precision agriculture,’ (trend analysis — theme 8), which focuses on monitoring 

and production, makes use of two ‘technologies’ that appear in other themes: robotics and 

Big Data. Combined, these provide a potential space for new innovations. In general, 

technologies can help improve accuracy throughout the agricultural chain: food tracking and 

tracing, sensors and electronic tags for more precise monitoring and management, and radio 

frequency identification (RFID) tags for tracking products, monitoring storage conditions 

and improved labelling.  

T: One key threat identified by interviewees is that the pace of technological development in 

the private sector may render future research programmes in this field redundant. Europe 

must be cautious in investing heavily into research in an area where global leadership is 

already being driven largely by private companies who have significant commercial and 

resource advantages.254 

NTR: Research projects in this area should focus on emerging technologies in the areas 

highlighted above, and should link specifically to IoT (theme 5). Other areas of interaction 

include the Emergent Consumer Internet Economy (theme 4). Projects should closely 

coordinate with the Joint Programming Initiatives on agriculture. Furthermore, coherence 

across the entire food chain, examining consumption, consumer behaviour, labelling, 

monitoring and waste should be considered.  

LTR: Community-building exercises across all aspects of this food cycle should be 

considered, alongside smaller focused projects that present new innovations in the field. 

                                                        

254 One interviewee notes that the digital agriculture sector is already mature and offers very limited 
scope for transnational research to provide unique contributions over and above the current activities 
of the private sector. See also Miah 2012. 
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3.10. Digital art and science: How will ICTs transform and benefit 
from the arts and sciences? 

S: The interaction between digital arts and science has been a domain that has recently been 

recognised in EU-research funding. As a research field, it reflects recognition of the need for 

engagement across disciplines in order to come up with new and innovative solutions to 

today’s complex problems. The Future Emerging Technologies programme has already 

financed the FET-ART Coordination Action project (in 2013), which brought together artists 

and scientists, and organised residencies for artists working on citizen engagement through 

ICTs. Europe’s strength in this research area lies in the fact that it has recognised that the 

engagement between science and art is a useful accompaniment to other research topics.  

W: The interaction between the arts and sciences is not yet mainstreamed, and is fraught 

with (behavioural, economic and social) challenges. Scientists who cross over to the art world 

– and vice versa – often have difficulty maintaining their careers in an environment that 

rewards mono-disciplinary activity. 

O: The integration between arts and sciences provides a vital avenue for opening up new 

perspectives on the complex issues facing us as citizens. Opportunities in this area of 

research lie in the field of Big Data representation through art, and enhanced citizen 

engagement in policymaking. Inspiration for completely new methods of research can 

revolutionise the practice of science (Bonney et al. 2009; see also Newman et al. 2011 for a 

broader perspective on multi-scale citizen science). Art can act as a connecting factor, 

helping people to understand complex engineering and societal challenges. Another 

potential opportunity lies in the specific role that art can provide to ICT, looking for 

inspiration from ‘outside of the box’. In this sense, art can act as an effective counterpoint to 

scientific progress for its own sake, and force innovation to examine what is useful rather 

than what is just technically possible. We need to train new ‘hybrid’ art/engineers who can 

live across these worlds in order to capture these trends.  

T: Threats lie in the failure of the different types of stakeholders to interact within the 

theme: this theme presents great challenges in fundamentally different ways to those that 

deal with ‘standard research practices’. Cutting-edge innovations around the world are 

emerging from labs where artists and exact scientists mix; the EU should ensure that these 

interactions are possible within Europe as well. Finally, EU funding traditionally supports 

the development of communities of researchers, and in doing so, creates new ‘closed’ 

communities. The threat is that this is replicated in future projects, when ‘open’ is becoming 

the norm.255 

NTR: Small exploratory research projects focusing on developing multiple disciplinary 

approaches to understanding the role of the hard/exact sciences in technological innovation 

would be useful to help set a future research agenda. These smaller projects would need to 

elaborate on the mechanisms and processes with which art can contribute to the innovation 

process.  

                                                        

255 See i.a. Bonney et al. 2009; Newman et al. 2011. 
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LTR: The theme may also further broaden the stakeholder base of future research 

programmes. Community building between these different worlds would also be useful, 

through continuation of previous EU-funded activities in this area. 

3.11. Governance and policymaking: How will the Internet and social 
networks transform governance and policymaking? 

S: Since the turn of the century, the impact of the Internet on governance and policymaking 

has been on the agenda in policymaking and research circles in the EU. European research 

and industry stakeholders hold key strengths in this area, notably in the diversity and 

capacity of researchers to interact across the whole spectrum from fundamental to applied 

research. Research on the theme in the ERA has evolved away from the initial focus on 

aspects of effective and efficient governance mechanisms (making current processes faster 

and better) (Bicking et al. 2006). Cutting-edge research examines how citizen engagement 

and big data can produce new forms of policymaking (Policymaking 2.0/3.0). European 

researchers are also involved in the international research community (e.g. eGovPoliNet, a 

CSA project in FP7, linking 18 research institutions and universities from countries all over 

the world).256 Europe is a global leader in research on governance and policymaking thanks 

to dedicated research streams in previous Work Programmes.257 

In terms of policy, the EU’s European Interoperability Framework, and the ISA programme 

(Interoperability Solutions between European Public Administrations) enable advances in 

this area. European Large Scale Pilot projects in various fields: identity management, 

procurement, points of single contact, and more recently, the e-SENS project258 (co-funded 

by the EU under the ICT-PSP) have also raised the visibility of European research and 

innovation at the global level. 

W: Weaknesses lie in several key areas: (i) the application of cutting-edge research to 

European public administrations, (ii) the actual take-up of these services, (iii) the trust 

relationship between public administrations and citizens and (iv) the challenge of executing 

projects that have an EU-wide relevance. Given the high risk involved in this type of 

research, effective development of cutting-edge solutions is often difficult to achieve. 

Similarly, although the EU has established various large-scale initiatives to help implement 

key EU objectives, much progress to achieve policy aims (eGovernment benchmarks in the 

Digital Agenda for Europe) needs to be made. Both take-up of services (by citizens) and trust 

issues (for citizens) continue to act as prominent weaknesses in this research field. Citizen 

uptake of services online in the EU has been limited, although eGovernment use by 

enterprises is very high. 

O: Advances in data handling have led to new ways of looking at transformation in the public 

sector. The nature of data ownership, and the (new/revised) roles and responsibilities of the 

data owners challenge the role of government – especially issues concerning privacy. Given 

Europe’s strong support for privacy regulations, there is an opportunity to develop this 

                                                        

256 http://www.policy-community.eu/ 
257 Source: interviewees. 
258 http://www.esens.eu/home.html 
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further in the realm of governance and policymaking. New forms of collaboration across the 

entire public sector, linking citizens and civil society organisations to public administrations, 

provide an excellent opportunity for further research (Shahin et al. 2013). Links emerge with 

themes 2, 4 and 9 in terms of citizen engagement, new public service delivery models, and 

new roles for government. In line with our discussion on ‘meta-themes’ (see introduction to 

this chapter), we see clear links between this theme and the Internet of Things (theme 5, for 

example in the case of smart cities). The financial crisis could provide a rationale for post-

crisis measures that concentrate on innovative governance mechanisms that rejuvenate the 

role of the public sector in the eyes of citizens.  

T: Interoperability remains a challenge for the European public sector; this is a technical, 

but also a legal issue. Without this, EU efforts to revolutionise research and innovation in 

this field may be wasted as projects remain small scale and do not reap the benefits of scale. 

The rush to develop new tools, technologies and processes needs to be supported with efforts 

towards encouraging digital literacy, and continuing to support the development of 

mechanisms to increase inclusion, uptake and trust.259 

NTR: Future H2020 research in this area should focus on three streams of work: (i) trust 

between public administrations and citizens (ii) co-creation of/collaboration in service 

design and delivery, and (iii) the new roles of government in an era of austerity and shifting 

nature of data ownership. Such projects would be suitable for implementation both as 

research and later as PCP to deliver technology outcomes directly to government. 

LTR: The long-term landscape of this topic shows significant overlaps with trends covered 

in themes 9 (Digital Art and Science), 2 (Consumer Internet Economy) and 4 (New 

Economic Models). The theme represents an important long-term priority for Europe that 

will enable much of the research in these other themes to be successfully implemented. For 

this reason, one long-term research priority in the field should be the proactive incorporation 

of developments in other domains into the policy process through new technologies such as 

Big Data analytics. 

3.12. Conclusions 

This conclusion will not reiterate the recommendations made for each theme in the above 

SWOTs. It instead provides a summary table highlighting future focal topics per theme and 

instruments that should be prioritised for the ten themes. 

We have noted that our themes needed deconstructing in order to understand their core 

aspects and to prioritise topics and activities for each of these. Although, in general, the 

themes are not ‘new’, in the broader context of research underway in Europe, opportunities 

arise to push the frontiers of these themes forward, but also to consolidate on previously 

executed research in order to help achieve headline policy goals attached to H2020 (See 

Table 4). We have also noticed that there is a need to distinguish between short-term and 

long-term research when prioritising specific instruments against topics. Finally, a clustering 

                                                        

259 See i.a. Bicking et al. 2006; Misuraca et al. 2012; Scholl 2004; Shahin et al. 2013. 
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exercise along transversal ‘meta-themes’ is considered a useful tool to help constructively 

create the interactions and overlaps between the themes. 

The SWOT analyses highlighted existing focal points for EU research and potential topics for 

the future. This has subsequently resulted in identification of recommendations for the type 

of research that should be considered when constructing work programme texts in the 

forthcoming years. Another challenge for research programming relates to the relevance of 

the different Horizon 2020 instruments for funding. The SWOTs identify areas where 

priority should be given to research objectives that can be prescriptively worded (solution-

driven projects), and where opportunities to be more flexible with output requirements need 

to be taken, where community building is necessary or where larger-scale projects may be 

more useful.  

Table 4 provides a summary view of the recommendations made as a result of the SWOT 

exercise. It highlights – in a highly condensed form – the current focus (where present) in 

each of the themes, and extracts from the evidence gathered (notably the trend analyses) the 

future focus (or foci) in each theme. The table then summarises the recommended 

instrument to use. 

Table 4. Summary table highlighting existing and future focal topics, and most appropriate instruments 
in each theme 

Theme Existing focus/foci Future focus/foci Instrument/s 

Singularity Brain research Brain research, machine 
intelligence, cybernetics 

Flagship/network projects 

Community building 

Consumer Internet 
Economy 

Media industry Collaborative 
presumption, cross-border 
economics, specific 
technical standards 
development 

Small projects 

Learning and Education Pilots and trials of 
advanced learning 
systems 

Large-scale deployment, 
learning analytics, change 
management 

Small projects 

Large scale 
implementations 

New Economic Models RFID (and other 
technologies) as tool 
for change 

Sustainability, circular 
economy, openness and 
innovation in corporate 
settings, specific European 
values, management of 
data 

Small projects 

Internet of Things Standardisation 
processes (for e.g. 
RFID) 

Data handling, role of the 
cloud in supporting IoT, 
use of IoT in specific 
sectors (e.g. healthcare) 

Small projects 

DIY Innovation Open source software Sustainability of 3D 
printing, implications of 
open hardware, open 
software and 3D printing 
on economic models 

Small projects 

Specific policy support 

Societal and Economic 
Impact of Robotics 

Precision robotics Development of practical 
commercial applications, 

Large scale 
implementations 
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impact of robotics (on e.g. 
research, education, 
entertainment, etc.) 

Small projects 

Community building 

Digital Agriculture and 
Food 

Traceability and 
origins of food in the 
single market 

Precision agriculture, 
coherence and accuracy 
across the food chain 

Small projects 

Digital Art and Science Community building 
between artists and 
scientists 

Community building 
between artists and 
scientists, art as a 
connecting factor between 
science and society, role 
of art and science in 
innovation 

Community building 

Governance and 
Policymaking 

Effective and 
efficient governance 
mechanisms, citizen 
engagement and Big 
Data in policymaking 

Trust in public 
administrations, co-
creation of/collaboration 
in service design and 
delivery, new roles of 
government in an era of 
austerity and shifting 
nature of data ownership 

Large scale 
implementations 

Specific policy support 
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4. Scenarios 

4.1. Introduction 

4.1.1. Scenario planning in this project 

The purpose of developing scenarios for this project is to set out alternative futures relevant 

to the goals of the Horizon 2020 research programme. The scenarios can be used to test and 

challenge accepted views of the future, and may suggest Horizon 2020 ‘success strategies’ or 

research portfolios that are different for each scenario. The scenario framework can help 

identify (a) research programmes and policies that will succeed in several (perhaps all) 

scenarios and (b) others that will be relevant only if a particular scenario (or relevant aspects 

of it) unfolds. 

This process can be summarised as follows. In essence, while scenarios take current trends 

and associated evidence as a starting point, they are not predictions. The trend analysis (in 

this project) or baseline analysis (more generally) identifies a current direction of travel. This 

is focused – especially in relation to the ten themes - on some specific details and does not 

directly take into account: 

 Future interactions among the different elements 

 Overall systemic or macro developments 

 The resolution of critical uncertainties – possible changes260 in the ‘macro’ 

environment (outside the influence of the EU STI policy/research process) that 

are not yet fully understood (uncertainties regarding the baseline) and (more 

importantly) things that have not happened yet. 

The thematic trends and their associated drivers of change261 are discussed in Chapter 2; 

their implications for research stakeholders – and their likely or optimal responses – are 

considered in Chapter 3; but to see how these complex interactions will fit together in the 

future it is necessary to move beyond the evidence. The future (scenarios) is inherently 

counterfactual, but not all combinations of possible (uncertain) developments in each theme 

                                                        

260 Shaped by the interaction of drivers of change, such as scientific discovery, technological change, 
social and economic forces, and political and legal processes. 
261 The analysis in Chapter 2 identified drivers of change that are considered to have the greatest 
impact on the context in which the European STI programmes should operate. The scenario process 
also took into account uncertainties and drivers of change identified in the literature outside the 
thematic framework used here (see below). 
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and strategies chosen by EU and world stakeholders are possible262. The identification of 

macro dimensions provides a framework (‘scenario space’) within which logically consistent 

combinations can be found. 

Not all of the dimensions (uncertainties) are equally salient or relevant to the policies under 

consideration. Because H2020 is an umbrella programme designed to provide incremental 

and shaping assistance to R&D and to strengthen the pathways to application and impact, we 

focus on i) the macroeconomic dimension (which shapes investment intentions and the 

political forces sustaining or withering public sector support) and ii) the competition-

cooperation dimension which determines the extent of public/private and international 

coordination and also the degree to which choices will be made in an evolutionary 

(contested) or a planned (and presumably evidence-based) fashion. Taken together, these 

axes identify four ‘corner scenarios’ corresponding to the highest or lowest possibilities for 

each axis. 

For each such corner, the dimensions are further used to frame a narrative that is intended 

to guide participative use to understand, develop and evaluate policy. This should not be 

seen as limiting foresight to four possible futures (suggesting that others cannot occur). 

In addition to the dimensions the scenario development paid attention to the ten themes that 

emerged from stakeholder engagement over the Futurium platform commissioned by 

DG Connect. The scenarios are constructed to illuminate these themes from different angles 

and include a series of 40 ‘vignettes’ looking at each theme in each scenario.  

The scenarios were developed through a process – set out in Appendix A3 and explained in 

the next section – involving several members of the consortium, based on desk research, 

external interviews and an internal workshop. 

4.1.2. Outcomes of interest and scenario dimensions  

The ambition of the Horizon 2020 project is, through science and innovation, to address 

‘grand challenges’, many of which are global in nature, for the benefit of EU citizens, 

businesses and countries. For the purpose of developing scenarios, we therefore defined the 

outcomes of interest that the scenarios should cover as being the elements of the future 

global system (science and technology, but also economy, natural environment, politics and 

society) that research sponsored by Horizon 2020 might influence, directly or indirectly. 

This broad framing acknowledges the wide scope of action of the Horizon 2020 programme. 

The drivers of change used to develop the scenarios were taken from two principal sources: a 

series of three reports commissioned by the EU’s ESPAS Task Force in 2013, looking 

                                                        

262 The approach is set out in UK Government Office for Science (2009). The scenario axes method 
encourages a systematic and objective analysis of factors that will influence the future of a particular 
area, and offers a means of deriving a set of discrete scenario instances from these factors. The 
method should, however, be considered primarily as a pragmatic device for expanding the range and 
nature of future contexts that an individual or organisation takes into account when making plans or 
taking decisions, which are (usually implicitly) predicated on a given future. For a critique of the 
method, including its epistemological underpinning, see Susan A. van 't Klooster, Marjolein B.A. van 
Asselt, “Practising the scenario-axes technique.” Futures, 38(1): 15-30, February 2006 
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respectively at economic, geopolitical and societal trends263; and the work of this project’s 

second work package (Chapter 2), which in turn drew on a series of interviews and material 

from the workshop organised by DG CNCT in July 2014. The ESPAS reports, although 

commissioned for a different purpose, were chosen on account of their broad coverage and 

analysis of ‘macro’ trends and drivers of change relevant to Europe. The fact that these 

documents did not focus specifically on research, technology and innovation was considered 

an advantage; we wished to leave the STI dimension ‘open’ for the scenarios to explore, with 

the help of the trend analysis reports in Chapter 2. A supplementary source was the 

Dimensions of Uncertainty report published by the UK Government Office for Science.264 

Members of the project consortium were asked to consider the drivers of change identified in 

the reports in terms of their potential impact on the outcomes of interest, and the degree of 

uncertainty as to the outcome of each of the drivers of change. On this basis, drivers E5, G1-5 

and O1, highlighted in the list below, were judged to be the most relevant for the purpose of 

scenario generation. 

