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No-one can predict the 21st century counterparts  
of quantum theory, the double helix and the internet. 
But there is little doubt that advances in science  
and technology will continue to transform the  
way we live, create new industries and jobs, and 
enable us to tackle seemingly intractable social  
and environmental problems.

Ten	years	into	this	new	scientific	century,	the	
world	is	slowly	recovering	from	a	severe	financial	
crisis.	Food	security,	climate	change	and	health	
inequalities	are	rising	up	international	policy	agendas.	
And	countries	such	as	China,	India	and	Brazil	are	
reshaping	the	economic	and	political	landscape.

Faced	with	such	uncertainties,	the	UK	must	
build	on	its	existing	strengths.	This	country	has	a	
proud	track	record	of	achievement	in	science	and	
engineering.	Today,	thanks	to	sustained	investment,	
we	have	the	most	productive	research	base	among	
the	world’s	leading	economies.	Our	universities	are	
ranked	second	only	to	those	of	the	USA.	And	the	
outputs	of	our	research	are	increasingly	threaded	
through	the	economy.	

Over	the	last	15	years,	our	universities	have	
responded	enthusiastically	to	the	challenge	of	
transferring	more	of	their	knowledge	into	industry,	
and	have	given	rise	to	a	growing	number	of	high-
tech	clusters.	These	developments	are	still	quite	
fragile	and,	as	was	the	case	in	the	USA,	will	need	
to	be	nurtured	carefully.	It	would	be	disastrous	if,	
at	this	stage,	there	was	a	withdrawal	of	support	for	
our	world-class	universities,	or	the	incentives	which	
have	been	put	in	place	to	encourage	translation,	
commercialisation	and	knowledge	exchange.

At	the	same	time	as	we	have	improved	our	record	
on	science	and	innovation,	other	countries	have	
improved	theirs.	Our	scientific	leadership,	which	has	
taken	decades	to	build,	can	quickly	be	lost.	While	
the	UK	contemplates	further	reductions	in	spending	
on	higher	education	and	research,	most	other	major	
economies,	including	the	USA,	China,	France	and	
Germany,	have	outlined	ambitious	plans	to	increase	
investment	and	boost	their	innovation	performance.

Drawing	on	evidence,	analysis	and	extensive	
consultation	across	the	UK’s	science,	engineering	
and	innovation	communities,	this	report	distils	two	
urgent	messages.	The	first	is	the	need	to	place	
science	and	innovation	at	the	heart	of	the	UK’s		
long-term	strategy	for	economic	growth.	The	second	
is	the	fierce	competitive	challenge	we	face	from	
countries	which	are	investing	at	a	scale	and	speed	
that	we	may	struggle	to	match.	

As	the	Royal	Society	celebrates	its	350th	
anniversary,	we	want	to	provoke	a	richer	debate	
about	the	contribution	that	science	and	innovation	
will	make	to	the	UK’s	future.	If	the	right	policy	choices	
are	made	now,	the	UK	can	remain	at	the	vanguard	
of	international	science	and	secure	its	prosperity	
throughout	the	scientific	century.	

	

 
Executive Summary
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Recommendation 1: Put science and 
innovation at the heart of a strategy  
for long-term economic growth
•	 	Create	a	new	long-term	framework	for	science	

and	innovation	committing	to	increased	
expenditure

•	 	Outline	spending	plans	over	a	fifteen	year	
period	(2011-2026)

•	 	Prioritise	investment	in	scientific	capital	–	
including	infrastructure	and	skills

•	 	Expand	the	R&D	tax	credit

Recommendation 2: Prioritise investment 
in excellent people
•	 	Direct	a	greater	proportion	of	Research	Council	

funding	to	investigator-led	research
•	 	Increase	the	length	and	quality	of	UK	PhD	training
•	 	Support	transferable	skills	training	for	researchers
•	 	Increase	the	number	of	postdoctoral	fellowships

Recommendation 3: Strengthen 
Government’s use of science
•	 	Review	strategic	science	spending	by	

Government	departments
•	 	Expand	the	Small	Business	Research	Initiative	

to	support	innovative	procurement	
•	 	Provide	Departmental	Chief	Scientific	Advisers	

with	greater	resources
•	 	Appoint	a	Chief	Scientific	Adviser	to	

HM	Treasury

Recommendation 4: Reinforce the UK’s 
position as a hub for global science and 
innovation
•	 	Extend	the	geographic	reach	of	the	UK	Science	

and	Innovation	Network
•	 	Increase	support	for	mechanisms,	such	as	

the	Science	Bridges	scheme,	which	link	UK	
research	groups	with	partners	overseas

•	 	Incentivise	more	of	the	world’s	best	scientists	
to	remain	in,	or	relocate	to,	the	UK

•	 	Improve	visa	conditions	for	visiting	scientists	
and	researchers	to	the	UK

Recommendation 5: Better align science 
and innovation with global challenges
•	 	Create	strong	global	challenge	research	

programmes,	led	by	RCUK,	to	align	scientific,	
commercial	and	public	interests

•	 	Reform	research	funding	and	assessment	to	
support	and	reward	interdisciplinary	research

•	 	Use	public	and	stakeholder	dialogue	to	help	
identify	and	shape	these	challenges

•	 	Ringfence	departmental	contributions	to	
priority	research	areas

Recommendation 6: Revitalise science 
and mathematics education
•	 	Provide	incentives	to	recruit,	retain	and	attract	

teachers	back	to	science	subjects
•	 	Commit	to	increasing	the	numbers	of	primary	

teachers	with	science	expertise
•	 	Establish	new	expert	groups	to	advise	on	

the	development	of	science	and	mathematics	
curricula	and	qualifications

 
Recommendations and actions

Record	of	the	founding	of		
the	Royal	Society	and	first		
meeting	on	28	Nov	1660	
©	The	Royal	Society
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 PART 1

The fruits of curiosity

	

This sketch of cell division of 
Caenorhabditis elegans, the 
nematode worm, comes from  
Sir John Sulston FRS, the 2002 
Nobel Prize Laureate in Physiology 
or Medicine. Sulston and colleagues 
detailed the development of 
C.elegans from egg to adult, 
eventually determining the fate of 
each and every cell of an organism. 
© John Sulston, 1980



PART	1

The	fruits	of	curiosity
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On	a	damp	spring	morning	in	1993,	John	Sulston	
watched	from	the	window	of	his	makeshift	office	in	
Hinxton	as	a	large	muddy	hole	was	being	dug	in	the	
field	outside.	The	foundations	were	soon	laid	for	what	
would	become	one	of	Europe’s	leading	centres	for	
biomedical	research:	the	Wellcome	Trust	Sanger	
Institute.	By	March	1994,	130	people	were	working	
there,	using	state-of-the-art	equipment	to	map,	
sequence	and	analyse	genomes.	Thanks	to	their	
contributions,	the	genome	of	the	yeast	Saccharomyces 
cerevisiae,	with	12	million	bases,	was	published	in	
1996,	and	that	of	the	nematode	Caenorhabditis elegans	
in	1998.	But	the	Sanger	Institute	is	most	celebrated		
for	its	contribution	to	the	Human	Genome	Project,		
a	collaborative	effort	by	scientists	in	seven	countries.		
A	full	draft	was	completed	in	April	2003,	with	the	
Sanger	Institute	responsible	for	around	one	third		
of	the	total.

When	the	Sanger	Institute	was	first	established,	
Sulston	recalls	how	‘the	very	notion	of	sequencing	
the	human	genome	was	regarded	by	many		
biologists	as	foolish	and	wasteful	of	resources’.		
Such	attitudes	quickly	changed.	The	Human		
Genome	Project	was	heralded	by	some	as	the	start	
of	a	‘century	of	biology’,	following	the	domination	
of	the	20th	century	by	physics	and	the	19th	century	
by	chemistry.	Sulston	is	more	modest,	pointing	
out	that,	‘This	is	only	the	beginning.	For	all	the	fuss	
about	sequencing	the	human	genome,	the	total	
process	of	understanding	is	much	harder	and	is	open	
ended.’	But	as	genomic	science	advances,	it	is	likely	
to	transform	healthcare,	creating	new	approaches	
to	the	diagnosis,	prevention	and	treatment	of	many	
common	diseases.1

This	will	not	only	be	a	century	of	biology.	It	will		
be	a	century	of	mathematics,	chemistry,	physics		
and	engineering	too,2	a	century	in	which	advances	
at	the	frontiers	of	multiple	disciplines	will	transform	
the	way	we	live,	create	new	industries	and	jobs,		
and	enable	us	to	tackle	seemingly	intractable	social	
and	environmental	problems.

We	cannot	predict	this	century’s	counterparts	of	
quantum	theory,	the	double	helix	and	the	computer	
–	nor	where	the	next	generation	of	innovators	will	be	
trained	and	inspired.	But	one	thing	seems	certain:	
unless	we	get	smarter,	we’ll	get	poorer.	The	UK’s	
relative	economic	standing	will	sink	unless	more	
scientific	breakthroughs	take	place	and	are	exploited	
here	in	the	UK.

These	are	the	opportunities	of	this	scientific	
century,	and	the	focus	of	this	report.	Drawing	on	
evidence,	analysis,	case	studies	and	extensive	
consultation	across	the	UK’s	science	and	engineering	
communities,	the	report	distils	two	urgent	messages.	
The	first	is	that	science	and	innovation	must	remain	
the	basis	of	any	long-term	strategy	for	growth.	The	
second	is	the	fierce	competitive	challenge	we	face	
from	those	countries	which	are	now	investing	in	
research	at	a	scale	and	speed	that	we	may	struggle	
to	match.	

The	UK	has	great	scientific	strengths,	which	
underpin	our	society,	culture	and	economy:	we		
must	build	on	these	and	continue	to	aspire	to	be		
the	best	country	in	the	world	in	which	to	do	science.	
Despite	the	financial	pressures	that	now	confront	
us,	we	must	not	let	short-term	choices	undermine	
the	progress	that	has	been	achieved.	As	the	Royal	
Society	celebrates	its	350th	anniversary,	we	want	
to	provoke	a	wider	debate	about	how	science	and	
innovation	can	underpin	our	prosperity	for	the	next	
decade	and	beyond.	

Observations	on	duckweed.		
Antoni	Van	Leeuwenhoek	to		
The	Royal	Society,	25	December	1702.	
©	The	Royal	Society
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Investing for growth
Over	the	last	few	decades,	countries	have	risen	
and	fallen,	research	fields	have	waxed	and	waned,	
but	British	science	has	adapted	and	sustained	its	
reputation	for	excellence.3	Recent	investment	has	
reversed	the	relative	decline	of	UK	science	that	
occurred	in	the	1980s	(see	Figure	1.1).4	The	UK	
produces	more	publications	and	citations	per	pound	
spent	on	research	than	any	other	G8	nation.	With		
1%	of	the	world’s	population,	the	UK	produces	
7.9%	of	the	world’s	publications,	receives	11.8%	of	
citations,	and	14.4%	of	citations	with	the	highest	
impact	(see	Figure	1.26).	Earlier	generations	worried	
about	a	brain	drain	from	the	UK.7	We	are	now	a	
net	importer	of	scientists	and	innovators,	and	these	
people	are	more	highly-skilled	than	ever	before.8	

The	success	of	the	UK	research	base	has	been	
supported	by	effective	policies	to	generate	more	
value	from	this	increased	investment,	in	particular	
through	the	Technology	Strategy	Board	(TSB).	
There	has	been	a	remarkable	growth	in	the	amount	
of	universities’	knowledge	exchange.	Between	
2000	and	2008,	the	number	of	patents	granted	to	
universities	rose	by	136%	and	consultancy	income	
increased	by	222%.9	In	2007/08,	university	spin-out	
companies	employed	nearly	14,000	people	and	had	

1	 	House	of	Lords	Science	and	
Technology	Committee	(2009).	
Genomic Medicine.	The	Stationery	
Office:	London,	UK;	Academy	of	
Medical	Sciences	(2010).	Reaping 
the rewards: a vision for UK medical 
science,	Academy	of	Medical	
Sciences:	London,	UK.

