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This report summarises the presentations and discussions from a showcase and workshop, held at 
Imperial College, London on October 28th, 2019. The event was run by the National Quantum In-
formation Technologies Hub to present findings in Responsible Innovation
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Introduction

The Showcase and Workshop on Responsible Innovation in the Networked Quantum Information 
Technologies Hub (NQIT) was held on October 28th, 2019, at Imperial College, London. The workshop 
brought together researchers, industry leaders and policy-makers to discuss the progress made in 
quantum computing and the associated ethical and social considerations that these raise. The occasion 
marked the end of Responsible Innovation in the first phase of the UK National Quantum Technologies 
programme and, in particular, in the NQIT Hub.

The programme consisted of three sessions of presentations, each followed by a round table of questions 
and discussion from participants. The first session provided an introduction to responsible innovation in 
the context of the work done by NQIT in its first phase. The second session gave participants an overview 
of the state of quantum technology at present, and some of the potential applications. The third and 
final session examined the policy implications, opportunities and concerns for the future of innovation in 
quantum computing.

Some recurring themes arose during the discussions following each block of presentations:

• Understanding how best to engage the public and increase their understanding of quantum 
technology was a clear priority for all participants.

• There was an interest in achieving clear definitions of the roles of various stakeholders, including 
industry and government, to work towards achieving that goal.

• While standardisation was desirable and necessary, the current level of uncertainty surrounding 
quantum technology made this process difficult.

• The need and challenge to ensure that responsible innovation remains at the forefront of innovation 
in quantum technologies.



Session 1: Welcome and Introduction

Summary of Presentations

The day began with a welcome from Professor Marina Jirotka, professor of Human Centred Computing 
at the University of Oxford. Professor Jirotka introduced the concepts of responsible innovation (RI), 
outlining how they relate to the research conducted by NQIT.

Professor Jirotka defined responsible innovation as the development of technologies for the good of 
society. Since disruptive technologies such as quantum computers have the capacity to transform 
societies radically and quickly, she emphasised the need for researchers to consciously reflect on the 
motivations for, and the consequences of, their research. While these impacts may be emergent and 
unanticipated, embedding RI practices into the early stages of the research process serves to manage 
these risks and temper potential backlash. 

Professor Jirotka spoke also of the recognised need for improved pathways between researchers and 
policy-makers, as well as a greater focus on reciprocal public dialogue. The most instructive findings 
from Kantar Public’s two-stage public engagement workshop were that the public had a mostly neutral 
perception of quantum technologies, due to a lack of familiarity with the science, and that the largest 
concern was uneven access to these technologies. Professor Jirotka concluded her talk with some thought-
provoking questions: What are the implications of the social regulation of quantum technologies? How 
will the power imbalanced between the state, or corporations, and individuals be mitigated? Is access 
control to quantum technologies possible, and should it be?

Dr. Philip Inglesant, from the Human Centred Computing group at the University of Oxford, followed with 
an overview of the work being done to understand responsible innovation in the context of the quantum 
computing research undertaken by NQIT. 

Although we have achieved greater understanding of the uses and applications of quantum computers, 
Dr. Inglesant cautioned that there would still be unanticipated social transformations. He gave two case 
studies that would assist in preparing for these eventualities: defence and security, and machine learning. 
The former case provides a contained, well-regulated environment to consider the social effects of new 
technologies, while remaining applicable to other contexts. The latter serves to highlight the uncertainties 
remaining in the research community, as there is still debate over how effective quantum machine learning 
will actually be Dr. Inglesant finished with a discussion of the oft-quoted idea of “quantum supremacy”, 
noting that progress is being made more rapidly than we may expect.

To finish the first session, Professor Robin Williams, professor of Social Research on Technology at 
the University of Edinburgh, spoke about the issues that arise in embedding RI into the early stages 
of technology development. The Collingridge dilemma, that the impacts of technology are difficult 
to predict before it is in use but that control is difficult once the technology is integrated in society, 
becomes central to early discussions of what the desired outcomes for new technologies are. In response, 
researchers using RI must be considerate of the potential future impacts arising from their choices and 
what values they might be embedding into the technology. 

Professor Williams highlighted two main issues that may arise with RI. Firstly, there are difficulties in 
anticipating innovation trajectories, particularly if based solely on ‘visions’ without supporting evidence. 
Researchers must be conscious of whether they are engaging with hype or facts. The second issue is 
that certain RI principles are specific to certain technological fields and it is unclear whether these are 
transferrable. However, since quantum computers can be seen as both a discrete technology and as 
pervasive capability, similar to AI, there may be lessons to learn from the work of AI innovators. The 
rhetoric around “quantum supremacy” echoes earlier discourses of “supremacy” of one technology over 
another.



