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Abstract— The potential social consequences that may arise 
as a result of the development and widespread use of ICT are of 
increasing interest to the general public, policymakers and 
researchers. Prominent examples include transformations of our 
concept of privacy when using social networking and other 
websites, ownership and control of personal data, and the ways 
crowd-sourced information transform how events are 
coordinated and how they unfold in real-time. Although there is 
broad acceptance that questions of professional responsibility are 
relevant to ICT it is often unclear how this could be achieved or 
how responsibilities should be defined and managed when 
considering the potential social consequences of ICT. 
‘Responsible Research and Innovation’ (RRI) has emerged in 
Europe proposing approaches for researchers to identify and 
consider the potential social consequences and impact of their 
research outputs within the entire research and innovation 
lifecycle. First, it asks researchers to take on a practice of critical 
reflection considering the potential societal impacts of their 
research outputs, and second to include the general public in a 
dialogue around the development of research goals and strategy. 
We discuss findings from interviews conducted with a broad 
range of stakeholders regarding challenges to identifying, 
debating and resolving social and ethical concerns associated 
with ICT research and practice. We also consider how we might 
extend existing or develop new approaches that facilitate both 
critical reflection and wider participation within the entire 
research and innovation lifecycle.  

Keywords—Professional responsibility; Social factors; Public 
engagement; Requirements Engineering.  

I.  INTRODUCTION  
Many ICT practitioners and researchers are familiar with 

the concept of professional responsibility especially when they 
encounter ‘codes of practice’ either within the workplace or 
through membership in professional organisations such as the 
IEEE [1]. Members commit to conform to these codes and to 
apply the principles contained within them in their daily 
practices. The Responsible Research and Innovation (RRI) 
initiative is not concerned primarily with the development of 
yet another code of practice. Rather, it seeks to facilitate a more 
reflective and inclusive research and innovation lifecycle 
process from fundamental research through to application 
design. Within each phase of the innovation process there may 
be particular concerns. For instance, decisions made at the 
vision and strategy phase will steer the direction of research so 

that it might reach the long-term goals described. Following on 
from this, research outcomes will, in large part, determine the 
types of products and services developed by industry. In turn, 
these would then be made available for use by the general 
public. For each link in the chain there may be certain 
responsibilities associated with activities that occur within 
them, particularly in relation to how decisions taken might 
impact upon society. A recent example of how the innovation 
lifecycle might impact upon society can be found in the current 
debate around Google Glass where campaigners are warning 
that its use may infringe upon basic human rights (e.g privacy) 
[2]. RRI aims to address this entire process so that the potential 
impacts of novel technologies might be discussed early on in 
the innovation lifecycle by as wide a swath of stakeholders as 
possible. One of the first definitions of RRI is offered by [3] 
who suggests that it can be understood as:  

A transparent, interactive process by which societal actors 
and innovators become mutually responsive to each other with 
a view to the (ethical) acceptability, sustainability and societal 

desirability of the innovation process and its marketable 
products (in order to allow a proper embedding of scientific 

and technological advances in our society). 
 

In other words, the RRI is meant to address the gap in time 
between the initial phases of research strategy formulation to 
the point at which individuals and organisations regularly use 
products or systems based upon research outputs. Other 
definitions do exist [4, 5] however the key component of each 
is that they all express a need to develop greater democratic 
accountability within the innovation lifecycle. In this way, 
stakeholders would be obliged to justify the reasons for a 
particular research strategy, project, outcome, product or 
service by identifying and discussing both the potential 
negative as well as positive societal consequences. Overall, 
RRI aims to improve upon existing processes of research 
governance with a view to ensuring the acceptability and even 
the desirability of research outcomes. 

The argument put forward for the implementation of RRI 
by the European Commission Horizon 2020 framework (the 
next framework for funding research in the EU), is that future 
public concerns, not imagined by policymakers or researchers, 
could thwart either the further development or the up-take and 
use of research innovation. This, it might be argued, resonates 
with a market-based justification for RRI – by increasing the 
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connection between science, technology and society the 
acceptance and acceptability of novel technologies could be 
increased. From within the range of RRI perspectives, whether 
its origins be moral (action based upon the quality of virtue), 
legal (action based upon avoidance of liability) or economic 
(action based upon markets), the two key attributes of RRI 
remain the same – to take into account the concerns and 
expectations of a broader set of stakeholders including the 
general public through the facilitation of public participation in 
research strategy and the equipping of a more reflective 
research culture. 

RRI is being considered as a new criterion within the EU 
grant submissions process in Horizon 2020, where it may 
become a requirement for researchers in ICT, and science and 
technology more broadly, to investigate the potential social 
impacts of proposed research. This presents a new research 
challenge for ICT researchers who may be submitting 
proposals for research that would develop systems in 
surveillance, robotics, decision-support, social media and 
indeed all areas of ICT research. 

In this context we have conducted investigations into how 
ICT researchers conceptualise social and professional 
responsibility. We have taken this orientation first rather than a 
focus on a method for implementing RRI because of the very 
novelty of RRI where there have been thoughtful, yet tentative, 
attempts at creating a systematic approach to identifying, 
discussing and resolving issues around the potential positive 
and negative social consequences of research. Within areas of 
the ICT landscape such as HCI, techniques have been 
developed under the heading of value-sensitive design [6]. 
However, these are commonly implemented within the 
software development process itself. RRI approaches, on the 
other hand, take a much broader view of the entire research and 
innovation lifecycle where activities are framed as being 
upstream (proposal writing, directed funding calls), midstream 
(activities that occur within a project – research process) and 
downstream (when the outcomes of research are 
commercialized into marketable products) [7]. For our 
research, in order to begin to develop a technique tailored for 
the ICT research community we first wanted to gain an 
understanding of current issues, challenges and attitudes. With 
this broader understanding our goal is to then co-develop an 
RRI technique or framework with the UK ICT community. 

II. RESPONSIBLE RESEARCH AND INNOVATION  
Information systems (IS) engineering technologies are 

increasingly becoming embedded into our work and home lives 
creating a complex interdependence between people and 
technology as individuals and groups communicate, collaborate 
and exchange knowledge through a variety of Information and 
Communication Technology (ICT) systems. We follow Paul’s 
[8] suggestions to view information systems as information 
technology in use where ICTs are seen as the tools and IS the 
business processes that make use of ICT technologies. In this 
regard, information technology or, as we prefer, information 
and communication technology (ICT) may be seen as the 
technical aspect of the socio-technical systems that are used in 
society and organizations. Research and innovation thus 
provide the basis for the eventual use of IS. At the same time 

IS are not determined by ICT but are open to negotiation and 
flexible interpretations. 