2	 	In	many	places	throughout	this	
report,	we	use	the	term	‘science’	
as	shorthand	for	disciplines	in	
the	natural	sciences,	technology,	
engineering	and	mathematics.

3	 	Weinberg	B	(2009).	An assessment 
of British science over the twentieth 
century.	Economic	Journal	119,	
538,	F252–F269.

4	 	Martin	B	(1994).	British science in 
the 1980s—has the relative decline 
continued?	Scientometrics	29,	1,	
27–56;	Lord	Sainsbury	of	Turville	
(2007).	The Race to the Top: A 
Review of Government’s Science 
and Innovation Policies.	Stationery	
Office:	London,	UK.

5	 	Sources	of	statistics:	BIS	(2009).	
SET Statistics. Science, Engineering 
and Technology Indicators.	
Department	for	Business,	
Innovation	and	Skills:	London,	UK;	
and	Office	for	National	Statistics.	
Public	R & D	expenditure	includes	
Government	departments,	
Research	Councils,	universities		
and	nationalised	industries.

6	 	Evidence	Ltd	(2009).	International 
comparative performance of the 
UK research base.	Department	for	
Business,	Innovation	and	Skills:	
London,	UK;	OECD	(2009).	Main 
Science and Technology Indicators	
(MSTI):	2009	Edition.	Organisation	
for	Economic	Coorporation	and	
Development:	Paris,	France;	 
 Science and Engineering Indicators 
2010.	National	Science	Foundation:	
Arlington,	VA,	USA.	

7	 	Royal	Society	(1963).	Emigration of 
scientists from the United Kingdom: 
Report of a committee appointed 
by the Council of the Royal Society.	
Royal	Society:	London,	UK.

8	 	Findlay	A	(2001).	From Brain 
Exchange to Brain Gain: Policy 
Implications for the UK of Recent 
Trends in Skilled Migration from 
Developing Countries.	International	
Migration	Papers	43.	International	
Labour	Office:	Geneva,	Switzerland.

9	 	Source:	HEFCE	(2008).	Higher 
Education – Business Community 
Interaction survey 2008.	Higher	
Education	Funding	Council	for	
England:	Swindon,	UK.

Figure 1.1 Public R&D expenditure, 
1970-20085 
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PART	1

The	fruits	of	curiosity

a	combined	turnover	of	over	£1.1	billion.10	Over	the	
past	decade,	university	bioscience	departments	
alone	have	generated	over	200	spin-out	companies.11	
The	UK	now	has	an	emerging	network	of	centres	of	
excellence	for	technologies	and	industrial	innovation.12

Science	is	one	area	where	the	UK	has	
strengthened	its	competitive	advantage.	But	
this	advantage	can	easily	be	lost.	Continued	
investment	is	necessary	to	increase	productivity	in	
high	value-added	sectors,	as	part	of	the	ongoing	
transition	to	a	knowledge	economy	(see	Figure	
1.3).13	Alongside	high-tech	manufacturing	in	sectors	
such	as	pharmaceuticals,	aerospace,	software	
and	industrial	design,	UK	services	are	increasingly	
knowledge-intensive,	and	now	account	for	three	
quarters	of	gross	value	added	(GVA)	and	over	80%	
of	employment	in	the	UK.15	In	the	wake	of	the	global	
financial	crisis,	as	policymakers	seek	a	more	diverse,	
balanced	and	sustainable	economy,	science	and	
innovation	will	be	more	important	than	ever	before.16

Rising	expenditure	on	UK	scientific	research,	
primarily	through	universities	and	the	Research	
Councils,	has	produced	clear	benefits.	One	
often-overlooked	change	has	been	to	scientific	
infrastructure,	which	had	been	allowed	to	erode	

during	the	1980s	and	early	1990s.	Since	1998,	the	
Joint	Infrastructure	Fund,	the	Large	Facilities	Capital	
Fund	and	the	Science	Research	Infrastructure	Fund	
have	ploughed	more	than	£3	billion	into	repairing	and	
replacing	ageing	laboratories. In	return	for	increased	
investment,	the	Treasury’s	Ten	Year	Framework	for	
Science	and	Innovation,	produced	in	2004,	set	out	
the	need	for	‘greater	responsiveness	of	the	research	
base	to	the	economy’.17

In	the	mid-1990s,	policy	makers	looked	to	Silicon	
Valley	with	envy.	It	seemed	to	have	everything	in	
place:	world	class	universities	with	surrounding	
‘clusters’	of	high-technology	companies	and	spin-
outs	supported	by	a	buoyant	venture	capital	market.18	
Fifteen	years	later,	the	UK	has	developed	its	own	
high-tech	clusters,	most	notably	in	Cambridge,	but	
also	around	the	universities	of	Manchester,	Oxford,	
Southampton,	Surrey	and	York.	

In	his	2007	review,	former	science	minister	Lord	
Sainsbury	described	science	and	innovation	as	
an	ecosystem.19	The	health	of	the	whole	system	
depends	on	the	health	of	its	constituent	parts	and,	
crucially,	on	the	relationships	between	them.	The	
Sainsbury	Review	found	that	there	had	been	a	step	
change	in	the	knowledge	transfer	system,	with	the	
performance	of	leading	British	universities	now	close	
to	that	of	their	top	American	counterparts.

As	the	policies	of	the	last	two	decades	start	
to	yield	real	results,	there	is	a	need	to	take	a	
long-term	view	of	future	challenges	to	the	UK’s	
global	leadership	in	science	and	innovation.	This	
is	particularly	urgent	at	a	time	when	many	more	
countries	are	investing	heavily	in	research.	

The value of science
Science	and	innovation	policies	for	the	21st	century	
must	start	with	a	clear	rationale,	looking	carefully	at	
the	benefits	that	flow	from	continued	investment	in	

1% of 
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7.9% of 
papers

11.8% of 
world citations

14.4% of world’s 
most highly cited

3% of global 
funding for 
research

Figure 1.2 The UK’s share of global science
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research.	Science	is	primarily	motivated	by	curiosity	
–	a	desire	to	learn	more	about	the	world.20	The	
accumulation	of	new	knowledge	is	recognised	as	
a	public	good	in	and	of	itself,	but	science	proceeds	
in	the	understanding	that	this	curiosity	bears	fruits	
which	are	of	wider	economic	and	social	benefit.	

Economic	history	reveals	the	central	role	of	
science	and	innovation	in	the	productivity	growth	
of	industrialised	nations.21	However,	what	can	seem	
clear	with	hindsight	is	hazier	for	policy	makers	looking	
to	the	future.	The	economic	benefits	of	science	are	
often	long-term	(see	Case	study	1.4)	and	there	are	
many	ways	in	which	publicly-funded	science	has	an	
impact	on	the	economy	(see	Figure	1.5).	

Of	the	types	of	impact	shown	in	Figure	1.5,	the	
first	and	second	(increasing	useful	knowledge	and	
creating	new	firms)	receive	the	greatest	attention	
from	policy	makers,	who	often	assume	a	neat	linear	
model	in	which	innovation	follows	from	science,	with	
the	benefits	captured	rapidly,	in	the	same	country	as	
the	research	takes	place.	
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Figure 1.3 Knowledge-intensive services 
and high-tech manufacturing as percentage 
gross value added (GVA), 1970-200714

10	 	BIS,	HEFCE,	Scottish	Funding	
Council,	HEFCW	and	Department	
for	Employment	and	Learning	
(2008).	Higher Education – Business 
and Community Interaction Survey 
2007-2008.

11	 	BBSRC	(2009).	Economic Impact 
Baseline 2009 Update.	BBSRC:	
Swindon,	UK.

12	 	HM	Government	(2010).	Going 
for Growth: Our Future Prosperity.	
Department	for	Business,	
Innovation	and	Skills:	London,	UK.	

13	 	This	is	formally	rooted	in	the	
economics	of	Endogenous	Growth	
Theory,	which	builds	on	the	ideas	
of	Robert	Solow,	who	included	
technological	innovation	in	growth	
equations	for	the	first	time.	See:	
Solow	R	(1956).	A contribution to 
the theory of economic growth.	
Quarterly	Journal	of	Economics	70,	
1,	pp	65–94;	Porter	M	&	Ketels	C	
(2003).	UK Competitiveness: Moving 

to the Next Stage.	DTI	Economics	
Paper	no	3,	Department	of	Trade	
and	Industry:	London,	UK,	and	
Economic	and	Social	Research	
Council:	Swindon,	UK.

14	 	This	graph	shows	knowledge-
intensive	services	and	high-tech	
manufacturing	value-added	as	a	
share	of	gross	value	added.	Source:	
European	Union	(2009).	EU KLEMS 
Growth and Productivity Accounts.	
European	Union:	Brussels,	
Belgium.

15	 	Royal	Society	(2009).	Hidden 
Wealth: The Contribution of Science 
to Service Sector Innovation.	Royal	
Society:	London,	UK.

16	 	HM	Government	(2010). Going 
for Growth: Our Future Prosperity.	
Department	for	Business,	
Innovation	and	Skills:	London,	
UK;	NESTA	(2009).	The Innovation 
Index: Measuring the UK’s 
investment in innovation and its 

effects,	National	Endowment	for	
Science,	Technology	and	the	Arts:	
London,	UK.

17	 	HM	Treasury/	Department	for	
Trade	and	Industry/	Department	
for	Education	and	Skills	(2004).	
Science and Innovation Investment 
Framework 2004–2014	(pp10–11).	
HM	Treasury:	London,	UK.

18	 	‘Clustering’	was	promoted	as	
a	convenient	means	to	marry	
the	desire	for	quality	scientific	
research	with	the	desire	to	create	
high-growth	companies.	See:	DTI	
(1999).	Biotechnology Clusters. 
Report of a Team Led by Lord 
Sainsbury, Minister for Science.	
Department	for	Trade	and	Industry;	
DETR	(2000).	Planning For Clusters.	
Department	of	Environment,	
Transport	and	Regions;	HM	
Treasury	(2006).	Barker Review of 
Land Use Planning, Final Report 
– Recommendations.	Stationery	
Office:	London,	UK.	

19	 	Lord	Sainsbury	of	Turville	(2007).	
The Race to the Top: A Review 
of Government’s Science and 
Innovation Policies.	Stationery	
Office:	London,	UK.