E1 Human capital development (education) 

E2 Openness (integration, trade & FDI) 

E3 Price of energy 

E4 Migration 

E5 Sustained global growth vs shocks and setbacks to growth 

G1 Interdependence of international actors (competition vs cooperation) 

G2 Fragmented governance vs greater role for international institutions 

G3 Engaged vs withdrawn US 

G4 Constructive vs confrontational China 

G5 Liberal vs autocratic model of government in ascendant 

G6 Conflict: state-level or non-traditional actors (terrorism, criminal networks) 

S1 Population growth and ageing 

S2 Labour market and employment 

S3 Empowerment of the individual vs solidarity and trust in institutions 

S4 Inward vs outward-looking populations 

S5 Political divisions vs consensus (within countries) 

S6 Values and attitudes – converging or diverging (internationally) 

O1 Science, Technology and Innovation (leaders, ownership, access, 

regulation) 

                                                        

263 Gros, Daniel & Cinzia Alcidi. The Global Economy in 2030: Trends and Strategies for Europe (April 
2, 2014). CEPS (Paperbacks), European Union; Chatham House (2013) Empowering Europe’s Future: 
Governance, Power and Options for the EU Governance, Power and Options for the EU in a Changing 
World; RAND Europe (2013) Europe’s Societal Challenges: An analysis of global societal trends to 
2030 and their impact on the EU. 
264 Dimensions of Uncertainty, UK Government Office for Science 2010. 
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O2 Health and well-being (communicable diseases and NCDs, pandemics, new 

treatments, affordability) 

O3 Climate change (impact, responses, solutions) 

O4 Natural resources (scarcities, source of conflict or cooperation, alternative energy 

 sources) 

We decided that E5 Sustained global growth vs shocks and setbacks to growth 

should be represented on one of the axes based on the argument that H2020 is an umbrella 

programme designed to provide incremental and shaping assistance to R&D and to 

strengthen the pathways to application and impact. For this reason, the macroeconomic 

dimension that shapes private sector investment intentions, the political forces sustaining or 

eroding support for public sector interventions and the market climate within which 

innovations must survive is particularly relevant and (given recent history) particularly hard 

to anticipate. 

The development of O1 Science, Technology & Innovation (leaders, ownership, 

access, regulation) as a driver of change is (taking into account both the thematic 

analysis and the wider literature) both important and subject to significant uncertainty. 

However, it was not selected as an axis because our focus here is primarily on drivers of 

change that are subject to the influence of other drivers of change; our understanding of the 

influence of development on STI (rather than the reverse) is not yet sufficiently advanced to 

provide the clear narrative needed for scenario exploration. 

To construct the remaining axis, we identified a synthesis of uncertainties affecting the 

relevant drivers listed above. This took the form of a set of macro-level socio-political forces 

pulling in opposite directions, Competition, diversity, fragmentation vs 

Cooperation, uniformity, ‘collective.’ This dimension determines the extent of 

public/private, international, etc. coordination and also the degree to which important future 

policies and actions are likely to emerge from an evolutionary (contested) or a planned (and 

presumably evidence-based) process. The group further noted that this dimension underpins 

several important geopolitical drivers of change discussed in the ESPAS report: 

Interdependence of international actors (competition vs co-operation), Fragmented 

governance vs greater role for international institutions, Engaged vs withdrawn US, 

Constructive vs confrontational China, Liberal vs autocratic model of government in 

ascendant (G1-5).  

The scenario matrix produced by this choice of axes is given below. 
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Steady economic growth 

(Scenario 1)  
 
 
 
 
 
 
 
 
Competition, diversity, 
fragmentation 

(Scenario 2)  
 
 
 
 
 
 
 

 
Cooperation, uniformity, 

‘collective’ 

 
(Scenario 3)  
 
 
 
 
 
 
 
 

 
(Scenario 4)  

 
 

Unstable economy punctuated by crises 

 

The remainder of this chapter sets out the narratives of four contrasting scenarios, each 

corresponding to one of the four quadrants of the matrix. Although the axes of the matrix 

only refer to the two sets of drivers of change that were chosen to provide the structure of the 

contrasting scenario spaces, many of the other drivers of change from our source literature 

are also explored through the different scenarios, along with the technology and innovation 

topics from the trend analysis. The relationships and interactions between these drivers are 

considered by means of the narrative device, rather than by considering combinations of 

factors and resultant outcomes in a deductive-analytical manner (e.g. formal cross-impact 

analysis). 

As an overview, the matrix below sets out some of the features of the narratives created 

within the four scenario spaces. 
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Steady economic growth 

(1) ‘Easy riders’ 
 
We limped through the end of the second 
decade… but a lot of exciting changes 
were going on underneath the surface. 

Emerging markets helped our transition 
by importing our consumer goods. 

The 2020s turned out to be the ‘digital 
decade’. 

We’d (unknowingly) incubated a 
dynamic, rule-breaking set of start-up 
companies in the 2010s. 

Old asset-rich class snubbed as 
‘hoarders’. 
 
 
Competition, diversity, 
fragmentation 

(2) ‘Stately procession’  
 
The world is 125 per cent richer than it 
was 16 years ago. In Europe, GDP is up 
about 40 per cent. 

The international community has 
avoided a major conflagration. 

China and other new major economies 
have played a more active role in the 
international system. 

Size and clout matter. The strong state is 
back.  

Protectionism is justified to maintain 
decent levels of growth and employment. 

 
 

Cooperation, uniformity, 
‘collective’ 

 
(3) ‘Riders on the storm’ 
 
The EU returned most of its powers to 
national governments eight years ago. 

Living standards have crashed, energy 
prices are high, and food is expensive. 

National institutions held – 
infrastructure and other assets still serve 
us well. 

Planning ahead was done by businesses 
and activists, even households – 
governments could not conceive of 
Europe unravelling. 

Economic and political activity has 
shifted to local and regional levels. 

Firms recently began linking up again 
into new economic networks, including 
across borders. 
 
 

 
(4) ‘Riding the waves’ 

 
50 per cent of global GDP growth over 
the past decade has come from India and 
China, compared with 15 per cent from 
the United States, EU and Japan. 

Emerging powers have engaged with the 
international system. 

Trade rules take into account the growing 
strength of the new economies. 

IMF with Chinese support rescued us 
from the ‘Black hole’ of 2016, then we 
enjoyed the ‘steady decade’ before shock 
of 2025. 

Politics are now quite ‘boring’. 
China, India and other Asian countries 
have become more like ours… political 
systems have begun to converge and 
align 

Unstable economy punctuated by crises 



 

 115 

4.2. Scenario 1 (top-left): steady growth | competition, diversity, 
fragmentation – ‘Easy riders’ 

 

After a painful period of recovery, the world attains steady growth in aggregate 

economic performance and progress towards societal objectives, fed by a rich 

diversity of exciting changes and increased digital enhancements supplied by a 

vibrant set of new and agile companies and business models.  

 

The scenario that follows is written from the viewpoint of a narrator looking back 

from 2030 at what has happened over the past 15 years. Although the shape of the 

narrative is guided by our analysis of the drivers of change that are likely to 

influence the course of events from 2015 to 2030 (see 4.1 and Chapter 2), it does 

not seek to present a probable future, even less to predict what might happen in a 

particular time and place. The freedom of expression afforded by this device 

allows the consideration of events and longer-term developments that would not 

be found in a trend analysis based on established data and patterns. It enables 

consideration of what might happen if the trends visible today interact in 

unpredictable ways, are disrupted or otherwise prove to be less reliable indicators 

of the future than they seem. 

 

The informal tone of the narrator highlights the fact that this part of the report is 

to be read as a story that makes us think about different possible futures, not a 

piece of analysis. 

 

4.2.1. Introduction 

It’s funny to think how negative we were back in 2014. It’s as if the gloomy aftermath of the 

2007–2008 financial road bump had coloured our minds to such an extent that we failed to 

realise how positive many of the underlying trends were. 

Of course, our economies were rocky, but that was only to be expected after a nasty debt-

induced crash. We limped through the end of the second decade (a lot of debt to pay down 

and write off) but our banks, households and governments gradually got things under 

control. What was important was that there were a lot of exciting changes going on 

underneath the surface, even when the aggregate numbers were flat. We were finding ever 

cleverer ways of generating value away from the factory and retail park model we went into 

the century with. And while we were doing that, the big emerging markets helped our 

transition by importing the stacks of consumer goods we were losing our taste for, so easing 

our industrial transition. 

By the early 2020s it was already clear this was going to be the real ‘digital decade’. When we 

got used to using our DA (dynamic asset allocator) to share what we had, we suddenly 

realised we had a lot! And it was so easy; we’d tell our DA we felt like heading to the coast for 

24 hours and back it would come with three convenient options, pushing us out of the door 
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when we needed to go. It was as if we’d got younger and freer, and – dare I say it – there was 

something of the 1960s about it. 

So while we’d (unknowingly) incubated a dynamic, rule-breaking set of start-up companies 

in the 2010s, mostly self- or crowd-funded, the opportunities and empowerment these 

generated were being enjoyed in fairly communal sort of way. In fact, the old asset-rich class 

were snubbed as hoarders – in any case many of the assets they’d invested in were not 

turning out to be the pension pots they’d hoped for. They still drive around in their lovingly 

maintained gas-guzzling cars, but it’s only a couple more years now before they’ll only be 

allowed to do that on special days at Silverstone, Monza or the Nürburgring. 

Anyway, I promised to give a run through of some of the themes we were looking at back in 

2014, to see how they turned out in the end. 

4.2.2. Singularity 

‘Human enhancement’ sounded so dramatic at the time – but hadn’t we been doing it for a 

while already? When was the pacemaker invented after all? We’ve got a lot better at doing it, 

and the use of implants (‘IMPs’) to treat a number of diseases – even some cancers – is of 

course now routine. But our ‘transhuman’ replacements are still a way away yet. Average 

lifespan keeps creeping up, but that’s got more to do with lower mortality rates early in life – 

we’ve still not got past 100 on average.  

There’s not much sign of machines taking over, either. We’ve educated a new generation of 

algo designers who are getting them to do very clever things, but regulators keep a close eye 

on the autonomous systems labs. And after the terrible incidents in central Asia a few years 

back, the convention on their use in military settings has now been adopted by most major 

powers.  

We just don’t get so excited about this stuff anymore. Kurzweil is read like L. Ron Hubbard. 

We’ve chosen plurality over singularity perhaps. 

4.2.3. Consumer Internet economy 

As mentioned above, it turns out we were mostly just ‘practising’ value-generation over the 

Internet for a few years up to 2020. A few companies struck it big, but they were doing the 

obvious things and throwing lots of money at it. The big, powerful wave, where consumers 

got involved and started creating and capturing real value, only started to rise up in this 

digital decade. And it’s still rising. Local energy trading, home restacking, the C2C supply 

chain, pop-up schools and the connected kitchen movement are just a few examples of the 

kinds of things going on. Not to mention pick-your-own hydroponics and the local fab-

houses where we all go to collect our DIY (design-it-yourself) furniture and leave the old stuff 

for re-engineering. 

4.2.4. Learning and education  

Learning is everywhere nowadays, but tends to be right next to what you are doing it for. It 

seems strange how the learning and the doing used to be separated. Now we have the ‘work 

sabbatical’, where every few years people in larger companies move into teaching mode, 

either within the company or at a local training hub, passing on their skills to the new intake 

– a process that seems to work for nearly all types of job and most find rewarding. Those 
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who studied traditional subjects like history and literature either become teachers or pass on 

their knowledge and enthusiasm in community centres – status and rewards are similar for 

both. 

Medicine, law, natural sciences are all treated as vocational subjects – why shouldn’t they 

be? Philosophers and poets still withdraw to their towers and garrets occasionally, but public 

lectures and readings pull them back into society. There’s plenty of holographed teaching 

material (what MOOCs turned into) that you can call up via your IMP (implant), which can 

be useful for revision, though most people prefer a local study group for the atmosphere. 

4.2.5. New Economic Models 

Economics has returned to its social science roots. There are so many different parallel 

economies going on, it’s difficult to capture them in models with wide applicability. We 

stopped measuring GDP a while ago and most politicians point to SATs (the biometrically-

validated weekly satisfaction survey) as a measure of how they’re doing. 

The key thing is flexibility: you can generally find a way to contribute and someone will 

reward you for that. My neighbour spends two days a week designing new turbine gearboxes, 

one day with his wine export business and helps run a fab centre the rest of the time. 

Some places experimented with local currencies for a while after paper and coins fell out of 

use, but most have gravitated back to the universal credit (UC) system. Some jobs still gain 

extra QDOS points for tasks of particular value to the community; many hoard these rather 

than spend them to show their community spirit (and be able to boast about it). 

Of course none of this could have happened without the liberalisation of wages, which was 

part of the deal when the Citizen Dividend was introduced in 2023. What a grand bargain 

between left and right that was! Now everyone receives an age-based and ability-adjusted 

deposit from the state in his or her bank account every month. They can just about get by on 

that, but nearly everyone tops it up with UCs from a range of jobs. Some just can’t get over 

the 9 to 5 thing and work up to 40 hours a week still, but most have settled into the 25–30 

range. There’s so much else to do. The interesting thing – appreciated by the political left – is 

that dirty and unpleasant jobs are paid quite generously – a far cry from 2014. 

4.2.6. Internet of Things 

This has mostly happened I suppose, even if the expression sounds quaint today! Nobody 

talks about the Internet, or at least only as part of the monthly grid payment they make for 

water, electricity and services (some still live off-grid, but that’s another story).  

It’s not really as seamless as it was supposed to be. Some governments managed to 

standardise protocols, but the world stopped short of full interoperability. On the B2B side, 

companies active in different supply chains often need two or more interfaces. As consumers, 

we still sign up to packages (weekly food delivery, car-on-demand, health check, etc.), and 

the popular ones are put together by a small number of big companies that dominate the 

market. 

There was a plan some time ago for government to set the standards and provide the 

‘plumbing’, so that companies large and small could compete on service offer alone. But 

government turned out not to be very good at this; the standards were not universally 

adopted and weren’t always as compatible with each other as they were supposed to be. So 
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big companies, having successfully localised their offerings, still play a dominant role. 

Governments do what they can to give SMEs a chance: regulations make sure that smaller 

players can piggyback on large corporate infrastructure. So it works ok, and costs are 

reasonable. 

4.2.7. DIY innovation 

We like to get involved in what we buy these days, even if most people’s contribution to 

product design still only involves choosing colours and materials. (On the materials side, 

what’s interesting is that, depending on stocks and supply agreements negotiated by your 

local fab place, if you want a particular wood, your coat-stand can be a lot cheaper in one 

location than another.) 

Clothes I guess are a big thing, as they always were. People are experimenting a lot in this 

area, with mixed results… In fact, having had a go at designing their own, many develop a 

new respect for the professionals and pay up for a ‘designer label’ download to use at their 

local lab. 

I reckon it’s our children who will take this one stage further though – designing and making 

things is one of the most popular parts of the school curriculum, and they have big ideas!  

4.2.8. Robotics 

Robots haven’t really entered our lives in the way people thought they would. There’s a lot 

happening behind the scenes of course. The clouds of mini-drones – ‘mosquito squadrons’ – 

are quite a sight when they set off to inspect a suspension bridge or skyscraper. Large 

factories are more or less run by software these days, with manager bots coming up with 

work plans and worker bots trying to keep up to speed!265 But robots around the house? The 

kids find it fun for a while, but even they soon get bored.  

I suppose our flexible working patterns and extra free time have made us appreciate human 

beings more. We’re all a bit less stressed – it’s robots and their clever designers working 

behind the scenes we have to thank for that. 

The most obvious ways they help are car-on-demand266 of course, and health monitoring 

using the health@home system. There was a plan to have care homes more or less run by 

robots but, even forgetting about the accidents, people inside and outside the homes found 

that intolerable. Care jobs are better remunerated now, and there are more people willing to 

care for our elderly and infirm. 

4.2.9. Digital agriculture and food 

We take much more of an interest in food production. Partly because of the regular scandals 

about what the big food producers are up to; partly because of the big increase in food prices 

brought about by higher oil prices and increased demand from the world’s new middle 

                                                        

265 Military research into more agile and intelligent robots fuelled these developments.  
266 One of the more pleasant aspects of robotic transportation is the use of traffic swarming to 
reconcile the need to eliminate turbulence – with its delays, pollution and physical danger – with the 
potential for people to ‘pay for priority’. The same ‘level playing field’ approach that let us get beyond a 
lowest-common denominator net neutrality is at work on our motorways, train lines and airways. 
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classes; but mainly because we enjoy it! Among the average three or four job descriptions 

each of us has, ‘part-time farmer’ or ‘horticulturalist’ is far from uncommon. 

