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CHANGING A WORD : DID WE MEAN THIS ?

WHITHER APPLIED SCIENCE IN ACADEMIA: RISKS
AND OPPORTUNITIES

WORDS INDEED CLOTHE US IN RESPECTABILITY !



WE ARE STILL GRAPPLING WITH SEMANTICS

« Basic research
 Fundamental research

* Blue sky research
 Curiosity driven research

* Directed basic research

« Use inspired basic research
* Translational research

« Socially relevant research

* Applied research

« Development

The lack of precision in our language Is symptomatic of
the lack of clarity on the nature of our enterprise



BASIC AND APPLIED SCIENCE : ARE THEY DIFFERENT
?

Metaphor: Buckets of paint vs a painting

There Is science and the applications of science :
Louis Pasteur



Fundamental Research

Knowledge quotient

Pasteur's Quadrant

PASTEUR'S

Bohr

QUA

Use Inspired Research >
Application quotient



BASIC RESEARCH IN TIMES OF CHANGE IN SOCIAL
CONTRACT BETWEEN SCIENCE AND SOCIETY

Solve societal

Do basic problems
r rch .
eseare . (and, by the way, if
(and someone will you want to do
solve societal some fundamental
problems) research, that's OK

The emergence of concept of use inspired science. It means using basic
science for a purpose and practical problems as stimulus to curiosity driven
research ( G.W. Whitesides and J, Deutch, Nature 460, 21 (2011)



WHY ARE WE IN THIS DILEMMA ?

Answer

A scientific order, philosophy and public policy
that served us for over seventy five years is now
broken; there Is a need to construct a new public
policy framework that will defend future science

 The social contact that defined scientific
enterprise is no longer relevant



SCIENCE AS A SOCIAL CONTRACT

Practitioners

of Science
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Political and Society
Economic (Beneficiaries of
Environment science)
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PRACTITIONERS OF SCIENCE

* Faculties, scientists,
students, individuals as
well as S&T professionals
In industry universities,
research laboratories,
society, industry, etc.

* To create a virtuous cycle
of wealth creation from
knowledge

Knowledge




THE SOCIETY

« The human race in the early part of 21st century is living in an
unprecedented period of peace and prosperity. More people in
the world have been lifted out of penury in the last half a century,
people are healthier, living better and longer. Many basic human
needs have been fulfilled; So it is no wonder an average citizen’s
Interest in science and technology has also waned. He is no
longer looking for “miracles of science”

« This does not mean the world has no problems; environment,
energy, global warming, climate change, water etc, are issues
that are threatening the long term survival of this planet.
However, an average human mind cannot grasp issues that do
not impact him in his own life time. To make a case for science
for solutions that are needed in a distant future is no easy task !



THE POLITICAL AND ECONOMIC ENVIRONMENT

Shrinking global economy and an aging population is putting severe
pressures on Governments discretionary expenditures

Public policies in science demand quick return on investments implying
relevance and importance to national objectives

While current national objectives may be momentarily worthy, decisions
based solely on this premise may ultimately diminish our capacity to
produce any kind of science

What is considered good science and find support today may fall from
favor tomorrow

The greatest folly in public support for science is the belief that
science can provide solutions to technological problems in the
time frame which defines Government longevity and election
cycles



SCIENCE AND SOCIETY

In reality, practical importance of scientific discoveries are
often overestimated and hyped, purely for selfish interests.

Have you wondered how many cures for cancer have been
announced in the last two or three decades ?

Often, discoveries which initially appear irrelevant turn out to
be of great practical value

Consequently, the credibility of science driven solutions to
problems faced by the society has suffered damage.

Common man is more interested in short term solutions that
will make his life better in his life time !

This has led to more and more demand for short
term focus



Trump's cabinet picks worry
science community

Selections prompt fears of roll-back on environmental research
and mass reorganisation of science agencies

President Trump's choices for
cabinet posibivas and agency
ditoctor pusts have increased
weosions between the incoming
adounistration and Americs’s
wontific commmunity. Many
eestarchers, siienoe policy experts
and envircamental groups have
sounded the slarm in response
o Teump's nocninees to head the
Envirosunental Protection Agency
CBPAD as well as the Departments
ol State and Exengy, among nchers.
Last ycar, Trump revealed
that be will nominaze Oklahoma
attorney gereral Scott Pruit:
= whiose websie says be is 2
Icading sdvocate agzinst the FPA’:
activist agenda’ - to be the nex:
adminstutor of the EPA. Pruirt
bt repeatedly sued what is set o
bocome ks ageaty to roll back
regulations like President Obama's
Clein Power Plan that wims to cur
cmisaicns from coel-fired power
plants and has often publicly
disparaged the science behind
globul warming and s connection
10 Lugses
Teump's cabinet picks require
Senate apprvval before they
can lake up their posts, but it is
contzolied by the Republicans
o there may be relatvely weak
opposition. Confirmazion hearings
were underway os Chemisery Wordd
Wit to print.
During a Senute hearing on
18 January, Pruirt szid he does
a0t believe that globzl warming
i 8 boax, a5 Trump has rweeted,
While Pruitt acknowledged that
the climaze is changing, he wid the
prucise smpact of human scrity
on those changes is subject 10
“ourrinuing debate and dislogue’.
Pruitt also indicared thar
he ‘absalutely’ sapparts full
auphkenentation of the new Toxic
Substances Control Act (TSCA},
which governs US

ity

hemicals

10 | CHEMISTRYSORID ~ FEOF

policy. The 40-vear-old law was
finally updared wirh bipartssn
support in June last year, and
Pruicr applanded the fact that the
EPA pow hias the ability 1o ooder
safery resting for chemicals coming
anto the markst

Campaign contributions dsta
indicare thar Pruitt has rocesved
mare than §300,000 (£240,000)
from the fossil foel industry since
2002, The American Coaleion fur
Clean Cosl El
endarsad him as the E

PN's new
chief. ‘[Arrarmey] general P
will

ent, 48 well &
aflirdable

and reliable electric saxd Paul
Bailey, the ACCC Or YR
pretident for policy.
‘Dangerously irresponsible’

However, American Associaticn
for the Advancensont of §
(AAAS) i troubled by Prus
arritude vo the EPA, and his cluims
rhar rhe scienoe of climate change
s unserthad. “If ryon jurnped

2 because he ssid
gravitarion is oaly  theory, one
would ssw be 13
AAAS chief executive Rush Hole, o
pliysicist and foruer congresanan.
“So too, any polacymaker whe
would bane nativeal pelicy on
dental of climate science becouse
there is “debate™ would be called
dangerously uresponsible.”