20	 	Nowotny	H	(2008).	Insatiable 
curiosity: Innovation in a Fragile 
Future.	MIT	press:	Cambridge,	
MA,	USA.

21	 	Landes	D	(1969).	The Unbound 
Prometheus: Technological Changes 
and Industrial Development in 
Western Europe, 1750 to the 
Present.	Cambridge	University	
Press:	Cambridge,	UK;	Mokyr	
J	(1990).	The Lever of Riches: 
Technological Creativity and 
Economic Progress.	Oxford	
University	Press:	Oxford,	UK;	Lipsey	
R,	Carlaw	K	&	Bekar	C	(2006).	
Economic Transformations: General 
Purpose Technologies and Long-
Term Economic Growth. Oxford	
University	Press:	Oxford,	UK.
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Figure 1.5 How science has an impact22

There	are	numerous	problems	with	looking	
at	innovation	in	this	way.	Scientific	knowledge	
is	collective,	public	and	international.	It	can	be	
difficult	to	pinpoint	which	aspects	of	research	
have	contributed	to	particular	innovations.	There	
are	often	time	lags	between	basic	research	and	its	
applications.23	Retreating	to	the	comforts	of	the	linear	
model	by	focusing	on	the	most	visible	and	immediate	
impacts	of	science	may	obscure	the	hidden	value	
produced	over	a	longer	term.

A	2008	report	from	the	Medical	Research	Council,	
Wellcome	Trust	and	the	Academy	of	Medical	
Sciences	concludes	that,	even	in	medicine,	where	
research	is	often	highly-targeted,	the	lag	between	

Case study 1.4 
From Faraday to the iPod
Michael	Faraday	was	a	leading	light	of		
19th	century	science.	He	began	his	career	
as	secretary	to	Sir	Humphry	Davy,	himself	
a	formidable	chemist	and	inventor.	Faraday	
then	joined	the	Royal	Institution,	where	his	
experiments	allowed	him	to	elucidate	the	
principles	of	electromagnetism	and	build	the	
first	dynamo.	Explaining	a	discovery	to	then	
Chancellor	of	the	Exchequer	William	Gladstone,	
Faraday	was	asked,	’But	after	all,	what	use	is	it?’	
He	famously,	but	perhaps	apocryphally,	replied,	
’Why	sir,	there	is	every	probability	you	will	be	
able	to	tax	it’.

Faraday’s	ideas	were	taken	forward	
by	James	Clerk	Maxwell,	Lord	Kelvin	and	
numerous	others,	including	Albert	Fert	and	
Peter	Grünberg.	Fert	and	Grünberg	received	the	
2007	Nobel	Prize	in	Physics	for	work	on	giant	
magnetoresistance,	showing	that	tiny	changes	
in	magnetism	can	generate	large	changes	
in	electrical	resistance.	Their	1988	discovery	
revolutionised	the	way	that	computers	store	
information.	The	minuscule	hard	drives	inside	
laptops	and	the	earliest	iPods	would	have	been	
impossible	without	Faraday’s	pioneering	work	
more	than	150	years	earlier.
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of useful knowledge
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Supply of skilled graduates 
and researchers

Creation of new scientific 
instrumentation and methodologies
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research	and	health	benefits	can	be	anywhere	from	
10	to	25	years.24	Close-to-market	technologies	also	
require	a	lengthy	gestation.	The	development	of	new	
biotechnology	processes	takes,	on	average,	three	and	
a	half	years	from	initial	design	to	commercialisation,	
while	microelectronics	products	require	well	over		
five	years.25

Recent	policies	have	placed	great	emphasis	
on	the	economic	impacts	of	research.26	This	is	
understandable,	given	the	scale	of	public	investment	
and	the	economic	challenges	facing	the	UK.	But	
targets	and	metrics	cannot	guarantee	impact	and,	if	
implemented	crudely,	may	prove	counterproductive.	
Economic	impacts	are	also	only	one	dimension	of	the	
wider	public	value	of	science.	Excellent	research	has	
by	definition	a	significant	impact,	much	of	which	is	
on	the	research	field	concerned.	Other	impacts	are	
also	likely	to	be	significant,	but	are	often	impossible	
to	predict	in	advance.27	Debates	over	impact	within	
the	research	community	have	become	unnecessarily	
polarised,	and	are	in	danger	of	diverting	attention	
from	the	many	benefits	that	research	brings	to	
the	economy,	society	and	public	policy.	Recent	
clarification	from	the	Higher	Education	Funding	

Council	for	England	(HEFCE)28	and	the	Research	
Councils	about	their	approach	to	impact29	has	been	
helpful	and	should	go	some	distance	to	addressing	
the	concerns	voiced	by	sections	of	the	research	
community.

Alongside	increasing	knowledge	and	creating	
firms,	the	other	channels	through	which	science	
has	an	impact	(see	Figure	1.5)	are	no	less	important.	
Much	of	the	value	of	science	derives	from	scientists	
themselves:	their	skills	and	expertise,	and	the	way	
that	they	move	through	the	economy,	are	just	as	
important	as	the	knowledge	that	they	leave	behind.30	

Scientific people
Science	requires	investment,	infrastructure	and	an	
enabling	policy	environment,	but	its	most	important	
resource	is	people.	Policy	needs	to	be	more	closely	
attuned	to	the	life	cycle	of	scientists’	careers,	from	
school	to	retirement,	and	to	the	contribution	of	those	
who	are	trained	in	science	but	choose	to	work	in	
other	sectors.31

Young	people	need	improved	science	education,	
whether	they	are	destined	to	become	professional	
scientists	or	scientifically-literate	citizens.	As	with	

22	 	Martin	B	and	Tang	P	(2007).	The 
benefits from publicly funded 
research.	SPRU	working	paper	161.	
Science	and	Technology	Policy	
Unit,	University	of	Sussex.

23 Ibid.

24	 	These	lags	are	offered	for	the	
particular	case	of	cardiovascular	
disease	research.	See:	Health	
Economics	Research	Group	
(HERG),	Brunel	University,	Office	
of	Health	Economics	(OHE)	and	
RAND	Europe	(2008).	Medical 
research, what’s it worth?	Report	
For	the	Medical	Research	Council,	

the	Wellcome	Trust	and	the	
Academy	of	Medical	Sciences.

25	 	Lord	Sainsbury	of	Turville	(2007).	
The Race to the Top: a Review 
of Government’s Science and 
Innovation Policies,	Table	6.2.	
Stationery	Office:	London,	UK.

26	 	Research	Council	Economic	
Impact	Group	(2006).	Increasing 
the Economic Impact of Research 
Councils. Advice to the Director 
General of Science and Innovation.

27	 	Royal	Society	(2009).	Response to 
HEFCE’s second consultation on the 
assessment and funding of higher 

education research.	Royal	Society:	
London,	UK.

28	 	HEFCE	(2009).	Research Excellence 
Framework: Second consultation 
on the assessment and funding of 
research.	Higher	Education	Funding	
Council	for	England:	Bristol,	UK.

29	 	Thorpe	A	(2009). Impact is created 
in immeasurable ways 2.	Letter	
to	Times	Higher	Education.		
12	November	2009;	House		
of	Commons	Science	and	
Technology	Committee	(2010).		
The impact of spending cuts on 
science and scientific research	

Minutes	of	Evidence	on	3	February	
2010.	Available	online	at	www.
publications.parliament.uk/pa/
cm200910/cmselect/cmsctech/
uc335-i/uc33502.htm	

30	 	Salter	A	et al.	(2000).	Talent, 
Not Technology: Publicly Funded 
Research and Innovation in the  
UK.	Science	and	Technology	
Policy	Research	Unit,	University		
of	Sussex.

31	 	Royal	Society	(2009).	Hidden 
Wealth: The Contribution of Science 
to Service Sector Innovation. Royal	
Society:	London,	UK.

Sketches	from	paper	‘Pulsars	–		
Basic	Problems’,	April	1982	
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other	areas	of	education,	science	and	mathematics	
have	suffered	from	rapidly-changing	political	
expectations	and	reforms.	Scientific	subjects	demand	
the	input	of	subject	specialists	for	the	development	
of	their	curricula	and	modes	of	assessment.	The	
number	one	priority	must	be	the	quality	of	these	
specialist	teachers.	Prior	to	2009,	the	UK	had	failed	
to	meet	its	recruitment	targets	for	secondary	science	
and	mathematics	teachers	every	year	for	over	a	
decade.	The	training,	recruitment	and	retention	of	
primary	science	and	mathematics	teachers	are	a	
source	of	particular	concern.	The	Royal	Society’s	

own	research	suggests	that	without	excellent	
teachers	there	is	little	hope	of	inspiring	children		
to	stick	with	science.32

A	PhD	can	be	a	gateway	to	a	scientific	career.		
But	the	majority	of	people	undertaking	a	PhD	will	end	
up	in	careers	outside	scientific	research	(see	Figure	
1.6).	The	journey	from	PhD	student	to	professor	is	
punctuated	by	key	transition	points.	At	each	of	these	
points,	some	scientists	leave	scientific	careers,	and	
only	a	tiny	proportion	of	PhD	students	can	expect	to	
end	up	as	university	professors.	Policy	can	help	ensure	
job	security	and	flexibility,	so	that	the	best	scientists	
can	reasonably	expect	long,	rewarding	careers.

Despite	progress	in	the	past	decade,	ensuring	
a	diverse	scientific	workforce	remains	a	challenge.	
Women	are	still	under-represented	in	the	latter	
stages	of	scientific	careers,	particularly	in	the	physical	
sciences.	While	35%	of	all	researchers	in	science-
related	disciplines	are	women,	the	proportion	falls	to	
30%	for	lecturers,	21%	for	senior	lecturers	and	just	
11%	for	professors.36	Since	2004,	the	Government	has	
funded	a	dedicated	centre	to	support	women	entering,	
returning	to	and	progressing	in	scientific	careers,	but	
science	is	still	seen	by	many	as	a	highly	demanding	
career	that	is	incompatible	with	family	life.37	

Early Career 
Research

Careers outside science

Non-university
Research (industry, 
government etc.)

Permanent
Research Staff

Professor

53%

47%

30%

17%

26.5%

3.5% 0.45%

This	diagram	illustrates	the	transition	points	in	typical	academic	
scientific	careers	following	a	PhD	and	shows	the	flow	of		
scientifically-trained	people	into	other	sectors.	It	is	a	simplified	
snapshot	based	on	recent	data	from	HEFCE33,	the	Research	Base	
Funders	Forum34	and	from	the	Higher	Education	Statistics	Agency’s	
(HESA)	annual	Destinations	of	Leavers	from	Higher	Education’	(DLHE)	
survey.	It	also	draws	on	Vitae’s	analysis	of	the	DLHE	survey35.	It	does	
not	show	career	breaks	or	moves	back	into	academic	science	from	
other	sectors.	

Figure 1.6 Careers in and outside science
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The diversity of science
Science	is	often	discussed	as	though	it	is	one	
process	or	one	set	of	institutions	and	people.	
(We	are	no	doubt	guilty	of	over-simplifying	in	this	
report.)	Even	within	a	single	scientific	discipline,	
scientists	bring	a	breadth	of	expertise,	interests	and	
motivations.	Some	will	be	driven	by	the	pursuit	of	
knowledge;	others	by	a	desire	to	make	an	impact		
on	people’s	lives;	many	will	be	motivated	by	both	
aims	and	others	besides.

Scientific	research	is	often	subdivided	according	
to	whether	it	is	‘basic’	or	‘applied’,	‘blue-skies’	or	
‘strategic’.	Such	distinctions	can	be	helpful	when	
thinking	about	how	we	fund	and	evaluate	research.	
Despite	some	concerns	that	the	balance	of	public	
science	funding	is	shifting	in	an	applied	direction,	
data	shows	that	over	20	years	it	has	in	fact	shifted	
towards	basic	research	(see	Figure	1.7).