Of course one of the reasons is that a lot of us left the big cities (an exodus few were 

predicting back in 2014 of course, but one enabled by smart transportation and better 

communications; so we have more space to grow things here). There’s local pride too: 

different regions compete on the quality and range of things they grow, and our food is 

tagged with the story of where it came from, including in some cases the pet name of the pig! 

We send things to the capital and occasionally further afield, but with a good mark-up, and 

we keep the best for ourselves. Anyway, even the bankers, lawyers and business consultants 

in the cities amuse themselves after work with vertical farms up the side of their apartment 

blocks and vegetables on the penthouse roof. And some of us bring in some extra income by 

teaching them how to grow stuff – they start off thinking it’s just another hobby, but soon 

realise they still need the skills that come from working the land the old-fashioned way! 

The digital side of it has made a big difference in the developing world, where there have 

been huge increases in food production thanks to real-time crop data, hyperlocal weather 

forecasting, etc. – a big part of the reason why things have been so positive there 

(particularly Africa) recently. Increased food security is one of the reasons population growth 

in the developing world has been more modest than expected, migration numbers have fallen 

and diseases claim fewer lives. 

Here, our big farms have become much more efficient too. One other important factor is that 

we eat way less meat. Cost is of course a major reason for that, but health concerns and the 

studies on animal suffering produced a few years back have contributed. And the substitutes 

get better every year, so we don’t miss it.267 Most of us still celebrate Christmas with a 

favourite meat or fish dish though. 

4.2.10. Digital arts and sciences 

The big shift here has been the ‘democratisation’ of both arts and sciences. Of course, 

cutting-edge work in both fields is still carried out in locations and communities that are set 

apart from the mainstream, but the reward from engaging in public life means we are used to 

being involved in and asking questions about new art and science. 

The Citizen Dividend and allocation of government funding to local arts and science 

initiatives has sent a message about the value of dedicating time to discovery and creativity – 

several clubs and societies cater to this interest, and the benefits are not just cultural; many 

people are inspired by what they learn and find a way to earn UCs from it. 

This has reinforced the trend for science to become more inter-disciplinary, and many 

universities have done away with traditional structures in favour of publicly-funded ‘solution 

centres’, which bring together business people, artists and writers as well as researchers in a 

wide range of fields of science. Many of the recent discoveries related to consciousness and 
                                                        

267 Other innovations have included food synthesisers producing DIY-innovated foodstuffs, wines 

grown in synthetic ‘designer terroirs’ and special-purpose foods that reduce environmental burdens, 

ease metabolic disorders and reduce public health costs. This has resulted in a reduction in the power 

of the food retail giants and large-scale producers of export-targeted local produce. 
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identity would not have had such a profound (and positive) impact were it not for the 

integration of philosophers, poets, visual artists and linguists into research teams. 

Some university departments are worried that big theoretical subjects that require 

specialisation and expensive resources will be left behind by these changes, but on the whole 

this trend has so far brought exciting results in both the fundamental and applied domains. 

A few countries have resisted this inter-disciplinary urge and continue to earmark funds for 

‘economically important’ research areas, including by topping up salaries in science-heavy 

sectors of the economy. But on the whole these approaches have not had the hoped-for 

effect, failing to draw on the creativity and ingenuity of their students and workforce. 

4.2.11. Governance and policymaking 

 

It is amazing to look back at how much we used to spend on government! Were we not able 

to look after ourselves back then? I suppose the world did seem, and to some extent was, a 

more dangerous place. Still, the fact that we are now able to pay everyone a basic Citizen 

Dividend (CD) and look after health care (with a lot more old people), education and other 

public services, all this covered by a monthly Citizen Contribution (CC) that costs less than 

the mish-mash of income tax, VAT, corporation tax, duties, excise, council tax, inheritance 

tax, stamp duty, etc. we used to pay… I find that hard to understand. 

It got underway when governments slimmed back drastically in the late 2010s, realising this 

was the only way remaining to get deficits and debt under control. Public services were 

privatised or handed over to community interest groups. The latter did a good job at running 

these, and more and more services were outsourced to local organisations. This reduction in 

government operating costs only drew attention to how much was still being spent to run the 

tax and benefit offices. In 2022 this led to the setting up of a Commission, which came up 

with a radical plan to abolish most taxes and benefits and replace them with the CC and CD. 

We now run most things at the local and regional level using our monthly three-hour 

Question Time sessions, where we raise issues in the virtual Council meeting beamed into 

our living room, then vote weekly on everything from hydrogen delivery schedules to 

education budgets. Although many issues are organised at the European level, we don’t get 

engaged that much, apart from voting every five years for our MEPs. 

4.2.12. Annex: Drivers of change influencing this scenario 

Table 5. Drivers of change influencing Scenario 1 

 Economy 

E1 Human capital development (education) Interdisciplinary, embedded in work and society 

E2 Openness (integration, trade & FDI) Open to trade and investment, diverse models, 

must value generated domestically 

E3 Price of energy High (especially liquid fuels) 

E4 Migration Moderate on international level. De-urbanisation 

E5 Sustained global growth vs shocks and 

setbacks to growth 

Initial setback followed by sustained and balanced 

growth 
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 Geopolitics, governance and power 

G1 Interdependence of international actors 

(competition vs cooperation) 

Reasonably positive climate but countries focused 

on their own needs 

G2 Fragmented governance vs greater role for 

international institutions 

Role of international institutions is limited 

G3 Engaged vs withdrawn US Lower international profile for US 

G4 Constructive vs confrontational China China reasonably constructive 

G5 Liberal vs autocratic model of government in 

ascendant 

Both models still prevalent. Trend towards liberal 

model 

G6 Conflict: state-level or non-traditional actors 

(terrorism, criminal networks) 

Conflict has not gone away but is mostly internal 

or over borders 

 

 Society 

S1 Population growth & ageing Steady in developed, slow-down in growth rate in 

developing countries 

S2 Labour market & employment New opportunities in new sectors 

S3 Empowerment of the individual vs solidarity 

and trust in institutions 

Individuals and local actors are empowered 

S4 Inward vs outward-looking populations Inward-looking, locally-focused but not in an 

exclusive way 

S5 Political divisions vs consensus (within 

countries) 

Reasonable degree of consensus without 

uniformity 

S6 Values & attitudes – converging or diverging 

(internationally) 

Neither converging or diverging 

 

 Other dimensions 

O1 Science, Technology & Innovation (leaders, 

ownership, access, regulation) 

Distributed, open innovation. Private ownership 

with some monopoly-like behaviour 

O2 Health & well-being (communicable diseases 

and NCDs, pandemics, new treatments, 

affordability) 

Improving situation, particularly in the developing 

world 

O3 

Climate change (impact, responses, solutions) 

Lower growth of carbon emissions than predicted. 

No grand solutions 

O4 Natural resources (scarcities, source of 

conflict or cooperation, alternative energy 

sources) 

Disappointment with shale oil and gas. Pressure on 

oil and gas leads to higher prices 

 

4.3. Scenario 2 (top-right) Steady growth | cooperation, uniformity, 
‘collective’ – ‘Stately procession’ 
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Growth is maintained in the aggregate sense, but the development of business 

and societal ecosystems has slowed to a crawl, ruled by large, powerful and 

stable organisations that produce a steady stream of modest advances in the 

most critical areas. 

 

The scenario that follows is written from the viewpoint of a narrator looking back 

from 2030 at what has happened over the past 15 years. Although the shape of the 

narrative is guided by our analysis of the drivers of change that are likely to 

influence the course of events from 2015 to 2030 (see 4.1 and Chapter 2), it does 

not seek to present a probable future, even less to predict what might happen in a 

particular time and place. The freedom of expression afforded by this device 

allows the consideration of events and longer-term developments that would not 

be found in a trend analysis based on established data and patterns. It enables 

consideration of what might happen if the trends visible today interact in 

unpredictable ways, are disrupted, or otherwise prove to be less reliable indicators 

of the future than they seem. 

 

The informal tone of the narrator highlights the fact that this part of the report is 

to be read as a story that makes us think about different possible futures, not a 

piece of analysis. 

 

4.3.1. Introduction 

The world is 125 per cent richer than it was 16 years ago. In Europe, GDP is up about 40 per 

cent. That’s about as good as we hoped for back in 2014. Things haven’t gone too badly at all. 

More importantly, the international community has avoided a major conflagration. There 

have been skirmishes in dangerous places, but fortunately they were contained. Massive 

diplomatic efforts have led to a semblance of stability in the Middle East and North Africa. 

These efforts have been effective since, in exchange for being given a bigger role in the UN 

and IFI bodies, China and other new major economies have played a more active role in the 

international system; even Russia has recently been more constructive. 

Size and clout matter in this world. The Doha round never concluded, and bilateral and 

regional trade deals form the basis for most international exchanges. The new economies 

have made the conditions for entering and operating in their markets highly onerous for 

Europe and the US, who have had little option but to go along with these demands, as they 

try to pick themselves up from the stagnation of the late 2010s. 

The strong state, then, is back. Europe has developed an international negotiating stance, 

overcoming national differences as member states came to the realisation that they wouldn’t 

be able to do so well on their own. Defence is a big and important sector of our economies. 

Major national and EU programmes have been introduced to develop new industries, but 

also to support existing ones. To balance the preferential treatment of domestic industry the 

new economies have negotiated, we’ve introduced our own protectionist measures to try to 

maintain decent levels of growth and employment – usually justified on information security 

and IPR grounds. 



 

 123 

Innovation in our economies has been steady but not dramatic, despite continued scientific 

progress and breakthroughs, notably in medicine and energy.268 In fact, the notion of 

‘innovation’ is mostly absent from research funding calls and proposals. Efforts in IT have 

been channelled towards increasing the productivity of existing sectors, so that they can 

compete on an uneven playing field with the new economy conglomerates. These have used 

their dominant domestic positions, together with diplomatic persuasion, to win deals in the 

new emerging economies, notably Africa.  

Some of the exciting things we were hoping for back in 2014, we may have to wait another 15 

years for. At the same time, our standard of living has improved on the whole, 

unemployment rates have not gone up, we still go on holiday twice a year and upgrade our 

car every three years or so. But it’s been a hard slog at times. 

4.3.2. Singularity 

Computer technology has continued to advance, but we haven’t seen anything like a 

singularity-style breakthrough yet. Perhaps they are nearly there in the defence 

establishments and large corporations, where the most powerful hardware, software (and 

brains) are based, but all that comes through to us is better graphics and haptics, and 

innovations in movies and gaming.  

Human enhancement has apparently been going on for a while in the military, among the 

wealthy and well-connected too most likely, but we don’t get much information on that. Ten 

years ago there was a big push on sensory implants to improve the quality of your 

communications with friends and family, but people were very suspicious about what such 

chips could be used for, and take-up was low.269 

4.3.3. Consumer Internet economy 

Innovation in this area has been quite modest. Regulation has not helped. There is plenty of 

activity on the social media side, new apps and games, but this doesn’t break through to big 

economic value as governments and the European Commission have positioned large firms 

as champions to market our creative industries around the world: many of the best 

developers are tempted by the conditions and job security these firms offer. Smaller 

companies, especially those attempting to operate across national or market boundaries, 

struggle with tax and red tape. There is a good level of R&D – for example in the applications 

space – but little of this disturbs the big players in the market. 

4.3.4. Learning and education 

International competition has driven up standards. The response to this has been Europe-

wide coordination and targets, based on a set curriculum (the European Baccalaureat). A 

siege mentality has set in around educating a productive workforce, which isn’t proving 

conducive to creativity. It’s all maths and sciences, engineering and IT – large employers and 

                                                        

268 The relative fragmentation of R&D activities combined with e-science and the networking of 
industrial and finance opportunities has given most sectors access to the ‘envelope’ of best results.  
269 Scattered groups practise this. The benefits are not well known; access is not equitably distributed; 
the ethical implications are not well understood. 
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strategic industries play a prominent role in designing curricula, selecting students and 

linking education to internship programmes. MOOCs have been promoted, but only in an 

attempt to ensure no one misses the message that we all need to learn more, and faster. 

Elite IT engineering establishments on the French grande école model have been identified 

as the way for Europe to get back its industrial leadership role. Fundamental scientific 

research is less well supported (breakthroughs in health and energy draw on the legacy of the 

last generation’s research). 

There are many school and university exchanges across Europe; language learning has come 

back in the UK and there is a sense of solidarity among young people. But arts and culture 

have taken a back seat, for the moment at least. 

4.3.5. New economic models 

The economic model that has dominated is state capitalism – not really a new invention. The 

reason given has been the need to hold our ground against the new economies (we no longer 

use the word ‘compete’). You can’t help feeling that most countries are quite happy with this 

situation. Certainly the EU feels it has a clearer role now and has toned down its policies to 

support SMEs and start ups, and relaxed state aid rules.  

Many business people have argued that in Europe we are missing a trick in the way we react 

to the growth of economies in Asia and other parts of the world: we should be forging ahead 

with new, innovative models based on diversity, experimentation and economies of scope 

rather than trying to compete in a 20th century way against countries that enjoy huge cost 

and scale advantages. But these voices are not much taken into account. 

4.3.6. Internet of Things 

A number of initiatives have developed in this area, the most ambitious coming from the EU. 

A common EU data registry – in the form of a DOIC270 complement to the Internet naming 

registry system – was instituted 13 years ago, as the backbone for data sharing and IP 

address management across the Union. It had a complex authorisation and permissions 

protocol compliant with the EU’s strict privacy rules, and was linked to a new set of rules for 

IPR and data use. 

This initiative was well designed on paper; the problem was that it proved too complex for 

companies (let alone individuals) to understand and engage with.271 Perhaps people also had 

more faith in ICANN and other existing bodies to look after and implement such a system. In 

any case, companies have preferred to develop IP standards and protocols among themselves 

and through international standards bodies. This has worked well enough, but the EU’s idea 

was to open up this space for smaller companies, and that didn’t happen. 

                                                        

270 Diameter Overload Information Conveyance. 
271 The influence of incumbents made it too complex for new entrants and citizens to exploit, which 
meant that the new system was largely ignored (only adopted by a few big players).  
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4.3.7. DIY innovation 

The DIY part of this has remained fairly small-scale. Craft movements have done some 

interesting things using 3D printing technologies, and artists and designers have exploited 

these together with related technologies such as LED lighting to great effect. But the ‘additive 

manufacturing’ side – mainly done in-house in automobile and aerospace companies – is 

where most of the innovation has happened. This has been part of the effort to maintain the 

UK’s and other countries’ lead in these high value sectors. R&D grants from government 

have helped.272 

Concerns about IP theft have meant that the software instructions used in 3D printing are 

considered highly sensitive and protected using strong encryption. To use the more powerful 

and sophisticated printers you need to validate your instruction code against a government 

database: the hassle and cost associated with this has limited the number of SMEs 

innovating in this area, unless they are part of an existing industry supply chain where the 

end customer takes care of this for them. 

4.3.8. Robotics 

There has been a major push to develop cutting-edge robotics technologies, with support at 

national and EU level. The results have been impressive, and EU industry now challenges the 

big US and Japanese firms for contracts to supply the manufacturing hubs in Africa and 

South-East Asia. Our firms are regularly chosen over the Chinese, despite generally being 

more expensive. EU firms offer a level of after-sales support and quality of ancillary services 

that make them attractive partners, particularly for the African market. 

Robotics technologies are also an important part of maintaining the competitiveness of the 

European automobile, aerospace and other high value manufacturing sectors. 

Uptake within SMEs, however, has been disappointing. Part of this is lack of government 

support, another is limited return on investment at this smaller company size: highly skilled 

workers are now no more expensive in the UK than in China, and the niche products that UK 

and other European countries specialise in mean lower returns to the cost of automation 

than can be achieved from employing additional workers.273 

4.3.9. Digital agriculture 

Given the challenge of the series of droughts many parts of southern Europe have faced over 

the past ten years, much EU money has gone into precision crop management technologies. 

(EU consumers have remained strongly opposed to drought-resistant GM strains, even if 

they appear to offer an easier and cheaper route to maintaining yields.) The results of the 

                                                        

272 This has also helped to revive Europe’s manufacturing sector by facilitating the onshoring of 
production and reducing the transition cost overheads and minimum efficient scale barriers 
associated with updating assembly lines and bringing new designs to market. It has reduced the risk of 
manufacturing-related skills becoming obsolete, and consequently increased the willingness to 
acquire such skills. The resulting networked skills base and fabrication capability has allowed firms 
(especially large ‘integrator’ firms) to shorten supply chains and reduce adjustment time, making 
them more agile in the face of global competition. 
273 This has resulted in a shift towards more ‘general-purpose’ robots that can be repurposed as needs 
change, or sold on as firms adjust, merge or go out of business.  