 Traditionally ICT research, design, and applications have 
been associated with the development of tools that possess 
discreet and transparent functionality meant to support specific 
tasks. However, today their ‘diversity, scope, and complexity’ 
has extended beyond the support of tasks and interaction to 
becoming situated within the very fabric of our daily lives [9]. 
Rather than being merely tools, the technologies we design are 
arguably transforming and augmenting the world around us, 
where computer-generated information, objects and 
infrastructures ‘coexist in the same space as the real world’ 
[10]. 

Today, ICT researchers are being placed into potentially 
precarious situations because they are increasingly being asked 
by funding bodies and public policymakers to become 
accountable for how their own research and development 
projects may impact upon the long-term shaping and 
transformation of society. The research challenges associated 
with identifying and understanding the potential broader 
societal impacts of technology have been discussed by 
computer scientists, social scientists and philosophers [11, 12, 
13] through the avenues of Computer Ethics to the Social 
Construction of Technology: RRI has been influenced by both. 

The field of computer ethics has developed in parallel to 
computing itself where the potential of computing technologies 
to raise ethical issues was visible from the start. Like 
computing, computer ethics, arose from, and retains references 
to, a number of different disciplines including computing 
science, engineering, philosophy and social studies of 
technology. From this disciplinary diversity one can find a 
broad range of theories, topics and research questions reflected. 
[14] argue that  research in computer  ethics  is composed of an 
interest in the “ethical  issues of  privacy,  security, computer 
crime,  intellectual property, free  expression, and  equity 
and  access, and issues of  responsibility and 
professional  ethics.” Computer ethics has undertaken much 
conceptual work defining the ethical issues in ICT and linking 
it to philosophical ethics. There has also been a significant 
amount of empirical work exploring moral preferences and 
dilemmas [15, 16, 17].  

In the field of computer ethics there has been a long-
standing debate about whether the activities and products of 
computing raise ethical issues that differ from general ethical 
concerns, that then warrant a new discipline of computer ethics 
[13]. This debate is still ongoing, and it provides us with a 
number of pointers to certain unique characteristics of ICT that 
might set it apart. For example, ICT may be characterized as 
particularly “malleable”. This means that ICTs may be 
designed to conduct almost any activity that involves logical 
operations, input and output and thus, can be used in a wide 
variety of application areas. Whilst all technologies may be 
used in any number of different ways, the possible uses and 
misuses of ICTs are particularly difficult to predict due to this 
malleability. 

A further distinguishing feature typical of ICT is what 
Johnson [18] calls “the problem of the many hands”. This 
refers to organizational and institutional reliance on a division 



of labour where most activities are split up between numerous 
different individuals. This makes drawing a clear line between 
individual actions and eventual consequences difficult. It is 
further exacerbated as ICTs are increasingly interlinked and 
highly complex, making attribution of discrete features and 
functionality within an IS to individual researchers, developers 
or strategists often conceptually and empirically impossible. 

Finally, the notion of “convergence” [19] refers to the 
increasingly pervasive nature of technologies where in the age 
of the internet, web 2.0 and pervasive computing, demarcating 
clear boundaries between systems, features and functionality 
becomes increasingly problematic. This includes most cutting-
edge ICT-related research such as nanotechnology, 
biotechnology, and cognitive technologies. It is the potential 
interlink of these that might create a situation where the ability 
to freely choose the technologies one might adopt is curtailed. 
Convergence increases technological complexity, speeds up the 
pace of development through its combinatorial power, and also 
renders detailed accounts of their effects on social and ethical 
aspects difficult. 

Computer ethics is a well-established field of study with 
streams of research in a variety of topics and an organisational 
infrastructure that includes conferences, journals, and research 
institutes. It remains in close contact with its reference 
disciplines but has also developed something of a disciplinary 
identity. However, despite its track record, several 
shortcomings with its discourse have been identified [20, 21]. 
Key among these is the question of practical relevance. 
Computer ethics may provide scholars with a wealth of 
theoretical insights into possible moral problems, ethical 
reflection, as well as meta-ethical positions with which to 
frame them. It draws upon a detailed understanding of the 
practicalities of ethics in ICT; however, it has had little impact 
on how these issues are discussed within society generally, or 
how relevant policies are developed and implemented. This 
lack of practical relevance may explain the emerging transition 
from computer ethics to responsible research and innovation in 
ICT. RRI is more specifically geared towards policy 
development and the establishment of governance mechanisms, 
drawing upon ethical analyses from different fields, but it goes 
beyond such analysis and establishes practically relevant 
activities. 

The general conceptualisation of RRI first appeared in 2003 
with the passing of the US ‘21st Century Nanotechnology 
Research and Development Act’ [22]. After which, the 
European Commission soon followed in 2004 with its 
communication ‘Towards a European strategy for 
nanotechnology’ [23]. RRI thus began with a clear aim to 
identify and address uncertainties and risks related to emerging 
research areas beginning with Nanotechnology [24] and 
moving into the environmental and health sciences including 
Geoengineering [25] and Synthetic Biology [26]. The scope of 
RRI has since expanded to include Computer Science, 
Robotics, Informatics and ICT more generally [27, 28]. 

A. Framework for Responsible Research and Innovation 
In this paper we are interested in understanding how 

methods and techniques in RE might contribute to developing 
an appreciation of the wider contexts in which research and 

development outcomes are eventually embedded. This paper 
will also suggest that we may wish to draw on recent 
developments in RRI to extend or develop new approaches in 
RE to consider values in design, computer ethics, professional 
responsibility and the social consequences of ICT. We consider 
what such a synthesis might look like: where RE could inform 
the emerging RRI initiative, and also, how RE might be shaped 
in the light of the broad objectives of RRI. 