Finally, Professor Williams gave a three-step framework for embedding RI into technology development. 
Begin by anticipating and reflecting on the consequences of the technology, then engage with the public 
and relevant communities before finally acting to influence the trajectory of innovation, including the 
final applications of the technology.

Questions and Discussion

This discussion focussed on the ways in which responsible innovation can be embedded in academic 
communities, and how public perception affects the innovation process.

A participant raised the question of how RI can be effectively employed in the context of quantum 
computing, a technology of global impact, given that cultural attitudes to issues such as data privacy 
vary so widely across the globe. The panel agreed that these differences should be embraced, rather 
than ignored. People will respond to those values that have been embedded in their societies and this is 
reflected in their attitudes to new technologies. The attitude towards privacy in China was used as an 
example. The panel also acknowledged that the tools researchers and policy makers use to articulate the 
threats and benefits of new technology are asymmetrically developed in favour of constraint. The social 
contract surrounding the use of data should move from an absolute dichotomy between risk and no risk, 
to a spectrum balancing risk and benefit to the community. 

This raised the question of whether researchers have an obligation to combat and correct public 
misconceptions and misrepresentations surrounding quantum technology. The panel noted that, 
particularly for social scientists, there is difficulty in deciding how much information to provide without 
framing the discussion for participants. They stressed the requirement for free-flowing dialogue between 
practitioners (of disruptive technology) and those tasked with engaging with the public, to avoid over-
hyping both the positives and negatives. The traditional “Trust me, I’m a scientist” approach is no longer 
sufficient in the context of RI.

A participant queried why RI is not a primary focus of the second phase of the quantum computing Hub, 
despite the fact that there is clear support from the Hub. In fact there will be RI in the next phase of the Hub, 
but with fewer resources. It was suggested that one reason for this is a reticence in making RI mandatory, 
and a concern with reducing it to a tick-box exercise. The ideal scenario would see researchers engaging 
with the principles of RI under their own initiative and encouraging its uptake in the wider community. 
However, it was pointed out that solely creating awareness off RI, without effectively resource activities, 
may not be effective in achieving this.

The discussion then turned to alternative methods for embedding RI in academic communities. It was 
suggested that the existing ethical bodies in universities could drive the implementation, but again the 
danger of RI becoming a tick-the-box exercise was raised. There is an evident need for balance between 
ethics-by design, a process that embeds use cases into the design process of technology, and pro-
ethical design, which places more responsibility on the end user. However, the panel suggested that the 
community’s current approach to ethics is built around a fallacious understanding of the relationship 
between designed artefacts and the way technology is actually used; traditional ethics, as developed 
from a model in medical research, is insufficient. Once again, the need for effective dialogue and 
engagement with practitioners, policy makers and end-users was highlighted as imperative for a holistic 
ethical framework.

With the question of how to engage responsibly with stakeholders came the question of identifying 
groups of stakeholders. A participant spoke of the dangers of having fear and greed as primary motivators 
behind important policy decisions, particularly regarding technology. No one wants to get left behind in 
the “arms race” of technological development, which could result in poor distribution of funding. There 
was a general consensus that applying more pressure to researchers to adopt RI, along with an assessment 
framework, could be an effective way to mitigate this. 



Session 2: Setting the Scene

Summary of Presentations

The second session of presentations focussed on the current capabilities and applications of quantum 
computing.

Professor Elham Kashefi, from the University of Edinburgh, began by debunking some common myths 
about quantum computers, with a focus on applications to cyber security. While quantum technology is 
disruptive to the security of communications, it also gives rise to new opportunities. Professor Kashefi 
predicted that the future of communication and computation networks would be a hybrid network of 
classical and quantum links between devices, boosting efficiency and security, rather than quantum 
replacing classical. 

Secondly, Professor Kashefi outlined some immediate research challenges in quantum computing. “Post-
quantum cryptography” may provide methods of encryption that are secure against known attacks 
by quantum computing, but they also raise new questions: there is a need for more confidence and 
standardisation of security schemes, as well as further work in quantum cryptanalysis. For quantum-
enhanced cryptography, such as quantum key distribution, there is remaining work to be done in mitigating 
implementation vulnerabilities and device dependencies. Proving the level of security is a theoretical and 
practical challenge; “rewinding” techniques used to analyse security in classical cryptography cannot 
be used with quantum. Finally, the scalability of quantum-enabled technology such as quantum cloud 
services requires more research. It is interesting that this is, in a way, a return to client-server computing 
– but quantum offers new and highly secure ways to do this.