However,	there	is	a	danger	in	over-emphasising	
such	differences.	As	the	Council	for	Science	and	
Technology	argues	in	a	recent	report,	we	need	
a	richer	language	for	‘the	complex,	reflexive	
relationship	between	research	(of	all	types)	and	
impacts,	whether	social	or	economic’.39	Scientists	
themselves	can	be	guilty	of	defending	their	own	
patch	of	basic	or	applied	research	at	the	expense		
of	a	broader	debate	about	the	system	as	a	whole.

Figure 1.7 Types of publicly-funded 
science38
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32	 	Royal	Society	(2004).	Taking a 
Leading Role—Scientists Survey.	
Royal	Society:	London,	UK.

33	 	HEFCE	(2005).	Staff employed at 
HEFCE funded HEIs. Trends, profiles 
and projections.	Higher	Education	
Funding	Council	for	England:	
Swindon,	UK.

34	 	Research	Base	Funders	Forum	
(2008).	First Annual Report on 
Research Staff Covering the Period 

2003/04 to 2006/07.	Department	
for	Innovation,	Universities	and	
Skills:	London,	UK.

35	 	Vitae	(2009).	What Do Researchers 
Do? First Destinations of Doctoral 
Graduates by Subject.	Vitae:	
Cambridge,	UK.

36	 	HESA	(2009).	Resources of Higher 
Education Institutions 2007/08.	
Higher	Education	Statistics	Agency:	
Cheltenham,	UK.

37	 	See:	www.ukrc4setwomen.org;	
Royal	Society	(2009).	Mothers in 
Science. 64 Ways to Have It All.	
Royal	Society:	London,	UK.

38		Department	for	Business,	
Innovation	and	Skills	(2009).	SET 
Statistics. Science, Engineering 
and Technology Indicators.	This	
uses	‘Frascati’	definitions,	where	
‘basic	research’	is	carried	out	for	
the	advancement	of	knowledge;	
‘strategic	applied	research’	has	

practical	aims,	but	no	specific	
uses;	‘specific	applied	research’	
is	aimed	at	particular	products,	
processes	or	systems;	and	
‘experimental	development’	uses	
existing	knowledge	to	develop	
and	test	new	technologies	or	
processes.	

39	 	CST	(2010).	A Vision for UK 
research.	Council	for	Science	and	
Technology:	London,	UK.
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Figure 1.8 How UK academics classify their own work42

Basic	science	is	often	labelled	‘curiosity-driven’.	
But	all	research	is	fundamentally	motivated	
by	curiosity.	Different	sorts	of	science	are	
interdependent	and	equally	important.	We	must		
not	lose	sight	of	the	ways	in	which	they	reinforce		
one	another.

	

Donald	Stokes	describes	the	large	body	of	
scientific	activity	that	is	driven	by	a	desire	for	both	
scientific	understanding	and	social	benefit.	He	calls	
this	‘Pasteur’s	Quadrant’,	which	he	contrasts	with	
the	fundamental	research	of	scientists	like	Niels	Bohr	
or	the	purely	applied	research	of	Thomas	Edison.40	
Of	basic	research	funded	by	Research	Councils	
in	2006/7,	60%	fits	into	Pasteur’s	Quadrant.41	This	
emphasis	is	also	reflected	in	the	results	of	a	2009	
UK	Innovation	Research	Centre	survey	of	22,000	
academics	–	although	results	vary	by	discipline		
(see	Figure	1.8).

Who funds UK science?
The	money	that	flows	from	Government	to	the	
Research	Councils	is	only	one	of	many	investment	
streams	in	UK	science.	Increased	funding	has	
meant	that	UK	academic	science	has	grown	
markedly,	but	it	is	easy	to	forget	that	most	science	
is	still	conducted	outside	universities	(see	Figure	
1.9).	Businesses	conduct	two	thirds	of	research	
and	development	(R&D),	a	quarter	takes	place	in	
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universities	and	government	and	charity	research	
make	up	the	remainder.	British	charities	such	as	the	
Wellcome	Trust,	Cancer	Research	UK	and	the	Gatsby	
Foundation	and	international	players	like	the	Gates	
Foundation	support	more	than	a	billion	pounds	worth	
of	research	in	universities	and	research	institutes.43	
These	non-governmental	investments	in	science	are	
crucial,	and	their	value	is	recognised	through	policies	
such	as	the	R&D	tax	credit	and	the	Charity	Research	
Support	Fund.	But	they	also	depend	on	substantial	
public	investment.

It	has	been	wrongly	claimed	in	the	past	that	public	
spending	on	science	might	‘crowd	out’	private	sector	
investment.	The	evidence	suggests	the	opposite.	
Multiple	flows	of	funding	reinforce	one	another	and	
bind	the	science	base	together	(see	Figure	1.9).	
There	is	a	strong	correlation	between	overall	levels	of	
university	and	business	R&D	investment.45	In	those	
sectors	of	the	UK	economy	where	companies	spend	
substantially	on	R&D,	such	as	pharmaceuticals	and	
aerospace,	corporate	investment	is	underpinned	by	
public	spending	on	research.	

Figure 1.9 Flows of funding in UK science44 
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40	 	Stokes	D	(1997).	Pasteur’s Quadrant. 
Basic Science and Technological 
Innovation.	Brookings	Institution	
Press:	Washington,	DC,	USA.	
According	to	Stokes,	the	fourth	
quadrant	is	not	empty	(it	might	
include	particular	sorts	of	data	
collection)	but	it	can	certainly	be	
considered	less	important.

41	 	BIS	(2009).	SET Statistics. Science, 
Engineering and Technology 
Indicators,	taking	orientated-basic	
research	as	a	proxy	for	Pasteur’s	
Quadrant.

42	 	Data	from:	Abreu	M,	Grinevich	
V,	Hughes	A,	Kitson	M	(2009).	
Knowledge Exchange between 
Academics and the Business, Public 
and Third Sectors.	UK-Innovation	
Research	Centre.	See	p	62/Exhibit	
A2—Stokes’s	Quadrants		
by	discipline.

43	 	Evidence	provided	by	the	
Association	of	Medical	Research	
Charities.	Total	research	spending	
of	all	the	charities	under	the	AMRC	
umbrella	was	£965,524,608	in	
2008/09.

44	 	This	diagram	disaggregates	
familiar	statistics	on	science	
budgets	in	order	to	represent	
different	funding	streams	in	
public,	private	and	charity	
science.	Source:	Department	for	
Business,	Innovation	and	Skills	
series,	Science, Engineering and 
Technology statistics,	release	date	
November	2009.	All	figures	are	for	
2007,	and	are	estimates	derived	
from	National	Statistics	surveys	
of	government	and	business	
R&D	expenditure,	adjusted	with	
reference	to	National	Statistics	First 
Release Gross Domestic Expenditure 
on Research and Development 2007	

(March	2008).	Gross	expenditure	
on	R&D	is	classified	using	OECD	
definitions,	so	estimates	may	
differ	from	other	accounts.	Figures	
shown	exclude	expenditure	by	
UK	businesses	on	overseas	R&D	
(£1.95bn)	and	universities’	own	
expenditure	on	research	(£308m).	
‘Public	research	institutions’	
includes	government	research	
laboratories	and	Research	Council	
laboratories.

45	 	Falk	M	(2006).	What drives 
business research and development 
intensity across OECD countries?	
Applied	Economics	38.
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Case Study 1.10 Monoclonal Antibodies: 
From the lab to the clinic
In	1975,	César	Milstein	and	Georges	Köhler	
isolated	and	reproduced	the	monoclonal	
antibodies	that	defend	our	bodies	against	foreign	
invaders.	This	technique	was	developed	to	
improve	our	understanding	of	the	process	of	
antibody	diversification.	But	when	they	received	
their	Nobel	Prize	in	1984,	Milstein	said:	’it	was	up	
to	us	to	demonstrate	that	the	exploitation	of	our	
newly-acquired	ability	to	produce	monoclonal	
antibodies	‘à	la	carte’	was	of	more	importance	
than	our	original	purpose.’	Work	to	this	end	has	
helped	further	our	understanding	of	basic	cell	
biology,	as	well	as	diseases	such	as	cancer	and	
heart	disease.

The	drive	to	turn	this	knowledge	into		
treatment	had	to	overcome	several	hurdles.	
Monoclonal	antibody	technology	was	developed	
by	immunising	mice.	This	produced	rodent	
antibodies	that	were	initially	rejected	by	humans.	

In	1986,	Greg	Winter,	working	alongside	
Milstein	at	Cambridge’s	MRC	Laboratory	of	
Molecular	Biology,	developed	a	technique	to	
‘humanise’	mouse	monoclonal	antibodies	by	
genetic	engineering,	removing	the	final	barrier	
to	their	development	as	novel	therapeutic	

drugs.	Winter	later	developed	another	genetic	
engineering	technique	to	make	human	antibodies	
in	bacteria,	bypassing	the	need	to	immunize	mice	
or	humans.

Monoclonal	antibodies	now	account	for		
a	third	of	all	new	pharmaceutical	treatments.	
Sufferers	of	breast	cancer,	arthritis,	asthma	and	
leukemia	are	already	benefiting	from	new	drugs	
and	dozens	more	are	in	late-stage	clinical	trials.	
According	to	the	Biotechnology	and	Biological	
Sciences	Research	Council	(BBSRC),	the	market	
for	monoclonal	antibody	drugs	is	now	worth	an	
estimated	US$32	billion.46

UK	companies	developing	antibody	technology	
have	been	a	start-up	success	story.	Winter’s	
pioneering	technologies	have	been	licensed	to	
around	50	companies,	and	generated	over	£300	
million	in	royalties	for	the	MRC.	Winter’s	work	has	
also	provided	the	science	underpinning	Cambridge	
Antibody	Technology	(founded	by	Winter	and		
Dr	David	Chiswell,	and	acquired	by	AstraZeneca		
in	2006	for	£702	million),	and	Domantis,	founded	
by	Winter	and	Dr	Ian	Tomlinson	(and	acquired		
by	GlaxoSmithKline	in	2006	for	£230	million).	
Winter	says	’I	was	lucky;	the	MRC	allowed	me		
the	freedom	to	roam	with	my	scientific	research	
over	the	borders	to	medicine	and	industry’.