As part of this research we are conducting three key 
activities: a landscape study (completed in 2012), the 
development of a community-driven website, and facilitation 
of group discussions with ICT researchers to begin to develop a 
RRI framework that could be embedded within the ICT 
research and innovation lifecycle. To date, there have been no 
comprehensive studies undertaken to gain an understanding of 
ICT researchers’ perceptions of how they critically reflect upon 
their research outcomes or how they may or may not engage 
with the wider public. In 2012, we interviewed leading 
computer scientists, postdoctoral, researchers and PhD students 
in the UK. The interview or ‘landscape study’ provides the first 
extensive summary of current positions regarding the 
boundaries of professional responsibility as it relates to the 
identification of potential long-term societal consequences of 
ICTs. Our project will provide an important baseline giving us 
an opportunity to describe, understand and triangulate ICT 
researchers’ issues and concerns across a variety of computer 
science domains such as; databases, human-computer 
interaction, mobile computing, artificial intelligence, and 
visualization, to name a few1.  

This paper will discuss the preliminary findings of the 
landscape study where we interviewed computer science 
researchers working in a variety of domains. It will also make 
specific recommendations for how the ICT research 
community might begin to both develop and incorporate an 
RRI framework into everyday practice. The aim of our research 
is to identify emerging research challenges within the context 
of RRI and to discuss how we might address these.  

III. METHODOLOGY 
Our study has focused on two areas; first, ‘upstream 

activities’ that include top-down initiatives that shape strategic 
direction and research funding policy, and second, ‘midstream 
activities’ where R&D and application design activities take 
place on the ground in actual projects. By developing an 
understanding of the landscape from these two perspectives we 
can begin to construct a picture of the current research and 
innovation cycle and ask how critical reflection regarding the 
potential social impacts of ICT currently takes place. A long-
term goal of our project is to provide a set of recommendations 
and good practice that could be adopted by ICT researchers and 
application designers. 

For the study we conducted semi-structured interviews with 
ICT researchers - those who seek funding, and with portfolio 
managers - those who manage research council funding calls, 
within the Engineering and Physical Sciences Research 
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Council (EPSRC) ICT portfolio [29]. The goal of the 
interviews is twofold; in the case of researchers we are 
interested in finding out what their current perceptions are of 
their professional responsibility when considering the ethical 
and social implications of their research. We were also 
interested to find out the ways in which issues around 
professional and social responsibility are identified, discussed 
and resolved within research projects as well as their overall 
influence on research interests. In the case of portfolio 
managers we are interested in the processes and procedures 
that motivate the identification and direction of long-term 
funding strategy, which, in turn influence the development of 
themed funding calls. We also included corporations, 
professional bodies, and charities in the interviews in order to 
understand how their concerns might impact upon RRI. 

We interviewed a range of ICT researchers with differing 
degrees of experience, from professors to doctoral students. In 
all, 67 interviews were conducted with an aim to discuss these 
issues with people involved in nearly every stage of the 
research, development and innovation lifecycle. This includes 
those working in research funding agencies, a range of people 
with different levels of experience in research, and potential 
user organizations (including charities, professional 
organisations, and industry). In total, we interviewed forty-
eight UK academic computer science and related researchers; 
eleven funding body members; two NGO representatives; three 
corporate representatives, and three professional organization 
representatives.  

We chose to conduct a breadth of interviews across as 
many computer science disciplines as possible to provide a 
broad overview of issues and concerns, rather than depth which 
would have provided insights from only two to four research 
areas. Additionally, conducting a breadth of interviews across 
ICT domains would ensure maximum outreach for both raising 
awareness of RRI and to begin the reflection process regarding 
current procedures and research practice. Interviews were 
audio recorded and ran between 60 to 90 minutes. The audio 
was transcribed and analysed using qualitative methods and 
informed by thematic analysis [30] where themes were 
identified and coded across interviews. The focus of analysis 
was the identification of reoccurring themes associated with 
concepts and activities that appear in interviewee transcripts in 
the form of opinions, reflections, conceptualisations and 
experiences. These convey the ways in which social and ethical 
challenges related to research practice are identified, debated 
and resolved. Although our study is wide ranging, for this 
paper we focus on three areas that might pose novel challenges 
and social consequences: human-robot-interaction, computer 
vision and ubiquitous computing. In what follows we discuss 
findings from our study that examine participants’ perceptions 
of professional responsibility when considering potential 
longer-term social impacts. After which, we discuss the 
potential implications of our findings for ICT research and 
practice. 

IV. THE LANDSCAPE STUDY  

A. Contributing to the public good 
Both researchers and funders agree that ICT research 

contributes to the public good as one funding council portfolio 
manager notes: 

That’s our main driver. We have these themes set-up with 
perhaps specific funding calls, which would encourage people 

to move towards them. ... Yea, it may not be as explicit as 
saying at the level of a particular call. But the reason for 

having the programmes and the strategies of funding would 
have been driven by: these are here for public good   (Funder 

in ICT - 01). 
 

For both ICT researchers and funders, contributions to the 
public good are determined by the description of ‘impact’ 
written into proposals. Descriptions of impact are meant to 
identify the potential beneficiaries of research (e.g. industry, 
government, charities), how they might benefit, and how a 
research project might engage with these stakeholders. 
However, researchers are not asked to consider broader, long-
term societal risks, uncertainties and consequences that may be 
negative. Rather they are asked only to consider positive 
impacts, and how other researchers (in both academia and 
industry) might use their outputs when the research is 
completed. 

Even though funders and researchers agree that research is 
funded for the purposes of contributing to the public good, both 
expressed a general distrust of involving the general public in 
any decision-making processes related to determining funding 
strategies. As one of the funders suggested: 

It wouldn’t be appropriate to put [the general public] into 
peer review. The idea that someone in the general public 

could know whether something in [portfolio research area] is 
going to transfer into their lives is ridiculous because I barely 
understand [it] sometimes. ... So it would be more appropriate 

for them to be involved in the higher levels ... When you’re 
talking about high-level strategies; then there probably is a 

role for the general public to play  (Funder in ICT - 03). 
 

This view highlights the difficulties of involving the public 
in decisions concerning research strategy and impact. 
However, it may also not resonate with the experiences of 
some researchers in HCI, RE and other areas who work closely 
with user communities and the general public through 
prototyping and participatory design activities.  

Neither, we the researchers or the user community can work 
in a vacuum. It’s a case of saying ‘here are some ideas about 
what one might do with the digital technology available and 

with what we think we can do with it. Here are some ideas, do 
you think they’re good ideas. In the same one day workshop 
users are saying ‘this is what we need’, ‘here there’s a gap’, 
‘here there’s a lack’. And it’s a case of marrying these two 

through the usual devices of workshops, stick-its, white 
boards. Coming together on workable research that has both 

an outcome that’s of value in society and economy, and of 



course provides us with academic research of high quality  
(Director, research unit - 01). 