Ooe¢ penon extremely qualified
10 comament ca ths choioe of
Pruitt to kead the EPA is Christine
Todd Wihstman, wha served as
the ageocy's i under

CERY

tslls Chemiziry Workd, “Thers
seeins W be u geoeral attitude

udminiscranons, acknowledges
that there are aspects of FPA

o the an
that they don’t trust the science,’
sbe cuntinues.

*Scienwce, it soema to me, i going
10 take a kit if evervthing they sy

gap, exvept for finding some of the
3% of scientsts thar don't believe
in clunate change,’ Whirman ssks
Studies have revealed rthar at least
97% of active climate scientists
agree that human octivity is
respoasible for current warming.
Phill:p Williamson, an
envircamental scientist ot the
Lanversity of Ezst Anglia in
the UK who also secves a5

science coendinatar for the

UK goveroment's Nararal
Eavironment Research Council,
ficars fuz the future. Te worries
that US pasticipasion in the
Incergovernmental Panel

There seomstobe a
general attitude in the
incoming administration
that they don’t trust the
science

on Climate Change - the
irzernationn! body changed with

assesting climare o

might now ‘o

and shamering halt
sdnunistration. ‘I US scicntssts
aren't fundad to participate, ur if
the nominations w such mectings
are individuals who have got a
climate denial background, then
that coukd be very diszuptive.”

ledaeh

former Republican president
Goorge W Bush, and she is
atremly sporchensive. “Pruitr
docsn't seem: o have much faith
in science, pesiod - much less
cy's scence,” Whitinan

Nina Fedornff, 8 mwloculus
geneticist a1 Pennsylvacts State
Universicy who was scicooe

and technology adviscs o the

Secretaries of Stute during the
Obama and Georpe W Busly

that nead (mpy
However, she sass that takong s
sedgehammer to the meency is
clearly noe constructive’.

Although it 15 uelear what Prusig
will do ar the helm of the EPA,
Fedorolf savs hus repested stracks
on the sgeocy’s segulabons provide
inssghr, ‘Presumably, of he behaves
consistently with Lis record, thae
will certainly atfcct the nature of
the rescancl: Wial iy suppocicd, oe
perhaps decresse the support for
climate rescarch,’ Fedorofl staces.

Reyood Pruit, Trump's
choboe 1w bead the Depurtment
of Encrgy (DOE; - foemer Texas
governer Rack Perry, who cace
bulisdy U sgency
and b called cimate change o
‘contrived, phory men” ~ is alsa
CAIKING COnKETONOR.

Undcr Perrv's tesure us Texas
povernor, Lbe state’s ol and
natural gas production boomed
Indeed, Perry's second largesc
contributor when he ran for
president in 2012 was Murray
Bacngy — the langest privately
owned coul company in the US
with donaticas of aver $113,000.

Perry disavows Trump request.
During his Senate confirmation
hearing, Perry expressed his
desire ta mainmain US scicotific
kadenhip and support baskc
research. He shio distanced himsdl
from a quesnannsice the Trwmp
camp sent w the DOE spparently
seeking ro identify smplovecs
inwolvad in the sprocy's chmate
change research programiic

Perey said that sarvey went
out before Trump selected him
w be the next DOE direcwc
dida't spprove it. Tdon't approve
of i he staved. Many saw the
uesticangire as &r atremps

TRUMP'S SCIENCE AGENDA

Budget Cuts Fiscal 2017

% cut
51

Agency

DOE-
ARPA

EPA
NIST
NIH
NSF

10
50
4*
S}

* Budget Cut for NIH recommended for
2018 : 15 %

Obama’s initiative on Precision Medicine, Cancer Moonshot
and Clean Energy unlikely to be funded



Funding impasse
hits lllinois chemists

from the state, while income from
tuition fiees is also falling. This
is partly because state subsidies
for those in financial need went
unfunded for several months,
but also because students are
worried and looking elsewhere.
Undergraduate enrolment at CSU
for 2016-2017 is currently down
compared with 2015-2016.
“We lived from 1 July 2015 until
April 2016 without 40% of the
maoney we need 1o run the school,’
Garcia says. “We let go almost all of
our part-time faculty and full-time
lecturers. We're in survival mode
until this is resolved.”
The crisis began in June 2015
when Republican governor Bruce
Rauner vetoed a state budget devised

Political divisions create
huge budget shortfalls

Chemistry departments in Illinois,
US, are entering perhaps their
toughest semester ever, facing
budget shortfalls arising from a
second year of stopgap stare-level
educational funding. Universities are
among those caught in the crossfire, 50
with politicians’ inability to agree on
expenditure hitting those with few
other funding avenues hardest.
Chicago State University
(CSU) has seen ‘massive layoffs of
administration, support personnel
and faculty’, says Edmundo Garcia,
chair of s department of
chemistry, physics and engineering.
CSU eets around 40% of its budget

Brexit storm shakes
European Research

Council

Science chief sounds alarm on funding

within a dozen years of their
PhD, is ‘much, much lower
® at her agency and elsewhere. 1
‘We are very worried,’ Cordova
said. “The other consequence
of this is that we are losing
people to science because they
are gerting discouraged by not

(£43 million) to €1.8
2017, its first increas
Switzerland has p/

Europe's premier science
council's mission at risk

of three key US science agencies
have warned that the nation
Must up its commitment o

Calls for US research spend-
ing to exceed 3% of GDP

SCIENCE IN UNCERTAIN TIMES

by the Democrat-controlled Illinois
government. Rauner said the budget
would add $4 billion {£3 billion

to Illinois’ existing debt, estimated
1o be around $100-§300 billion. In
April 2016 the opposing sides agreed
a $600 million stopgap package

for higher education, whereas

the Democrat budget originally
earmarked $1.7 billion. In June,

the opposing sides agreed another
$1 hillion for higher education
through to June 2017,

Eastern Illinois University (EIU)
in Charleston, is fractionally better
off than CSU, relying on state
funding for a third of its budget.
1t has laid off many support staff,
and 25 EIU faculty on previously
recurring annual contracts
have been lost in the past two
vears. Meanwhile, the chemistry
department is questioning the
affordability of using silver nitrate
in gravimetric analysis teaching
experiments, says Jonathan Blitz, an
analytical chemist and president of

the ERC.

science and i ion to

ensure it isn't outstripped
by its competitors.
expressed disappointment that
the Obama administration has
fallen short of the president's
goal to increase spem
R&D to more than 3% of GDP.
“We haven't quite got there, we
are still just under 3%, Holdren

Pierre Bourguignon, president of

But June's referendum result casts
doubt on the UK’s future cligi
The loss of the UK and Swi !'th:rl.ind
would ‘be a big blow to European
science’s warns Athene Donald,

significant concern that the
US's R&D intensity ks decreasing
relative to other nations.

