
|FARQUEST  A foresight activity on research in quantum information science and European strategy development 
 
 

 
 

1 Scientific context 
Quantum Information has been a topic for research and development for several decades. Based 
upon fundamental first principles of quantum physics new technologies emerged, some of which 
have already achieved a state of innovative maturity that allows for commercial exploitation. 
Systems for Quantum Key Exchange as well as Quantum Random Number Generators can 
nowadays be bought off the shelf. Other technologies still inside research laboratories such as 
Quantum Computers are promising candidates for completely novel products and services in the 
future. 

Scientific progress has deepened our understanding and revealed learned substantial new 
knowledge and insight about processes in the microscopic world ruled by quantum laws. 
Experience has been gathering on how to handle entire quantum systems and how to carry out 
measurements on it. The knowledge base has been increased significantly during the last few 
years and lead to the technological developments mentioned above. But the gained knowledge 
and the experiences made might as well be useful for other scientific and technological areas. 
Indeed, it might influence research and development in many different fields leading to completely 
new approaches that make use of hybrid (classical, quantum) information systems. 

At the moment we do not know exactly where the most promising fields for synergy between 
quantum information and other disciplines might be, but we might want to start talking to and 
engaging other scientific communities to identify possible candidates now. 

2 Goal and objectives 
The Forward Look FARQUEST is a prospective analysis (or “foresight” process) devoted to 
quantum information science and technology (QIS&T), with the ultimate goal to synthesise 
scenarios of future developments of QIS&T cross-disciplinary fields, which cannot yet be 
thoroughly quantified, as well as to raise the awareness of the current and future potential of 
quantum information and its technologies. Such future developments are plausible but uncertain; 
still they can be meaningfully anticipated, pictured, and narrated in terms of assumed cause-
consequence relationships – based on inevitable, predictable, or uncertain but plausible/possible 
events or trends and the driving forces (‘drivers’) behind them –, including measures for their 
realization and impacts of their consequences.  

The value of foresight lies  

• Providing a suitable process-oriented methodology to reach beyond the state of the art or 
already forecasted (facts & figures) roadmaps and beyond individual envisioning, through a 
participative process and the involvement of different stakeholders. 
• Deriving strategic knowledge for orientation and to come to better informed decision making 
for policies needed for shaping a desired future. 

To this end, FARQUEST builds on joint expertise, insight, dialogue and integrative stakeholder 
processes to envision the outcome of cross-disciplinary fields nurtured in academic contexts, 
places of higher education, or science-based businesses. What new quality and problem-solving 
innovations might emerge from QIS&T cross-disciplinary fields?  

The main objectives of FARQUEST are: 

• Identify the context, features, trends, and influencing forces which affect research, 
businesses, and the society. 
• Systematically obtain projections of anticipated futures of the influence of quantum 
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information in yet unaddressed areas of high utilization, with the focus on cross-disciplinary topics. 
• Assess the impact and future potential of such ‘story lines’ for orientation and prioritization of European science policy to shape 
the future, including signals to monitor.    

FARQUEST takes an about 10-year horizon on selected research fronts originating at cross-roads of QIS&T with, e.g., solid state 
physics, laser physics, optics, material science, supra-conductivity, semi-conductors; electronics, mathematics; or biophysics, 
biology (life sciences), or hard- and software (traditional IT). Members of the scientific community having a stake in FARQUEST 
are theoretical, pure and applied scientific researchers and engineers driving or having a keen interest in advancing QIS&T, 
European science policy and law makers as well as national and regional funding bodies; and  
This in a larger context, the project serves to strengthens links between science and science policy making, with a focus on the role 
of the ESF.  
 

 

3 Project outline  
3.1 Tasks, purpose, and activities 
FARQUEST is structured in four phases:  
(1) The Preparatory Phase with the Scoping Workshop as core activity. In the Scoping Workshop, invited key scientists and 
opinion leaders in the field of QUIS&T will identify 2 or 3 relevant cross-disciplinary fields to explore in the course of the Forward 
Look. This exploration and selection work will be supported by a bibliometric analysis (science mapping exercise) undertaken by 
AIT. Moreover, the participants will set-up working groups and define the working structure (chairs, members, etc.) as well as the 
coordination mechanisms. 
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Scheme 1: Graphical representation of FARQUEST main activities, cossesponding tasks, and facilitator role of AIT.
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 (2) The Working-group Phase will see interdisciplinary working groups elaborate the pre-selected cross-section fields in more 
detail. The workshops will be facilitated by AIT.   
(3) In the Synthesis and scenario Phase, framework scenarios will be derived (by AIT), based on a meta-analysis of the results of 
phase 2. In a scenario-building workshops, future visions will be elaborated along ‘story-lines’, including drivers, trends and trend 
breaks, etc. A draft report on the outcomes will be prepared (by AIT) and first conclusions for future actions to be taken. 
(4) In the Dissemination Phase, a consensus conference with participation of stakeholders from the science and science policy-
making communities will provide structured feedback on the scenarios and discuss recommendations. Finally, an Information Day 
will be organized to disseminate the finalized results to a broader constituency of stakeholders.  
 

