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Experiments in skill building for science

communication

K. P. Madhu

University courses initiated three decades ago in India, with the intention of increasing the number
of science communicators, have failed to produce the required manpower. So science communica-
tion in the country is still inadequate to meet the needs of media consumers. This article describes
some experiments in capacity building for science communication and science reporting in India,
and provides evidence that justifies seven strategic shifts to generate science communicators in the

country.
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In 2017, the Journal of Science Communication' came
out with a special issue to examine the history of science
communication in different countries. One cannot, of
course, make comparisons between countries based on
these papers because the authors focused on various
aspects. While some papers dealt with the status of re-
search on science communication in the country, others
focused on political, social or educational aspects of
science communication. However, it is quite apparent that
there is indeed considerable variation in science commu-
nication between countries of the same region in the
world as well as between countries with similar economic
development. The special issue of the journal', however,
did not cover the Indian situation. This article focuses on
measures to improve science communication in India.

Attempts to train science journalists in India were
started in earnest by the National Council for Science and
Technology Communication (NCSTC), New Delhi, in the
mid 1980s. By the mid 1990s, there were about 12 insti-
tutions offering science communication. Some offered
certificates, some others diplomas. There were universi-
ties that offered a Bachelor’s degree and others, a Mas-
ter’s in Science and Technology Communication’. Two
and a half decades later, the courses started closing down
gradually. Rajput’ has rightly mourned the state of
science communication in the country. After three dec-
ades, it is now evident that attempts to produce science
communicators by offering Certificate, Diploma, Bache-
lor’s or Master’s degree courses have failed.

I was also a participant in this effort, as the Director of
a course on science journalism in Jamia Millia Islamia,
New Delhi in the late 1980s. The intake for the Postgra-
duate Diploma course was limited to those with a B Sc
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degree. It has taken me nearly three decades to learn from
that mistake: it was a wrong choice of target group. We
should have trained those with a Ph D degree instead.

Meanwhile, for years, I struggled to train media pro-
fessionals, faculty and students to understand the nuances
of science. But again, there were no appreciable results.
In the last four years, I shifted the target group and
started training scientists, science faculty, postdocs and
researchers. There was an immediate impact'”’. T will
argue that besides this shift in target group, there are other
strategic shifts that are needed to successfully generate
future science communicators in the country. To put the
argument into an evidence based perspective, let me start
with some background data.

Media manpower and science

In 2009, a questionnaire was sent out to the national
broadcasters of 26 countries in the Asia-Pacific region to
understand the human resource available for reporting
science. This was done as part of a project funded by
UNESCO and executed by the Asia-Pacific Institute for
Broadcasting Development, an intergovernmental institu-
tion. The task was to create a resource for training broad-
casters in the Asia-Pacific region to deal with science®.
National broadcasters of 11 countries responded.

An analysis of the responses showed that, though most
national broadcasters understood the need to report
science, especially the science behind agriculture, envi-
ronment, technology, medicine and health, there was no
manpower adequately trained in the sciences and their
applications. The outliers in this pattern were South
Korea, which had a medical doctor with MD degree to
head its medical and health-related programming, on the
one hand, and on the other, Myanmar, which found in-
ducting people with science background into broadcast
media, an alien and strange concept.
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India is somewhere in the middle — scientific aware-
ness is indeed disseminated by various agencies as well
as the media. However, here again, manpower adequately
trained to do justice to the complexities of science, tech-
nology and related subject areas is lacking. On TV, for
instance, agriculture programming is still dominated by
talking heads. And topics of current advances in science
are never discussed even in 24 h news and current affairs
channels. Newspapers that carry two pages of sports news
everyday do not have even a half a page allocated to
science. Though today’s science transforms tomorrow’s
society...

Evidently, this is because of the lacunae in the system
that is expected to provide the manpower for the task. In
tertiary education, there is no intrinsic connection be-
tween the Departments of Science and the Departments of
Arts, where media belongs. This disjunction between
science and the media is perhaps the reason why science
communication has not flourished in India.

Science communication courses

In 2016, I did a rapid assessment survey of the different
types of journalism and mass communication courses
offered by various types of educational institutions to un-
derstand the factors behind the failure of the educational
system to produce an adequate number of science com-
municators in the country’. The survey covered Central
Government, State Government and private sector institu-
tions and aimed to understand the broad patterns of mass
media/journalism courses in general, and science and
technology communication courses in particular. Discus-
sions with students, alumni, faculty and course directors
confirmed that journalism/mass communication courses
are not equipped to provide the knowledge, skills and at-
titudes required for science communication.

The closure of some of the science communication
courses was attributed to the following:

1. Students admitted to the courses had 12 or 15 years of
prior formal education. A B Sc degree does not pre-
pare students to read scientific papers critically or to
even comprehend them.

2. The core teaching staff came from other disciplines:
engineering, management, etc. A large number of
guest lecturers without any linkages between topics
and inadequate exposure to professionals working in
the field were the other reasons as well.