 
Here we see three levels of possible broader stakeholder 

engagement: first, through the development of high-level 
strategy within the funding council; second, greater reflective 
practice in the peer review process; and third, at a project level 
using participatory design devices such as facilitated 
workshops. 

One suggestion for linking RE with RRI might be through 
the ICT community’s tradition in the use of HCI and RE 
methods for user engagement and general public participation 
within the software development process. Participatory 
approaches such as workshops and idea generation activities 
could serve as a model for what some may consider more 
fundamental computer science questions when developing 
research strategy, conducting peer review or engaging in 
participatory design. Take for example, how we might consider 
broader questions around social responsibility in fundamental 
research such as automating human reasoning in emergency 
response systems and applications? Automating reasoning is 
framed as a “scientific curiosity” as one of our interviewees 
described it. However, such research is funded to address 
societal needs, e.g. better coordinated and successful responses 
to emergency situations. Yet we may find situations where 
systems are required to make ‘moral decisions’ independently 
of humans related to logistics management, triage and delivery 
of care. 

When discussing fundamental research questions, rather 
than engaging participants with prototypes, we might adopt a 
more conceptual approach, for example, motivating 
participants to think about potential outcomes. Take an 
emergency response scenario, what if automatic scene 
interpretation and object recognition from video footage 
generate representations of a scene that are incomplete or in 
some way misinterpreted by a system, or where that data is 
used by a system to make decisions in emergency situations? In 
this case, the motivations, intentions and purposes of such 
research could be more closely scrutinized to reveal not just the 
positive outcomes but also potential challenges of adopting this 
technology.  

Here we see how scenario analysis, risk assessment and 
technology impact assessment [31] might be integrated into RE 
practice providing stakeholders an opportunity to identify, 
discuss and potentially resolve conceptually complex 
questions. We suggest that RE approaches could potentially be 
extended to facilitate discussions about the conceptual 
underpinnings of fundamental research by shifting the focus 
when using tools like scenario development and risk 
assessment. 

B. We are already responsible 
Many ICT researchers we interviewed expressed a belief 

that they are intrinsically ethical as this researcher notes: 

I don’t think I’ve come across an unethical scientist. … if a 
problem occurs it’s may be that they just haven’t considered 
the true implications of where there could be problems down 

the line. I think it’s more that it hasn’t occurred to them rather 

than they’ve considered it and decided to go with it for the hell 
of it anyway (Doctoral student, artificial intelligence). 

 
Many times, researchers are assumed to be doing the most 

ethical types of work, adhering to traditional notions of 
professional responsibility such as experimental 
reproducibility, laboratory health and safety, data protection 
and obtaining informed consent. However, granting the benefit 
of the doubt to researchers that they are somehow inherently 
ethical could present risks in itself. One RRI approach, Socio-
Technical Integration Research (STIR) [32] uses an 
intervention protocol (opportunity, considerations, alternatives, 
and outcome) to prompt researchers to think beyond the 
immediate technical procedures of a project. The purpose of 
STIR is to embed reflective mechanisms into day-to-day 
research work as it occurs in a setting. In this way, its aim is to 
facilitate a recalibration or modulation of a research path, if 
necessary, after taking into account unforeseen risks and 
uncertainties as they arise within the duration of a project.  

In addition to assumptions that researchers are essentially 
already professionally responsible, another researcher 
expressed concerns about how RRI could have a negative 
effect on national prominence on the world stage within his 
discipline. 

If the full context were present in the project and for some 
reason it was deemed unethical research within that context, 

then I’m sure that other people in the world would continue to 
be doing that kind of work (Professor, cybersecurity). 

 
Competing on the global stage with colleagues is not only 

consequential to researchers, but it may also be critical, in this 
case, to national security. Here, funding bodies play a key role 
when they take into consideration the types of research to fund; 
they assess research activities on a global level, and determine 
national strength areas through metrics and consultation with 
research communities. Using these parameters as a guide, 
research challenges are identified and funding allocated. So in 
this sense, it might be argued that funding bodies could be 
equally, if not more, responsible for steering the direction of 
research as one researcher notes: 

Research funded by government is trying to extend knowledge 
and application into areas that society want to see extended. 
It’s not for academics to pursue whatever interests they want, 
they need to be able to relate that to why they are delivering 

something that society actually wants to see  (Director, 
research unit - 02). 

 
In this way, we see how funding councils themselves are 

also responsible for the outputs of research as they steer the 
direction of research through themed funding calls. In addition, 
the peer review process has a responsibility to assess the 
‘impact’ of research proposals using criteria such as: 
contribution to foundational research goals, developing proof-
of-concept systems in partnership with industry, public 
engagement and dissemination. It may be, given the nature of 
the exercise that researchers are encouraged to think about 
impact from an optimistic point of view rather than considering 
the potential long-term social consequences. RRI aims to 



manage novel innovations that are deemed to have highly 
uncertain future impacts and where no precedent exists and so, 
it is argued that because of this criterion, professional 
responsibility cannot be presumed. 

Even though researchers consider themselves responsible, 
those we interviewed also said they do confront ethical 
dilemmas in their day-to-day projects. For instance, some 
expressed concern about creating a surveillance society, others 
discussed their unease about which types of data might be 
acceptable to divulge to users (e.g. physiological monitoring in 
gaming applications), some spoke of systems that take away 
people’s jobs replacing humans with machines, those in 
robotics talked of debates in their community about whether 
patients using assistive healthcare robots should have the 
ability to turn them off, others were clear about the types of 
military research acceptable to them (e.g. systems for threat 
detection or doing harm), concerns over animal welfare with 
the use of insects in robotics/AI research, and the limits of 
automated reasoning (e.g. restricting human creativity and 
decision-making). In addition to these challenges, ICTs have an 
immense role to play in changing behaviour as one researcher 
stated: 

There are moral challenges because you’re using software in 
order to change behavior of the community your aiming your 
software at. And if you’re changing behavior then you have to 
understand what the overall impact of the changes to behavior 

will be. So if you are trying to encourage a behavioural 
change through the software there better be and an 

understanding of what that behavioural change will mean. 
And also, what kinds of changes in behavior will be required 

for that software to be deployable and usable  (Professor, 
distributed systems - 01). 