Penicillin	graph,	c.1940	
©	The	Royal	Society
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How can we increase the value of science?
The	innovation	ecosystem	consists	of	numerous	
people	and	institutions,	with	different	(and	sometimes	
conflicting)	motives.	The	stewardship	of	this	system	
demands	close	attention	to	detail.	There	is	a	growing	
recognition	that,	rather	than	focusing	on	the	public	
funding	within	its	control,	government	needs	to	
improve	the	quality	of	interactions	across	the	entire	
system.	Universities	are	becoming	much	more	
innovative.	But	as	academic	researchers	transform	
the	way	that	they	engage	with	business,	it	has	
become	clear	that	some	problems	persist	elsewhere	
within	the	innovation	ecosystem.47

University-industry collaboration
The	best	universities	interact	with	companies	globally	
and	locally.	In	the	most	information-intensive	parts	of	
the	economy,	we	can	detect	a	‘death	of	distance’,48	
but	in	other	sectors,	geography	still	matters	(see	Case	
study	1.10).	Evidence	shows	that	companies,	especially	
foreign	companies,	choose	to	site	their	R&D	labs	near	
the	best	universities.49	High-tech	firms	typically	migrate	
in	packs,	exchanging	knowledge	face-to-face	and	
drawing	on	local	expertise	and	skills.50

Following	the	2003	Lambert	review,51	consistent	

efforts	by	government	to	increase	the	value	of	
university	research	to	wider	society	have	paid	some	
dividends.	UK	universities	are	now	more	aware	of	
business	needs	than	at	perhaps	any	time	in	their	
history.	However,	evidence	is	also	emerging	that	this	
change	in	attitudes	can	be	pushed	too	far,	straining	
delicate	relationships.52

Knowledge	exchange	is	too	often	misconceived		
as	a	one-way	process	of	knowledge	transfer.
Innovation	is	in	reality	more	open	and	multidirectional.	
Companies	attach	great	importance	to	informal	
knowledge	exchange,	and	this	is	typically	underplayed	
in	policies.53	Incentives	for	engaging	with	users	need	
to	be	pitched	at	the	level	of	individual	academics,		
and	need	not	be	exclusively	financial.54

Policies	that	bring	together	companies	and	
universities,	formally	and	informally,	need	sensitive	
and	sustained	support.	In	service	sectors,	there	
are	some	indications	that	collaborations	between	
businesses	and	the	public	research	base	are	actually	
declining.55	The	Advanced	Institute	of	Management’s	
survey	of	Engineering	and	Physical	Sciences	
Research	Council	(EPSRC)	collaborations	found		
a	growing	proportion	of	firms	reporting	barriers		
to	collaboration	between	2004	and	2008.56

46	 	BBSRC	(2009).	Science making 
an economic difference.	Available	
online	at	www.bbsrc.ac.uk/science/
impact/economic-impacts.aspx

47	 	Lord	Sainsbury	of	Turville	(2007).	
The Race to the Top: A Review 
of Government’s Science and 
Innovation Policies.	Stationery	
Office:	London,	UK.

48	 	Griffith	R,	Lee	S,	van	Reenan	J	
(2007).	Is distance dying at last? 
Falling home bias in fixed effects 
models of patent citations.	National	
Bureau	of	Economic	Research	
working	paper	no	13338.

49	 	Abramovsky	L,	Harrison	R,	
Simpson	H	(2007).	University 

  research and the location of business 
R&D.	Economic	Journal	117,	519.

50	 	Jaffe	A	(1989).	Real effects of 
academic research.	American	
Economic	Review	79,	5;	Audretsch	
D	&	Feldman	M	(1996).	R&D 
spillovers and the geography 
of innovation and production.	
American	Economic	Review	86,	4;	
Audretsch	D	(1998).	Agglomeration 
and the location of innovative activity.	
Oxford	Review	of	Economic	Policy	
14,	2.

51	 	HM	Treasury	(2003).	Lambert 
Review of Business—University 
Collaboration. Final Report.	
Stationery	Office:	London,	UK.

52	 	Bruneel	J,	d’Este	P,	Neely	A,	Salter	
A	(2009).	The Search for Talent and 
Technology: Examining the Attitudes 
of EPSRC Industrial Collaborators 
Towards Universities.	Advanced	
Institute	of	Management	Research:	
London,	UK.

53	 	Abreu	M,	Grinevich	V,	Hughes	
A,	Kitson	M,	Ternouth	P	(2008).	
Universities, Business and 
Knowledge Exchange. Council	for	
Industry	and	Higher	Education:	
London,	UK,	and	Centre	for	
Business	Research:	Cambridge,	UK.

54	 	PACEC	(2009).	Evaluation of the 
effectiveness and role of HEFCE/
OSI Third Stream Funding: culture 
change and embedding capacity in 
the Higher Education sector toward 

greater economic impact. A	report	
to	HEFCE	by	PACEC	and	the	Centre	
for	Business	Research,	University	
of	Cambridge.	Higher	Education	
Funding	Council	for	England:		
Bristol,	UK.	

55	 	2005	and	2007	UK	Innovation	
Surveys;	also	Robson	S	&	Haigh	
G	(2007).	First findings from the UK 
Innovation Survey 2007.	Economic	
&	Labour	Market	Review	2,	4.

56	 	See	Bruneel	J,	d’Este	P,	Neely	A,	
Salter	A	(2009).	The Search for 
Talent and Technology: Examining 
the Attitudes of EPSRC Industrial 
Collaborators Towards Universities.	
Advanced	Institute	of	Management	
Research:	London,	UK.
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Case study 1.11 Open innovation 
at Pfizer in Sandwich
Pfizer’s	base	in	Sandwich,	Kent	is	an	unlikely	
location	for	Europe’s	largest	research	and	
development	facility.	It	is	nearer	to	France		
than	it	is	to	a	big	UK	city.	

Once	a	manufacturing	facility,	the	US	company	
has	created	a	site	that	now	feels	like	a	major	
research	university.	The	growth	of	Sandwich		
rests	upon	the	quality	of	science	in	the	UK.		
The	pharmaceutical	industry	needs	a	queue		
of	medicines	in	its	pipeline.	Research	resources		
are	squeezed	into	one	end	and	products	emerge	
from	the	other.	Across	the	industry,	however,	
anxiety	is	growing	that	the	pipeline	is	leaking.	
Blockbuster	drugs	like	Viagra,	created	in		
Sandwich,	are	becoming	far	rarer.

As	a	result,	companies	like	Pfizer	are	now	
starting	to	open	up	their	innovation	processes,		
by	drawing	in	new	institutions,	partners	and	
scientific	disciplines.	Pfizer’s	R&D	is	now	likely	
to	bring	chemists	together	with	biologists,	
mathematical	modellers,	clinicians	and	computer	
scientists.	They	may	be	based	anywhere	in	the	
world,	and	they	need	not	work	for	Pfizer.	In	the	
last	ten	years,	Pfizer	UK	has	published	research	
with	more	than	300	external	bodies,	including	

universities,	charities	and	other	companies.		
Almost	a	quarter	of	its	research	has	been	published	
in	collaboration	with	the	US	and	another	quarter	
with	European	partners.	

This	‘open	innovation’	model	poses		
challenges	for	big	companies,	not	least	in	the		
skills	they	demand	of	their	workforce.	In	addition		
to	deep	expertise,	researchers	need	the	ability		
to	make	connections	to	disciplines	alongside		
their	areas	of	deep	expertise.	They	also	need		
to	be	able	to	engage	with	a	growing	’ecosystem’		
of	scientists	and	organisations	across	the		
globe	working	in	industry,	academia	and		
clinical	practice.	

The	recent	discovery	and	development	of	
Maraviroc	exemplifies	this	approach.	Maraviroc		
is	an	anti-retroviral	medicine	and	is	the	first	of	
a	new	class	of	anti-HIV	drugs.	Developed	in	
Sandwich	and	launched	in	2007,	its	origins	can		
be	traced	back	to	the	discovery	of	HIV	coreceptors	
by	academic	scientists	in	1996.	Pfizer	started	
to	investigate,	with	the	help	of	a	small	biotech	
company,	both	a	new	drug	and	a	diagnostic		
to	identify	the	sub-group	of	patients	who	would	
benefit.	Some	of	this	research	is	happening		
at	Sandwich,	but	much	of	it	is	underway	in	
hospitals	and	universities	around	the	world.

Figure	from	Newton’s		
‘Optiks’,	Book	1,	part	1,	Plate	II	
©	The	Royal	Society
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Strengthening business innovation
In	the	pharmaceuticals,	aerospace	and	oil	and	gas	
sectors,	the	UK	is	home	to	R&D	facilities	for	some	of	
the	world’s	largest	companies	(see	Case	study	1.11).	
However,	despite	the	contribution	of	companies	like	
GlaxoSmithKline,	AstraZeneca,	Royal	Dutch	Shell	
and	Rolls-Royce,	business	R&D	expenditure	across	
the	board	remains	a	weakness	in	the	UK’s	innovation	
system.	In	2005	US	companies	spent	1.9%	of	GDP	
on	R&D	and	German	companies	1.8%,	while	British	
companies	spent	just	1.2%	(see	Figure	1.12).57	
In	the	1980s,	the	R&D	gap	between	the	UK	and	the	
USA	was	mostly	due	to	low	public	sector	R&D.		
By	the	1990s,	low	levels	of	business	spending	
became	a	more	significant	problem,59	particularly	
among	small	and	medium-sized	enterprises,	which		
in	2005	accounted	for	just	3.3%	of	UK	business		
R&D	expenditure.60	

The	UK’s	comparatively	low	level	of	business		
R&D	is	in	part	due	to	its	economic	structure,	following	
a	thirty	year	transition	from	a	manufacturing-led	
economy	to	one	dominated	by	the	services	sector.	
Services	businesses	benefit	greatly	from	science	and	
technology,	but	generally	spend	less	on	formal	R&D	
than	their	manufacturing	counterparts.61	However,	
structural	differences	cannot	completely	account		
for	the	UK’s	position:	the	USA	has	a	similar	services-
led	economy	but	spends	a	greater	proportion	of	its	
national	income	on	R&D.62	
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Figure 1.12 R&D expenditures as share of 
gross domestic product (GDP), 1970-200858

57	 	Abramovsky	L,	Griffith	R,	Harrison	
R	(2005).	Background facts and 
comments on ‘Supporting growth in 
innovation: enhancing the R&D tax 
credit’.	Institute	for	Fiscal	Studies	
Briefing	Note	68.	Institute	for	Fiscal	
Studies:	London,	UK.

58	 	Source:	Office	for	National	
Statistics:	Newport,	UK.

59	 	Griffiths	R	&	Harrison	R	(2003).	
Understanding the UK’s poor 
technological performance.	Institute	
for	Fiscal	Studies	Briefing	Note	37.	
Institute	for	Fiscal	Studies:		
London,	UK.

60	 	Hughes	A	(2010).	Entrepreneurship 
and Innovation Policy: Retrospect  
 and Prospect,	in	Uberoi	V	et	al.	
(eds.)	(2010).	Options for Britain: 
Cross—cutting Policy Issues.	
Wiley-Blackwell:	Chichester,	UK.

61	 	Royal	Society	(2009).	Hidden 
Wealth: The Contribution of Science 
to Service Sector Innovation.	

Royal	Society:	London,	UK.

62	 	Abramovsky	L,	Griffith	R,	Harrison	
R	(2005).	Background facts and 
comments on ‘Supporting growth  
in innovation: enhancing the R&D 
tax credit’.	Institute	for	Fiscal	
Studies	Briefing	Note	68.	Institute	
for	Fiscal	Studies:	London,	UK.
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Attempts	to	support	private	sector	spending	
through	the	R&D	tax	credit	have	met	with	some	
success.	UK	R&D	is	highly	internationalised,	making	
its	location	sensitive	to	tax	changes	introduced	
elsewhere	in	the	world.	Competitive	tax	credits		
are	therefore	an	important	enabler	of	a	healthy	
innovation	ecosystem.	The	challenge	now	is	to	
encourage	greater	uptake	of	the	R&D	tax	credit		
by	smaller	firms.	