 
 

3.2 Expected results  
Expected results of FARQUEST fall into several categories.  
• It raises the pointed awareness among the broader scientific community, R&D in science and technology-based businesses as 
well as funding bodies about the plausible future advancements, implications and impact of QIS&T in several dimensions.  
• It provides orientation for directing science policy at the national and European level. QIS&T is positioned to draw from 
scientific experts and stakeholder groups from both academia and industry, and consequently a joint undertaking will increase the 
quality of the Forward Look, with strengthening links between university and other research. 
• European scientists at various stages in their career development can focus on important, unaddressed, and highly utilizable 
research topics and needs (with added social surplus dimension), centred on their own fields or a cross-disciplinary involvement of 

Scheme 2: Graphical representation of the FARQUEST management structure.
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basic and applied QIS&T. The conducted research holds higher potential to make significant contributions for science & 
technological innovation, with incentives to tackle high-impact/high-reward studies, and thereby gain individual recognition 
among peers. It highlights common objectives, perceived needs for collaboration within and between stakeholder groups, and it 
strengthens the European network and networking opportunities in the fields related to QIS&T. 
• Commercialized R&D is enabled to focus with increased effectiveness and efficiency on early stage movements of about-to-
become real technological paths, by building on joint efforts with academic research, finding standardizations, research aligned 
science business development, and deeper embedding of the value chain. 
• Funding bodies obtain practical orientation knowledge and recommendations for action about the high-end science and 
technological field of QIST, by being provided results that can be linked to the science policy discourse, optimize the set of possible 
policy instruments for research, and eventually new science policy. FARQUEST fosters the collaboration between different national 
organisations with a stake in QIS&T and provides direct contact to existing networks in the scientific and science-based business 
community. 
 

 
 

4 Methodological background 
4.1 Scientometrics 
Experts in science and technology research are invited on the basis of  

(1) Surveys of authors publishing in the realm of QIS&T as well cross-disciplinary fields 
(2) Recommendations made by the scientific community.  
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In FARQUEST, there is technical support for the identification of topics as well as for the selection of people conducting research in 
QIS&T or cross-disciplinary fields by means of a bibliometric (“science mapping”) approach. To this end, publicly available and 
licensed databases (Web of Science, INSPEC, PubMed, etc.) are queried according to a keyword-based Boolean-type search 
strategy to draw articles with matches to the search key published between the years and including 2000 to 2010.  

Retrieved articles and their interdependencies in terms of authors, article keywords and/or article references are abstracted and 
mathematically conceptualized as nodes and links in a two-dimensional deterministic network structure; two nodes are in proximity 
if they share more (e.g., authors, keywords, or references) in common than distal nodes. The node-specific and overall network 
topology allows for the identification and visualization of distinct research fronts in conjunction with authors and article information. 
The FARQUEST core team at the AIT carried out an exemplary search for publication matching “quantum information”, “quantum 
science” or “quantum processes” and mapped the resulting scientific landscape (see Figure 2). Several results will be discussed to 
illustrate the support value of such automated and objective searches, in addition to other ways to identify key opinion leaders and 
other stakeholders. 
 