RAND Europe 

 126 

precision farming programmes have been fairly positive, but their cost and the lack of clear 

reporting and accountability means that many EU members view this as just a way of 

propping up big farmers, who are the main recipients of this grant money. There is also 

suspicion that IT and sensor manufacturers are using this money to fund their projects at EU 

taxpayer expense. 

Meanwhile many northern European countries have enjoyed increased crop production and 

have been able to plant new warm-climate crops as average temperatures have continued to 

increase. Wine growers in the UK and Germany have integrated soil and leaf-monitoring 

sensors as part of the new vineyard boom sweeping the country, and their exports have 

recently been growing strongly. 

4.3.10. Digital art and science 

Scientific publication is carefully monitored at the government level. Following several cases 

where breakthrough research carried out in labs in the EU was rapidly redone elsewhere and 

patented in that country, everyone is more careful about who they work with and where and 

when they publish. 

So while open access to published material is now standard, material considered to be of 

potential commercial value is not published openly, but held on a separate database where 

access is strictly controlled. 

On the other hand, digital art has become a major source of national prestige for many 

countries, showcased at industrial fairs, but also at Biennales and Expos around the world. 

Governments sponsor firms to work with artists to create dazzling spectacles that 

demonstrate their latest achievements in lighting, construction and design. 

What is missing is art that disturbs and disrupts. Museums and galleries that used to have a 

reputation for being avant-garde and calling society into question have had their funding cut, 

or moved into more mainstream territory. There are a few pockets of ‘dissent’ left though, 

mainly in Eastern Europe, where life is cheaper and artists support themselves in 

cooperatives. 

4.3.11. Governance and policymaking 

We have to start with the EU-ID, the most contentious step the EU has taken to date, which 

nearly led to more than one country exiting back in ’24. The message about giving people a 

direct say on EU decisions was designed to appeal to some citizens; the message about 

limiting illegal immigrants’ ability to claim EU benefits, to others; but in the end these 

messages clashed and the backlash was strong. 

However, a limited implementation of the system was agreed, and has made life a lot simpler 

for Europeans who travel regularly within Europe; their data follow them around and are 

accessible to all EU public administrations. Whether Europeans feel more European because 

of it is still the subject of debate. People feel more strongly about local and national votes 

than European ones. They still hold politicians to account in traditional ways; some still 

prefer to show up at polling booths to vote by fingerprint rather than using the remote 

option. One thing is for sure though: the EU-ID has made immigrants feel less European. 

Otherwise, our economies are managed top-down; once in place, governments seem to stay 

in situ for a while, promising (and generally delivering) stability, while warning about the 
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risks of changing course, the need for strength and experience in negotiating with the strong 

bureaucracies of our big trading partners, and the background risk of conflict if there’s a slip-

up. 

4.3.1. Annex: Drivers of change influencing this scenario 

Table 6. Drivers of change influencing Scenario 2 

 Economy 

E1 Human capital development (education) Strong development of STEM at expense of 

humanities. Standardised curriculum, cultivating 

industrial elite 

E2 Openness (integration, trade & FDI) International organisations promote trade on basis 

of rules, generally favouring new economies (not 

really ‘free’) 

E3 Price of energy Modest rises, breakthroughs using new 

technologies have tempered supply constraints 

E4 Migration Controlled, moderate 

E5 Sustained global growth vs shocks and 

setbacks to growth 

Growth is positive, rates of growth much higher in 

new economies 

 

 Geopolitics, governance and power 

G1 Interdependence of international actors 

(competition vs cooperation) 

Cooperative, but under influence of strongest 

negotiators 

G2 Fragmented governance vs greater role for 

international institutions 

International institutions have significant role 

G3 Engaged vs withdrawn US US engaged, but no longer calling the shots 

G4 Constructive vs confrontational China China constructive on the whole, assertive where 

necessary to pursue interests 

G5 Liberal vs autocratic model of government in 

ascendant 

In-between, ‘state capitalism’ 

G6 Conflict: state-level or non-traditional actors 

(terrorism, criminal networks) 

Conflict levels are low. There are tensions but they 

are in check for the moment 

 

 Society 

S1 Population growth & ageing Patterns have not changed very much 

S2 Labour market & employment Employment levels are kept high by investments 

and industrial policy 

S3 Empowerment of the individual vs solidarity 

and trust in institutions 

The collective is important, institutions (national 

and international) are respected rather than 

trusted 

S4 Inward vs outward-looking populations Globalised, or at least ‘internationalised’ 

populations, but defensive and wary 

S5 Political divisions vs consensus (within 

countries) 

Interests are best served by embracing consensus 

rather than ‘standing out’ 
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S6 Values & attitudes – converging or diverging 

(internationally) 

Convergence, better understanding of languages 

and cultures. But not all values are shared 

 

 

 Other dimensions 

O1 Science, Technology & Innovation (leaders, 

ownership, access, regulation) 

S, T & I is a major focus of policy for ‘old’ and new 

economies alike. Instincts are to protect IPR for 

economic advantage. To some extent this is 

mitigated by treaties 

O2 Health & wellbeing (communicable diseases 

and NCDs, pandemics, new treatments, 

affordability) 

R&D investment has led to better treatments and 

outcomes. Less developed countries neglected 

O3 

Climate change (impact, responses, solutions) 

Some good news with energy breakthroughs. But 

overall CO2 levels still rising fast on account of 

industrial development 

O4 Natural resources (scarcities, source of 

conflict or cooperation, alternative energy 

sources) 

International agreements have protected access, 

but still a source of tension and some monopoly 

behaviour 

 

4.4. Scenario 3 (bottom-left) Unstable economy punctuated by 
crises | competition, diversity, fragmented – ‘Riders on the 
storm’ 

 

The hoped-for recovery has faltered and a succession of crises has seen power 

returned to contending countries and increasing fragmentation and protectionism 

and the emergence of new networks based more on shared interest than national 

identity. 

 

The scenario that follows is written from the viewpoint of a narrator looking back 

from 2030 at what has happened over the past 15 years. Although the shape of the 

narrative is guided by our analysis of the drivers of change that are likely to 

influence the course of events from 2015 to 2030 (see 4.1 and Chapter 2), it does 

not seek to present a probable future, even less to predict what might happen in a 

particular time and place. The freedom of expression afforded by this device 

allows the consideration of events and longer-term developments that would not 

be found in a trend analysis based on established data and patterns. It enables 

consideration of what might happen if the trends visible today interact in 

unpredictable ways, are disrupted, or otherwise prove to be less reliable indicators 

of the future than they seem. 

 

The informal tone of the narrator highlights the fact that this part of the report is 

to be read as a story that makes us think about different possible futures, not a 

piece of analysis. 
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4.4.1. Introduction 

When the EU returned most of its powers to national governments eight years ago, fingers 

pointed in all directions. But with North Africa, the Balkans and Caucasus crises all 

happening at the same time, not to mention the incidents on the other side of the world, 

people wanted security, and for that they looked to their own governments, not Brussels. 

Looking back now from 2030, the past decade has been difficult, there’s no denying it. With 

major trading partners imploding and shortages of many essential resources and goods, 

living standards have crashed, energy prices are high and food is expensive. At the same 

time, in Europe we’ve been lucky compared with some. At least we didn’t turn on each other 

as some thought we might. Our national institutions have mostly held – with one or two 

exceptions – and 70+ years of investment in physical and social infrastructure since the 

Second World War still serves us well. 

Of course, during the years leading up to 2022 some had been expecting – and preparing for 

– the worst, arguing that recurrent debt and currency crises, and the ‘symmetrical’ north–

south euro exits that led to devaluations and capital controls, could only mean an eventual 

return to full national sovereignty and protectionism.  

Much of this thinking and planning ahead was done by groups of businesses and community 

activists, even individual households. National governments, it seemed, couldn’t conceive of 

Europe unravelling and weren’t prepared.  

What ensued was a shift of economic and political activity to the local and regional levels. 

This meant the return to an older model of European city-states and regions – confusing and 

unstable, but dynamic and often highly innovative, in business, science, art and politics. Of 

course, the firms that thrived in this period were built on ‘legacy assets’.274 But what was 

interesting – exciting even – was how, aided by activists and hackers, they began to link up 

again to form new economic networks, including across borders. 

Prices were ‘reset’ by the currency collapses and renormalised based on the usefulness of 

assets, goods and services to the new economy. Many traditional assets were found to be 

worth little. For example, the scarcity (and price) of oil and gas made machinery and many 

vehicles unusable. But large parts of the grid are now supplied by small-scale generators, a 

mix of home- or firm-based renewable plants and restarted coal plants; the hydrogen-

powered delivery fleets get their supplies from gasified coal.  

4.4.2. Singularity 

The alt-web regularly heralds the advent of the singularity (or ‘reboot’). There are rumours of 

supercomputers that were liberated (or escaped) from universities during the initial chaos 

and persist in remote locations, surrounded by groups of hackers and carrying out ever more 

                                                        

274 One mechanism used was ‘repudiation downsizing’; firms declared bankruptcy, then resumed 
production with many of the original management and workers, albeit typically at a smaller scale.  
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bizarre experiments, mainly on themselves. Little has been published in authoritative 

journals, partly because universities are still regrouping and have other things to deal with.275 

4.4.3. Consumer Internet economies 

Programmers are creating new business-to-business markets that rival the old B2C 

exchanges in their flexibility and efficiency. To get international trade restarted with 

shipping costs so high, clever algorithms are packing containers to the brim with a mix of 

goods from different suppliers. 

Much of the activity in this area, with businesses rapidly linking up, originates in Eastern 

Europe. Experience from the 1990s of creating a functioning economic system out of the 

ruins of an old one, combined with programming skills, legacy strengths in logistics and an 

entrepreneurial attitude, means the centre of economic gravity is shifting in that direction.  

The consumer Internet mostly focuses on the search for goods and services, from a 

bewildering array of small and diverse businesses; the same patchwork of search, transaction 

and payment tools support thriving gaming, music, art and festival communities. Some of 

these are free, others rely on barter or local currencies, reserving as much as possible of their 

scarce resources of ‘hard cash’ for day-to-day living. 

4.4.4. Learning and education 

This sector is thriving. People are well connected, but far less physically mobile because of 

the fuel situation, so much learning now takes place locally and in virtual settings. 

Universities reacted in different ways. Some have maintained strict entrance conditions and 

draw people (who travel at considerable expense) from across Europe and around the world. 

Courses in these institutions often reconnect with a liberal arts or scholastic tradition, and 

pay more attention to ‘academic’ approaches than to practical business applications. But 

there are engineering-oriented science hubs, where some of the best researchers choose to 

congregate, ‘start-up schools’ where people go for ideas about how to create businesses and a 

lot of interest in theology and philosophy catered to by small schools as well as larger centres 

of learning. 

The online resources (MOOCs) created during the 2010s are still used to support teaching in 

some subjects, but much of the material on economics, international relations, etc. is studied 

for its naïve assessment of the forces affecting the world at the start of the 21st century. This 

material is also occasionally shown in psychology courses as an example of wishful thinking 

and denial. 

                                                        

275 Periodic reports of superintelligences meet with widespread scepticism, while other reports of 

human enhancements practised by isolationist communities are widely believed, and linked to 

extensive public research as cash-strapped governments try to meet the needs of growing populations 

with limited resources of their own. 
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4.4.5. New economic models 

There are several distinct economic motifs running in parallel. It is hard to say which – if any 

– of the classic economic models they represent.  

Initially, local rationing and economic planning systems were set up to counter the post-

crisis hyperinflation. Around this, in the more economically balanced regions, barter 

networks developed, which were highly efficient given the online applications that were still 

functioning and quickly adapted. A new ‘trading’ currency was in place before too long, 

which took the surviving businesses back to fairly traditional market exchange: you could 

call it capitalism, except much of the old capital was highly devalued. It’s a market economy 

of sorts, anyway. 

Some regions, however, chose to use their own currencies and minimise non-barter 

exchanges with remote entities, limiting them to essentials (such as fuel and 

pharmaceuticals). This behaviour was prompted by distrust of the official currency and 

banking systems, a desire to promote exchange in their own communities and reluctance to 

being taxed by remote national and international governments.  

Many of these currencies are managed online, and the best of them are honoured 

internationally as well.276 It is still unclear today how this currency situation will be resolved, 

with some saying that whatever happens they won’t rely on a single currency again after what 

happened last time. 

4.4.6. Internet of Things 

The fact that the Internet got through the crisis with relatively minor interruptions is seen by 

many as a miracle. More than anything else, the Internet was credited with holding things 

together and preventing much worse happening. The networks of emergency and support 

services, formal and informal, that were able to be called up by mobile devices during the 

most difficult days stopped things falling apart. So even in the fragmented and distrustful 

post-crisis world, there was broad agreement on the need to maintain effective and reliable 

global networks, albeit with a high degree of local control. 

The Internet of Things is spreading and consolidating; but in a different, less visible and less 

hype-driven way than was expected back in 2014. Its infrastructures provide more of an 

online inventory than a coordinating superstructure, with searchable and addressable 

registers of assets and spare parts277 enabling equipment to be brought back into use when 

production of a needed item has not restarted. The application of analytics to the resulting 

supply-demand matching data has created a virtual demand-led order management system 

– if a sufficient number of people are searching for a particular part, someone somewhere 

will start manufacturing it. No doubt loftier IoT ambitions will return later. 

                                                        

276 In place of the hard reserves or institutional pressures sustaining ‘official’ currencies, most of these 
are in effect cryptocurrencies, based on computations that both make them impossible to ‘double-
spend’ and a direct source of useful computational services.  
277 Based on IPv6. 
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4.4.7. DIY innovation 

This has been an exciting area over the past few years. Particularly with the transport 

restrictions, we’ve had to make the most of what we have locally. Of course the nationwide 

programmes of setting up sophisticated 3D printers in warehouses near major towns that 

ran from 2019 up to the crisis were incomplete; but thanks to their flexibility and the 

abundance of suitable feedstock materials these machines turned out to be a godsend. 

With many factories out of commission, if you couldn’t find something you needed on the 

Internet, the next thing you’d do was visit the MIY (make-it-yourself) shop as we called it. 

Some of the programmer types could send CAD-CAM designs, but most of us would trek over 

on foot and sit down with the enthusiasts at MIY, often highly skilled factory workers who 

enjoyed the challenge of making a spare for a dishwasher or vacuum cleaner, or a new engine 

part for a car. If there was a particular challenge with the code, one of the local hackers could 

usually do a work-around. It’s amazing what got made in those shops, but also the fun people 

had joining in and learning how the printer worked.  

4.4.8. Robotics 

Robotics has retreated from factories. Many factories were producing using robots there 

appears to have been no market for – or at least no sustainable market for. 

A symbol of this is the amazing show at an automobile factory near Malmö in Sweden, where 

artists, engineers and hackers have worked together to create a ballet of robots, sparks and 

strobes that is both powerful and poetic. 

Sometimes with permission, sometimes without, people have cannibalised some of the 

robot-controlled machinery from dormant large assembly plants to equip local factories 

around the country, often next to the MIY shops. 

This rough-and-ready experimentation is producing a wealth of knowledge that has spread 

through MIY shops and online blogs. Over and above this, fundamental engineering and 

design research continues at the science research hubs with input from a number of 

anthropological and ethnographic studies; within the next decade we expect to see a new 

generation of service robots, designed to work alongside humans, making our lives easier 

and more enjoyable without tying them to crowded cities and large and brittle 

infrastructures. 

4.4.9. Digital agriculture and food 

Food has of course been a major concern and struggle. Many things have been unavailable or 

in short supply. We’ve learned to enjoy local fruit and vegetables – even in winter! – and to 

preserve them like our great-grandparents did. We eat more parts of the animal than we did 

before; and shorter, smarter supply chains have improved the nutritional content of much of 

our food. Then of course there are the various substitutes, which have become quite popular. 

For example, lab-grown food doesn’t sound appetising, but when you’ve had a few weeks of 

vegetable soup with poor scraps of meat, a juicy lab-burger or mince for ‘labsagne’ can be 

appealing. Intensive research has brought the cost down while improving quality; and most 

people have now overcome their initial resistance and at least add some lab protein to the 

free-range meat in their stews. 



 

 133 

4.4.10. Digital arts and sciences 

We entered the crisis with a glut of digital skills, and emerged into a world in which they had 

no productive industrial use. These digital capabilities, along with pent-up energy and 

creativity, found expression in a rich array of artistic projects at all scales from the individual 

to the crowd-created; these have done a lot to keep us positive about the future during 

difficult times. Meanwhile a new wave of agitprop takes rapid aim at any tendency of 

politicians to go back to promising a return to the ‘good old days’. 

I mentioned the automobile factory earlier. Much of our post-crisis art has been filled with 

similarly nostalgic-ironic looks backward to the follies of the late industrial age. Debt, over-

production, exhaustion (of people and resources), unemployment (of people and capacities) 

and the fetishisation of growth have been showcased in theatre – a very popular form of 

entertainment these days – and large-scale installations, as well as more traditional art 

forms. Cars are mostly used for children to play in, but SUVs have been turned into spare 

bedrooms and I saw a convertible made into a flowerbed. 