 
Some researchers frame these challenges as moral 

dilemmas others, as practical dilemmas. Whether moral, or 
practical, many of the researchers we interviewed were initially 
resistant to the idea of thinking through the potential 
challenging effects of their research. Towards the end of many 
interviews however, some acknowledged that they simply have 
never been asked to consider these kinds of questions.  

Although RRI shares many of the same techniques as RE 
such as workshops, focus groups and scenarios the orientation 
is on developing improved research governance mechanisms. 
However, within RE and HCI the orientation is towards 
developing a detailed and sequential understanding of a 
problem space. To date, RRI research has been conducted by 
social scientists and philosophers however the RE orientation 
towards problem solving is engineering-based. We suggest that 
RRI could be informed by RE in the examination of the 
motivations, intentions, and purposes of research especially 
when attempting to identify potential misuse cases. So rather 
than framing the discourse through the lens of ‘responsibility’ 
it could be framed as a ‘problem space’. In this way RRI might 
be seen as a resource for innovation rather than a constraint. 

For example, in ‘privacy by design’, misuse scenarios are 
used to steer the direction of the research and innovation 
lifecycle to ensure a system complies with data protection. 
Researchers develop misuse scenarios to identify risks after 

which, they develop solutions (e.g. data minimisation) that 
address those risks. This reframing from ‘responsibility’ to 
‘problem space’ may allow ICT researchers to engage more 
readily in activities that not only encourage reflection but also 
facilitate the creation of candidate solutions during the first 
stages of innovation. 

C. Societal risks must be obvious 
On the whole, ICT researchers take a very strong stance 

around the notion of the ‘obviousness of risk’ in relation to the 
prediction of potential future outcomes of technology. This 
appears to produce a tension with the RRI aim to manage novel 
innovations that are deemed to have highly uncertain future 
impacts and where no precedent exists because these may not 
be readily obvious. In our interviews, researchers express 
concerns that it may not be appropriate within the context of 
computer science research to try to predict future impacts. In 
particular researchers cite two unknown factors in prediction; 
for fundamental research - societal consequences are perceived 
as being identifiable only within their contexts of use. And for 
application-oriented research - the possibilities of industry and 
user adaptation may change the trajectory of a technology in 
unforeseen ways. One researcher notes: 

The research that we do, doesn’t inherently tell you how to use 
this research. So, we built a robot that can throw balls six 
meters compared to one meter from previous versions. So, 

there is no kind of moral value associated with that, it’s more 
of a performance. We’re focused on the performance. How 

you use that performance is not our part I think  (Post-
doctoral researcher, robotics). 

 
This researcher considers his work to be fundamental 

research and we find that many who self-identify as 
fundamental researchers also express a similar view; the 
implication here seems to be that the technology itself appears 
to be benign or agnostic, without any social values present in 
its outputs. In other words, social values manifest when the 
technologies are put to use within specific contexts. The same 
researcher goes on to say: 

My work focuses on ways in which we can control impedance. 
So, part of our project is working out how to control robots 
and part is trying to understand how humans control their 

impedance and transfer those ideas on to robots (Post-
doctoral researcher, robotics). 

 
The fundamental research question and technical challenge 

is ‘how can robots move more efficiently through space’. 
However, achievements in increased robot mobility and range 
of movement do have implications for human-robot interaction 
in a range of contexts such as home, work, military, and in 
public settings. RRI would contend that rather than assume 
novel technologies are value-free; researchers should be 
encouraged to anticipate future use through reflection within 
the research community and deliberation with a wide group of 
stakeholders. One RRI approach to this is called ‘stage-gating’ 
[25], a project management technique for managing investment 
risk. Using this technique, decision points are introduced into a 
research project lifecycle where at set intervals stakeholders are 
asked to reflect upon the purposes, motivations and products of 



research. These are then assessed by an independent stage-gate 
panel and recommendations fed back to funders regarding how, 
and if, a research trajectory should be redefined or changed. 
This is a more formalized approach to STIR, which is 
conducted informally by the researchers in a setting, whereas 
the stage-gating technique brings in external assessors who 
report back to the funders. 

Such RRI approaches may be useful in research areas 
where solutions are being developed for difficult technical 
challenges; many times at the expense of considering what 
possible futures research outputs might facilitate. In these 
cases, where the technical challenges are at the forefront, there 
is a tendency for many researchers and funders to believe that 
fundamental research is somehow independent or very far 
removed from society. We see this occur in two circumstances. 
First, when research outputs contribute to the development of 
‘enabling’ or ‘generic’ technologies that could be adopted 
across a wide variety of domains and contexts (e.g. healthcare, 
military, industrial or domestic settings). And second, when 
researchers feel that their projects do not engage directly with 
potential user communities. 

In contrast, for those who conduct application-oriented 
research, the potential social consequences of their outputs 
might be more obvious to them as this researcher working in 
assistive human-robot interaction says: 

The question is if you had a robot in the home, with an arm, 
with a manipulator that can pick up these objects and then 

bring it to the person, how do people want the robot to 
behave. When should the robot approach people, how should 

the robot interact with the person, how should the robot 
transport these objects, how should the robot hand over these 
objects to a person. These are all things we explore in certain 
conditions … The question is, from the person's point of view, 

would they accept that. These are issues that are not only 
technological problems but they depend on what people would 
prefer. What are people's perceptions of these machines, what 

are their expectations, what are their prejudices? Are they 
concerned with the movement or the size … It has to do with 
people's perceptions of robots, if they accept these machines, 

and that informs us as designers. (Professor, human-robot 
interaction). 

 
Although the technical challenges of designing robots are 

considerable, focusing solely on the optimisation of 
‘performance’ is not sufficient as the quote above suggests. In 
addition to performance, the ways in which robots interact with 
people under different conditions may determine how 
successful their integration into various settings might be. This 
wider consideration takes into account not only the technical, 
but also the sociocultural and interactional challenges. 

Even with this sensitization towards sociocultural concerns, 
application-oriented researchers, similar to fundamental 
researchers, stated that potential risks and uncertainties should 
be obvious before any decisions about whether or not to pursue 
a research path is made. As the same researcher states: 

Any research can always have negative consequences. We 
take a lot of precautions in what we are doing but you can 

never fully predict whether there might be negative 
consequences or not. It would be completely unrealistic and 

dishonest if I said; ‘oh, there will never be any negative 
consequences of my research’. You can’t say that. Who knows 

how someone else might use our research. You can never 
predict  (Professor, human-robot interaction). 

