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Responsibility	1.0:	Pure	Science

To	produce	reliable	knowledge	accomplished	by	
enforcing	institutional	norms	(CUDOS)
• Communalism

– all	scientists	should	have	common	ownership	
• Universalism

– scientific	validity	is	independent	of	status
• Disinterestedness

– scientific	institutions	act	for	the	benefit	of	a	
common	scientific	enterprise

• Organised Skepticism
– scientific	claims	should	be	exposed	to	critical	

scrutiny	

Robert	Merton,	1942



Responsibility	1.0:	Linear	model	(1945	–)

Basic
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Applied	
science

Technological	
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New	products	
and	services Prosperity!

“Science:	 The	Endless	Frontier”,	1945

Vannevar Bush

1. Basic	scientists	do	not	and	should	
not	consider	applications

2. But	applications	will	emerge	from	
basic	science

3. And	the	nations	that	support	the	
basic	science	will	gain	economic	
rewards

4. (The	Republic	of	Science,	Polanyi	
1962)



Responsibility	2.0:	Science	in	Society	(2000	–)

• Disasters	and	crises	of	confidence	(1980s/	1990s)
– Bhopal,	Three	Mile	Island,	Chernobyl,	Challenger,	BSE,	GM	crops,	9/11,	financial	

markets,	research	misconduct,	
• Pressure	from	governments	(and	society)

– publicly	funded science	to	deliver	clearer	economic	and	societal	benefits
– goal-oriented,	intrinsically	interdisciplinary	science
– agenda	set	by	a	societal	and	economic	context	rather	than	by	an	academic	discipline	

• Science	contextualised by	societal	challenges		
• Horizon	2020

– Health,	demographic	change	and	wellbeing
– Food	security,	sustainable	agriculture	and	forestry,	marine	and	maritime	and	inland	

water	research,	and	the	Bioeconomy
– Secure,	clean	and	efficient	energy
– Smart,	green	and	integrated	transport
– Climate	action,	environment,	resource	efficiency	and	raw	materials
– Europe	in	a	changing	world	- inclusive,	innovative	and	reflective	societies
– Secure	societies	- protecting	freedom	and	security	of	Europe	and	its	citizens







Responsibility	2.0:	Science	for	Societal	impact
“Animal	production,	being	an	

essential	part	of	the	bio-economy,	
has	the	responsibility to	provide	the	
growing	world	population with	

sufficient,	nutritious,	safe,	healthy	
and	climate	smart	food	(animal	

proteins).	This	is	a	huge	challenge.	At	
a	global	level,	the	consumption	of	
animal	proteins	(milk,	meat,	eggs	

and	seafood)	is	expected	to	increase	
substantially	over	the	next	30	years	
while	in	Europe	the	consumption	of	

animal	proteins	is	expected	to	
remain	stable.”

(Johan	van	Arendonk 2017)

“Our	world	is	changing.	The	
population	is	growing	fast	and	
prosperity	is	increasing	in	many	

regions.	Around	the	world,	land	use	
for	food	production	is	reaching	its	

limits.	The	climate	is	visibly	changing	
while	fossil	fuels	are	becoming	ever	
scarcer.	Meanwhile,	people	are	
attaching	more	importance	to	

healthy,	safe	and	sufficient	food. It	is	
this	changing	world	that	is	the	real	

specialisation	of	WUR	– ….	In	
essence	we	not	only	develop	

knowledge	but	also	help	to	apply	it.”
(Corporate	brochure	WUR	2017)

Grand	
challenges

Challenge	
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Interdisciplinary	
research

Innovative	
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Responsibility	3.0:	Science	for	society,	with	
society
Outstanding	questions	for	
challenge-led	science
• Does	it	restore	public	trust?
• Does	it	command	

legitimacy?
• Does	it	focus	on	the	right	

challenges?
• Does	the	science	we	use	to	

solve	problems	create	new	
problems?

‘New	science	–
new	dilemmas’



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

present”
(Stilgoe,	Owen	and	Macnaghten	2013)

Responsibility	3.0:	Responsible	innovation	
(2010	–)



Responsibility	3.0:	Responsive	science
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



Responsibility	3.0:	Lines	of	questioning	on	
responsibility



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 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?

How much 
care is given to 
group design?

How diverse is 
the group?

Quality of dialogue as a learning exercise







‘ R e f l e x i v i t y ’

Mirror to one’s 
own 

commitments
Aware of limits to 

knowledge

Mindful of 
framing of 

issues

Institutional reflexivity
A public matter

Self-referential 
critique







‘ R e s p o n s i v e n e s s
’

Leadership 
and openness

Capacity to respond 
to three dimensions 

above
Capacity to change 

direction

Capacity to 
embrace 
diversity

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 

 

 

!



Case	1:	GM	crops	and	foods	(1996/1997)



UK	Sources	of	Public	Unease	to	GM	foods

1. Who	is	driving	these	developments	and	why?
– Scepticism over	claimed	social	benefits	of	GM	
– Implied	future	model	of	agriculture

2. Boundary	issues
– Escalating	‘tampering’	with	nature	(likelihood	of	retribution)
– Transgression	of	moral	boundaries	- the	‘integrity’	of	life
– Qualitatively	different	from	conventional	selective	breeding	re.	speed	and	

precision	of	intervention
3. Mistrust	over	‘scientific’	reassurances

– BSE	as	heuristic	- dispelling	‘innocence’
4. Organised ‘irresponsibility’

– Who	will	be	responsible	if	and	when	things	go	wrong
– Regulatory	frameworks	seen	as	compromised	by	prior	commitment	to	

expansion	of	biotechnology	overall
5. Lack	of	overall	sense	of	ownership	of	the	technology