Festivals mixing music, art and spectacle are very popular. There is an edgy (occasionally 

violent) counter-culture expressing the anger of a generation that feels misled and let down 

by previous generations, mixed with the excitement of creating something new and better.  

4.4.11. Governance and policymaking 

You could credit the central government for devolving decision-making to the regional and 

local level post-crisis, but in reality they didn’t have much choice. To be fair, given the speed 

and scale of the economic collapse, things could have been a lot worse, and the immediate 

reaction on the part of the government went as well as could have been hoped. 

From then on though, there seemed to be no master plan apart from getting a currency back 

in place and keeping basic services and food and retail outlets working – any public 

administration larger than a city had been stripped down to a bare minimum. Putting as 

much of the economy as possible back on its feet was something that had to be coordinated 

at the regional level, particularly given the problems with transport. 

Much of the work has actually been devolved down further to the very local level. Town and 

parish councils have been reinvigorated, and new online fora have worked with them to 

make sure communities can get going again. Brussels sounds like a very remote place to 

many people; many young people have not been to their national capital city. 

4.4.1. Annex: Drivers of change influencing this scenario 

Table 7. Drivers of change influencing Scenario 3 

 
Economy 

E1 Human capital development (education) Strong across a range of areas. Inquiring minds 

and diverse knowledge 

E2 Openness (integration, trade & FDI) Open to international exchanges, but these are 

complicated by a proliferation of currencies and 

trading networks 
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E3 Price of energy High, particularly imports such as oil 

E4 Migration Quite high, but held back by transport costs 

E5 Sustained global growth vs shocks and 

setbacks to growth 

Shocks and setbacks, but seeds of a more 

balanced growth are sown 

 

 
Geopolitics, governance and power 

G1 Interdependence of international actors 

(competition vs cooperation) 

Not competition in the current sense, but between 

economic models and ways of life 

G2 Fragmented governance vs greater role for 

international institutions 

Fragmented, international institutions play only a 

minor role 

G3 Engaged vs withdrawn US US is not present in a major way internationally; 

domestically US states have regained powers 

G4 Constructive vs confrontational China China is focused on holding its own regions 

together 

G5 Liberal vs autocratic model of government in 

ascendant 

Autocracy does not hold much appeal, self-

reliance and independent-mindedness create a mix 

of US-style liberalism with an anarchist fringe 

G6 Conflict: state-level or non-traditional actors 

(terrorism, criminal networks) 

Gangs and criminal networks exist, but their 

activities are not well coordinated geographically 

 

 
Society 

S1 Population growth & ageing Birth rates have increased in most places. 

Population ageing, but no significant increase in 

average life span 

S2 Labour market & employment Small and medium sized businesses represent 

major source of employment  

S3 Empowerment of the individual vs solidarity 

and trust in institutions 

Individuals have empowered themselves and 

reacted positively to a challenging situation 

S4 Inward vs outward-looking populations Inward-looking first, to meet needs of the 

community, but not xenophobic 

S5 Political divisions vs consensus (within 

countries) 

Lively local political culture, but focused on 

problem-solving, ‘getting things done’ 

S6 Values & attitudes – converging or diverging 

(internationally) 

Diverging to some extent. Less travel and fewer 

exchanges 
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Other dimensions 

O1 Science, Technology & Innovation (leaders, 

ownership, access, regulation) 

Universities have independence, knowledge is 

widely shared and exploited, highly innovative 

culture 

O2 Health & wellbeing (communicable diseases 

and NCDs, pandemics, new treatments, 

affordability) 

Some areas of healthcare have suffered 

shortages. Situation has recently improved and 

new treatments are coming out of the science 

hubs 

O3 Climate change (impact, responses, solutions) Lower rate of manufacturing and heavy industry 

has led to a remarkable fall in carbon emissions 

O4 Natural resources (scarcities, source of 

conflict or cooperation, alternative energy 

sources) 

Shortage of oil and gas for transportation. Coal is 

used again, but efficiently through gasification. 

Other scarcities are ‘innovated around’ 

 

4.5. Scenario 4 (bottom-right) Unstable economy punctuated by 
crises | cooperation, uniformity, ‘collective’ – ‘Riding the waves’ 

 

‘Riding the waves’ – the emerging economies have been overtaking today’s major 

powers, but slowly enough that levels of inequality are also abating. The economic 

shocks of the 2007–2008 recession have given way to global problems involving 

rare earths, failed and terrorist states and climate change, which has strengthened 

international cooperation. 

 

The scenario that follows is written from the viewpoint of a narrator looking back 

from 2030 at what has happened over the past 15 years. Although the shape of the 

narrative is guided by our analysis of the drivers of change that are likely to 

influence the course of events from 2015 to 2030 (see 4.1 and Chapter 2), it does 

not seek to present a probable future, even less to predict what might happen in a 

particular time and place. The freedom of expression afforded by this device 

allows the consideration of events and longer-term developments that would not 

be found in a trend analysis based on established data and patterns. It enables 

consideration of what might happen if the trends visible today interact in 

unpredictable ways, are disrupted, or otherwise prove to be less reliable indicators 

of the future than they seem. 

 

The informal tone of the narrator highlights the fact that this part of the report is 

to be read as a story that makes us think about different possible futures, not a 

piece of analysis. 
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4.5.1. Introduction 

Looking back at 2014, it’s easy to see why we were nervous about the rise of the ‘emerging 

economies’. Storming up behind the US and Europe with growth rates up near 10 per cent, 

buying up Western firms, setting up Confucius centres, striking oil and mineral deals in 

Africa and South America, all the charts showed it was just a matter of time before they were 

going to ‘eat our lunch’, to use an expression popular at the time. But that didn’t really 

happen in the end, did it? 

OK, in some ways it did. The combined global share of GDP of India and China is now close 

to that of the US, EU and Japan combined.278 GDP per capita in the new economies is still 

lagging behind – even in China it’s not much more than half our level – but catching up fast, 

so the ‘feel good’ factor is in full effect. Growth in these economies has been more stable, and 

inequality has fallen.  

So why does it feel like we’re still in control, ‘calling the shots’? In part we have our diplomats 

to thank, who have been busy building relationships, defusing tensions, calling bluffs and 

throwing weight around when necessary. Stopping rival navies from clashing in the seas 

around China was not easy, and keeping a lid on the Middle East even more challenging and 

expensive. (Increased military spend by the EU has taken some of the financial burden off 

US shoulders.)   

More importantly perhaps, our negotiators persuaded the emerging powers to engage fully 

with the international system. An alliance of economic and military powers (G12, later G16), 

has intervened in regional crises, restrained the more aggressive states, contained the power 

of resource monopolists and encouraged the sharing of vital rare earth metals. It has also 

coordinated actions to deal with a succession of failed states, terrorist movements and 

humanitarian crises, made worse by the increasing impact of climate change. 

In addition to relieving military tensions, the stronger role of international institutions 

meant trade rules and exchange rates could be adjusted to take into account the growing 

strength of the new economies. Capital flowed easily – some said too easily – in all directions 

and, importantly, bailouts could be done with the backing of a well-stocked fund of capital. 

Although the situation is stable enough right now, the road here has not been even. First, the 

2016 ‘black hole’ felt like 2007–2008 all over again, and would have been even more 

catastrophic had China not stepped in alongside the IMF. By buying up and writing off debt, 

and providing new capital, China positioned itself strongly for the future of course, but at 

considerable cost to its own economy.  

The next nine years (2017–2025) were the ‘steady decade’ where the financial sectors of 

major countries were steered away from speculative trading towards long-term investment 

in infrastructure and R&D. Growth was strong overall, and cooperation grew between East 

and West despite persistent structural imbalances. 

                                                        

278 The percentage of global GDP growth attributable to India and China over the decade to 2030 is 50 
per cent, compared with 15 per cent from US, EU and Japan.  
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So the 2025 shock caught most people by surprise. Not everyone: some had said that interest 

rates were still being held too low and 2008 and 2016 would be repeated.279 Anyway, the 

shock was severe, many big projects had to be written off, confidence was shaken and it has 

taken the past five years to get growth going again. 

Societies in the West have done quite well overall; the memory of the post-2007 recession 

meant structural reforms were pursued in a coordinated way. Revenues from the rebound 

were invested in industrial R&D, and new technologies have kept our exporters strong, 

increasing productivity across sectors. Our politics has been quite ‘boring’ but for most 

people that’s no bad thing. 

Meanwhile, societies in China, India and many other Asian countries have become more like 

ours – that’s where it feels like we’ve stayed in control. Responding to rising consumerist 

expectations, bound together by globalisation and feeling pressure from the new wave of 

emerging economies, political systems have begun to converge and align.  

4.5.2. Singularity 

We are clearly on the verge of something big. International regulators are very alert. All high-

level brain research and simulation facilities have been placed under government oversight, 

and an international agreement was recently signed on the model of the weapons control 

treaties, including the monitoring of data flows for signs of nascent awareness.280  

Some of the state-level research in this area has spilled over into unregulated consumer 

concepts such as ‘pleasure domes’ and personal biomech. The use of autonomous brainware 

is, however, still very controversial. Concerns first emerged in 2014 when the venture capital 

firm Deep Knowledge Ventures appointed an algorithm named VITAL to its Board of 

Directors.281 Now the latest generation of brainware is essentially controlling some of China’s 

biggest industrial installations, and an HR module instructed the latest round of lay-offs (you 

can see why CEOs find it convenient in many ways to deploy the system). 

Moreover, even if underlying the 2025 crash were misaligned financial incentives and 

regulatory failures, the direct trigger appears to have been high-speed trading by algorithms 

built on a global flood of data – market participants and the authorities couldn’t react in 

time.282 

                                                        

279 Others noted that the world’s population had come to rely on continued growth based on the 
availability of risk finance, which increased the pressure on the world’s great powers to stand ready to 
bail out institutions deemed ‘too central to fail’. The unsurprising, but largely unnoticed result was a 
steady increase in centralisation as the regulated and shadow banking sectors aligned their holdings to 
benefit from this protection. This alignment probably contributed to the sudden and surprising nature 
of the crash of 2025. 
280 The main concerns are unpredictable behaviours of interacting, ultra-high-speed critical 
autonomous systems and uncontrolled auto-enhancement through rapid replication.  
281 http://www.businessinsider.com/vital-named-to-board-2014-5. 
282 Some go further and hold brainware responsible for creating the conditions for the crash. It is 

rumoured that the Global Central Bank took its rate-setting decisions on the basis of the deciding vote 

of a supercomputer on its Monetary Policy Committee. 

http://www.businessinsider.com/vital-named-to-board-2014-5
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4.5.3. Consumer Internet economy 

One of the big international projects of the ‘steady decade’ was the Linked Data Repository 

(LDR). This established the ‘semantic data’ layer of the Internet, as originally envisaged by 

Tim Berners-Lee more than 30 years previously. Applications can now pull together 

authenticated data from different servers across the world, on the basis of permissions that 

consumers and businesses manage through a simple interface.  

The power of this system wrong-footed the search and algo-mining firms that had dominated 

the web in the first two decades of the century. It provided a significant boost to consumer 

retail transactions, but its greatest impact has been on trade facilitation, opening up easy 

sales and ordering channels for the small businesses of the new African economies and 

giving them an on-ramp to the global economy.283  

Start-ups have thrived on the manna of data made available through this project, producing 

a flood of new apps and opportunities for connecting people with each other and with 

business openings. But the most startling impact has been on areas such as medical research, 

where as many significant new discoveries were made in the year following the 

implementation of the LDR (Linked Data Repository) as in the previous ten years put 

together. A new generation of ‘behavioural medicine’ is being created using real world data 

on what works and how patients respond. 

4.5.4. Learning and education 

The ‘steady decade’ led to interesting innovations in education. Inspired by the Erasmus 

programme, this started with exchanges between universities across the world, and 

concluded with major exchanges of staff and management between countries. Learning an 

‘Eastern’ language had become a requirement in most Western education systems by 2020. 

But more powerful even than changes in language learning or the university system was a 

simple project: many countries’ humanities courses, along with secondary school classes in 

history and religion, were produced as MOOCs (to use the old word) and dubbed into 

multiple world languages. This easy and direct way of learning about other countries and 

cultures had a profound effect on children and young adults, encouraging tolerance and 

stimulating curiosity. 

4.5.5. New economic models 

There is still plenty of debate about whether ‘state capitalism’ has imposed itself as the global 

economic model, or whether we’ve really seen the ultimate victory for the free market. 

Certainly the opening up of markets in South and East Asia took place more quickly than 

expected, but at each stage the negotiating power of the new economies meant something 

was granted in return. The degree of ownership of European and even US ‘national’ assets 

                                                        

283 The LDR is a rare example of disruptive technology coming out of a consortium of large 
government IT departments. 
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such as utilities and road and rail infrastructure by new economy conglomerates is 

significant. And foreign governments still hold significant stakes in these companies.284 

In hindsight, however, what we see in fact is that by 2014 the ‘free market’ was already not 

very free. The biggest influence on economic activity and wealth by then was the actions of 

central banks and state treasuries. The difference between our model and that of the Asian 

countries, in terms of government influence on the economy, was not as large as it seemed. 

Some voices still argue that we gave in to state management of the economy too easily. 

Innovation now mostly comes out of big research labs rather than dynamic, risk-taking start-

ups. The ‘middle-income trap’, which we thought the Chinese might fall into, has turned out 

to be a ‘high-income trap’, where developed countries’ fear of falling back stops us forging 

ahead, and economic cycles are smoothed out by policies to promote steady growth, protect 

asset values and keep unemployment low. 

4.5.6. Internet of Things 

ICANN, which shifted its headquarters from Marina del Rey (California) to Dalian 

(Northeast China) in 2018, now works seamlessly with the Linked Data Repository to make 

our consumer and business lives as hassle-free as was ever imagined by a Silicon Valley VC at 

the beginning of the century. Short- and long-distance transport, whether by rail or air, runs 

to precise schedules, with connecting services adjusted in real time to ensure a fast and 

smooth journey. This system, together with regional policies and investment, has reduced 

the urbanisation pressures that were threatening to overwhelm several countries by the early 

2020s. 

‘Shopping’ for most items has stopped. Every household now keeps a ‘larder list’ of items 

they want to have available; these goods are automatically reordered as soon as they are used 

or reach their expiry date. It’s easy, if a bit dull.285  

Shopping malls are still there of course; items such as fashion are still sold in the traditional 

way. A few young people have started to rebel against the faceless system of commerce and 

campaign for a return to the ‘Internet of People’, with its tweets and flashmobs. And even 

though all food production is now supposed to go through centralised testing and quality 

control, coded messages occasionally announce a ‘farmers market’ where meat and vegetable 

are sold over the counter, like in the old days. 

4.5.7. DIY innovation 

After a number of unfortunate accidents during the ‘experimental’ phase of 3D printing, 

machines above a certain specification were subject to registration and remote monitoring of 

the product designs loaded into them. 

                                                        

284 ‘More than ever before, the business of the world is business, which both sustains governments – 
through service provision, taxes and employment – and requires government assistance to navigate 
the choppy waters of the interconnected jurisdictions through which its markets extend.’ (Jeremy 
Clark, The Guardian, 26 August 2029). 
285 This resembles ‘software distribution’, with automated updates and homogeneous online ‘stores’ 
controlled by recommender systems. 
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We can still replace broken plates and glasses with one of the approved designs. But any 

tweaking of the code by a design-hacker is noted and can lead to investigation; so on the 

whole, innovation and invention remain largely in the hands of industry. 

Some older machines, manufactured before the ‘spy’ chip was introduced, have been secretly 

upgraded and ‘tuned’ (hacked) to have the capabilities of the latest machines. Whenever the 

community police notice something unusual they try to trace it back to a machine: an object 

without an IoT registry number, even a patterned teacup, is somehow viewed as suspicious 

and eliminated from circulation when discovered. But the machine tuners have so far 

managed to keep these ‘artisanal’ skills alive in underground workshops. 

4.5.8. Robotics 

Robots have changed our working lives. We work much less, and for many of us work is as 

much social activity as a means of earning income. There was much discussion about 

reducing working hours to 20 or even 10 a week, but 30 was chosen as the optimal 

number.286  

A lot of what we do at work is training, much of which involves understanding what the 

robots are doing. Amazingly, doctors are now learning from what robots do in operating 

theatres. At the beginning, robots were controlled by doctors, who appreciated their ability to 

carry out tasks requiring great precision within the human body. But starting a few years ago 

medical robots now have learning circuits built into them, and have been able to come up 

with improved ways of carrying out procedures, and in some cases have invented completely 

new procedures. 

In the business field, we shadow their management decisions and observe the new processes 

they put into place. This is considered important in order not to lose skills, and potentially to 

acquire new ones.287 Moreover, there is also the possibility that the factory may need to 

switch to ‘analogue mode’, for example, if there is a control problem – we shut the system 

down immediately if unusual activity takes place. They are particularly nervous about this in 

the nuclear and arms sites. 