It has always been a challenge
to answer how much R&D
investment is sufficient, but
empirical evidence shows that
|hc US is making an inadequate
in science,

Holdren

g on

technology and innovation, he
said. The National Institutes
of Health (NIH) is only able to
fund about 16 or 17% of the
grant proposals it receives, he
added, when it is estimated that
about 50% of the applications
submitted have merit,

As annlhﬂ' rmmp'lc l-r:ml.l.m

the faculty union at EIU.

The University of [llinois has
suffered less thanks to a greater
diversity of funding sources. Gi
Girolami, head of the Urbana—
Champaign campus’s chemistr
department, says that research
and teaching has been unaffecy
although faculty and non-unior
staff have had no salary increas
over the last two years.

Hopes that the situation will
be resolved in the November U
elections are tenuous. Rauner i
up for re-election, but the entin
Tllinois House of Representativ
and most of the State Senate is.
Together, the House and Senat
can override Rauner's veto.
“The House is a couple of votes
short,’ Blitz highlights, and if 1/
Democrats gain seats, they cou
force their budgets through. 1l
income taxes may be raised aft
the election, says Girolami, wh
“would certainly help’. WAL
Andy Extance

the ERC irself
of the ER
was following
US model, fou
and imaginati
general acade
McConnell &

White House science adviser John
Holdren calls for the US to incresse

Economic woes squeeze Brazil science

Money earmarked for
research held up by cuts

AS economic woes grip Brazil,
the country's scientific enter-
prise has been hit hard. The
Brazilian economy is expected
to contract 3.5% this year
following a 3.8% contraction

in 2015, marking its worst
economic downturn in a quarter
of a century. Science funding
has taken a knock, despite
arguments that such investment
is exactly what's needed to

pull Brazil out of its slump.

The budget for Brazil's
Ministry of Science, Technology
and Innovation (MCTI) has been
slashed by almost 20% and sits
now at about BRLA.3 billion
(£875 million). The ministry
also faced a significant
reduction in 2015, and overall
about one-third of its budget
was lost from 2014 to 2016,

“There is a huge crisis in
Brazilian science,” warns Helena
der, president of the Brazilian

Piluliaia

Funding for Brazil's popular international exchange scheme has been slashed

and entrepreneurship.
Tlun was a call to create

- ANAa

them is available for release
later this year. The rest of the

Fusmde nanarears tn ot i

Worst may still be to come for
Spanish science

Effects of budget cuts from
tha financial cricic ara ctill in

Nazario Martin, president of the
Confadamtion of Soanish Scientific
the financial

he blame for
wuntries, such as

ng on R&D
T'he problem
ticians consider
wstead of an
1535,
countries invest

getting their grant accepted.
Despite its failure to
achieve the 3% of GDP target,
science and technology fared
better under President Obama's
budgets than almost any other
sector of the government. “That
was a result of the president's

understanding of how and

why science and technology
maartar * Hnldren caid

Italy and the UK,

model based on knowledg

Without Borders, which was

created by Brazilian President

Dilma Rousseff, who is currently

fighting impeachment, in

2011 to improve the nation's

competitiveness in science

and technology. The initiative

is supported both by the

istry and Education and the

through the respective
agencies C inating

Office for the Advancement

of Higher Education (CAPES)

and the National Council of

Scientific and Technological

Development (CNPq).

In its first four years of
operation, Science Without
Borders funded roughly 101,000
scholarships to enable the
international exchange of
Brazilian researchers, under-
graduates and postgraduates.

In 2015, about BRL3.7 billion
was provided to the programme
by CAPES and BRLL.1 billion by
CNPyq. This year, those amounts
were slashed to BRL1.46 billion
and BRL500 million, respectively.

Tn Rrasil acin ather conntries

dominated by SMEs, which
constitute over 99% of companies
and contribute over 65% of GDP -
behind only Greece and the Baltic
countries. “These [small] companies

already have trouble surviving, and
they don't usually conceive research

and

unfortunately the economic recovery

hasn't reached our R&D system,
says Jorge Barrero, chief executive
of COTEC. The shortfall in public
R&D investment in Spain hasn't
been made up for by the private
sector either. According to COTEC,
47% of R&D was privately funded
in Spain, while the private sector in
other countrics such as Germany,
France and the UK covers around

as h useful,” Martin says.
The funding shortfall and other
problems, such as a brain drain,
haven't affected productivity yet,
however. According o CRUE's
vearly repart, scientific output has
remained static. However, Gomez
said that the worst is still to come. ‘1
think we have a good system, which
is weathering the crisis quite well,
Iut we must not relax. We are going
to see the real effects in a few years.
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IN DEFENCE OF BASIC RESEARCH

Should scientists be restricted by shortsighted
timelines and narrowly defined objectives ?

Curiosity driven research is under pressure to justify
itself; It is endangered and has become vulnerable

Today’s prevailing policy is to measure the value of
research solely on whether it is useful, whether the
research addresses a social problem or whether it is
possible to deliver a marketable product in the
foreseeable future, preferably within a few years

On the Usefulness of Useless Knowledge
Nature Reviews, Chemistry, 11 January 2017
D0i:10.1038/S41570-016-0001



THE CONUNDRUM

Why is it that the society is willing to support an
activity as abstract and altruistic as basic scientific
research and an enterprise as large and practical as
the research and development enterprise ?



UTILITARIAN AND ROMANTIC VIEW OF SCIENCE:
BERNAL Vs POLANYI

» Utility is the central « Individual scientists
objective of the scientific pursuing truth leads to
enterprise . . .

. the most efficient social

« Central role of state in ¢
supporting / promoting oulivelise
science

* The rationale for organized
science, government
funded or directed science

The Social Function of Science, J.D. Bernal, Michael Polanyi The Republic of
George Rutledge and Sons, 1939. Science : Its Economic Theory,
Roger Pielke, Nature, 27 March 2014, Vol. Minerva, | , 54 (1962)

507, 427

The Sage of Science, A. Brown, Oxford

University Press, 2007



THE ROMANTIC VIEW OF SCIENCE

* Scientific research has to do only with the respect with
which we regard one another, the dignity of men, our love
of culture. It has to do with : are we good painters, good
sculptors, great poets? | mean all the things we really
venerate in our country and are patriotic about. It has
nothing to do directly with defending our country
except to make our country worth defending”

Robert Wilson, arguing for support from the US Congress for
building the Fermi National Accelerator, 1969
Source: Scientific Temperament: Three Lives in Contemporary
Science, P. J.Hilts, Holiday House, 1984