The management of innovation
Where	industrial	companies	once	maintained	their	
own	large	research	laboratories	–	Bell	Labs	and	
Xerox	PARC	are	among	the	best	known	–	they	are	
now	more	likely	to	look	outwards,	to	customers,	
other	companies	and	universities	for	new	ideas.63	
As	corporate	innovation	becomes	more	networked,	
the	quality	of	interactions	with	university	partners	
becomes	more	important	and	the	management	of	
knowledge	becomes	more	complicated.64	Open	
innovation	does	not	remove	the	need	for	in-house	
R&D.	If	a	company	is	to	appropriate	external	ideas,	it	
still	needs	R&D	skills.	Firms	with	strong	internal	R&D	
have	greater	‘absorptive	capacity’.	They	are	better	
able	to	recognise	the	value	of	external	information	
and	apply	it	to	their	own	innovation	processes.65

One	influential	study	of	manufacturing	companies	
found	that	the	primary	defining	feature	of	innovative	
firms	was	their	ability	to	share	personal	or	tacit	
knowledge.66	Combining	technological	and	human	

resources	to	drive	innovation	demands	sophisticated	
organisational	design	and	management.67	Too	
many	UK	firms	remain	poorly	equipped	to	manage	
such	processes.68	UK	firms	spend	less	than	a	third	
of	their	German	counterparts	on	developing	their	
managers,	and	UK	managers	are	less	likely	than	
other	professionals	to	receive	formal	training	and	
accreditation.69	

Access	to	finance	is	another	barrier	to	innovation.70	
Corporate	venturing,	angel	investing	and	sector	
specialist	venture	capital	can	be	crucial	in	bridging	
the	gap	between	university	research	and	wealth	
creation.	Funding	for	university	spin-out	companies	
can	accelerate	the	commercialisation	of	excellent	
science	(see	Case	study	1.13).	The	UK	private	equity	
sector	has	grown	over	the	last	decade,	rising	from	
£3	billion	worth	of	deals	in	2003	to	£12	billion	by	
2007,71	second	only	to	the	US.	But	this	expansion	
has	not	helped	enough	new	businesses.72	The	real	
value	of	funds	flowing	into	high-tech	early-stage	
firms	has	fallen	from	£622	million	in	2000	to	£124	
million	in	2008	(although	this	fall	in	part	reflects	the	
dot-com	boom,	and	subsequent	crash,	at	the	start	of	
the	decade).73	Recent	interventions	by	Government	
have	led	to	a	sharp	increase	in	the	number	of	deals	
with	public-sector	backing.	But	the	problem	is	more	
complex	than	a	simple	‘equity	gap’,74	and	efforts	to	
improve	the	flow	of	venture	capital	in	the	UK	need	to	
go	beyond	publicly-backed	funds.

Figures	from	Brouncker’s		
paper	on	the	compression		
of	air	under	water,	1671	
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 Case study 1.13 Plastic Logic: 
a fertile relationship between  
science and engineering
The	‘Cambridge	Phenomenon’	has	seen	four	
decades	of	growth	in	the	number	of	high-tech	
companies	emerging	from	and	around	Cambridge	
University.	Even	within	this	crowded	field,	Plastic	
Logic	stands	out.	It	is	built	on	what	its	co-founder	
(and	member	of	this	report’s	advisory	group)	
Richard	Friend	describes	as	‘a	fertile	relationship,	
where	the	science	guides	engineering	and	the	
engineering	feeds	back	into	the	science’.

In	the	mid-1980s,	Friend	was	a	relatively	junior	
physicist	at	Cambridge	University’s	Cavendish	
Laboratory,	trying	to	understand	the	movement	
of	electrons	in	carbon-based	semiconductors.	
He	and	colleagues	made	a	diode	using	a	
semiconducting	polymer.	They	found	it	emitted	
light	when	driven	electrically.	Almost	by	accident,	

they	had	made	a	plastic	LED.	‘The	inspiration	to	
study	the	semiconducting	properties	of	molecules	
came	from	curiosity,	but	was	rapidly	paralleled	by	
the	desire	to	make	something	from	it,’	says	Friend.	
But	there	were	still	years	of	basic	research	needed	
to	achieve	the	depth	of	knowledge	required	for	a	
technological	breakthrough.

Further	opportunities	for	commercialisation	–		
of	printed	polymer	transistor	circuits	–	emerged	in	
2000.	Friend,	now	Cavendish	Professor	of	Physics,	
and	his	colleague	Henning	Sirringhaus	formed	
Plastic	Logic.	Support	came	from	the	entrepreneur	
Hermann	Hauser,	who	has	fostered	links	
between	Cambridge	scientists	and	businesses	
for	almost	three	decades.	Plastic	Logic’s	most	
recent	innovation	is	the	‘Que’,	an	A4	plastic	sheet	
displaying	electronic	newspapers,	books	and	
magazines,	which	is	lighter	and	easier	to	read		
than	its	rivals.	
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Technology.	Harvard	Business	
School	Press:	Boston,	MA,	USA.
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geography and the evolution of 
networks.	Journal	of	Economic	
Geography	7,	5,	pp	619–634.

65	 	Cohen	W	&	Levinthal	D	(1990).	
Absorptive capacity: a new 
perspective on learning and 
innovation.	Administrative	
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pp	128–152.

66	 	Nonaka	I	&	Takeuchi	H	(1995). 
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Oxford	University	Press:		
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Case Study 1.16 ARM: connecting 
world class science with worldwide 
markets
In	2006,	Sir	Robin	Saxby	announced	his	
retirement	as	chairman	of	ARM	Ltd,	ending	a	
relationship	that	gave	birth	to	one	of	the	great	
British	technology	success	stories	of	recent	
times:	the	first	billion-dollar	company	to	come	
out	of	the	Cambridge	area.

ARM	was	founded	in	1990,	as	a	spin-out	
from	Acorn	Computers	called	Advanced	RISC	
Machines.	Today,	the	company	is	a	leader	
in	designing	the	intricate	software	systems	
on	microprocessors	embedded	in	electronic	
devices.	Their	designs	are	used	in	more	than	
95%	of	the	world’s	mobile	phones,	and	are	
widespread	in	the	netbook	and	e-reader	
markets	as	well.

Part	of	ARM’s	success	came	from	the		
cutting	edge	engineering	that	was	taking	place	
in	and	around	Cambridge	in	the	late	1980s.	And	
part	came	from	Saxby’s	injection	of	business	
acumen,	acquired	through	working	at	firms	like	
Motorola.	He	developed	a	business	model	that	
allowed	the	engineers	to	concentrate	on	chip	
design,	while	others	manufactured	the	products.	
ARM	sells	innovation,	taking	a	cut	from	every	
product	that	includes	its	intellectual	property.

ARM’s	early	chips	had	fewer	than	30,000	
transistors.	Chips	now	hold	millions,	and		
they	are	measured	in	nanometres.	The	
competition	is	fierce,	but	ARM	has	been		
able	to	stay	at	the	cutting	edge	of	chip	design	
by	linking	the	best	available	science,	from	
Cambridge	and	elsewhere,	to	an	explosive	
global	growth	in	demand.

21st century science  
and innovation policy
The	curiosity	of	scientists	is	limitless,	but	public	funds	
to	support	research	are	not.	Choices	have	to	be	
made	about	what	to	fund	and	how.	These	choices	
are	complicated	by	the	time	cycles	involved;	research	
yields	dividends	over	decades,	and	cannot	be	made	
to	dance	to	the	rhythm	of	public	spending	rounds.	
The	space	required	for	curiosity-driven	research	
needs	to	be	protected	by	policy	makers.75	

Scientific	knowledge	moves	freely,	and	the	
impacts	of	research	are	often	felt	far	from	where	
it	originally	occurred.	The	linear	model	of	basic	
research	through	to	innovation	bears	little	relation	
to	reality.76	Instead,	innovation	is	often	distributed	
and	collaborative,	blending	external	needs	with	
technological	possibilities	(see	Case	study	1.16).	

Newton’s	diagram	taken	from	a		
Letter	from	Newton	to	Oldenberg,		
6	June	1672,	that	discusses	the	
doctrine	of	light	and	colour.	
©	The	Royal	Society
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The significance that the linear model still occupies 

in the imagination of policy makers is one example 
of how historical assumptions, and the retelling of 
familiar myths, continue to shape contemporary 
science and innovation policy. These assumptions 
can blind us to more sophisticated approaches. 
As the historian David Edgerton argues, rather 
than constructing policy on the basis of ‘Haldane 
principles and linear models’, we should instead 
‘Think about them and their significance in debates, 
and how they support each other... note how they 
limit discussion to particular parts of a much more 
complex whole.’77 

In the same way, narrow accounts of the impact 
or value that science creates for our society can 
act as an impediment to good policy making. 
The economic contribution of science – vital and 
significant though it is – should not eclipse its 
wider social, public and cultural value.78 Alongside 
measurements of quantity and scale (levels of 
investment, numbers of publications, flows of 
PhD students), 21st century science policy needs 
to become more adept at addressing questions 
of quality, purpose and direction.79 It should resist 
the temptation to treat scientific and technological 

progress as homogenous or one-directional, and 
instead support a ‘more balanced and diverse 
portfolio of trajectories’.80 

Discussion of these trajectories should also be 
opened up to a wider circle of participants.81 Surveys 
show that public appreciation of the benefits of 
science remains high. Most people trust scientists, 
but they also appreciate that scientific research can 
raise social and ethical questions that merit wider 
debate.82 The public increasingly expect to become 
more involved in decisions involving science, and 
the UK has been a pioneer in processes of public 
dialogue and engagement.83 The Royal Society has 
contributed to this, by encouraging debates about 
developments at the frontiers of science, such as 
nanotechnology84 and geoengineering.85 

These efforts can improve the robustness of 
policy, but they can also strengthen science. The 
UK’s open approach to public debate about stem 
cell research has encouraged its development, 
relative to other countries.86 And the streams that 
connect science and democracy run deeper: ‘The 
very virtues that make democracy work are also 
those that make science work: a commitment to 
reason and transparency, an openness to critical 

75  Nowotny H (2009). Insatiable 
Curiosity: Innovation in a  
Fragile Future. MIT Press: 
Cambridge, USA.

76  NESTA (2008). Total Innovation: 
Why harnessing the hidden 
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sectors is crucial to retaining the 
UK’s innovation edge. National 
Endowment for Science, 
Technology and the Arts:  
London, UK.

77  Edgerton D (2009). The ‘Haldane 
Principle’ and other invented 
traditions in science policy. History 
and Policy. Available online at: 

www.historyandpolicy.org/papers/
policy-paper-88.html.

78  Wilsdon J, Wynne B and Stilgoe J 
(2005). The Public Value of Science. 
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79  ISEI (2008). Who owns Science? 
The Manchester manifesto. 
Institute for Science, Ethics 
and Innovation, University of 
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Framework for Analysing  
Diversity in Science, Technology 
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Society Interface, 4 (15), pp 707-
719, August 2007.
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Technology Committee (2000). 
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The Stationary Office: London, UK.

82  RCUK and DIUS (2008). Public 
Attitudes to Science 2008, a  
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Swindon, and Department  
for Innovation, Universities and 
Skills: London, UK.

83  DIUS (2008). Innovation Nation: 
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Weaknesses of the UK Innovation 
System. Department for Innovation, 
Universities and Skills: London, UK.

84  Royal Society (2004). Nanoscience 
and nanotechnologies: opportunities 
and uncertainties. Royal Society: 
London, UK.

85  Royal Society (2009). 
Geoengineering the climate: science 
governance and uncertainty. Royal 
Society: London, UK.
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scrutiny,	a	scepticism	toward	claims	that	too	neatly	
support	reigning	values,	a	willingness	to	listen	
to	countervailing	opinions,	a	readiness	to	admit	
uncertainty	and	ignorance.’87	

The	context	for	policy	is	also	changing.	As	
the	next	part	of	this	report	describes,	science	
and	innovation	are	inherently	and	increasingly	
international.	Yet	most	policies	are	set	at	the	
national	level,	and	weighted	towards	strengthening	
competitive	advantage,	rather	than	enabling		
cross-boundary	collaboration.	