4.5.9. Digital agriculture and food 

The shortages predicted 20 years ago have largely been avoided. This has required exercising 

a degree of control over what crops can be planted and animals reared, which turned out to 

be one of the most difficult international agreements to negotiate. In the end, as long as 

water and fertiliser usage and net carbon emissions meet internationally agreed levels, a 

degree of flexibility has been allowed, to take into account cultural traditions. 

The complexity of implementing these controls has led to the dominance of large companies 

working across the supply chain, from ‘farm to fork’, as they alone are capable of monitoring 

emissions and other targets to the required standards, and able to afford the expensive 

                                                        

286 This does vary between countries: France has gone down to 25 and the UK has a special exemption 

for 35. 

287 It also lets humans keep an eye on what the robots are up to, to give some effect to the collective 
enforcement of Asimov’s Laws (and their commercial extension).  
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equipment needed to do so. So even though shortages have been avoided, prices paid by 

consumers have increased steadily. 

Meat uses a large part of a national allowance, so is now very rare and expensive, and traded 

on the black market. Rice, grains and pulses are produced efficiently on vast, robot-run 

farms, and protein comes from various new artificial meat-based products, with fish 

(occasionally) and insect dishes adding the variety and ‘natural’ component that many adults 

still miss. 

4.5.10. Digital arts and sciences 

Almost all science is now digital. There have been huge breakthroughs in the diagnosis and 

treatment of diseases, which are now well understood on the biological system level. Even 

those critical of state management of the research system and centralised prioritisation of 

research tasks have to acknowledge the amazing progress in biology and the medical 

sciences. 

Energy has similarly seen huge breakthroughs, particularly in storage. As a result, the use of 

renewable energy sources has increased markedly. In fact the sciences as a whole, thanks to 

the internationally designed and funded investment programmes put in place post-2018, 

have flourished. 

Critics – there are still some – claim that even more could have been achieved if 

governments were more open with research data and if research funding sources were more 

diverse and less risk-averse. Even though research efforts are coordinated internationally, 

some of the data are being held back on the national, and even institutional level. The reason 

given for this is security and ‘non-proliferation’, with many of the new discoveries having 

potential ‘unfriendly’ applications. But commercial and national advantage often seems to be 

as likely a reason. There are rumours (if little evidence) of underground clusters of ‘spare-

time scientists’ – they are a common feature in magazine articles and movies. 

Art has changed a lot in the past 20 years. Painting, drawing (on and with physical materials) 

and sculpture are no longer dominant formats, not fitting with the kinetic age we’re in. (The 

expression ‘still life’ is now often used to refer to any static representation, whether a fruit 

bowl from the 18th century, a portrait from the 19th century or a photograph from the 20th 

century.) We love movies, and games. We experience the history of art, like many other 

aspects of the world, using our ‘skull caps’ – finding plenty produced in past times that we 

can enjoy, but generally experiencing it sequenced together like a movie reel or documentary.  

4.5.11. Governance and policymaking 

We have moved to ‘real-time’ democracy, which keeps officials and politicians on their toes. 

Different layers of government are responsible for different aspects of our lives; we rate these 

weekly or monthly, and officials responsible are promoted or removed from their post 

accordingly. This keeps them honest, but disinclines them to tackle difficult problems or to 

pursue personal (even ethical) ideals. As a result, political agendas remain largely the same 

over time and around the world. 

Every year, based on approval ratings, but also on brief campaigning, we elect a pool of 

leaders for their skills and their promises to make our lives better. Personalities are 

important too of course. We get to see past histories, family life and acquaintances – there is 
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great transparency on that level. Once this pool of candidates has been chosen, they are 

allocated, based on past performance, to different posts of responsibility (decision-making or 

administrative), and the ‘real-time democracy’ process swings into action. 

Of course at the top of this pyramid there are our country’s leaders. They are the ones we 

used to think ran things for us, but even if that was once the case, these days they spend most 

of their time at the International Parliament, which feels very remote. We are grateful to 

them for doing this, and they enjoy commensurate privileges, but their impact on our day-to-

day life is minimal. We re-elect them every five years. Occasionally we change one or two, but 

continuity is a good thing at that level, so unless there’s a good reason we mostly leave them 

in place. 

4.5.12. Annex: Drivers of change influencing this scenario 

Table 8. Drivers of change influencing Scenario 4 

 
Economy 

E1 Human capital development (education) Human capital boosted, particularly through 

international exchanges and awareness of 

different traditions 

E2 Openness (integration, trade & FDI) Markets open, FDI strong, new economies catching 

up 

E3 Price of energy Higher overall though not dramatically, slumped 

during crises 

E4 Migration Controlled exchanges 

E5 Sustained global growth vs shocks and 

setbacks to growth 

Growth interspersed with shocks 

 

 
Geopolitics, governance and power 

G1 Interdependence of international actors 

(competition vs cooperation) 

Interdependence of military and security actors 

G2 Fragmented governance vs greater role for 

international institutions 

International institutions play a strong role 

G3 Engaged vs withdrawn US US is involved and still contributes strongly to 

international security 

G4 Constructive vs confrontational China China has a major role and is an active participant 

in the international system 

G5 Liberal vs autocratic model of government in 

ascendant 

Consensus-based, strong role for the state 

including in Western democracies 
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G6 Conflict: state-level or non-traditional actors 

(terrorism, criminal networks) 

Low levels of conflict. Strong deterrence through 

military build-up 

 

 
Society 

S1 Population growth & ageing Trends are maintained, continued population 

growth globally but some populations have peaked 

(e.g. China) 

S2 Labour market & employment Less labour employed in production; shorter 

working hours. Numbers in employment 

maintained at current levels 

S3 Empowerment of the individual vs solidarity 

and trust in institutions 

Institutions and government bodies have an 

important role in society  

S4 Inward vs outward-looking populations Internationally-aware populations, security a big 

preoccupation 

S5 Political divisions vs consensus (within 

countries) 

Broad consensus with few visible outliers 

S6 Values & attitudes – converging or diverging 

(internationally) 

Convergence, particularly on account of education 

policies 

 

 
Other dimensions 

O1 Science, Technology & Innovation (leaders, 

ownership, access, regulation) 

Strong government oversight and regulation; 

powerful private interests supported by states 

O2 Health & wellbeing (communicable diseases 

and NCDs, pandemics, new treatments, 

affordability) 

Progress in healthcare and nutrition, steady 

improvements but no major breakthroughs 

O3 Climate change (impact, responses, solutions) Major impact of climate change, particularly in 

developing countries 

O4 Natural resources (scarcities, source of 

conflict or cooperation, alternative energy 

sources) 

Scarcities, but for the most part managed at the 

international level 
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5. Conclusion  

Our scenario exercise has shown that there are potential futures that make us reflect on 

fundamental conceptions of how our societies function: from Make–It-Yourself to algo labs 

and from solution centres to work sabbaticals, we see that societies and technologies can 

develop new ways of interacting. We need to develop research programmes that will be 

flexible enough to withstand the impact of game-changing technological breakthroughs and 

other unexpected developments, and that will strive to support a ‘European approach’ in 

dealing with these. 

As well as taking these longer-term considerations into research programme planning, we 

need to consider how research and innovation work together to achieve concrete policy 

objectives. One driving concern, reflected in the scientific literature (Junker-Kenny 2013; 

Shapira et al. 2001; Todt 2011) is about the holistic nature of innovation and research 

programmes. In order for innovation to be absorbed into economic activity, all dimensions of 

the thematic research should be examined: it does not make sense to develop a 

technology,288 if there is no clear understanding of the economic, social, political, 

organisational and institutional implications of its development (and subsequent 

deployment). Recent literature on foresight289 makes a strong case that ‘Forward-Looking 

Activities’ (FLAs) should be an integral part of catalysing and directing innovation policy and 

systems towards addressing ‘grand challenges’, specifically referring to the recognition of 

their role in EU policy instruments.  

Questions about the so-called ‘European Paradox’ (Grande 2001) are not new. The literature 

on STS (Science and Technology Studies) is almost unanimous in its view that technology is 

not something that can be treated outside of its societal context. We argue that such 

                                                        

288 Brian Arthur (2009) defines ‘technology’ in three ways: a means to fulfil a human purpose; an 
assemblage of practices and components; and a collection of devices and engineering practices 
available to a culture. The development of technology implies that subsystems and components are 
used to make individual devices, which in turn are combined to produce larger systems that enable 
our technology driven society. Thus research and innovation are emergent functions of a complex 
knowledge ecosystem, and may resist design and prediction. Closely tied to this is the distinction 
between invention and innovation: inventions are often intentional or result from a single stroke of 
genius; innovation is evolutionary and incremental and involves a much richer network of players who 
change roles as components and subsystems are assembled, tested, refined and recombined in 
market, policy and research environments.  
289 Cagnin, Cristiano, Effie Amanatidou & Michael Keenan. Orienting Innovation Systems towards 
Grand Challenges and the Roles that FTA Can Play (proceedings of Fourth International Seville 
Conference on Future-Oriented Technology Analysis (FTA), FTA and Grand Societal Challenges – 
Shaping and Driving Structural and Systemic Transformations, Seville, 12–13 May 2011). 
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considerations should be brought into the research programmes. Even though this does not 

guarantee increased uptake of H2020 project outputs, our evidence overwhelmingly points 

towards continuing the ‘societal challenge’ approach to the research programmes, and 

actively encouraging projects to take this approach on board. In many of the ten themes, 

there is a need to ensure that a holistic approach is taken, and we provide this through 

consideration of our ‘meta-themes’ as described in the introduction to Chapter 3.  

This perspective is especially pertinent to the development of recommendations. The specific 

topics of H2020 Work Programme development continue to be the subject of an enormous 

amount of highly expert (and often self-interested) collaborative activity. Much of this 

naturally reflects specific perspectives ranging from individual lines of action to ‘themes’ of 

the sort considered here. This is entirely natural and healthy; calling for broad and general 

projects is unlikely to generate much in the way of necessary or sustainable progress. Our 

concern here is therefore less with what is taken up in H2020 than how issues are identified, 

how a balanced portfolio of topics is developed and kept alive through the processes of 

proposal evaluation and selection and project implementation and exploitation. To this end, 

we believe that the tools developed here can and should be used and reused as a platform for 

engagement within the Commission, between the Commission and the broader stakeholder 

communities, with other potential sources of competing and complementary support, among 

potential, actual and successful bidders and between projects and the larger community that 

must take up, adapt and benefit from project and programme outputs. At each stage, we 

believe that it is useful to try and place these issues (which often manifest themselves as a 

jumbled list of pressing concerns) into a comparative framework that facilitates evidence-

based robust comparison. Such comparisons are not just academic; they permit better 

identification of those that are of a high priority for policymakers. 

We further believe that these issues and this framework should be used as the starting point 

for a continuing future-oriented exploration by means of successive rounds of trend and 

SWOT analysis and scenario development, exploration and gaming. The areas of activity 

associated with the ten themes change more rapidly than funding programmes or other 

policy instruments so leading the target is essential. On the other hand, the underlying 

linkages and uncertainties are so profound that prediction in the strict sense is a recipe for 

inefficiency and wasted opportunity. This report uses thematic trend exploration, SWOT 

analysis and a scenario framework to explore the prospects for these themes, issues 

associated with them and potential interventions to tackle them through a small set of 

scenarios with associated thematic sub-scenarios or ‘vignettes’. These are necessarily 

products of their time; the reader is encouraged to develop and maintain their own and use 

them as a platform for engagement with others. 

In particular, the scenarios (suitably updated) can be used to ‘game’ different options as 
regards: 

 H2020 work programme topics – suggesting some new ones, but mainly 

providing a framework for constructing and adjusting call portfolios 

 Theme-oriented points of reference – linkages to the overarching themes can be 

strengthened by suggesting the H2020 bids take the themes into account when 

they discuss: 

 impact 

 connections to Grand Challenges 
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 points of contact with existing initiatives, policies and projects and 

 concrete success indicators and milestones 

 Different engagement and support modalities 

 engaging the communities of current and emergent interest (e.g. 

thematic stakeholders as already identified) 

 those whose activities might complement European R&I enterprises and 

ventures (e.g. risk capital, business nous, strategic partnership) 

 themes, e.g. tournaments, prizes and different structures of up-front and 

repayable funding, etc. 

 ways to obtain more effective risk capital participation (always a weak point) 

that fit specific themes and work in specific scenarios and 

 potential linkage to other instruments (structural funds, EBRD, CAPs, existing 

flagships, FET...). 

5.1. Topics of continued discussion 

In relation to this suggested reuse of the tools developed here, several topics of continued 

discussion have arisen as a result of this exercise: 

5.1.1. The role of H2020 in the research and innovation ecosystem 

In carrying out this foresight exercise, we have found it increasingly important to state 

clearly the role of Horizon 2020 in the research and innovation ecosystem: what type of 

research should be funded by the public purse? It is apparent from a reading of the policy 

documents (notably the Parliament and Council Regulation establishing Horizon 2020290) 

that the H2020 programme has a distinct role to support EU policy goals, and particularly 

the Europe 2020 Strategy. This very specific role attributed to H2020 determines (or 

constrains) the actions of European stakeholders engaged in research and innovation. 

Should H2020 funding be used to support research in a field that has no concrete (and 

stated) link to Europe 2020 goals? If not, then how can we be sure that the ‘out of the box’, 

and high-risk thinking that may revolutionise our economic models may be funded through 

H2020? Not all policy-relevant research is prima facie policy relevant. Long-term ‘blue sky’ 

research is also very necessary, and yet is accompanied by very high levels of risk. 

 

5.1.2. Blending fundamental, applied and implementation research 

As a consequence of the specific policy-driven role for H2020, the opportunity for blending 

fundamental and applied research actually becomes a necessity; there is even a need to focus 

on implementation – given the unique role that H2020 plays in the European policymaking 

environment, and the broader aims it wishes to achieve. However, there are several concerns 

                                                        

290 Regulation (EU) No 1291/2013 of the European Parliament and of the Council of 11 December 2013 
establishing Horizon 2020 – the Framework Programme for Research and Innovation (2014–2020) 
and repealing Decision No 1982/2006/EC. 
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that need to be raised when blending across fundamental and applied research and 

implementation activities: 

a) Proposal-writing efforts for this kind of research tend to focus on concrete (applied) 

outcomes, outputs and impacts from projects, with great effort taken to show the 

tangible benefit to the broader political/policy outcomes desired by the entire 

research programme.  

b) In order to achieve these goals, researchers tend to ‘stick with what they know’. This 

leads to research being carried out in mono-disciplinary ‘enclaves’, whereas policy-

relevant research tends to require multi-disciplinary approaches. 

c) Risk is minimised in projects when a concrete implementation activity is required, as 

the ‘success’ of such a project depends upon achieving these concrete outcomes, 

outputs and impacts. 

d) The outputs of projects are then sometimes simply refinement of ideas that have 

already been tested prior to the proposal being submitted for funding.  

5.1.3. The role of different actors in the R&I ecosystem 

The discussion concerning the different types of actors that participate in H2020 research 

projects needs to be continued (Annerberg et al. 2010; European Commission 2011; ISTAG 

2011). There has been a recent surge in the focus on SMEs, and yet certain evidence (Bodas 

Freitas 2013) points towards the importance of ‘personal-contractual’ relations between 

SMEs and universities in successful research and innovation activities. According to the 

author, such interactions are often ignored in structural research programmes. This attempt 

to ‘bridge the gap’ between industry, research and other stakeholders is one additional way 

in which H2020 research has added value to the European Research Area. This attempt to 

strengthen the capability and capacity of the research stakeholder base needs further efforts: 

some interviewees have confirmed that European research and industrial capacity is typically 

characterised by a ‘closed shop’ approach to the practice of science.  

5.2. SWOT/Scenario Assessment Matrix 

The following matrix presents elements of the SWOT Analysis conducted in Chapter 3 

‘refracted’ through the lens of the Scenarios in Chapter 4. For each of the ten themes of the 

study, one opportunity and one threat have been selected. This opportunity and threat were 

selected as exemplars for the general conclusions of the SWOT and should not be treated as 

the extent of SWOT findings. Each of these opportunities and threats are assessed in the grid 

to determine what would happen under the projected world envisioned by each of the four 

scenarios. Specifically, we are examining to what extent the opportunity/threat is realised in 

the world the scenario describes. 

This exercise is based on the foresight technique known as ‘wind-tunnelling’.291 Its purpose is 

to provide a simple visualisation of the type of influence each of the four ‘scenario worlds’ 

might have on the potential future decisions illustrated in our SWOTs. The implementation 

                                                        

291 See UK Government Office for Science 2009 for an explanation of the approach and case study 
examples. 



RAND Europe 

 148 

below is not exhaustive, and could be applied to other ideas, whether taken from the SWOTs 

presented here or generated elsewhere – including through internal Commission processes. 