Intellectual Freedom in Academic Scientific

Research under Threat

John Meurig Thomas*

Roucacch ot the sntrite & primarily
cuniosity drivea, which is reflected ia the
five sections comprising this Review™
(on the oxidation of carbon monoxide).
So wrote IL-J. Freund, G. Meijes, M.
Scheffles, R. Schidgl, and M. Wolf in
a Review in the special issue of Ange
wandte Chemic \o mark the centenary of
the Fritz Haber Institute (FHI) of the
Max Planck Socicty (Angew. Chem. Int.
Ed. 2011, 30, 10064). These words were
music to my cars. The phi hy that

for example, the young James Clerk
Maxwell became fascinated by the ex.
perimental discoveries of Michacl Fara
day, especially the observation that light
could be “manipulated” by a magnetic
fickd. So intrigucd was Maxwell by Fara.
day's work that be decided to write
a treatise on “Faraday's Lines of Force™
as his Rescarch Fellowship

St John Meursg Theenas

experimental proof of the positroa’s
existence was established by Carl Aa
derson st the California Institute of
Technology. For many decades there
after, the positron was regarded as
a aovelty with litte prospect of it ever
being harnossed for practical purposcs.
Now, however, almost every major hos
pital in the trics uses

to Trinity College, Cambridge. The out
come of Mamwell's work led 1o the

animates research at the FHI ako pre
vailed in almost all umiversities of the
United Kingdom in former times Dut
this s no loager so: indeed, such has
been the transformation in the attitudes
of policy makers and funding bodics that
it has prompted many leading acadermics
in this country to establish a Council for
the Defence of British Universities
(CDBU) 50 as to reinstate an cthos that
is still pervasive at the FII and doubt
less st many other Max Planck Insts
tutes Four former Presideats of both the
Royal Society and the Dritich Academy,
along with the present holders of those
prestigious posts, two former UK Gov
ernment Cabinet Ministers, and numer.
ous lcading acads the

! of the phe
nomenon of elestromagnetism. One of
the consequences of the Maxwell Fara.
day work is the realization that every ray
of light has a magnetic and clectrical
component. If this were pot w0, it would
be imponsible to explain the transmis.
sion and reception of radiowaves of ta
account for the mode of action of
devices such as televisions and tele
phoncs. Nowton's Laws do not help us
one iota in uaderstanding the mecha
nisms of these and the other electronic
gadgets now in popular usc. It was
Faraday's question of a possible relation
between magnetism and clectricity that
led him to discover

positron-cmimion tomography (PET).
Its many uses include charting cerebral
sctivity and ideatifying stages in the
growth of tamors.

I'l ‘was pute cunomity that led scicntists
n the late 1%0s to discover NMR
spectroscopy; » few decades later, an.
other noniavasive medical technique
based on it, magnetic resonance imaging
(MRI). was invented. la the 1950x at
Columbia University, Charles Townes
became intrigucd by the posuibility that
the populatica of clectrons in smple
molecules could be mverted. Whea he
proposcd this cxperiment, he was told
that be was wasting his time by several
aotable physicists. But Townes stub.
bornly and s

induction, which gave us the dynamo,

scicaces and the bumanitics are amoag

the founders of the CDBU.

Ever since the days of Isanc Newtoo,
university teachers have cherished the
freedom to investigate any aspect of the
nataral wosld irrespective of the need ta
justify the possible practical importance
of their discoveries. I the sarly 1850,

Prod, i |, M. Thomas
Dept. of Materials Science
Universizy of Cambridge
Cambridge, 82 3QZ (UK
Email: pre2@cam.ac.uk
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the and the means of gen-
crating continuous clectricity now used
workdwide in power stations.

I the 19205, young Paul Dirac, stimu-
Iated by the work of Heisenberg, Born,
and Jordan in Germany, undertook his
quantum mechanical  studies, which
were motivated by sheer intellectual
cuniosity and the desire to incorporate
relativistic feat; to the Schro

the maser, the forcrunner of the laser.
This has changed our world comprehen
sively. In addition, it duly led to the
discovery that our ncarby galaxies shine
maser light upon us.

There bave been maay other trapsfor
mational discoverics, the practical im.
portance of which could pot have beea
readily forescen: X rays, nuslear fission,
antibiotics, antibodies, immunosuppres.
sive drugs (that make spare-part surgery

equation. Dirac's mathematical formu
Iations led him to propose, in 1927, the
existence of the pasitron, the first-ever
suggestion that antimatter was a reality.
It took another four years before the

© 501} Wiy VCH Virlag Cish & Co. KCaA, Weinheim

A. Flexner, Harpers, issue 179, 544, Jurr'@m

feasible), and the structure of DNA, to
name but a few. Scientific rescarchers
kaow that discoveries cannot be plan:
ned: they pop up, like Puck, in unex.
pected corners.

Angra, Chem. int. £ 201). 5. 5654 - 5655

Individuals need
space, freedom
and trust to

be able to
develop to their
full potential.
Only then will
they have the
courage to take
the risks that
make discoveries

possible
»

tnstitt fir Chemie
Technische, Universitt Berlin,
Berlin 10623, Germany.
*Alexander von Humboldt-
Stiftung, Bonn 53173,
Germany.

hel

IN DEFENCE OF BASIC RESEARCH
USELESS KNOWLEDGE

COMMENT

On the usefulness of useless

knowledge

Helmut Schwarz'

Basic research may or may not lead to new technologies. Our safest bet in this gamble is to give
our brightest minds the funding and freedom to dream big.

Most breakthroughs in research are not and could not be
planned. Rather, they appear, like Puck, in entirely un-
expected corners. Because it is the passion of individu-
als that sparks major discoveries or inventions, choosing
outstanding people and providing intellectual freedom
and generous funding are key to the success of academic
institutions.

Abraham Flexner, the founding Secretary General of
the Institute for Advanced Study in Princeton, penned in
November 1939 a most readable essay on fundamental
research'. The Usefulness of Useless Knowledge described,
in Flexner's fluid prose, how apparently random exper-
imentation eventually leads to the most important dis-
coveries. He argued vehemently against the need for
utility in the promotion of research and the allocation of
funding. Instead, Flexner delivered a rousing plea for the
“freeing of the human spirit”. His article is an eloquent
discourse on the benefits and virtues of freedom in fun-
damental research. Flexner’s words are music to the ears
of scientists who pursue science because they are curi-
ous and, in the venerable words of Friedrich Schiller, do
not live off science but, above all, for science. Although
Flexner’s essay appeared more than 75 years ago, it is
still one of the most compelling pieces on the vital role
of fundamental research — extolling not only its cultural
value, but also its benefit to mankind in general.