Professor Ian Walmsley, the Director of NQIT and Provost of Imperial College, followed with a discussion 
of the applications of quantum computing, including encryption, pharmaceutical modelling, big data 
analytics and logistics. One of the major challenges moving forward is to develop engineering and 
manufacturing capabilities such that laboratory prototypes can be scaled up. He outlined some of the 
architectures, such as ion traps and superconducting, which are being actively investigated as potential 
foundations for quantum computing. Professor Walmsley additionally noted the risk associated with 
conflating the scientific concept of quantum supremacy with the political connotations of supremacy. 
While competition can stimulate scientific progress, the community should actively avoid language that 
excludes other researchers.

Professor Walmsley then summarised the second phased of the NQIT project, speaking of the industry 
led projects that would drive innovation. He finished on a positive note, praising the work done to put 
the United Kingdom in a good position to contribute to the transformation of information technology 
through quantum computing.

Questions and Discussion

The central themes of discussion following the second session were industry engagement and the 
standardisation of quantum technology.

Workshop participants were interested in the previous experience of industry engagement within NQIT, 
what are the key obstacles and whether the panel anticipated any change throughout second phase 
of the Quantum Computing Hub. Initially, external interest came from two groups: users of advanced 
technology, and people who see supply chain opportunities. The greatest anticipated change, which the 
community is already witnessing, is that the focus has moved from the creation of the technology to 
potential uses. There is much more interest from people with visions of how the technology can be used, 
and what software needs to be developed. The investment community, from which a large, cohesive 
cohort of spin-out companies has been created, was upheld as a positive example of industry engagement 
in the context of quantum technologies.



One participant highlighted the impetus in development that can come from international competition, 
questioning whether the threat of China taking the lead in quantum computing innovation would elicit a 
response similar to the response to Chinese advances in quantum key distribution. The panel highlighted 
that this previous work was an advancement in engineering rather than theory, and that the breakthroughs 
expected in quantum computing will be of a similar nature. It was suggested that the nature of China’s 
economy enables their quantum community to engage with space agencies far more easily than our 
own. In actuality, the international ‘playing field’ for quantum science is much more evenly balanced than 
presented by the media. One panel member suggested that progress in hardware should not be seen as a 
threat, but as an opportunity to inspire further advances in the field.

The discussion then turned to the need to create national standards for quantum technology, if these 
technologies are to be widely accepted by industry. The relative maturity of quantum communications 
as a field facilitates the creation of such standards. However, in terms of hardware, the panel warned 
against unrealistic expectations and timelines. The community has not yet reached a consensus on which 
type of quantum computer will prevail (for example, ion trap vs. superconducting quantum computers). 
The panel acknowledged the importance of eventual standardisation. They pointed to the activity in 
constructing common terminology for use by policy-makers and researchers. A participant suggested 
that the integration of platforms and software for quantum computers would start to develop current 
standards beyond communications and the development of common software that is independent of 
the underlying hardware. There is still a lack of clarity surrounding the requirements and use cases for 
such software. The panel concluded that while the community was cognizant of the importance of 
standardisation, progress would be slow until that clarity could be achieved.



Session 3: Looking to the Future

Summary of Presentations

The third session of the day began with Professor Tom Rodden, Chief Scientific Advisor at DCMS. He 
outlined three key focus areas: promoting sustainable innovation, building a vibrant community and 
reflecting on responsibility and governance.

Professor Rodden noted that disruptive technologies tend to complicate the innovation process as socio-
technical interactions become more difficult to predict. He suggested that concentrating on smaller 
companies, which are often at the forefront of innovation, and developing protections for intellectual 
property would be integral to balancing this process. He stressed the need to create a sustainable and 
diffuse ecosystem to drive innovation in quantum computing, using workshops and similar initiatives 
to identify the key relationships that need to be built. Such a community would need access to a skilled 
workforce, and a wide skills base to support the burgeoning commercial lifecycle of quantum computing. 
Thirdly, he encouraged cross-governmental leadership, which is challenging to achieve in practice, to 
guide early discussions of governance and responsible innovation in quantum technology. The benefits of 
disruptive change are many, but the community needs to be reflective and responsive to the associated 
challenges. 