The net effect of the table is to illustrate that many of the future opportunities and threats 

highlighted by the SWOTs could be eliminated by particular futures. As, for example, an age 

of more centralised European control would make the opportunity to enact uniform 

management of change in the education sector much more achievable, so a more fragmented 

world where policies are decided at the local level would make that policy much more 

difficult to achieve. The key message of the matrix is that while recommendations for future 

research may often be couched in the language of certainty, they all ultimately depend on a 

given set of conditions that are far from certain in a world more volatile than the one 

conceived of when FP7 was being launched. Opportunities and threats of the type identified 

by our SWOTs must always be read through the lens of our future scenarios to determine 

where the greatest chances lay. For this reason the following table does not pretend to 

provide certain answers but rather highlights specific opportunities and threats that are 

likely in most possible futures, providing better justifications for instigating long-term 

research in the present. 

For ease of use, the matrix has also been colour-coded to allow readers a quick visualisation 

of which scenarios have the greatest impact on the opportunities and threats identified by 

the SWOTs. The key for this colour coding is as follows: 

 

Colour key for matrix 

Opportunity – Weakly realised:   

Opportunity – Somewhat realised:  

Opportunity – Strongly realised:   

Opportunity – Neutral:   

Threat – Weakly realised:   

Threat – Somewhat realised:  

Threat – Strongly realised:   

Threat – Neutral:   

 

Reminder of key scenario features 

 ‘Easy rider’ – digitally innovative; free & easy; practical, fun, flexible; working less; 

sharing, communal; inter-disciplinary 

 ‘Stately procession’ – pressure, productivity; hard slog; new economies dictate 

terms; strong state; protection of data & IPR; industrial lobbies 

 ‘Riders on the storm’ – resilient, ‘reset’ out of chaos; strong underlying assets; city 

states; new dynamic networks; radical IT-driven innovation; frugal innovation; edgy 

 ‘Riding the waves’ – new economies ascendant but West calls shots; skilful 

negotiators; R&D spending leads to major scientific progress; controlled economies 

but liberal populations 

The featured scenarios can be found in detail in Chapter 4. 
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Table 9. SWOT/Scenario assessment matrix 

Theme 

Key Opportunity 

 

Key Threat 

(1) Easy    riders 
(2) Stately 

procession 

 (3) Riders on the 

storm 

(4) Riding the 

waves 

Singularity 

O – Machine 

Intelligence 

Regulatory 

Framework 

Realised through 

a global 

consensus of 

regulators 

Little progress 

needed as 

development and 

uptake slow 

No regulatory 

framework in 

evidence 

Firm regulatory 

system under 

state control but 

some notable 

failures 

T – Research 

rendered 

irrelevant 

Machine 

intelligence 

research 

premature but 

enhancement 

research relevant 

Much research 

rendered irrelevant 

by long timeframe 

but not wasted 

Research irrelevant 

as hackers seize 

control of agenda 

Most research 

streams see 

some relevance 

in different 

applications 

Consumer 

Internet 

Economy 

O – Better 

digital single 

market 

Competition 

across borders 

naturally occurs 

Better cross border 

cooperation but 

little economic 

creativity 

Market bypasses 

traditional 

mechanisms but is 

successful in 

crossing borders 

Well-ordered 

digital market 

backed by data 

T – Fail to 

embrace new 

economic 

models in 

regulation 

Regulation 

doesn’t stand in 

the way of new 

models 

Regulators favour 

large companies 

that stifle market 

competition 

New economic 

models thrive out of 

the chaos of the 

established system 

New models 

have been 

allowed to 

flourish 

Learning and 

Education 

O – Change 

management in 

education 

Becomes less 

relevant than 

extra-curricular 

advances 

Strong central 

management of 

education practices 

Failure of central 

management does 

not stop organic 

change 

Strong exchange 

between 

institutions led 

to rapid 

grassroots 

change 

T – Low uptake 

of education 

technologies 

Low uptake but 

targeted use out 

of choice 

Technologies well 

used in central 

curricula 

Technologies widely 

replace physical 

attendance 

Technologies 

used widely in 

education 

New Economic 
Models 

 

O – Break link 

between growth 

and resource 

consumption 

More community-

oriented 

economies 

facilitate better 

resource use 

State controls limit 

resource 

overconsumption 

but growth 

inorganic 

Local currencies 

encourage 

exchange 

economies and have 

unintended positive 

effects on 

consumption 

Growth still 

consumes large-

scale resources 

and the 

dominance of 

emerging 

economies keeps 

up demand 

T – Policy 

environment 

Baseline resource 

allocation frees 

up time for 

Entrepreneurship 

not encouraged by 

state-aid driven 

Entrepreneur-ship 

largely bypasses 

policy environments 

Innovation is 

largely the 

preserve of 
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Theme 

Key Opportunity 

 

Key Threat 

(1) Easy    riders 
(2) Stately 

procession 

 (3) Riders on the 

storm 

(4) Riding the 

waves 

deters 

entrepreneurs 

entrepreneurial 

projects 

system but still flourishes large companies 

and does not 

include many 

smaller 

businesses 

Internet of 
Things 

 

O – Effective 

PESTEL 

environment for 

IoT architecture 

Some 

standardisation 

but stopped short 

of global 

integration 

State system 

attempted to 

standardise system 

but failed to engage 

most companies 

IoT flourishes 

despite lack of 

government 

involvement in the 

process 

IoT facilitated by 

favourable 

international 

regulatory 

environment 

T – Data & 

privacy from IoT 

not managed 

Regulation 

functions to 

protect customers 

quite effectively 

Privacy tightly 

controlled by state 

regulations but 

some systems 

circumvent this 

Data protections 

largely absent from 

unregulated 

systems 

Data privacy 

well managed 

with only 

occasional 

backlash against 

the system 

DIY Innovation 

 

O – Prosumer-

friendly legal 

framework 

Prosumer 

economies not 

impeded by 

government 

regulations 

Strict legal 

protections limit 

creativity in the 

sector 

Prosumer culture 

encouraged by 

ready availability of 

DIY innovation 

infrastructure 

Heavy-handed 

regulation 

deters 

innovation in the 

area 

T – Prosumer-

unfriendly legal 

framework 

Regulations have 

no obvious 

harmful effects 

on prosumer 

culture 

Draconian IP 

protections imposed 

by government 

protect large 

companies and 

stifle competition 

No obvious 

restrictions on the 

use of technologies 

or prosumer culture 

Government 

control stifles 

competition and 

innovation in the 

area 

Societal and 
Economic 
Impact of 
Robotics 

 

O – Near-market 

accelerators for 

innovation 

Robotics 

flourished 

without 

government 

intervention 

Major government 

push expands 

innovation in the 

sector but SMEs 

excluded 

Market thriving but 

on small scale with 

no accelerators 

from government 

Robotics flourish 

as an alternative 

to many human 

tasks 

T – Incomplete 

understanding 

of human–robot 

interaction 

Robotics a 

basically stable 

and integrated 

facet of daily life 

Not envisaged by 

the scenario 

Danger of robot–

human interaction 

issues remains 

unaddressed 

Concern remains 

about the 

understanding 

but vigilance 

keeps this 

somewhat in 

check 

Digital 
Agriculture and 
Food 

O – Precision 

Agriculture & 

Food 

Greater citizen 

involvement in 

the production 

process & 

Strong investment 

in precision 

agriculture 

Strong involvement 

of research in 

improving food 

Strong 

performance of 

new 

technologies in 
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Theme 

Key Opportunity 

 

Key Threat 

(1) Easy    riders 
(2) Stately 

procession 

 (3) Riders on the 

storm 

(4) Riding the 

waves 

 Traceability technology-

enabled 

production 

supply improving farm 

supply and 

traceability 

T – Obsolete 

research from 

public sector 

Government 

intervention 

generally positive 

Public sector 

research has 

remained a relevant 

part of advances 

Public sector 

research 

contributes but has 

been somewhat 

replaced by 

community 

initiatives 

Government 

investment has 

mirrored large 

corporates and 

remains relevant 

Digital Art and 
Science 

 

O – Better 

involvement of 

citizens in 

arts/science 

policy 

Citizens fully 

engaged in art/ 

science decisions 

Mixed success with 

Open Access 

promoted but 

commercial 

protection stifling 

further advances 

Arts and Sciences 

democratised by 

retreating state 

State-control 

has made 

advances but 

without large-

scale citizen 

involvement 

T – Lack of 

interaction 

between parties 

Strong interaction 

between different 

groups and a 

wide variety of 

opinions 

Different parties 

isolated by 

oppositional funding 

systems 

Counter-cultural 

trends have been 

productive but still 

threaten cohesion 

Heavily 

segmented, 

state-controlled 

advances keep 

different parties 

separated 

Governance 
and 
Policymaking 

 

O – New forms 

of collaboration 

with citizens 

Community 

interest groups 

deliver many core 

services 

Strong state-level 

but little citizen 

involvement 

Necessary shift to 

local level returns 

collaboration to the 

forefront of 

government 

Fully-integrated 

real-time 

democracy 

involves citizens 

to the fullest 

T – No large 

uptake of 

advances 

Advances broadly 

accepted as 

positive by 

society 

Advances imposed 

on citizens but some 

strong backlash 

against ID systems 

Necessity forces 

large-scale partici-

pation in local 

policies in the 

absence of central 

control 

Advances are 

broadly 

favoured by 

electorates 
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Appendix A: Methodology 

A.1 Trend analysis 

The overall objective of this task was to analyse trends on the time horizon 2025–2030 in 

terms of drivers and barriers, impact and relevance to Horizon 2020 and policy actions more 

generally. The information used in this analysis was obtained primarily through literature 

reviews and key informant interviews, as described in the sections that follow. The 

information obtained was analysed and summarised in the reports in Chapter 2 and in the 

trend cards.  

A.1.1  Overarching trends 

A set of 13 reports created by government bodies or to inform policymaking were scanned to 
capture changes, drivers and barriers with relevance across multiple themes (Table 10). 

Table 10. Overarching trend reports 

European Strategy and Analysis System (ESPAS) reports, commissioned by the 

European Commission’s Bureau of External Advisers in 2013, identify and 

analyse the key trends and challenges, and the resulting policy choices, which 

are likely to confront Europe and the wider world in the decades ahead: 

 Governance, Power (Chatham House, FRIDE) 
 Economy (CEPS, Daniel Gros) 
 Societal Challenges (RAND Europe) 

Other relevant sources, based on desk research, include: 

US NIC Global Trends Report 2030 (2012) 

Technology and Innovation Futures (2010, updated 2012) UK Government 

Office of Science 

New Future Fields Foresight study: Fraunhofer for German BMBF (2009) 

A New Biology for the 21st Century – US National Research Council of the 

National Academies (2009) 

Robotic Visions to 2020 and Beyond – EUROP European Robotics Technology 

Platform (2009) 

A Roadmap for US Robotics – Georgia Institute of Technology & partners 
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(2009) 

SWAMI – 2008 EU project – Dark Scenarios for Privacy Policy Formulation 

Persistent Forecasting of Disruptive Technologies – Report 2 – US National 

Research Council (2010) 

The Second Economy – W. Brian Arthur – MGI Report (2011) 

Shoshana Zuboff – Creating value in the age of distributed capitalism – MGI 

Report (2010) 

 

A.1.2 Thematic searches 

Within each theme, we used a rapid evidence assessment approach to review relevant, recent 

sources within academic and grey literature. We used the protocol below to identify 

literature relevant within each theme. Articles and reports were selected for inclusion in the 

study on the basis of whether they (i) connected to existing knowledge in the field, (ii) 

provided a clear and appropriate explanation of how findings were reached, (iii) presented 

evidence to justify conclusions reached, and (iv) contributed useful information on context, 

trends, drivers, barriers and policy considerations with relevance to the theme.  

Search protocol:  

 Google Scholar for academic literature, with additional databases, e.g. IEEE, 
for the more tech-focused themes + Google for grey literature 

i. Time horizon: 2009–present  
ii. First 50 results 

iii. English language 

 Four search strings per theme with the following structure, using Internet of 
Things as an example:  

i. Internet of Things AND trend* AND future 
ii. Internet of Things AND trend* AND driver 

iii. Internet of Things AND trend* AND “long term” 
iv. Internet of Things AND ‘research agenda’ or ‘research policy’ [relative 

to the others, this was a more generic search string but helped in 
establishing the relevance of each theme to Horizon 2020] 

 Frequently cited sources within retrieved literature were also included in the 
review. 

 Trends, drivers and barriers were recorded in a spreadsheet, in addition to 
other relevant information.  

A.1.2.1 Workshop  

A project workshop, organised by the client, was held in Brussels on 19–20 June 2014. There 
were a total of 27 participants, of whom 6 were from the European Commission and the 
remaining 21 were external participants, invited by the client and listed below. Six members 
of the project team also attended the workshop. Five of the ten themes were selected for 
focus in the workshop. These were: 

1. The path towards singularity 
2. The evolution of learning and education  
3. The path towards new economic models 
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4. The prospects of a ‘do-it-yourself’ innovation ecosystem 
5. Governance and policymaking 

Table 11. Work Package 2: Trend analysis – workshop participants       

Name Affiliation 

Dirk Beernaert DG CONNECT, European Commission 

Robin Bourgeois The Global Forum on Agricultural Research, FAO 

Colin Blackman Ceps 

Karel Charvat Wirelessinfo 

Amnon Dekel Shenkar College of Engineering, Design, Art 

Carl Benedikt Frey University of Oxford 

Maarten Goos KU Leuven 

Cristina Gouveia Ydreams 

Ashley Hall Royal College of Art 

Laura Houlgatte Federation of European Publishers 

Zoe de Linde DG CONNECT, European Commission 

Nikolaos Kastrinos DG Research & Innovation, European Commission 

Daniel Kofman Telecom Paristech 

Susanne Kuehrer Skinterconsulting 

Yiannis Laouris Future Worlds Center 

Ajit Maru The Global Forum on Agricultural Research, FAO 

Andreas Lymberis DG CONNECT, European Commission 

Andrej Mertelj Datalab Tehnologije, Slovenia 

Miroslava Naneva DG Research & Innovation, European Commission 

Ana Neves Knowman  

Glória Nunes Rodrigues DG EAC, European Commission 

Jana Katharina Ollmann European Commission Joint Research Centre 

Frédéric Pivetta Real Impact Analytics 

Sagiv Segal Technion – Israel Institute of Technology 

Aikaterini Sylla EMFS 

Manuel Tanger beta-i.pt 

Žiga Turk University of Ljubljana 

  

  

 

On the first day of the workshop, participants, led by facilitators, discussed each theme and 

trends relevant for those themes, as well as connections between the themes. On the second 

day, they discussed European strengths and weaknesses relevant to each theme, as well as 
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opportunities and threats. The project team took notes on the discussions, which were then 

summarised in a document circulated within the project team and shared with the client.  

After the workshop, researchers working on the fives themes covered during the event used 

the workshop summary as an additional source for potentially relevant trends and key 

words. Researchers verified whether there were any topics or trends raised during the 

workshop that had not been identified during their literature review. If they considered these 

missing elements to be relevant for the trends analysis, they revised their searches to include 

them.  

A.1.2.2 Key informant interviews  

In the key informant interviewees, we aimed to (i) validate findings from the literature about 

emerging trends within each theme and (ii) explore those trends more deeply in order to 

understand their potential impact. To validate findings from the literature, we asked 

interviewees for their perspective about developments taking place within their theme of 

expertise. To further explore the trends, we asked interviewees for their views on trend 

drivers and barriers, and on potential positive outcomes and risks relating to the trends. We 

also asked for ideas about policy actions that could help encourage positive outcomes and 

reduce negative ones. This approach was loosely based on questions on the ‘7 Questions’ 

approach outlined in the UK Government Office for Science Futures Toolkit.292  

We conducted a total of 34 interviews during the course of the project, each lasting around 

one hour, and we interviewed two to five key informants for each theme. Interviewees were 

selected on the basis of their prior involvement in research, business or policymaking related 

to the theme topics. A total of 4 of the 34 interviewees were approached based on a 

suggestion from the client, DG CONNECT. The decision to approach these individuals was 

made on the basis that they have all been involved in European government programmes 

(two as staff members of the European Commission) and so were well-positioned to provide 

input to our study that could help our findings align with and relate to existing client 

activities and priorities. To maintain independence and obtain a range of viewpoints, we 

ensured that we also spoke to other interviewees (not suggested by the client) for each theme 

that included suggested interviewees. For the three themes relevant to this situation, client-

suggested interviewees made up two out of five, one out of three, and one out of two of the 

total interviewees.  

Comments from these interviewees were incorporated in the trend analysis reports. In some 

cases, ideas from interviews were used also to inform the SWOT and scenarios work 

packages.  

Every interviewee agreed to be acknowledged by name in an appendix to this report, and that 

we would not attribute specific comments to individuals in the report. The list of 

interviewees is presented below, followed by the interview protocol.   