The role of individuals

Fundamental research itself thrives on the desire of
scientists to explore new territory — ferra incognita
— to discover the truly unknown, and to investigate
and explain and, perhaps, to apply it. This is usually a
protracted process fraught with setbacks. It turns out,
time and again, that breakthroughs in research cannot
be planned and that their value and usefulness are ini-
tially unknown or difficult to assess. Although science,
like a mosaic, is made of the contributions of many,
crucial breakthroughs are nearly always based on the

doi: 10.1038/541570.016-0001
Published online 11 Jan 2017

achi and passion of ind
ona bi of creativity, intelligence, curiosity,
e and di These individuals need

space, freedom and trust to be able to develop to their

full potential. Only then will they have the courage to
take the risks that make discoveries possible. To fos-
ter the development of researchers, they should not
be restricted by shortsighted timelines and narrowly
defined objectives, but should instead be provided with
funding continuity. This is indeed the demand at the
heart of Trust Researchers, a manifesto signed by over
13,000 scientists and submitted to European institutions
and parliaments.

Fundamental research
New k is d when re cl are
driven by the desn'c to understand, a desire that can
only be acted on when intellectual pursuit is liberated
from the constraints of concrete applications and tightly
set targets. “Knowledge ought to precede application,”
stated Max Planck? amidst the depressing atmosphere
hovering over Europe in the wake of the First World
‘War, and it has remained the precept on which the Max-
Planck-Gesellschaft (MPG) operates to this very day.
Along with generous public funding, their focus on basic
research, the uncompromising pursuit of excellence
and hiring the very best, has put the MPG on par with
the best and most prestigious research institutions
in the world. No fewer than eighteen Nobel Laureates
have emerged from the ranks of its scientific mem-
bers since 1948. Similar success stories include the
Laboratory of Molecular Biology in Cambridge, UK,
as well as the AT&T Bell Laboratories and US National
Institutes of Health, the latter two having blossomed in
the mid-1960s. The common thread is that all of these
institutions were based on the principle of excellence.
Although curiosity-driven research is the engine
that eventually generates innovation, at the outset such
research entails travelling a long and winding road,
swimming against the current and overcoming hur-
dles with no shortcuts in sight. Basic research is time
consuming and expensive. It is rarely easy for scien-
tists to explain this to the general public, legislators or
ministerial decision makers. Actually, in many coun-
tries, basic research has come under pressure to justify
itself: it is endangered and has become vulnerable.

Harpers,

issue 179, June/November

1939
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THE USEFULNESS OF USELESS
KNOWLEDGE

BY ABRAHAM FLEXNER

T not a curious fact that in a world

steeped in irrational hatreds which
threaten civilization itself, men and
women—aold and young—detach them-
selves wholly or partly from the angry
current of daily life to devote themselves
to the cultivation of beauty, to the exten-
sion of knowledge, to the cure of discase,
to the amelioration of suffering, just as
though fanatics were not simultancously
engaged in spreading pain, ugliness, and
suffering? The world has always been a
sarry and confused sort of place—yet
poets and artists and scientists have ig-
nqmd the factors that would, if

mental problems. 1 have no quarrel
with this tendency. The world in which
we live is the only world about which our
senses can testify. Unless it is made a
better world, a fairer world, millions
will continue to go to their graves
silent, saddened, and embittered. I
have mysell spent many years pleading
that our schools should become more

acutely aware of the world in which
their pupils and students are destined to
pass their lives. Now I sometimes won-
der whether that current has not become
too strong and whether there would be
sufficient for a full life if

o, paralyze them. From a practical
point of view, intellectual and spiritual
life ig, on the surface, a useless form of
activity, in which men indulge because
they procure for themselves greater satis-
factions than are otherwise obtainable.
In this paper I shall concern mysell with
the question of the extent to which the

it of these uscless satisfactions proves
nnexpectedly the source from which un-
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1-of utility is derived.

‘We hear it said with tiresome iteration
that ours is a materialistic age, the main
:anccm of which should be the wider
ll!ﬂu:na'l. gnud.u and Iy

opportuni
share of worldly goods th:r:l'ort dwcm
an increasing number of students from
the studies which their fathers pursued to
the equally important and no less urgent
study of social, economic, and govern-

the world were emptied of some of the
useless things that give it spiritual sig-
nificance; in other words, whether our
conception of what is useful may not
have become too narrow to be adequate
to the roaming and capricious possibili-
ties of the human spirit.

‘We may ook at this question from two
points of view: the scientific and the
humanistic or spiritual. Let us take the
scientific first. [ recall a conversation

which T had some years ago with Mr.

George Eastman on the subject of use.

Mr. E.un.nnn, a wise and gentle far-
ith

Jects, I w:nturcd to ask him whom he
regarded as the most useful worker in
science in the world. He replied in-
stantaneously: “Marconi.” I surprised
him by saying, “Whatever pleasure we



GOVERNMENT (PUBLIC) FUNDED RESEARCH
IS OF A RECENT ORIGIN

» State funding of research is a post world War |l
phenomena

» Alarge part of nineteenth and twentieth century
research and explorations in science were not
funded by the state.

» It was the two wars that gave impetus for the state to
step in and direct research

No government funded research project on energy technology led to
the discovery of steam engine or electricity, nor the discovery of
automobiles and airplanes a programmed outcome of a structured
approach to transportation technology !



PUBLIC FUNDING OF SCIENCE : THE ORIGINS

« The tenet : investment in “basic
research” by a nation "performed
without thought of practical ends™ will
lead to prosperity for its people.

 More money, more Institutions, more
research, more papers and PhD’ s will
result in greater prosperity and wealth
creation in society

« This tenet was implicitly accepted by | U
Governments around the world as an Sy -
established public policy 1945

The Cold War fuelled large public investment in science
driven by the military-industrial complex; with the collapse of
the Communism, this rationale was lost

Science: The Endless Front

Yannevar Bush




THE RELATIONSHIP BETWEEN SCIENCE AND
ECONOMIC DEVELOPMENT

* The integration of Vannevar Bush’s tenet with the
economic theories of Joseph Schumpeter and Robert
Solow in the early fifties led to the identification of
technology as a factor of production along with land, labour
and capital

« This led to greater justification for Government
investment in S&T as all factors of production were under
the purview of the Government

* The connection between basic research and
macroeconomic growth was based on a linear model that
believed that scientific discoveries lead to invention and
technology, which in turn leads to new products, industrial
growth and job creation



WHY SHOULD GOVERNMENTS (PUBLIC) FUND
SCIENCE ?