 
For many researchers whom we interviewed, the most 

obvious issues related to professional responsibility are 
associated with traditional understandings such as experimental 
reproducibility, laboratory health and safety, data protection 
(e.g. security, confidentiality and privacy of personal data), and 
obtaining informed consent. Outside of these three broad areas: 
the implementation of correct procedures, data storage and use, 
and human subjects considerations, many researchers and 
funders we interviewed struggle to identify potential negative 
consequences of ICT research. 

Interestingly, ICT researchers have been investigating the 
use of scenarios to identify potential challenges with future 
implementation of technologies [33, 34], and others in RE have 
suggested the use of foresight techniques [35]. Even so, we 
find that many researchers may be reluctant to engage in 
critical reflection where they, at times implied, and at other 
times explicitly stated that if such descriptions were made 
public and written into proposals it might adversely effect their 
successes at gaining funding. An alternative to creating such a 
situation may be to encourage open reflection and public 
debate without necessarily including those descriptions into 
proposals. This may relieve researchers’ anxieties about risks 
to receiving funding but it might not resonate with some 
advocates of the RRI initiative who promote the creation of 
formal rules around research governance. 

A compromise solution could be the use of Constructive 
Technology Assessment (CTA) [36], which examines research 
strategy in relation to institutional dynamics, rather than 
individual actions. Giving researchers the space to be ‘one step 
removed’ may soothe their inhibitions allowing them to speak 
more freely about the potential effects of ICT research on 
society. Such an approach may be especially useful beyond the 
design of hardware and software, in areas such as device 
manufacturing where concerns are expressed regarding the 
prediction of environmental impacts. However, one researcher 
suggested that because he is not directly involved in the 
manufacturing process those issues are of no direct concern to 
his research. 

I don’t specify how things get made. I specify what I want on 
the chip and then the manufacturers are responsible for 
putting it there by whatever means they use  (Professor, 

microelectronics). 
 

Here the researcher frames the question of responsibility 
solely from a personal perspective. However, by using 
techniques such as CTA, the researcher would be allowed to 
reflect upon the institutional dynamics associated with chip 
manufacturing. This could enable discussion around concerns 
with the use of rare earth minerals and the release of toxic 
materials in the production processes with a wide group of 
stakeholders. Interestingly, one researcher working in mobile 



device and infrastructure design told us that a research 
challenge in his domain is the sourcing of alternative materials 
and reduction of the CO2 footprint through more efficient 
energy consumption. 

The next thing we are going to get into is the precious metals 
and the limited resources we’ve got in terms of some of the 

compounds and chemicals that we’ve got on the planet. There 
is not a bottom-less pit. The biggest problem today is the great 
throwaway society. Everyone has to have the latest gizmo and 

product  (Professor, mobile computing). 
 

Here we see that these two researchers differ in what they 
feel may be their professional responsibility. In the first 
instance, the obviousness of risk and uncertainty related to 
energy use, mining of precious metals, and toxic by-products 
was less of a concern than to the second. Today, the use of 
water, fossil fuels, and chemical process is of increasing 
concern to the ICT community [37] and perhaps if a forum of 
ICT researchers were to be brought together using the CTA 
approach, peers within the community would feel less 
threatened that they, personally, may be criticized for not being 
professionally responsible. Rather, the focus would be placed 
upon institutional dynamics so that solutions could be 
discussed for how best to change them. 

We found in our interviews that when researchers and 
funders discuss potential social consequences of research they 
habitually focus on the positive impacts to people, society and 
the economy, possibly at the risk of not addressing much more 
subtle, but equally important consequences. There is reluctance 
towards trying to predict potential impacts or the use foresight 
methodologies to speculate about possible future social 
consequences. This may be because science is based upon 
empirical evidence, whereas future scenarios are used to 
imagine possibilities. These are two very different approaches 
to problem solving (anticipatory vs. evidence-based). 
Recognizing these differences, it is important that all 
stakeholders rather than a single stakeholder formulates the 
questions used to develop scenarios. 

Additionally, we argue that the RE community has much to 
contribute in the development of suitable approaches for all 
stakeholders to debate these issues (researchers, funders, 
industry, charities, and the general public). Taking into account 
the significant expertise already in place, the RE community 
has access to, and continues to build upon, a range of 
techniques for eliciting people’s opinions, ideas, and 
approaches to conducting their work. Therefore, we suggest 
that RE is uniquely positioned to extend and modify existing 
techniques to be used in this ICT context.  

D. Responsibility in fundamental and applied research 
As stated above, a noteworthy distinction has consistently 

appeared across both funder and researcher interviews that may 
promote current perceptions of professional responsibility. For 
many researchers there is a correlation between the location of 
their research within the spectrum of ‘fundamental’ to ‘applied’ 
and how, or even if, they should be concerned with the 
potential societal consequences of research outputs. Beliefs 
about where within this spectrum their research lies are used to 
judge whether or not long-term social responsibilities need to 

be considered. This distinction has implications for ICT 
research practice because it directs the focus of professional 
responsibility entirely on to those who design applications for 
specific contexts of use. As a researcher working in 
fundamental research in natural language processing 
commented: 

To be perfectly honest, it’s not something I think about. The 
projects I’m involved in, with maybe one exception, are basic 

research and will not have immediate impact on society. I 
know the EPSRC’s all about impact and various things you 
can do to enhance impact. But, to be perfectly honest, that is 

not something I really- is not a day-to-day consideration 
(Reader, natural language processing). 

 
Although, ‘impact’ refers to the effects that funded research 

may have, many who describe their research as fundamental 
claim that there is a caveat to judging their outputs because 
there are no guarantees that it will even be successful, which, 
they say, is why it is called ‘research’. Research is 
conceptualized as finding answers through a process of trial 
and error and viewed as somehow separate from the concerns 
of day-to-day life because its focus is on extending knowledge 
of what may or may not be possible rather than producing 
determinable outcomes. 

Fundamental research includes activities where basic 
principles are identified, technological concepts formulated and 
experimental research conducted to validate those principles 
and concepts. Application-oriented research, on the other hand, 
focuses on the practical application of those principles and 
concepts. The distinction has been articulated as that between 
the prototype, developed in application-oriented research, 
which is a working system that could, quite soon, be iterated 
into a fully developed product and the demonstrator, developed 
in fundamental research, whose purpose is to show the utility 
of the science with its potential commercialisation many years 
in the future. 

