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1. What is ‘responsible innovation’ – and what is different 
about it?

2. Why is it important – and why in particular for synthetic 
biology?

3. Ways forward for science policy?



Defining Responsible Innovation 

“Responsible Research and Innovation is a transparent, interactive process  
by which societal actors and innovators become mutually responsive to each 
other with a view on 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)”

(von Schomberg, 2011)

“taking care of the future through collective stewardship of science and 
innovation in the present”

(Stilgoe, Owen and Macnaghten 2012)



Responsible (research and) innovation: what 

is it?

• (How) can we steer the 
development of science and 
technology so that it meets 
widely shared societal 
goals?

• An old idea – but set within 
a new science and 
innovation policy context



What about the 

unexpected 

consequences?

Enlightenment dream 
of emancipation 
through science



the more disruptive the 

science

the bigger the 

questions for society

the more responsibility 

that is required 



Nuclear technologies



Agricultural biotechnologies



Nanotechnologies



Climate engineering



Synthetic biology



1. What is ‘responsible innovation’ – and what is 

different about it?

2. Why is it important – and why now?

3. What could it involve – and what is the role of 

Research Councils?



Objective: to build a framework for 
responsible science governance



Our approach:

Responsible innovation needs to respond to 
kinds of questions that publics typically ask of 
scientists and innovators, or would like to see 
scientists ask of themselves

a. Purposes

b. Trust

c. Inclusion

d. Speed and direction

e. Ethics and trade-offs



Lines of questioning on responsibility (derived from 
public dialogues on new science and technology) 



Anticipation
•From predictive to participatory

•Expectations and Imaginaries

•Tools

•Anticipatory Governance

•Vision assessment

•Scenarios

•Barriers to anticipation

•Guston, 2012; van Lente, 1993;

•Fortun, 2005; Barben et al, 2008

Inclusion
•The ‘new’ scientific governance

•Dialogue and ‘mini-publics’

•The challenge of legitimacy

•Input and outputs

•Wilsdon and Willis, 2004; Grove-White et al, 1997; 

•Goodin and Dryzek, 2006; Irwin et al, 2013;

• Lovbrand et al 2011

Reflexivity
•From 1st to 2nd order

•Tools

•Codes of conduct

•Midstream Modulation

•Wynne, 1993; Schuurbiers, 2011; 

•Swiestra, 2009; Fisher et al, 2006

Responsiveness
•Answering and reacting

•Diversity and resilience

•Value-sensitive design

•De facto governance

•Political economy of innovation

•Responsibility as metagovernance

•Pellizoni, 2004; Collingridge, 1980; Friedman, 

•1996; Stirling, 2007; Kearnes and Rip, 2009

Responsible 
innovation





‘ A n t i c i p a t i o n ’

What is not 

known?

‘What if’ 

questions

What is known?

What is 

plausible?
What is 

possible?

Increasing resilience

Shaping agendas for socially-robust research







‘ I n c l u s i o n ’

How serious and 

continuous is the 

discussion?

How early 

are people 

consulted?

Are we engaging 

publics in 

dialogue?

Who is being 

represented?
How diverse is 

the group?

Quality of dialogue as a learning exercise

Interrogating the social dimensions of science at an early stage







‘ R e f l e x i v i t y ’

Engaging in 

second order 

reflexivity

Asking scientists to 

put a mirror to their 

commitments

Being aware of 

limits to 

knowledge

Being mindful 

of the framing 

of issues

Making institutional reflexivity

a public matter

Engaging in self-

referential critique







‘ R e s p o n s i v e n e s s

’

Demonstrates 

leadership and 

openness

Able to respond to 

new knowledge
Able to answer new 

views and norms

Able to 

embrace 

diversity

Aligns with science’s 

political economy

Commitment to the public interest

Alignment of actors



Dimension 
Indicative techniques and 

approaches 

 

Factors affecting implementation 

Responsiveness Constitution of grand challenges and 

thematic research programmes  

Regulation 

Standards 

Open access and other mechanisms of 

transparency 

Niche management  

Value-sensitive design 

Provision of information 

Labelling 

Moratoriums 

Stage-gates  

Alternative intellectual property 

regimes 

New institutional structures and norms 

 

Strategic policies and technology 

‘roadmaps’ 

Science-policy culture 

Institutional structures 

Institutional cultures 

Institutional leadership 

Openness and transparency 

Intellectual property regimes 

Technological standards 

 

 

	



Responsible innovation in action



Climate Engineering

“Most nations now recognise the need to 
shift to a low-carbon economy…. But if such 
reductions achieve too little, too late, there 
will surely be pressure to consider a ‘plan B’ 
– to seek ways to counteract the climatic 
effects of greenhouse gas emissions by 
‘geoengineering’.”
Lord Rees: foreword

“Key recommendations (Research)
Relevant UK government departments 
(DECC and DEFRA) in association with the 
UK Research Councils (BBSRC, ESRC, EPSRC, 
and NERC) should together fund a 10 year 
geoengineering research programme at a 
level of the order of £10M per annum.”



Slide 31

Fig courtesy of  Nem Vaughan & Tim Lenton 

15km

50km

Climate Engineering: 
CO2 removal & Solar Radiation Management Approaches



The Stratospheric Particle Injection for Climate 

Engineering (SPICE) project



Evaluating candidate particles: what would be an ‘ideal’ particle to inject into

the stratosphere (maximizing solar radiation scattering while having minimal impact 

on climate, weather, ecosystems and human health).

Delivery Systems: feasibility and design of using a tethered-balloon to inject 

particles into the  stratosphere. Use data from the 1km high test-bed project in 

computer models to investigate how a full-scale system might work at an altitude of 

20km.

Climate and environmental modelling:

what can be learned from past volcanic eruptions.  Also modelling the potential 

impact on ozone layer concentrations, regional precipitation changes and 

atmospheric chemistry.

SPICE project: Stratospheric Particle Injection for Climate Engineering

EPSRC, NERC, STFC funding

Objective: to investigate the effectiveness of reflecting heat & light back into 

space using stratospheric particles.



Stratosphere 
(15-50km)

Fig courtesy of  SPICE project team



Figure Macnaghten and Owen, 2011

The Stakes:

A balloon 1 km high 

spraying water over 

Cambridgeshire

or

UK’s 1st field trial of climate-

engineering technology
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Responsible innovation (AIRR dimensions)

Anticipative
(describing and considering possible intended and unintended broad impacts)

Reflexive
(reflecting upon embedded commitments and assumptions)

Inclusive
(deliberating with and involving stakeholders, users and wider publics)

Responsive
(answerable to outside questions and flexible enough to adjust)

Responsible Innovation



The Panel

• Aerospace 

engineer

• Atmospheric 

scientist

• Civil society actor

• 2 social scientists
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Responsible innovation is not



Responsible innovation is not



Responsible innovation is not

Scientists

Social 
scientists & 
ethicists



Responsible innovation is not



Responsible innovation is not





Embedding these kinds of questions into scientific 
practice and science policy



Training and courses



Embedding social science 
and ethics in the lab



Co-design at the 
‘upstream’ stage



Impacting on science 
policy



Changing the culture 
of science