The	UK	is	well-placed	to	benefit	from	a	more	
global,	networked	science	and	innovation	system.	
But	our	leadership	is	far	from	assured.	Speaking	
recently	about	the	prospect	of	cuts	in	the	UK	
research	budget,	Ralph	Cicerone,	President	of	the	
US	National	Academy	of	Sciences,	offered	a	sober	
warning:	‘You	might	not	see	anything	immediately,	
but	you	will	begin	to	see	a	movement	of	scientists	
over	time.	They	will	go	to	where	the	opportunities		
are	–	to	the	US	and	to	places	like	Singapore	that		
have	invested	heavily	in	science.’88	

87	 	Jasanoff	S	(2009).	The Essential 
Parallel between Science and 
Democracy.	Seed	Magazine,	
17	February	2009.

88	 	Remarks	at	the	AAAS	Annual	
Meeting,	San	Diego,	February		
2010	(reported	in	Henderson	M	
(2010).	We’ll take your talent, 
warns US scientists.	The	Times,	
23	February	2010).

Engraving	by	J	Basire	showing	the	construction	of	
“Specula	of	six-feet	aperture...”	by	William	Parsons,	
Earl	of	Rosse,	from	Philosophical	Transactions,	
Volume	151,	1861,	Plate	24,	p	681	
©	The	Royal	Society
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Recommendations

Better align science and innovation  
with global challenges

recommendation 5

actions
•  Create strong global challenge research 

programmes, led by rCUK, to align scientific, 
commercial and public interests

•  reform research funding and assessment to 
support and reward interdisciplinary research

•  Use public and stakeholder dialogue to help 
identify and shape these challenges

•  ringfence departmental contributions 
to priority research areas

Climate change, food security, biodiversity, poverty 
and population growth are just some of the 
environmental and social pressures that will shape 
the coming century (see Figure 3.5.1). They will alter 
how we live, the balance of risks that we face, and 
the ways that we govern a more interdependent 
world. The danger is that a combination of these 
factors will produce what the UK Government’s  
Chief Scientific Adviser describes as a mid-century 
‘perfect storm’.2 

Tackling these challenges will require the best 
available science: to measure and predict impacts;  
to identify solutions; and to evaluate pathways for 
adaptation. No one country or scientific discipline  
will be able to offer complete solutions.3 Instead, a 
challenge-led approach will increasingly be required 
to deliver innovative, global responses. This should 
mobilise the research community, bring together 
disparate research areas and harness public and 
private sector support. Such an approach should be 
designed to satisfy the social demand for strategically 
important science without stifling innovation. 

top-down vs. bottom-up
There can be tensions between basic science  
and strategically important science. The former  
is unpredictable and serendipitous, demanding  
a bottom-up funding system led by researchers.  
The latter requires funders to identify priorities  
and allocate funding from the top down. Realising 
the potential of science to address global challenges 
requires a new approach to science policy. Policies 
that pick winners and prescribe solutions are rarely 
successful.4 But there is a clear role for policy in 
articulating global challenges and helping to connect 
these to scientific solutions more rapidly.5 

Rather than pushing researchers towards certain 
sorts of science and asking them to define and 
deliver short-term impacts, well-defined global 
challenges can pull science towards shared goals. 
Identifying problems protects the space for free 
enquiry by asking the scientific community to 
identify solutions that meet societal needs.6 at a 
2009 conference in Lund, 350 researchers and 
policy makers criticised the European Commission’s 
funding of research according to fixed themes, and 
advocated a new emphasis on ‘grand challenges’.7 
In the US, President Obama has promised to ‘harness 
science and technology to address the grand 
challenges of the 21st century’.8 

Strengthening rCUK
In the UK, individual Research Councils have 
begun to experiment with different mechanisms 
for mobilising the research community through 
challenges.9 These have tended to focus on particular 
scientific or engineering problems and have been 
effective at initiating research in new areas. a global 
challenge approach must be longer-term, and reach 
beyond individual institutions and disciplines.
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Research Councils UK currently oversees a number 
of cross-cutting priority themes that go some way 
towards a global challenges model: Global Security in 
a Changing World, Living with Environmental Change, 
Lifelong Health and Wellbeing, Energy, Digital 
Economy, Nanoscience and, most recently, Food 
Security. With the exception of Nanoscience, these 
themes are problem-driven and cut across individual 
Research Councils. They have been useful in bringing 
the Research Councils together and strengthening the 
UK’s position at the frontier of certain disciplines.

Solutions to global challenges may come from 
different parts of the research community, from 
social innovation or from combined action on 
many fronts. Solutions to the challenges of food 
security, for example (see Case study 3.5.2), will 
depend on combinations of science, engineering, 
social innovation, markets, infrastructure, political 
action and good governance. and challenges 
such as global education and criminal justice will 
lean heavily on the social sciences for explanation 
and solution. Challenge-led research must bring 
together disciplines and mix basic science with near-
market innovation. Despite moves to encourage 
collaboration, the way that research is funded, 
assessed and conducted remain highly disciplinary. 
Current cross-council themes are each led by one 
council, which may impede genuine collaboration.

Figure 3.5.1 World population growth, 
1950-20501 

1  Source of statistics: United Nations 
Department of Economic and 
Social affairs, Population Division 
(2009). World Population Prospects. 
United Nations: New York NY, USa.

2  Beddington J (2009). Food, Energy, 
Water And The Climate: A Perfect 
Storm Of Global Events? Department 
for Innovation, Universities and 
Skills: London, UK.

3  Royal Society (2010). New Frontiers 
in Science Diplomacy. Navigating the 
changing balance of power. Royal 
Society: London, UK.

4  European Commission (2009). The 
Role of Community Research Policy 
in the Knowledge-Based Economy: 
Report of an Expert Group to the 
European Commission. European 
Commission: Brussels, Belgium. 

5  Samarasekera I (2009). Universities 
need a new social contract. Nature, 
462, pp 160-161; see also anniversary 
address by the President of the 
Royal Society (2009). Royal Society: 
London, UK. November 2009.

6  Gassler H, Polt W and Rammer C 
(2007). Priority Setting In Research 

& Technology Policy – Historical 
Developments And Recent Trends 
“Innovation Policies In Europe”. 
Intereg Working Paper No. 36-2007. 
Edward Elgar Publishers.

7  The Lund Declaration was the 
outcome of the ‘New Worlds – 
New Solutions’ conference held to 
discuss the future development of 
European research.

8  Executive Office of The President, 
National Economic Council, Office 
of Science and Technology Policy 
(2009). A Strategy for American 

Innovation: Driving Towards 
Sustainable Growth and Quality 
Jobs. Executive Office of the 
President of the United States: 
Washington DC, USa. 

9  See, for example, EPSRC’s four new 
Chemical Sciences and Engineering 
Grand Challenges announced in 
Summer 2009: www.epsrc.ac.uk/
ResearchFunding/Programmes/
PhysSci/RC/gcreport.htm

Current UN estimates of population growth predict a global 
population of over 9 billion by 2050, exacerbating pressures  
on food, water and energy resources. 
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Case Study 3.5.2 
the next Green revolution10

200 years ago, Thomas Malthus predicted 
that growth in population would lead to mass 
starvation as food supplies grew scarce. But in 
the second half of the twentieth century, rapid 
increases in crop yields outpaced a doubling 
of the global population. The technological and 
agricultural changes that made this possible have 
come to be known as the ’Green Revolution.’ 
New varieties of wheat were bred with two major 
genetic improvements – dwarfing (shorter stems) 
and resistance to stem rust. The genetic potential 
of these new crops was realised through changes 
in practice and greater use of mineral fertilizer and 
water. Dwarfing allowed for the increases in yield 
provided by nitrogen fertilisers without the crops 
lodging (falling over). Similar changes were made 
to rice varieties in asia. China, in particular, saw 
a five-fold increase in per capita yield over the 
second half of the 20th Century.

The Green Revolution also led to a profound 
transformation in the way that research was 
organised. Research institutes around the  
world came together under the umbrella  
of the Consultative Group on International  

agricultural Research (CGIaR), which continues 
to catalyse innovation and implement scientific 
advances for agriculture across the world.

But the achievements of the Green Revolution 
have come at some cost. Increases in yield have 
been accompanied by sharp increases in fertiliser, 
pesticide and water use. and some countries  
have benefited more than others. The complexities 
of african agricultural landscapes, with mixed 
crops, and poor access to credit, markets, seeds 
and fertilisers, did not suit Green Revolution  
crop varieties. In africa, yields have remained 
relatively static.11 

These successes and limitations of the Green 
Revolution have led to many calls for renewed 
investment and collaboration directed at step 
changes in agricultural productivity, albeit with 
greater consideration of side effects.12 In 2009, 
the Royal Society called for the UK’s research 
funders to come together in a sustained ‘grand 
challenge’ approach to global agricultural 
research.13 This would address the need for 
science, technology, social science and improved 
governance in tackling the problems of global  
food insecurity.

Record of the founding of  
the Royal Society and first  
meeting on 28 Nov 1660 
© The Royal Society
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10  Royal Society (2009). Reaping 
the Benefits: Science and the 
sustainable intensification of  
global agriculture. Royal Society: 
London, UK. 

11  Paarlberg R (2006). Are genetically 
modified (GM) crops a commercial 
risk for Africa? International Journal 
of Technology and Globalisation 2, 
pp 81-92. 

12  Conway G (1997). The Doubly 
Green Revolution: Food for All in 

the Twenty-First Century. Penguin 
Books Ltd; Swaminathan M (2000). 
An evergreen revolution. Biologist: 
London 47(2), pp 85-9. april 
2000; Sanchez P, Denning G, and 
Nziguheba G (2009). The African 
Green Revolution moves forward. 
Food Security 1, pp 37-44. 

13  Royal Society (2009). Reaping 
the Benefits: Science and the 
sustainable intensification of  
global agriculture. Royal Society: 
London, UK. 

14  See: BMRB (2008). 
Nanotechnology for healthcare, 
Report for Engineering and Physical 
Sciences Research Council. 
BMRB: London, UK; and Jones 
R (2009). Public Engagement 
and Nanotechnology – The UK 
experience, in The Road Ahead: 
Public Dialogue on Science and 
Technology. Sciencewise 

15  See www.foresight.gov.uk/
OurWork/activeProjects/
FoodandFarmingFutures/ 

16  The European Research area 
proposal promises 30% of funding 
across Europe to Grand Challenge 
projects. There are also similar 
programmes coming out of the  
G8 Research Council and NGOs 
such as The Gates Foundation. 

17  Leshner a and Turekian V (2009). 
Harmonizing Global Science. 
Science 326, 5959, p. 1459

Global challenge programmes should be 
created and managed at an overarching level, 
with a stronger role for research Councils UK. 
Systems of research funding and assessment 
should be reformed to support and reward 
interdisciplinary research.

Identifying the challenges
The process of identifying global challenges for 
science and society should be a key part of renewing 
science’s ‘social contract’, enabling public engagement 
and inspiring science education. the identification 
and articulation of global challenges should 
include public and stakeholder dialogue. 
The Engineering and Physical Sciences Research 
Council recently pioneered such an approach to  
help inform its nanotechnology strategy.14 From 
the scientific end, foresight exercises will be vital  
in turning grand aspirations into solvable questions. 
The current UK Government Foresight project on  
food and farming, for example, will help bring food 
security problems and solutions closer together.15 

Global efforts for global challenges 
a global challenge approach will only be successful  
if it works within an international framework.16 
Collaboration between researchers and research 
teams will need to be complemented by strategic 

network building and diplomacy.17 The 
Intergovernmental Panel on Climate Change is the 
most prominent example of coordinated activity  
to address a global challenge, drawing on the best 
international research. Global challenges can serve  
as a magnet for global collaboration. Here, the UK  
has an opportunity for global leadership. National 
programmes should be linked and co-ordinated  
with international organisations (for example, the  
Gates Foundation). 