Economic growth and prosperity of a nation depends on
Investments in science

Science is too delicate, precious or strategic to leave it to
non governmental sectors or market forces

Government intervention is necessary in S&T to prevent
free market failures of emerging technologies

Government and the scientists who get funded have the
best collective wisdom on the future strategic directions
of science and technology

Politicians love to fund science; spend small money and
take credit for large successes

It is patriotic to fund science ( like defending our borders)
Our country needs to produce more Noble Prize winners



PUBLIC FUNDING OF SCIENCE

* Most of the arguments on why public Government
funding is needed for science have been constructed by
the scientific community themselves ; and almost all of
them are wrong !

« Public funding of science is looked at as charity; we have
lost sight of the economic underpinning of Government
iInvestment in science

» Scientists love public / Government funds, because it
comes with no obligations other than to their own
community; funds from other sources demand far greater
accountability



THE APPROPRIABILITY CONUNDRUM

How well do the rewards flow back to the investor ( in this
case the Government) who is investing in science and taking
the risk?

The problem is that the returns from basic research are
large, but they are not appropriable !

The nature of basic research is that the results freely flow to
the world. The monetization of basic research in terms of
patents, products and economic growth may not necessarily
occur in the laboratory where the work is originally done or
even in the same country.

Basic research leading to discoveries is a public good with
low appropriability

This shifts the emphasis by Governments to more
appropriable R&D, that is more “D” and less “R”
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ASSOCIATION AFFAIRS

PRESIDENTIAL ADDRESS

What's So Special About Science
(And How Much Should We Spend on 1t?)

William H. Press

Scientific rescarch probes the deepest mys-
teries of the universe and of living things,
and it creates applications and technolo-
gies that benefit humanity and create wealth,
This “Beauty and Benefits of Science™ is the
theme of this 2013 AAAS Annual Mecting.

The subject of my address is a different
kind of mystery, although it is also related to
this theme. It is the mystery of why society
is willing to support an endeavor as abstract
and altruistic as basic scientific research and
an enterprise as large and practical as the
research and development (R&D) enterprise
as a whole. Put differeatly, it is the mystery
that a unified scientific enterprise can be
simultaneously the seed com for economic
advance and the confectionary com syrup of
pure, curiosity-driven scientific discovery.

The view that science can be supported
as a contribution 10 the intellectual richness
of the world has a distinguished list of adher-
eats. In 1969, Robert Wilson explained what
Fermilab would do for the country by saying,
*“It has nothing to do directly with defending
our country except to make it worth defend-
ing” (/). And, almost two centuries carlier, in
his first annual address o Congress, George
Washington wrote, “{t]here is nothing which
can better deserve your patronage, than the
promotion of Science and Literature. Knowl-
edge is in every country the surest basis of
publick happiness” (2).

Indeed, US. taxpayers are, 1o some extent,
willing to pay for activitics that enrich Amer-
ican social and cultural capital without hav-
ing & direct economic benefit. Congress, up
10 now, has appropriated about $150 million
a year for the National Endowment for the
Arts (NEA) and about $170 million a year

Wilam K. Press &5 the Warren ). asd Viola M, Ragrer Pro-
fesser i Computer Science and Imegrative Bology
Uniwersity of Tenss a1 Austin, He is & member of President
Otama’s Coancil of Advisors cn Science and Tecknology
He gre y seveed a3 Deputy Laderatory Oie
Aames National Laboratory from 1999 1o 20 5
earlier Prafessor of Astronsmry end of PPasics #t Merverd
Unteersity, He was presidont of ARAS from February 2012
10 February 2013 This antiche is based on the Presidenta
Acdress he delrverod 2t the AAAS asnull meeting n Bomon,
MA, 0 14 Febryary 2012, E-mai apress@O utenn sfu
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for the National Endowment for the Humani-
ties (NEH) (3). However, by contrast, Cog
gress appropriates about $40 billion a year Jo
basic research (). If you plot a bar graph i
these three numbers, you can barely see
the NEA and NEH numbers are not zero.

Itis evident that society is willing to p
much more for curiosity-driven researc
in science than for the analogous thought-
and beauty-driven practice of the arts and
humanities. It is easy to guess the reason:
the link, sometimes subtle but repeatedly
established over time, between invest-
ment in basic research and macroeconomic
growth. Discovery leads to technology and
invention, which lead to new products, jobs,
and industries.

Such is the case that we scientists need to
reinforce in the austere times that we face.
However, mere repetition is not an effective

2013

strategy. In today's lean times, we o

ous times. A skeptical and d Congi
is entitled to wonder whether scientists are
the geese that lay golden eggs or just another
group of pigs at the trough.

Than a Century of
tial Growth
Figure | show Efowth in US. gross
domestic product (GDP) per capita over the
past 130 years. If we ignore a few bumps
with time scales of a decade or s0, the curvy
is surprisingly well fit by a pure exponen,
tial. Note that the curve is not plotting GDJ.
which would grow with population and the
overall size of the U.S. economy, but GOP
per capita, which reflects something like the
average income of cach individual. Amefi-

&

Real GOP per capita (2005 thousands of dollars)

180 190 1520 190 10 190 050

Year

Fig. 1. U.S. GDP per capita, corrected for inflation in 2005 dollars. The smocth green curve is an exporential
fit 20 the cata. Shaded date ranges show official periods of recession. On average, an individual’s income in the
United States has increased by about 2% per year for more than 130 years.
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In today’s lean times, we
need to articulate our
case more powerfully

and in a more
sophisticated way than in

more prosperous times. A
skeptical and stressed

government is entitled to

wonder whether
scientists are the geese
that lay golden eggs or
just another group of
pigs at the trough
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Battleof the
planetscould seea
new moon p3%2

scientistsmust show
their workings p333

Semiconductor
camerahaseagle-
eyed vision p3%

Energy

Beyond the science bubble

Research leadersin the United States and elsewhere should address the needs and employment
prospects of taxpayer swho have seen little benefit from scientific advances.

negquegtiondominated discussonsa theannud medtingofthe

|American Assod tion for theAdvenaament of Sience(AAAS

a thewaskend. Resserdhers journdigsand sdencelobbyids
squeszed into conferencerooms perched onrecydingbinsand sst on
thefloor between rowsof filled chairsasthey strained tolisten tothose
whotriedtooffer aresponse Thequetionwesphrasadin variousweys
but thevariationsal boiled down to: how should scienceand scientists
respond to theadministration of Presdent Donald Trump?

Theansnverswarenumeroustoo—frompdlitica adtivismtobetter
communication —and weremet with cheers gpplauseand theodd
sandingovetion. Many sdentistswill haveleft theBoston conference
with renened hopeg, or & leest asenseof combined purposa They had
an answer of sortsto their question.