– Feelings	of	inevitability	and	fatalism;	technology	seen	as	imposed,	pervasive



Case	2:	Nanotechnology	(2004	–2009)



Towards	an	‘upstream’	methodology



Case 3. The Stratospheric Particle Injection for 
Climate Engineering (SPICE) project



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



Global	lessons	from	GM	crops

Case	4



Three	global	rising	powers

• GM	Maize	in	Mexico

• GM	Soya	in	Brazil	

• GM	Cotton	in	India











Just	Editing:	
A	Comparative	Responsible	Innovation	Approach	to	
Animal	Genome	Editing	





The	science



The	science

the	CRISPR-Cas system	–
“has	made	editing	of	the	
genome	much	more	

precise,	efficient,	flexible,	
and	less	expensive	relative	
to	previous	strategies”	
(National	Academy	of	
Sciences	2017:	1)	



The	promise	(and	the	challenge)

“The	technology	has	excited	interest	
across	the	globe	because	of	the	
insights it	may	offer	into	
fundamental	biological	processes	
and	the	advances	it	may	bring	to	
human	health.	But	with	these	
advances	come	many	questions,	
about	the	technical	aspects	of	
achieving	desired	results	while	
avoiding	unwanted	effects,	and	
about	a	range	of	uses	that	may	
include	not	only	healing	the	sick,	but	
also	preventing	disease	in	this	and	
future	generations,	or	even	altering	
traits	unrelated	to	health	needs.	
Now	is	the	time	to	consider	these	
questions.”



Applications	in	animal	breeding

• Efficiency/	improvements	in	yield,	
– gains	in	reproductive	efficiency	e.g.	chickens	that	

produce	only	female	offspring	for	egg	laying)
– edited	animals	that	make	more	efficient	conversion	of	

inputs	into	outputs	(e.g.	pigs	that	can	be	fattened	
with	less	food	through	improved	gut	function)

• Health/	welfare	of	animals
– adaption	of	livestock	to	the	demands	of	intensive	

rearing	practices	(e.g.	‘hornless’	edited	cows	that	can	
be	kept	in	close	proximity	in	confined	spaces	with	less	
risk	of	injury)	

• Disease	resistance
– through	breeding	resistance	to	viral	pathogens	(e.g.	to	

breed	pigs	with	resistance	to	African	swine	fever	
virus)	or	to	engineer	disease	resistance	to	reduce	the	
use	of	prophylactic	antimicrobials	in	farming	



Deep	residues	of	trauma	from	GM	
crop	and	food	controversy



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



Our	research

“to	examine	the	conditions	(if	any)	under	which	
the	the	technique	of	genome	editing	can	and	

should	be	applied	to	animal	breeding	
applications	to	guide	responsive	decision-

making	for	scientists,	breeders	and	government”



Workpackage 1:	 Anticipation	and	contextualisation	

(Months	1-10)	

Task	1:	 Review	of	debate	on	science,	governance	and	ethics	of	
genome	editing	(human	and	animal)

Task	2:	 Comparison	of	animal	breeding	with	human	health	
applications	(development	of	analytical	framework)

Task	3:	 The	expectations	of	genome	editing	in	scientific	and	
commercial	programmes	(animal	genetics)

Task	4:	 Expert	deliberation	on	safety,	regulation	and	
governance	(animal	genetics)



• Why	have	previous	
innovations	in	the	new	
genetics	have	enjoyed	
differential	societal	and	
ethical	acceptability?

• What	can	we	learn	from	the	
controversy	of	GM	foods	
and	crops?

• What	are	the	safety,	
regulation	and	governance	
challenges	framed	by	
different	actors	(scientists,	
policymakers,	civil	society)

Workpackage 1:	 Anticipation	and	contextualisation	



Workpackage 2:	
Ethical	reflection	and	public	dialogue

(Months	8-16)

Task	1:	 Developing	an	ethical	
framework

Task	2:	 Designing	and	
facilitating	a	public	
engagement	
methodology

Task	3:	 Analysing	and	
interpreting	the	public	
focus	groups

• An	ethical	framework
– risk,	safety,	welfare,	animal	

integrity,	political	economy,	
justice,	instrumentalisation,	
naturalness,	trust,	hubris,	
relationality and	telos

• Dialogue	methodology
– design	principles	of	

‘upstream’	public	
engagement	

– publics	segmented	by	extant	
relationships	to	animals	

• Analysis
– cultural	narratives



Workpackage 3:	Integration	into	research	

(Months	14-24)	

Task	1:	 Review	of	techniques	
aimed	at	building	
reflexivity	into	
scientific	practice

Task	2:	 Experiments	in	an	
academic	animal	
science	lab

Task	3:	Experiments	in	four	
corporate	breeding	lab

Task	4:	Policy	seminar

• Techniques	
– to	help	animal	scientists	and	

breeders	reflect	upon	the	
social	and	ethical	dimensions	
of	their	research

• Toolkit
– to	help	guide	decision-making	

on	how	to	think	about	
decision-making	on	animal	
genome	editing



How	to	communicate	with	society?

Questions	for	discussion
• Where	are	you	on	the	responsibility	ladder?

– responsibility	1.0,	2.0	or	3.0
– where	do	you	need	to	be?

• What	capacities	do	you	need	to	cultivate?
– anticipation-inclusion-reflexivity-responsiveness
– How	will	you	do	this?

• With	whom	do	you	need	to	collaborate?
– social	scientists,	ethicists,	public	dialogue	specialists,	
anthropologists,	theologians,	civil	society	actors,	
governance	specialists,	regulators



Thank	you!