 

4.2 Foresight  
Foresight is a process consisting of various methods, going beyond predictive approaches and envisioning a longer term 
development, often 10 years and longer. It combines expert-led advice with participatory elements, including from experts of other 
kind and lay people, and the notion of shaping the future according to society’s needs on the one hand and the structural feasibility 
on the other hand. Foresight is often a top-down approach, e.g., commissioned by ministries, directorates general or similar 
authorities at the political or other decision-making levels. In foresight processes today, the future is not to be predicted, but to be 
socially constructed. The foresight approach involves intense interactive periods of open reflection, consultation, discussion that are 

Scheme 4: General structure for arriving at recommendations.
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leading to the joint refining of future visions and the common ownership of strategies. The EU High-Level Expert Group (HLEG ) 
has defined foresight as “a systematic, participatory, future intelligence gathering and medium-to long-term vision-building process 
aimed at present-day decisions and mobilizing joint actions” (HLEG-Report, 2002). Foresight is not about predicting or 
extrapolating the future; rather it is about plausible alternative futures and tackling possible policy options, alternative views and a 
plurality of choices. Aside from finding a consensus for particular policy recommendations that derive from intense discussions, 
foresight should give minorities the option to speak out publicly and to be heard. There can be controversial discussion on topics 
and diverging scenarios of future developments. In fact, creativity can evolve when different or even contradictory perspectives are 
put to the fore. Foresight outputs can benefit tremendously from this type of creativity. 

Some foresight activities involve the participation of experts, civil society representatives, NGOs, etc. It is noteworthy that these 
formats usually create more public attention than others that use more methods of classical qualitative scientific methods, for 
example, desk research, expert interviews, semi-quantitative methods such as Delphi surveys, as well as quantitative methods, 
including modeling and simulation. 

5 Project stakeholders  
5.1 Scientific community 
The European scientific community regarding quantum information is well-known and structured. The number of topics covered by 
the term “quantum information” is however manifold: such as quantum computing, entanglement, or quantum dots, to name but a 
few. But within FARQUEST we want to extend the targeted community to scientists of other disciplines that might benefit from the 
quantum information community and its achievements during the last decades. 

5.2 Facilitator – Austrian Institute of Technology (AIT) 
AIT is Austria’s largest non-profit applied research institution, equally owned by the Austrian government and a group of industrial 
partners. Originally founded as a division of the AIT in 1989, the Department of Foresight & Policy Development (today) became a 
separate legal entity and a 100% affiliate of the AIT in the year 2003. It is centrally located in Vienna.  

Today, Foresight & Policy Development consists of five thematically organized internal departments: Technology Management, 
Technology Policy, Technology Transfer, Regional Studies, and Environmental Planning. It has about 50 employees, most of which 
is scientific personnel with overall broad backgrounds ranging from socio-economics, social and political sciences to electrical and 
chemical engineering, physics, or mathematics.  

Main research activities include, for instance:  

• Innovation studies, with a focus on the systemic analysis of sectoral, regional, national & international innovation systems 
• strategy consulting for educational & corporate organizations, with the focus on foresight & socio-technological scenarios 
• Design & evaluation of concepts, strategies, programmes & instruments for science, technology, & innovation policies; 
• Innovation & knowledge management in public & private organisations 
• Development of scientific indicators, tools for bibliometric and science & technology monitoring.  

Foresight & Policy Development also draws on the expertise of the AIT as a whole, with over 900 employees conducting research 
in advanced information technology, materials and the life (health) sciences, as well as mobility, energy and transport. It seeks 
multi-disciplinary research with a focus on the systemic analysis of scientific, social, economic, and ecological systems. In this role, 
Foresight & Policy Development is supporting national and international science, technology, innovation, and environmental 
policies in their strategic orientation. As such, it not only constitutes a node in national and international research networks, but 
does make significant contributions to the development of both educational and corporate strategy development.  

5.3 Project management – European Science Foundation (ESF) 
Established in 1974, the European Science Foundation (ESF) is an association of 79 member organizations devoted to scientific 
research across 30 European countries. It coordinates a wide-range of pan-European scientific initiatives. Its core purpose is to 
promote high quality science at a European level. The ESF is committed to facilitating cooperation and collaboration in European 
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science.  This cross-border activity combines both 'top-down' and 'bottom-up' approaches in the long-term development of science. 
The ESF provides scientific leadership through its networking expertise and by ensuring a European added-value to all of its 
initiatives and projects.  

ESF Forward Looks are interactive processes by which scientific challenges and opportunities in fields of basic science are 
explored. They aim to identify needs and opportunities, as well as research agendas, for improved science policies for such fields 
at national and European level. As a flagship activity of ESF’s strategic arm, they enable Europe’s scientific community, in 
interaction with policy makers, to develop medium to long-term views and analyses of future research developments. Forward 
Looks are driven by ESF’s Member Organizations and, by extension, the European research community. Quality assurance 
mechanisms, based on peer review where appropriate, are applied at every stage of the development and delivery of a Forward 
Look to ensure its quality and impact. 
 
 