In contrast to the interviewee above, one researcher noted 
that: 

The holy grail [is] how to adapt systems to fit with people’s 
context … [and to] make computing fit into the background 

like furniture  (Reader, ubiqitous computing). 
 

Comparing the two quotes we see that the researcher 
engaged in ‘fundamental’ research has little or no concern for 
the social consequences of his research outputs. Whereas, the 
‘applied’ researcher has these concerns at the forefront where 
they are utilised to develop the most appropriate and usable 
technologies. This generalization regarding the differences in 
attitude between fundamental and applied researchers is based 
upon what the majority of application-oriented and 
fundamental ICT researchers said during the interviews. 

Even with this distinction, most researchers we interviewed 
who work in computer science departments describe their 
projects as a mix between fundamental and applied research: 

Anything in [computer] vision is applied; it’s the underlying 
mathematics that’s basic  (Professor, machine vision). 



Within projects we find that fundamental research, which 
may focus on algorithm and infrastructure design, is conducted 
alongside software engineering and interface design in domains 
such as energy, cybersecurity, and remote healthcare for 
example. Importantly, many projects within computer science 
research could be viewed as falling between both ends of the 
spectrum. 

We do look for applications as a vehicle for developing ideas 
rather than as an end in themselves. I try to identify a difficult 

problem and then think of a domain where I can feasibly 
tackle that problem  (Professor, verification and correctness). 

 
Even though this is the case, we find that many researchers, 

when asked about social responsibility, distanced themselves 
from any kind of obligation to critically reflect upon such 
questions giving a justification that their research was 
fundamental and so somehow outside the sphere of social 
accountability. 

These are basically scientific questions that you’re asking as 
opposed to ‘will that lead to public good’. I think it’s quite 
removed from that. When you start asking questions I don’t 

think I think in terms of ‘will this lead to anything that can be 
applied or tangible’ at that stage. No, I don’t ask that question  

(Professor, distributed systems - 02). 
 

This sentiment has been voiced consistently in our 
interviews with fundamental researchers and may be related to 
the opinion that the outcomes of basic research are difficult to 
predict especially since it is unknown whether those outputs 
would be leveraged by industries in the development of new 
products or services. Some researchers also distance 
themselves from considering aspects of social responsibility by 
diminishing and downplaying the actual usefulness of their 
research outputs in both the near and long term. 

If our basic approach, constructing brain models one neuron 
at a time, if that’s the right way to build an electronic 

analogue of the human brain, then it’s fairly easy to predict 
where we’ll end up with. That is: a computer that occupies a 

large hall, consumes megawatts of power and would be 
completely non-portable and be a very long way from 

something you could stick on a mobile robot or connect it 
through sensors through a lab  (Professor, many-core 

processing). 
 

This statement might be seen to diminish the potential 
societal effects of novel technologies to both placate 
apprehensions and to maintain some distance between research 
goals and social responsibility. Calvert [38] has shown that 
researchers use the distinction between fundamental and 
application-oriented research for several reasons such as, 
preserving professional status, maintaining autonomy and 
control, and preventing external evaluation and critique. 
However, when we asked researchers and funders they both 
acknowledged that even basic and blue skies research is 
justified precisely because of its potential to contribute to 
society, industry, and for providing economic benefit in the 
future.  

Despite this, there remains a tension where researchers 
employ the fundamental-applied spectrum to measure their 
professional responsibility. When discussing actual projects it 
is used as a rough measure for a) whether research outputs 
might have either near or long-term uptake and use, and 
extrapolating from this, b) whether or not they should be 
responsible for considering potential negative social impacts. 
This leads to a series of often tacit presumptions for many of 
our interviewees about their professional responsibility and 
whether or not they should consider how their research may 
lead to more challenging consequences for society. This 
rationale is consistently used to determine if research outputs 
will be relevant in the creation of near and long term futures; 
the closer technologies are to being taken up by or embedded 
within society, the greater the societal impact. 

This fundamental-applied dichotomy may be of greater 
consequence for those on the application-oriented side of ICT 
research because it suggests that questions of professional 
responsibility and societal impact might only be an HCI, 
Requirements Engineering and user acceptance problem for 
example, and not questions for fundamental researchers to 
consider. If this is the case, it presents many application-
oriented ICT researchers with a conundrum where they are 
asked to design applications based upon novel technologies 
after critical decisions have already been made about their 
social value. 

V. DISCUSSION AND FURTHER WORK 
The conceptualization and implementation of RRI presents 

many research challenges but also many opportunities for the 
ICT research community. We consider the practical 
implications of how RRI might influence the shaping of ICT 
research strategy and practice and also, how the ICT research 
community might shape RRI in the light of its broad 
objectives.  

A key contribution the ICT community can make lies in its 
strong tradition in design through stakeholder participation. 
This could give RRI practical relevance especially through the 
RE orientation towards problem solving, which is engineering-
based. Rather than framing the discourse through the lens of 
‘responsibility’ it could be framed as a ‘problem space’. In this 
way, RRI might be seen as a resource for innovation rather 
than a constraint and could enable ICT researchers to engage 
more readily with potential negative consequences as a 
‘problem space’. This would allow them to not only reflect 
upon their research practice but also become empowered to 
change it through the creation of candidate solutions. 

Additionally, RE might be influenced by RRI by, when 
necessary, potentially shifting its focus from detailed and 
sequential understandings of a system towards broader societal 
impacts when using scenario analysis, risk assessment and 
technology impact assessment. This might provide 
stakeholders an opportunity to identify, discuss and potentially 
resolve conceptually complex questions. We suggest that RE 
approaches could be extended to facilitate discussions about 
the conceptual underpinnings of fundamental research simply 
by shifting the focus when using existing RE tools. On the 
other hand, the RE and HCI communities have access to, and 
continue to build upon a range of techniques and methods for 



eliciting requirements, evaluating for usability and assessing 
values in design. Therefore it is uniquely positioned to further 
develop approaches and methods that could be used to consider 
issues in RRI.  

Currently, various RRI frameworks are undergoing 
development [39, 40, 41] and are being designed mainly by 
researchers in philosophy (applied ethics) and public policy. 
Within ICT we suggest that the research community has an 
opportunity to contribute to the development of novel RRI 
methodologies so that research strategy decisions might be 
made not exclusively on the grounds of their technical or 
scientific attributes alone but to also consider potential social 
impacts. This would provide an opportunity for the ICT 
community to become directly involved with researchers 
asking similar questions in applied ethics, social science and 
public policy research. 