But it'sthewrong quedtion. It isnot Trump that sdentistsmust
respond to. Thered question iswhat sdencecan dofor thepeople
whovated for him. Exactly whodid support him, andwhy; isgtill being
debeted by pdlitical sdentists but itsdear thet meny of thosewhovoted
Trumparethosehecanvassadin hiscampagnand aeditedinhisinau-
guration speech. It ispeoplewho fed left behind by supposed progress
andwhohavesauffered ared or paadved adlgpseinthar qudity of life

FERIUAONG THEUNCONMNGED

Onespesker a the AAASmMeeting gppropriatdy sharpened the
dhdlenge Therearetwotypesof taxpayer: thosewho pay up vauntar-
ily becausethey bdievein thepublicgood that themoney generates
and thosewho pay only becausethey will beput injail if they donit.
Howmeany sdentists hesuggested, aould confidently say their project
was0important to peopletha thosepeopleshould bethromninto
prison for not supportingit?

Lt tdlingthesamedd storieswonit aut it. Themost seductiveof
thesegtories—and oartainly theonethat sdentidsliketotdl them-
sdvesand eech other —isthesmplenardivetha investment in
research feadsinnovetion and promoteseconomicgrowth. ‘It'sthe
economy, stupid, sothesayinggoes and asnetionsbecomealittieless
stupid by pushingageing thefrontiersof knowledge, sothebenefitsof
dl thisnewinsght soreed fromthelaboratory tothewider popultion,
asimprovementsin thestandard of livingand quality of life.

Thiscomfortablestory hasdl thehdlmerksof abubbleweiting
topop. For adart, it dwayshasahgopy ending Theheroof verious
quests sdencedaysthedragon of childhood diseeseand retrievesthe
dlixir, if not of everlastinglife, then at least of increased lifespan. And
Jlikeall good stories, thisonecomeswith apleasing twist: for when it
setsoff onitsquest, sdencedoesnat knowexactly which good desdsit
isplanningto perform. Puredf heart and reseerch, it ismerdy enough
to send our sdencehero out intotheworld, with itsconsumebles,
overheedsand apoggraduatesquirepaid for by donationsfroma
grateful and trusting public.

Thisnarrdiveistruthful enough tohavesuganed itsdf for meny

decades Fromthefamousdiscovery of thegoparently usdesslasar that
launched uncountablegpplicationsto how Einstein'stheoriesof rela
tivity underpin theGobd RostioningS/stem—thesegtoriesindesd
mekeacaseto Trump and hissupportersthat continued investment
in sciencewill help to create companiesand jobs.

But asthisjournd and athershavepainted out, itisdsodeer thet the
nexdsaf millionsof peoplein theUnited Sates(and billionsof people
aoundtheworld) arenct wall enough sarved by theagendasand inter-
etsthat drivemuch of modern sdence Thereareplenty of reportsthet
show; for example, howpublicinvestment in theHumen GenomeRro-
jet hespaid off meny timesover and aregted firmsandjabs but rether

than tricklingdown through sodety, these
bendfitsof disoovery sdenceargucbly degpen
thepodsaof wedth and privilegedreedyin
place—aregting expensvenewdrugsthat
most peoplecannot afford.

It isright that moresdentistsshould tdl
doriesof thegood their reseerch cando. But
it ismoreimportant And 1ircent than ever
that resserchersshoul
doriesredlyend—a
of thepeopletheydar
et tolivehegppily ev
should focusmoreeffc

cetion and sdentificresearch canhdp themen
to bedisplaced by thevery inventionsthat scie

Asthey ponder their next movein respor
Trump, sdenceorgenizations—universties fu
theres —should look harder & sodd probla
and seek waysfor scienceto help.

For example, some universitiesareinare
dimete-changeadaptetion. Therewill beamployment opportunitiesin
aregtingcompaniesthat hdp dtiesand other regiond communities
to protect themsd vesfrom dimate change (Whetever the soeptics
may besaying), simulated by thereedily gpplicebleand intdlectudly
gimulatingins ghtsandimproved ded sion-mekingthat resserch will
deliver.

More universties, for example, could follow the example of
Michigen SateUniversityin Eagt Lansing, in buildingstronger links
withthar locd communities and seskingtowork withthemtotackle
research problemsthat affect their quality of life. Theseincludemoni-
toringsail andweter qudity, for examplg and addressingthechd lenges
of regiona demographics, such asthelargenumbersof ederly people
wholivedonein somereg onsandhowtoddiver hedthcaretothem

Thereisaso aneed totell thesestoriescompellingly —storiesthat
aeharder totdl and of lessgobd impact then thehunt for fundamen-
td patidesor newvmaterias Andthemost important audiencesmay
not beindined to listen. But thoseaudiencesmatter. »
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Do the needs of the people
served by the agenda and

interests of modern science
I?

Stories of impact of science on society is
becoming harder to tell; and our
stakeholders are increasingly

less inclined to listen

Nature, 23 February 2017, p.391



TRANSLATIONAL SCIENCE IN ACADEMIA

What is translational science ?

What systemic changes in academia are needed
to enable translational science ?

What are the risks or opportunities ?

What is the ecosystem needed for translational
science?

Is there a case for a new model for educating and
training the future scientists?

Simply put, the “D” iIn R&D means translation !



TRANSLATIONAL SCIENCE

« Translational research is a way of thought about conducting scientific
research to make the results of research applicable to population under
study and is practiced in the natural, biological and social sciences
(en.wikipedia.org/wiki/translational-research)

A term originally used in biology and medical science by NIH

« Develop, design, engineer and produce/ commercialize: from bench to
bedside

» Translation of discoveries to applications was once the exclusive domain
of industry

« With industry stepping back, Government through public funding is
increasingly stepping in to fill the vacuum, especially in high risk R&D

« Success of translational efforts( defined as commercial success) using
public funds still not proven

The belief that public funds invested on needs identified by Government
and focused on direct applications is the panacea for our ills goes
against the lessons of history; Government picking technology winners is
beset with great dangers and risks; exceptions are those solutions which
are outside of the market forces



INDIA’S PUBLIC FUNDED S&T FOCUS SHIFTING TO
TRANSLATIONAL RESEARCH

 DBT : Commercialize public funded R&D; create TTO'’s :
150; Technology and Business Incubators : 40

 DST : Promote start ups and high risk as well as industry
relevant research

« DST setting up Technology Research Centres at five
scientific institutions at an estimated cost of 100 crores

* Funding to technology platforms in areas such as electric
mobility, waste management and advanced manufacturing
processes upto TRL levels of 6-7

How much does amelioration of society’s problems require
frontier science and how much clever application of known
science ? Should Government only focus on those areas which
are not served by the market forces ?