The second speaker for the session was Jonathan Leigh-Smith, Head of Scientific Affairs at BT. He 
acknowledged the importance of a framework for RI in quantum technology, pointing to AI as a case 
study from which to learn. He gave the example of testing of facial recognition software as an example 
of bad practice. He warned that focussing solely on ethics could mask other bad practices.  

Mr. Legh-Smith finished by prescribing methods for best practice in technology innovation. A national 
level framework, similar to the AREA 4P framework, could mitigate potential issues with quantum 
technologies. He noted, however, that it was still unclear whether an AI framework could be applicable.

The final speaker for the day was Jack Tindale, from Policy Connect, who spoke about the application of 
quantum computing to big data analytics, focussing on maintaining public trust. There has already been a 
shift in the way societies value privacy, since data collection has become so pervasive. Particularly since 
the implementation of GDPR, the public is far more aware of their rights and there is an increased demand 
for transparency and accountability from governments. A balance must be struck between intellectual 
property and data ownership, and trust. Mr. Tindale identified inconsistent policy and regulatory 
experiences as damaging to public trust, noting that more conversations needed to be had between all 
stakeholders to determine where that balance should lie. 

Despite the challenges, he remained optimistic about the application of quantum computing to big data, 
considering the technology as part of the solution. Ultimately, public bodies and industry figures have 
the responsibility to help the public understand the need for data driven technologies. Responsible and 
ethical innovation is possible, as long as researchers and policy-makers do no lose sight of protecting the 
civil liberties valued by society.

Questions and Discussion

The final discussion saw participants focussed on the various roles and responsibilities that different 
stakeholders have in driving public engagement with quantum technologies.

The role of the Arts in public engagement was raised, particularly with regard to driving the public 
understanding of quantum technology. The panel noted that art and design have been traditional mediums 
for presenting and raising awareness of complex ideas to the public.

Cultural influences are especially relevant in shaping societal reactions to technology, and these are often 



framed predominantly by its depiction in writing and media. The group discussed the difficulty in conveying 
issues such as privacy in technology through art, and how the design of phone privacy features varies 
based on location. This led to a conversation about the relationship between responsible innovation and 
accessible design. One participant argued that ceasing to view the arts and sciences as separate disciplines 
would be instrumental to maintaining this as a positive relationship. Finally, it was noted that the arts were 
key to improving societal literacy in terms of the threats and benefits of disruptive technology. 

The group discussed the possibility of an ethical and socially appropriate framework, similar to the United 
Nations Sustainability Goals, which could inform the development of quantum computing. Members of 
the panel agreed that the practical applications of quantum computing should be driven in part by the 
needs of the public but cautioned against using the technology simply for its own sake. The investment 
made by the public in quantum computing should be balanced by flow-on benefits. To that end, we should 
aim to provide people with sufficient resources to reach informed opinions about the technology, again 
raising the theme of responsible design, in this case to make quantum computers more comprehensible 
in use.

A participant asked what incentives are in place to accelerate the timeline for different bodies to address 
quantum technology. Much of this conversation was framed around engagement with AI and machine 
learning as an example from which to learn, but the panel noted that it was dangerous to conflate the 
two technologies, as the two concepts are distinct and therefore the associated ethical concerns will be 
distinct. A lack of long-term strategy in this area was highlighted as a significant issue that needs to be 
addressed by policy-makers and politicians.

There was a discussion of whether there is a disconnect between politicians, the civil service and 
academia, noting that the latter two groups have collaborated effectively to progress innovation in 
quantum computing. The panel advised that framing the technology in terms of public benefits would be 
the most productive strategy to maintain ministerial interest.



Conclusion

The three sessions highlighted the leading position of the UK’s quantum research community, particularly 
in applying RI to this research. The progression to more industry-led projects was seen as a positive 
step forward. In fact, the dominating tone of the day was one of optimism and excitement for the 
transformations that quantum technology will bring.

The opportunity to learn from the work conducted by researchers and policy makers around the 
introduction of AI to society was referenced throughout the day. There was a consensus that this was a 
useful example to clarify some issues in Responsible Innovation, ethics and social implications. However, 
there was a call for further clarity regarding the distinct capabilities of quantum computing.

The afternoon discussions both focussed heavily on engagement with the public and industry. RI practices 
were seen as an important tool for maintaining trust and mitigating potential challenges. Diversification 
of the stakeholder pool was a key theme, with multiple participants calling for a wider range of skills to 
be considered by the quantum community. 

An important outcome of the workshop was the need for a well-defined framework for embedding RI 
into quantum technology continuing into the future. Overall, participants acknowledged the difficulties 
involved, but saw this as vital to creating a sustainable ecosystem for innovation.