As a first step in co-developing an ICT RRI Framework we 
propose that RE researchers might try using existing RRI 
techniques such as STIR, Stage-gating, and CTA. Often, the 
same techniques are used as in RE such as workshops, focus 
groups and scenario development. However, as the focus of 
formal RRI is on developing improved research governance 
mechanisms, the RE approach might be framed as a more 
practical approach used for problem-solving. Taking into 
account the significant expertise within the RE community for 
eliciting people’s opinions, ideas, and approaches to 
conducting their work we argue that RE is uniquely positioned 
to extend and modify existing techniques that could be used 
within an ICT context. 

Information systems research has always been an 
interdisciplinary endeavour, however, we maintain that a new 
kind of interdisciplinary practice be deliberated within our 
community. We suggest that the nature of the interdisciplinary 
collaboration itself be expanded beyond the requirements, user 
testing, and evaluation of computing systems. Rather, the ICT 
community could have a much more integral role to play when 
decisions are made about the very motivations, intentions, and 
purposes of computing research that are currently developed by 
policymakers and research councils.  

This present research challenges, but we suggest that the 
ICT community, in particular RE and HCI, are the most 
appropriately positioned sub-disciplines of computer science to 
perhaps take a lead in facilitating the formulation of 
frameworks and guidelines. Such new approaches could assist 
members of research projects in developing mechanisms for 
critical reflection of research goals and strategies and ways to 
include wider stakeholder populations in the decision-making 
process. This is especially true since eventually, the outputs of 
fundamental computer science research will become the new 
challenges for application-oriented research and design and so 
it follows that RRI be developed in partnership with the ICT 
community alongside philosophers, social scientists and 
policymakers.  

A further research challenge is that ICT researchers 
primarily consider meeting professional responsibilities 
through adhering to traditional notions of experimental 
reproducibility, laboratory health and safety, data protection 
and obtaining informed consent. However, these are related to 

research process, activities done within the scope of actual 
projects. Whereas, RRI aims to extend the notion of 
professional responsibility to include research products, 
including how ICTs might transform people and society. 
Currently, these questions are discussed downstream when 
products and services enter the marketplace. Many RRI 
advocates suggest that this may be too late in the innovation 
lifecycle. Referred to as the Collingridge dilemma [42] it 
creates a situation where the development of novel ICTs occurs 
within a double bind. The first is the ‘information problem’, 
where social consequences cannot be predicted reliably until 
ICTs are extensively developed and used. The second is the 
‘power problem’ where changing technology becomes difficult 
once it has been embedded into society. We suggest that ICT 
researchers, who are members of actual research projects, can 
also contribute to debates about how research outputs may lead 
to unintended future consequences.  

Generally we found that there is reluctance towards trying 
to predict potential impacts or the use foresight methodologies 
to speculate about possible future social consequences. This 
may be attributed to the different conceptual focus taken by 
ICT researchers and RRI advocates in the process of problem 
solving. RRI is anticipatory and uses future scenarios to 
imagine possibilities, whereas ICT is a science that uses 
empirical findings to make evidence-based decisions. 
Recognizing these differences, we suggest that the RE and HCI 
communities could begin to forge a synthesis where techniques 
and approaches in these domains could inform the emerging 
RRI initiative, and also, where RE and HCI might be shaped in 
the light of the broader objectives of RRI. 

As a follow up to the landscape study we will be 
developing an RRI Framework for ICT.  The framework will 
be informed through a series of focus groups and participatory 
sessions with the ICT research community to be conducted this 
year. The framework will contain two main guidelines: first, 
techniques for promoting reflection amongst researchers about 
project outputs and second, approaches to facilitate 
engagement with wider stakeholder groups in a dialogue about 
the societal consequences of research.  

Additionally, we aim to identify good practice that may 
already be in place across the ICT community that could 
inform the Responsible Research and Innovation Framework. 
We will also develop an online resource, the Observatory for 
Responsible Research and Innovation which is being populated 
with case studies that discuss ethical and social dilemmas 
within specific contexts such as; the collection of shared data in 
social networking sites, new models for dynamic informed 
consent in online settings, considerations for long-term 
qualitative research in living labs, data aggregation and its 
implications for privacy, and best practice for conducting 
design activities with children [43]. 

In terms of ICT research policy, our research will also 
directly inform decision makers at the research councils. If the 
ICT portfolio introduces a RRI framework it may have policy 
implications as the funding councils might use its outputs to 
report back to the government justifications for the 
development of its research strategies and objectives. Whether 



or not a RRI framework is introduced will also depend very 
much upon the ICT research community. 

The aim of RRI requires deep reflection about choices 
made regarding the direction of research investments, and 
accountability mechanisms to ensure that those managing and 
conducting research seriously consider potential societal 
impacts; that they are identified, discussed and addressed 
through the entire research and innovation lifecycle - from 
funding calls, to proposal writing, to peer review, to research 
outputs. RRI is a broad initiative that reaches beyond project-
by-project concerns to the broader motivations and rationales 
that form government policy and influence funding provision. 
The intention of RRI is to ask the research community to 
reflect upon questions related to whether we proceed with a 
particular research agenda? If so, how do we proceed? And 
how should such decisions be made? [23]. The RRI focus is 
more on mitigating wider societal long-term risks and so favors 
incremental rather than radical innovation. 

Additionally, the RRI initiative maintains that both our 
short-term (project-by-project) and long-term (grand 
challenges) research strategies, goals and outputs need to be 
continually reassessed and that fresh points of view need to be 
added to discussions and decision-making. Questions of the 
societal impact of ICT might be seen as an issue for 
policymakers and not for researchers to consider. If this is the 
case, it presents researchers with a conundrum where we are 
asked to design applications for technologies after critical 
decisions have already been made that have social and ethical 
consequences embedded within them. Finally, establishing the 
trajectory of the future on merely one account (e.g. looking at 
only the potential positive impacts of research) may not be in 
itself a responsible way to proceed. There are potential 
negative impacts to every imagined positive one. Because this 
is the case, diverse points of view can be complimentary to one 
another like photographs or videos of an event taken from 
various points. Each differing perspective provides us with new 
information that is not available from the other points of view. 
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