                                                        

292 UK GO Science. 2014. Futures toolkit for policy-makers and analysts. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/328069/Futures_
Toolkit_beta.pdf. 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/328069/Futures_Toolkit_beta.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/328069/Futures_Toolkit_beta.pdf
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Table 12. Work Package 2: Trend analysis – interviewees        

Name Affiliation 

Ulrich Adam and Ivo Hostens CEMA European Agricultural Machinery, Belgium 

Len Annetta 
Center for Restructuring Education in Science and Technology, 

George Mason University, USA 

Stuart Armstrong Future of Humanity Institute, Oxford University, UK 

Francesco Avvisati Centre for Educational Research and Innovation, OECD 

Judit Bar-Ilan and Hadas Shema 
Department of Information Science, Bar-Ilan University (JB) and 

the Inter-University Center for E-Learning (HS); Israel 

Darwin Caldwell Italian Institute of Technology, Genoa, Italy 

Jon Crowcroft Computer Laboratory, University of Cambridge, UK 

Amnon Dekel 
Software Engineering Department, Shenkar College of Engineering, 

Design, Art; Israel 

Gilles Dubochet Science Europe, Belgium 

Yves Epelboin UPMC-Sorbonne Universities, France 

Lucas Evers Waag Institute, Netherlands 

Simon Ford Institute for Manufacturing, University of Cambridge, UK 

Maarten Goos Faculty of Economics and Business, KU Leuven, Belgium 

Andew Grant Satalia, UK 

Erico Guizzo IEEE Spectrum, USA 

Ashley Hall Royal College of Art, UK 

Robin Hanson Department of Economics, George Mason University, USA 

Nick Hawes School of Computer Science, University of Birmingham, UK 

Zach Kaplan Inventables, USA 

Marco Marsello 
Inclusion, Skills and Youth Unit, DG CONNECT, European 

Commission 

Ajit Maru and Mark Holderness 
The Global Forum on Agricultural Research, Food and Agriculture 

Organization of the UN, Italy 

Andrej Mertelj Datalab Tehnologije, Slovenia 

Luke Muehlhauser Machine Intelligence Research Institute, USA 

Irene Ng 
International Institute for Product and Service Innovation at WMG, 

Warwick University, UK 

Michael Niebel DG CONNECT, European Commission 

Margherita Pagani EMLYON Business School, France and Bocconi University, Italy 

Stephen Pattison ARM Holdings, UK 

Frank Piller MIT Smart Customisation Group/RWTH Aachen University 

Fabrizio Sestini DG CONNECT, European Commission 

François Taddei 
Center for Research and Interdisciplinarity (CRI); Université Paris 

Descartes, France   

Chris Yapp Independent consultant on technology and futures thinking, UK 
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Semi-structured interview protocol for key informant interviews 

Study context 

Our team has been contracted by the European Commission’s Directorate General for 

Communications Networks, Content and Technology (DG CONNECT) to analyse, using a 

foresight approach, a set of topics relevant for Horizon 2020, the EU’s research and 

innovation funding programme for 2014–2020. To do this analysis, we are identifying and 

evaluating the implications of likely and foreseeable ICT developments, and of alternative 

(not necessarily ICT-related) developments.  

The topics we are looking at are: the consumer Internet economy, emerging economic 

models, human-machine convergence and artificial intelligence, ICTs in education, the 

Internet of Things, ‘do-it-yourself’ innovation, robotics, digital agriculture, and the 

implications of technology for art, science and governance.  

Our project team is made up of researchers who work at RAND Europe (a research 

organisation based in Cambridge UK and Brussels), Horizon Scanning Ltd (a startup based 

in London that advises on future strategies), the Institute for European Studies at the Vrije 

Universiteit Brussel (an academic centre focused on European affairs and policies), and 21C 

(an ICT innovation consultancy).  

The purpose of the interview is to (i) explore trends in more depth that we have identified 

through literature review and through discussions in a workshop hosted by the European 

Commission in June 2014; and (ii) tease out relationships between trends and drivers of 

changes across domains.  

Interview time: 45–60 minutes.  

 

Confidentiality 

A1. Would you like to conduct this interview under the Chatham House Rule? [Y/N] 

As a default option, the study team will name interviewees in the acknowledgement section 

of the report (optional), but will not identify names or affiliations of sources quoted in the 

report.  

Formalities: Our procedure with these interviews is to make written notes while we talk, and 

also record the interviews to use only for our own reference in the research team while we 

are doing the study. After the interview, we’ll share our notes with you so that you can check 

that we have captured what you wanted to say accurately and there haven’t been any 

misunderstandings, and we’ll delete the recordings after the project ends.  

A2. Any other questions before we start? 

 

Profile 

B1. What is your current position?  

B2. I would like to ask you some questions about theme X. Could you tell me how you have 

been involved in this field – through your current role or other activities?  

B3. How many years have you been doing these activities? 

B4. Where are you located? 
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- Public sector, private sector, citizens/consumer/academia 
- Country/region 

 
B5. Familiarity with EU research framework programmes. Have you been or are you 

currently involved in European framework programmes (such as FP7 or H2020), either in 

designing programmes or applying for funding? How?  

B5i. Do you have plans to be involved in Horizon 2020 in future? How? 

 

Body 

C1. What do you think are the main ways that digital technology is impacting theme 

X?  

C1i. What are other important developments (not related to digital technology) for 

theme X?  

C2. What are the driving forces for these trends (of how digital technology is affecting 

theme X)? 

 C2. What are the driving forces for these trends (of other developments affecting 

theme X)? 

C3. How does the situation vary across the EU and/or in different parts of the world? 

C4. Looking forward 10–20 years, what do you see as some desirable outcomes or 

developments that could happen in theme X or more widely (and how would digital 

technology or ICT play a role)?  

C4i. What would be barriers preventing these desirable future outcomes?  

C5. Looking forward 10–20 years, what would you worry about in terms of potential 

future outcomes within theme X or more widely (and how would digital technology or ICT 

play a role)? 

C6. What do you think are important policy actions to take to help bring about a desirable 

future in this area and reduce the chance of these negative outcomes? 

C7. What do you see as the biggest areas of uncertainty for the future in theme X (and how 

would digital technology or ICT play a role)? 

C8. Can you think of any events or types of events that would be unlikely to happen but 

would have a big impact on theme X?   

C9–C12: Optional section, time allowing, on the overall list of themes:  

C9: What do you believe are the top three themes (from our list) that are likely to have the 

greatest positive impact on the way Europeans live and work in the next five years? Why?  

C10: What do you believe are the top three themes (from our list) that are likely to have 

the greatest negative impact on the way Europeans live and work in the next five years? 

Why?  

C11: What are the top three things that you think European policymakers, and the European 

Commission in particular, should do to realise the positive impacts? What role does 

H2020 play?  

C12: What are the top three things that you think policymakers should do to mitigate 

against the negative impacts? What role does H2020 play?  
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Wrap-up 

D1. Are there any [other] important projects, data sources or people we should be 

aware of for theme X?  

D2. Is there anything else you would like to add that we haven’t discussed? 

 

A.2  SWOT 

Our SWOT exercise aimed to arrive at a mapping of the strategic landscape around the ICT-

driven challenges for Horizon 2020. We saw SWOT analyses as a way to summarise the 

strong and weak points of an intervention or of an organisation, as well as opportunities and 

threats originating from the environment. Roughly: 

 Strengths are good things in the present (capabilities or competencies) – specifically 

things we would like European technology research stakeholders to do, which they 

are capable of doing as well as (or better than) global competitors and which can be 

influenced by European STI policy  

 Weaknesses are bad things in the present (limitations, inadequacies, gaps, etc.) – in 

other words, things that we don’t want European technology research stakeholders to 

do or things that they are unable to do, which can be influenced by European STI 

policy 

 Opportunities are good things that could come about in the future – in other words, 

things that European technology research stakeholders should attempt, but whose 

success is only indirectly influenced by EU STI policy 

 Threats are bad things that could happen in the future – in other words, things that 

European technology research stakeholders shouldn’t do or should guard against, 

and that EU STI policy cannot prevent or directly mitigate. 

 

The SWOT analysis is limited to the period 2007–2014 (i.e. running in parallel with FP7 and 

the first H2020 calls), in order to provide a manageable framework. The time limitation 

serves to focus on recent developments in the field, and also allows for some sense of 

contiguity between FP7 and H2020. 

This part of the study builds upon the activities carried out in the trend analyses for the ten 

selected themes. The scenario exercise also informed the construction of the SWOTs. In 

addition, several different evidence bases have been used to formulate our findings. The 

methods used to curate these evidence bases are described briefly below. 

 

A.2.1  Workshop  

A workshop was organised by the European Commission services on 19–20 June, where 

discussions contributed to an initial set of SWOTS for the ten themes. These SWOTs 
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inspired, and formed one of the bases for the textual analyses that are now present in the 

final report. 

  

A.2.2 Interviews 

Interviews were used as a principal source of information for the SWOT exercise. 

Interviewees were selected through a process that attempted to uncover a wide range of 

experience both within the European Commission and outside the sphere of EU research 

programming. Attention was paid to gathering input from voices outside of the traditional 

stakeholders deeply involved in EU research programmes, in order to try to seek new 

insights for programming activities. Ten interviews took place. These interviews followed a 

protocol specially constructed for the purpose of identifying key strengths and weaknesses in 

the EU research and industry stakeholder base of these ten themes. Furthermore, during the 

interview process for the trend analyses, experts were asked to consider strengths and 

weaknesses in their specific themes (a question was included in the interview protocol to this 

end). Several insights were gathered from those interviews, and have been incorporated into 

the SWOT exercise. The list of interviewees is presented below. 

 

Table 13. Work Package 3: SWOT analysis – Interviewees        

Name Affiliation 

Katja Ahola 

Ralph Dum 

Sami Kazi 

Richard Kerby 

Joseba Laka 

Ilari Lindy 

Bill McCluggage 

Bjørn Skjellaug 

Andrew Stott  

 
Peteris Zilgalvis 

Tekes, Helsinki, Finland 

European Commission, DG CONNECT 

VTT, Helsinki, Finland 

United Nations Development Programme, Washington DC, USA 

Tecnalia, San Sebastian, Spain 

World Bank, Washington DC, USA 

Former Irish Government CIO, Republic of Ireland, Dublin, Ireland 

SINTEF, Trondheim, Norway 

Former Deputy CIO of the United Kingdom and Former Senior Civil 

Servant, Kent, UK 

European Commission, DG CONNECT 

A.2.3 Proxies (occasionally) used in the development of the SWOTs 

First, in order to map out the current situation in these themes, the team resorted to an 

examination of FP7/H2020 work programmes concerning the specific time period under 

study. We used these texts to identify areas where research has been prioritised in the 

European context in the past, and supplemented this with analysis of the interim impact 

assessments and evaluations of FP7 (and especially the FP7-ICT programme). While we fully 

understand that the link between research prioritisation and research strength is tenuous, 

we believe that this is a useful indicator to help identify previous attention to a topic. It is 

contested: the causality implicit from prioritisation to strength is difficult to identify, and 
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may in fact at points be misleading: therefore careful checking with interview sources, 

European Commission reports (see below for a list), and cross-checking with secondary 

literature took place. Another proxy that may have been equally informative would have been 

amounts of funding spent on these themes; however, given the resource limitations of the 

study, these data were too difficult to obtain. 

Another proxy occasionally used is publication data gathered from the Web of Science. A 

search was performed for specific keywords (identified in the following section) for articles 

published between 2007 and 2014.
293

 The search was further refined to identify the location 

(country/territory) of the author(s) of these papers. The resulting data show the relative 

scientific output from countries around the world, which allows us to identify the ‘strength’ 

of European actors in the theme. Furthermore, the data were then also refined further to 

identify publications where note was made of involvement of an EU funding agency. This 

‘rough’ proxy is heavily dependent upon authors identifying EU funding as contributing to 

the output, and is therefore not entirely foolproof, although often this is entered into the 

database as a requirement for reporting on the specific projects.  

A.2.4 Literature and trend analyses 

Opportunities and threats have been derived from the trend analyses, the impact 

assessments of FP7(-ICT), and readings of relevant highly cited literature in the field, as 

identified by Google Scholar, JSTOR, Sciencedirect, and Web of Science searches. 

The exercise is driven by an analysis of the following core EU documents: 

 European Commission 2009. Europe’s digital competitiveness report. Main 

achievements of the i2010 strategy 2005–2009. Brussels: COM(2009) 390 final. 

 European Commission 2011. IMPACT ASSESSMENT Accompanying the 

Communication from the Commission ‘Horizon 2020 – The Framework 

Programme for Research and Innovation.’ Brussels: SEC 2011, 1427 final. 

 Rolf Annerberg et al. 2010. Interim Evaluation of the Seventh Framework 

Programme: Report of the Expert Group. Brussels. 

 Alain Bravo et al. 2010 Catalysing European Competitiveness in a Globalising 

World: Panel Report of FP7-ICT Interim Evaluation. Brussels: Ares 2010, 828640. 

 ISTAG 2012. Towards Horizon 2020: Recommendations of ISTAG on FP7 ICT Work 

Program 2013. Brussels: European Commission. 

 ISTAG 2011. Orientations for EU ICT R&D & Innovation beyond 2013. Brussels: 

European Commission. Available from: 

http://cordis.europa.eu/fp7/ict/istag/documents/istag_key_recommendations_bey

ond_2013_full.pdf 

 All FP7-ICT Work Programme texts, and Horizon 2020 ICT Work Programme texts. 
 

                                                        

293 It should be noted that this is also not a precise exercise. Although efforts were made to ensure the 
topic was as accurate as possible, it is inevitable that some results emerging from the Web of Science 
search may have been unrelated to the desired search. 
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A.2.5 Keywords used for Web of Science searches 

All searches were carried out on ‘Articles’ with date restrictions from 2007 to 2014. As stated 

above, an additional search refining these initial sets was carried out to identify articles 

where the EU was noted as a funding body. Variants of ‘EU’ (European Union, EEC, ERC, 

FP7 and so on) were added together to calculate a total. 

 

Theme 1: Singularity 

Topic (TS) = singularity OR human-enhanc* technolog* OR human-machine converg* OR 

cyber-physical syste* OR artificial intelligence 

Theme 2: Emerging consumer Internet economy 

Topic = co-creation OR hyper-connectivity OR big data 

Theme 3: Evolution of learning and education 

Topic = education AND (ICT OR technolog* OR digita*) 

Theme 4: Path towards new economic models 

Topic = new economic mode* AND (ICT OR technolog* OR digita*) 

Theme 5: Evolution of the web’s architecture 

Topic = web architecture OR Internet of Things 

Theme 6: Prospects of a ‘do-it-yourself’ innovation ecosystem 

Topic = open innovation OR open hardware OR open software OR 3D printing 

Theme 7: Societal and economic impacts of robotics 

Topic = robotics 

Theme 8: Digital agriculture and food 

Topic = agriculture AND (ICT OR technolog* OR digita*) 

Theme 9: Digital art and science 

Topic = (art AND science) OR citizen-science 

Theme 10: Governance and policymaking 

Topic = Governance AND policy-making OR policymaking 

 

A.3 Scenarios 

Scenarios have been employed by many organisations, public and private, small and large, 

around the world. The approach we used in this project is the scenario axis method 

elaborated by Peter Schwartz.294 Pioneered by Royal Dutch Shell in the 1970s, it is now 

widely used in public organisations as well as in the private sector.  

Scenarios are useful tools for raising awareness and shedding new light on current strategic 

debates. Multiple scenarios can also be used to test policy options for robustness: if an option 

appears to be effective in several highly different scenarios, it is likely to be robust in the 

                                                        

294 Schwartz, 1991; Van der Heiden, 1996. 
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range of plausible futures spanned by the scenario dimensions. For options that are not 

robust, it is important to understand the circumstances under which they are not effective. 

Scenario thinking aims to identify new developments, risks or impacts that might otherwise 

have been missed. It is a means of stimulating more informed and deeper conversations 

about the future direction of a certain policy area. Building scenarios is therefore an exercise 

in both discipline and creativity. Discipline is needed to structure the set of scenarios so that 

they reflect the issues requiring exploration in a coherent and plausible way. Creativity is 

needed to flesh out the scenarios and bring them to life, so that the reader can picture 

different futures and react to them. .  

Each scenario describes aspects of one plausible future relevant to the topic of interest. 

Several scenarios spanning a range of possibilities are constructed to cover a range of 

futures. 

Probabilities are not usually attached to the futures represented by the scenarios. When used 

for engaging decision makers, they typically have a qualitative, not quantitative character. 

Scenarios do not tell us what will happen in the future; rather they tell us a story of what 

could (plausibly) happen and invite us to explore the implications. 

Scenarios are used to help identify options that might move us towards the realisation of 

hoped-for outcomes, minimise the risk of unwelcome impacts and secure the willing and 

helpful participation of key participants. 

The approach we have taken to developing scenarios in this project is as follows:  

Step 1: Specify the system and define the outcomes of interest 

Step 2: Identify external factors driving changes in the system 

Step 3: Identify system changes, connections between these factors and system  

changes and how the changes affect the outcomes of interest 

Step 4: Categorise the uncertainty of the factors and system changes 

Step 5: Assess the relevance of the uncertain factors and system changes 

Step 6: Select a small number of highly uncertain factors with high impact on the 

outcomes of interest 

Step 7: Identify relevant positions on these dimensions for a small number of scenarios 

Step 8: Describe other attributes for each scenario 

 

 