By better articulating the challenges facing us, 
researchers and funders can strengthen connections 
between institutions and increase the chances of 
galvanising public and private sector commitments. 
aligning funding, research capabilities and expertise 
means that efforts can achieve a critical mass 
that governments alone would find impossible. By 
developing a shared approach to these challenges, 
Research Councils, Government departments, the 
TSB and businesses can accelerate the development 
of responses to large-scale social, economic and 
environmental challenges. But contributions to 
joined-up research programmes from outside 
the Research Councils are at greatest risk from 
budget cuts. We recommend that Government 
departmental contributions to collaborative 
research programmes should be protected  
for the duration of those programmes.
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PaRT 3

Recommendations

actions
•  Provide incentives to recruit, retain and 

attract teachers back to science subjects
•  Commit to increasing the numbers of 

primary teachers with science expertise
•  Establish new expert groups to advise on 

the development of science and mathematics 
curricula and qualifications

The success of policies for the future of science and 
innovation will rest ultimately on the education of 
young people. Whether they are destined to become 
professional scientists or scientifically-literate citizens, 
the natural curiosity of young people should be 
encouraged through science education. A world class 
science and mathematics education system needs 
qualified specialist teachers who are committed, well-
trained and well-supported. Science and mathematics 
education have specific requirements, but have 
suffered from decades of buffeting by political 
interference and piecemeal reform. 

recruitment and retention of  
subject specialists
In science and mathematics education, we can  
see clearly the limitations of a one-size-fits-all 
approach. Teaching needs to be tailored to fit the 
unique characteristics of each subject, and subject 
specialists are crucial to this. The Royal Society,  
in its first ‘state of the nation’ report on The UK’s 
science and mathematics teaching workforce, noted 
that, ‘Teachers are generally the greatest influence 
on a young person’s personal and intellectual 
development other than parents or guardians.  
In science and mathematics... the role of the  
teacher becomes even more critical.’1 

Evidence from scientists suggests that 
inspirational teachers are a key factor in encouraging 
young people to enter scientific careers.2 In subjects 
such as physics and chemistry, the under-supply of 
high-quality teachers has become a chronic problem. 
a number of new mechanisms have sought to train, 
recruit, retain and attract science teachers back to 
teaching. But it is impossible to ignore the fact that 
over the last decade the Government has consistently 
failed to meet its recruitment targets for secondary 
science and mathematics teachers, compounding 
the problem further (see Figure 3.6.1).

 We support the recent recommendation of the 
Science and Learning Expert Group that Government 
should focus on boosting participation through non-
standard routes such as ‘Transition to Teaching’ and 
‘Teach First’.4 Resources should be made available to 
ensure that no well-qualified applicant is turned away 
from science and mathematics teacher training.5

Revitalise science and  
mathematics education

recommendation 6 

Robert Hooke’s sketch  
on refraction of ice, 1662 
© The Royal Society
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2009 was the first year in more than a decade 

when these targets were met and this can be largely 
attributed to rising unemployment caused by the 
recession. Poor teacher retention and a high rate 
of retirement exacerbate the problem.6 In order 
to tackle this problem successfully, there needs 
to be long-term commitment to well-supported 
measures that maximise recruitment.7 at secondary 
level and beyond, there is a need to ensure that 
there are enough teachers with appropriate subject 
knowledge. Head teachers and their governing 
bodies have a significant role to play by facilitating 
subject-specific continuing professional development.

The primary phase is more complicated. Here 
teachers need stronger early years pedagogical skills 
in addition to subject knowledge. In June 2008, in 
response to recommendations from the Williams 
Review, the Secretary of State for Children, Schools 
and Families (DCSF) allocated £187m over ten years 
to pay for 13,000 mathematics specialists, aiming  
for every English primary school to have access  
to a ‘maths champion’ who would also mentor and 
coach colleagues. While this programme is still in  
its infancy, there is a case for an equivalent policy 
which would increase the numbers of primary 
teachers with science expertise. This would 
also bolster the effectiveness of teacher-based 
assessment in primary science.8 

Figure 3.6.1 Cumulative shortfall in 
meeting science and mathematics 
recruitment targets, 2000/1-2007/83
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PaRT 3

Recommendations

We recommend that Government provides 
more effective long-term incentives to recruit, 
retain and attract teachers back to science 
subjects. Building on the available evidence, 
Government needs a clear policy to increase 
the number of primary teachers with science 
expertise.

Curiosity, the curriculum and assessment
Understanding science involves much more than just 
the learning of facts.9 Science education is complex, 
and must serve two objectives. First, it must aim 
to increase the scientific and mathematical literacy 
of young people in general. Second, it must stretch 
and challenge those with the potential to become 
tomorrow’s scientists. The introduction of ‘How 
science works’ and ‘Functional mathematics’ to  
the curriculum has increased the emphasis on the 
first objective.10 It remains to be seen what impact 
this will have on those students with the potential  
to enter scientific careers. 

There has been a statutory national curriculum 
for 5-16 year olds in maintained schools in England, 
Wales and Northern Ireland since 1989 and a 
similar curriculum is starting to emerge in Scotland. 
a national curriculum identifies and mandates 
a minimum educational entitlement, meaning 
that learners in different places have common 
core knowledge and skills. The importance of 
mathematics as a subject in its own right is now  
fully recognised, as is the need for its inclusion  
within science, especially at post-16 level.11 

But the approach adopted in the national 
curriculum risks dividing science and mathematics 
into pieces, losing the connections necessary for a 
deep understanding of these subjects. The current 
curriculum also discourages hands-on engagement 
with practical science.12 assessment regimes 
can restrict how the curriculum is taught, stifling 
innovation and creative teaching.13 League tables 
may take precedence over the educational needs 
of students. ‘Teaching to the test’ can work against 
more constructive and formative assessment.14 

Curriculum and assessment are inextricably linked 
and assessment must be rigorous and thorough. 
Tests must assess what matters, not only what it 
is easy to assess. an appropriate and authoritative 
assessment process must have experts who are 
trained in assessment methodology and who are, 
or have been, practising teachers. Curriculum and 
assessment should be designed to meet the needs  
of a range of students, providing scientific literacy  
in general while stretching and challenging those 
likely to continue in science. 

It is essential that there is a seamless progression 
for students through different stages of education. 
Review of the education system must be holistic, 
long term and systematic. Timescales must allow for 
effective development, trialling and implementation 
phases. This demands a new approach which  
should be based on a close working partnership 
between subject specialists and those who have 
pedagogical expertise. 
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We recommend that Government establishes 

new expert groups to advise policy makers on 
the development of curricula and qualifications, 
to ensure that school science and mathematics 
education meet the future needs of the UK.

The subject specialist groups should 
include representatives drawn from schools, 
HEIs, professional and learned societies and 
employers, and should work alongside regulatory 
bodies to advise policy makers. We strongly 
support the Science and Learning Expert Group 
recommendations that echo this point. UK regulators 
should explain in their annual reports how they 
engage with their subject communities to ensure 
confidence in qualifications.15 
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learn’ Brain, Mind, Experience,  
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Press, Washington DC, USa. 

10  See: www.qcda.gov.uk/9437.
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uk/key-stages-3-and-4/skills/
functionalskills/index.aspx for 
descriptions.
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13  See for example Ofsted’s response 
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Committee, Session 2007-08 on 
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online at: www.publications.
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cmselect/cmchilsch/1003/100305.
htm
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for Business, Innovation and Skills: 
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Children, Schools and Families: 
London, UK.

Map/plan from Francis Vernon’s 
notebook on the Parthenon,  
1675-1676 
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aCMD advisory Council on the Misuse of Drugs 

aHrC arts and Humanities Research Council

BBSrC Biotechnology and Biological Sciences 
  Research Council

BIS Department of Business, Innovation 
  and Skills (formerly DIUS: Department  
  for Innovation, Universities and Skills)

DECC Department of Energy & Climate Change

DEFra Department of Environment, 
  Food & Rural affairs

EPSrC Engineering and Physical Sciences 
  Research Council

ErC European Research Council

ESrC Economic and Social Research Council

FP  Framework Programme 

GDP Gross domestic product – a measure 
  of total economic activity

GErD Gross expenditure on research 
  and development

GVa Gross Value-added: the contribution to 
  the economy of each individual producer,  
  industry or sector in the UK (GDP minus  
  taxes plus subsidies on products)

HEFCE Higher Education Funding Council 
  for England

HEI Higher education institution

HESa Higher Education Statistics agency

IPCC Intergovernmental Panel on Climate Change

MrC Medical Research Council

NErC Natural Environment Research Council

OECD Organisation for Economic Co-operation 
  and Development

r&D Research and development

raE Research assessment Exercise: 
  soon to be replaced by the Research  
  Excellence Framework

rCUK Research Councils UK: a partnership 
  of the UK’s seven research councils

SIN Science and Innovation Network

SPrU Science and Technology Policy Research 
  at the University of Sussex

StEM Science, technology, engineering 
  and mathematics 

StFC Science and Technology Facilities Council

tSB Technology Strategy Board 

 
Glossary of acronyms

 





70  The Scientific Century: securing our future prosperity

UK Computing Research Committee
UK Innovation Research Centre
University of Cambridge
University of Exeter
University of Glasgow
University of Nottingham
University of Sunderland 
Vitae/Career Development Organisation (CRaC)
Wellcome Trust
White Rose University Consortium
1994 Group

Discussions with stakeholders
The advisory Group and Secretariat held a number 
of useful discussions with senior stakeholders, during 
and outside advisory Group meetings. advisory 
Group members gave evidence to related inquiries 
by the Council for Science and Technology and the 
House of Lords and House of Commons Science and 
Technology Committees.

Events
a series of events was held on specific themes:
•  ‘Building the base: science, stimulus and future 

sources of wealth creation’, 1 april 2009, with 
adam afriyie MP

•  ‘Socrates in the Boardroom: what makes a great 
academic leader?’, 21 October 2009 with 
Dr amanda Goodall and Sir Paul Nurse FRS 

•  ‘Science on tap? – Recognising and rewarding the 
policy impact of research’, 22 October 2009 with 
Professor John Beddington FRS, David Sweeney 
(HEFCE) and Nicola Dandridge (Universities UK).

•  ‘What science does government need? The future 
for the UK’s public sector research establishments’, 
24 November 2009. Speakers included:  
Professor Brian Collins (BIS), Dr Brian Bowsher 
(National Physical Laboratory), Professor Julia 
Slingo (The Met Office). 

•  ‘The public nature of science – Why and how 
should governments fund basic research?’  
1 December 2009 with Professor Helga Nowotny 
and Professor Richard Jones FRS.

 

Newton’s drawing of his reflecting 
telescope, January 1672 
© The Royal Society
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Future publications
To reflect the more detailed evidence gathered 
throughout this study, we will be publishing a  
series of additional working papers as follow-
ups to The Scientific Century report. These will 
include papers on the Public Sector Research 
Establishments, the findings of a series of focus 
groups with recent PhD graduates, and an 
assessment of the innovation ecosystem. 

Extract from William Stukeley’s  
‘Life of Isaac Newton’ telling the story 
of the apple and gravity, 1752 
© The Royal Society
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