LEARNING TO MANOUVERE THE “VALLEY OF

DEATH"
Knowledge Applications
Solutions Validation
ldeas Markets
Low Risk High Risk

Too often an obsession with inventing something ‘totally new “or unique
versus extracting value from the creative understanding of what is already
known;

Translation and innovation is more about prospecting, refining , mining and
adding value; this requires an ecosystem



TRANSLATING SCIENCE — THE ECOSYSTEM
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INDUSTRY- ACADEMIA INTERFACE NECESSARY FOR
SUCCESSFUL TRANSLATION

Several myths pervade academia—industry interaction

Industry has to depend on academia for new ideas and concepts

Cost of performing research in an academic institution is low
compared to performing in industry

The IP generated by academia is undervalued by industry
Industry’ s problems do not need cutting edge science

The reward that industry offers to academic partners is a small
fraction of what the industry gains and is often inequitable

“We can buy any technology that we need”; industry believes it
can acquire businesses with technology rather than develop



INDUSTRY- ACADEMIA INTERFACE: REALITIES

Academia generally overestimates the value of its IP, In the

quest for windfall financial returns public institutions demand
all encompassing IP rights and subsequent royalty payments
from the corporate sector with such vigour that many projects
are terminated by the lawyers

Scientists in public organization vastly underestimate the
effort needed to move an idea to a new product or service
for which there is a commercial demand. This naivety can
make negotiations over IPR and royalty issue an exercise Iin
frustration

Academia has poor appreciation of market risks of a new
technology

Academia has poor understanding of regulatory and EHS
ISsues



INDUSTRY- ACADEMIA INTERFACE: REALITIES

Academia has poor understanding of regulatory and
environment, health and safety issues

Academia has a misplaced goal of revenue generation from
working with industry ; give us the money and we will work
on something related to your interest”

Scientists are usually looking for support for their own ideas,
not tuning their research to suit the needs of the industry

Timescales in public institutions are much longer than
companies can tolerate; companies are generally not in
business to fund PhD thesis



RELATIONSHIP BUILDING KEY TO SUCCESSFUL INDUSTRY
ACADEMIA PARTNERSHIP

 Building a relationship in life involves, courtship,
engagement, wedding, consummation and learning to live

amicably

* When building a relationship with industry we need to go
through the same stages, namely, build trust and faith,
establish credibility and usefulness, provide confidence
that one can stay together and, going far and beyond the
written contract and avoid all conflicts of interests

* There is an underlying feeling of suspicion when we have
to deal with thecprivate sector; this is a legacy problem

Building a relationship is not a mere contract or transaction;
one has to invest enormous time and effort to make i1t succeed



THE PARTNERSHIP CONTINUUM
(Source: Guiding Principles of University- Industry Endeavors, April

2006 )
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SHOULD ACADEMIA PATENT ?

Most misunderstood aspect of Indian S&T

Patents are not mere indicators for defining the vitality of
Innovation; it must have a strategic and tactical intent

Global companies have a keen desire to protect
discoveries; Indian companies averse since patents are
disclosures with little legal protection against infringement in
India

What should be protected and what should not be; where to
protect and where not? Skill sets for decision making do not
exist in most organizations

Moral Hazard in decision to patent by academic institution;
Institutions and Government pick up the cost of patenting,
but do not bear the consequence of that decision



ISSUES IN EXPLOITATION OF ACADEMIC RESEARCH

One extreme view is that academic research and
commercial considerations of results do not mix

Commercial considerations of research do create conflict in
academia between the need to disseminate knowledge and
limit access to knowledge

Public pays twice for the same invention; taxes support
university research that yields the invention and the high
monopoly prices charged by the provider when the invention
reaches the market

Two high profile cases highlight this dilemma today

- CRISPR Cas9 : MIT and U of California at Berkeley
- Zika Virus vaccine and Sanofi



SCIENCE, TECHNOLOGY AND MARKETS

\/ Possibilities
Options Can 1 do it 2
Science Solutions an [ doit
\/ Opportunities
Feasibility Is it worth doing it ?
Technology| « Desirability
Uniqueness =
Customer choice Does anyone need what | am doing “
Markets

Will the customer pay ?
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THE BUSINESS OF INNOVATION

If necessity is the mother of invention, then innovation is its daughter
and entrepreneurship its father.

Cross pollination of invention and entrepreneurship effectively
spawns innovation; intersection of invention, innovation and
entrepreneurship is necessary for creating wealth

A scientists or inventor creating fabulous products as a cerebral
exercise is never going to impact the world unless that product is is
tested, adapted and transformed for mass use and distributed,
usually for commercial gain

An invention may have little or no economic value in spite of having
intellectual value.

Too often an obsession with inventing something “totally new” or
unique versus extracting value from the creative understanding of
what is already known



STRATEGIES FOR PRODUCT INNOVATION

Product design for BoP ( Frugal Innovation) or ToP application segment

BoP customer is increasingly demanding higher functionality at lower
price

Value to a customer is defined as the ratio of functionality to price;
discerning customers place importance on value rather than price

Should a new product entry maximize functionality to achieve a niche or
high end application or create a low functionality product at a price that
is affordable?

Is it possible to create cutting edge innovation in high technology
products focusing only on BoP segment?

Most successful innovations began as products with high functionalities
( at high price) for niche applications. Building scale and
learning/experience curve brought the price down and made it
affordable to a larger segment of customers

Most products developed by advanced countries enter application in
emerging markets at appropriate price points



THE FUTURE OF SCIENCE

Science increasingly is interdisciplinary and cross functional
New paradigms in research funding; public funding
increasingly tied to demonstrating measurable benefits to
society
Turbulence on global economy and politics beset with
Income inequality, low growth, anti-intellectualism and
oscillations between globalization and isolationism
An impatient citizenry, looking for quick solutions and
increasingly aspiring for an “ideal” world, which may be
beyond our reach

Science, technology and public policy is yet to come to

terms with this new reality; we seem to be seeking solutions
to future problems using old processes and methods



SCIENCE IN THE 21st CENTURY

Scientific, technological and social trends are rapidly
transforming the way we live and work

Technology is ubiquitous in the world we inhabit today; yet
an average citizen has far little understanding of science
and technology today than in the past

Public policy discourse has also tended to become biased,
opinionated with selective dissemination of information

We all realize that science and technology have to provide
answers to many critical problems that we face today; yet
we do not have a coherent and shared vision of how we will
accomplish this goal



It is very hard to bring a new material to market. Unfortunately
the rules of the game are not set by the rules of scientific
knowledge, but by the rules of economic and development.......
Where money goes is not always where the best technology is.

K. Novoselov, Nobel Laureate, 2010
University of Manchester
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