3. The textbooks did not reflect Indian media realities.
They were mostly written by people outside the coun-
try.

4. The earlier batches of science journalism/communi-
cation students had difficulty in competing with regu-
lar media students when they entered the employment
market.
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5. A few years ago, NCSTC started withdrawing finan-
cial support for these courses. It is clear that the expe-
riments in initiating courses in science journalism did
not have the envisioned impact — though there are, in-
deed, cases of rare science communicators who have
emerged from such courses.

It is in the context of this background that I present the
experiments in capacity building to test a series of hypo-
theses and identify the strategic actions needed to im-
prove the coverage of science in Indian media.

Strategy 1: Train people with a science background

Content is king is the axiom for the media industry. The
media wants people who can handle content. This point
was raised by N. Ram, the then Editor of The Hindu, a
leading Indian newspaper, in a UNESCO meeting held
early this century to discuss the model curriculum for
journalism. Of course, the academicians could not deliver
the curriculum that the industry demanded because the
focus remained on building journalistic skills rather than
the skills needed to take control over scientific con-
tent' "',

The opportunity to test this came initially as one-
month-long workshops on science video production, for
students of IISERs and IITs, organized in IISER Pune
during December vacations. Four such workshops held
from 2011 to 2015, demonstrated that science students
can easily be trained to make science videos'?. However,
the scientific content in the videos was poor. Science stu-
dents — even those in IISERs and IITs — do not have fully
developed scientific rigour to deal with contemporary
scientific content.

Training people with scientific content — scientists, or
even PhD scholars — in a regular university course is im-
possible. An ideal course for this target group has to be
intensive and short, unlike the usual educational endea-
vours which are extensive and of long duration. So, differ-
ent types of workshops were designed to test the concept.

First, in 2014, a two-week workshop targeting those
with a minimum of a Master’s degree in science was de-
signed. With support from Vigyan Prasar, New Delhi, the
workshop was conducted in IISER Pune in 2014 and
2015. Initially, the workshop was open to those with a
Master’s in journalism or mass media, with a hope of
creating a network between media and science profes-
sionals. Though this hope did not materialize, it was
abundantly clear that the long-term impact of training
is higher among students persuing their Ph Ds in
science those who had just finished their Master’s degree.
So, for similar workshops held in 2016 and 2017, the
target group was shifted to those doing their Ph D
or those who had completed a Ph D. These trained pro-
fessionals started contributing to Current Science and
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later to Vigyan Prasar’s India Science News Wire, besides
other outlets such as India BioScience and Science
Reporter.

Next, from 2016, a series of five-and-half-days work-
shops was conducted under the aegis of Current
Science". Though the entry point was initially pegged at
a Master’s in science, to allow for identification of poten-
tial Ramaseshan Fellows, the uptake was primarily those
who had a Ph D degree. Scientists, Associate/Assistant
Professors and postdocs were the major participants.
These workshops led to four pages of credible and engag-
ing news about Indian science in Current Science under
‘Science Last Fortnight’.

Though workshops of shorter duration were conducted
in collaboration with the Venture Centre, Pune, it was
found that reducing the duration of the workshop would
be suboptimal. The number of participants in all the
workshops above was kept at 14 or below, according to
international practices in the media. In 2017, the same
one-week workshop was conducted for 30 participants in
Guru Jambheshwar University of Science and Technolo-
gy, Hisar. However, this did not yield the same results,
showing, once again, that the number of participants is
also a critical factor in training'*.

Strategy 2: Leverage on on-line interaction

If content is king, then style is queen. Ph D scholars,
scientists and faculty members may have better control
on the content than the journalists. But they do not have
the style. Any scientific work, even the most important
ones, when presented badly, does not make an impres-
sion; whereas, even minor advances make an impact
when presented with style. And style, of course, does not
evolve even in a one-month workshop.

A part of the style is influenced by the writer’s aware-
ness about the relationship between science and society.
Most scientists are not aware of the sociology of science,
the economics of science, the politics of science, the phi-
losophy of science and in some cases, even the methodo-
logical underpinnings of science, because these topics are
not covered in science syllabi. This lacuna in education
had to be filled, at least partially, to make the experiment
successful.

Thus the one- and two-week workshops were preceded
by on-line interactions to orient participants to issues re-
lated to science and the Fundamental Duties of citizens
under the Constitution of Indials, the ViSiOIllé, policies”,
plans and programmes of the Government, scientific
infrastructure in the country'®, its performance compared
to other countries'’, etc.

After the workshop, on-line interactions continued, but
focused more on providing feedback and mentoring. Con-
tinued practice of a skill under critical feedback and
advice was the major input for improving the quality and
to develop individual style.

368

Style does not develop during the workshop, but over
time. So Google Docs, a collaborative platform for writ-
ing and group editing, was used to provide a ground for
continued practice. On-line interaction is more than ade-
quate for transmission of knowledge, as organizations
like the Khan Academy and later other massive open
on-line courses (MOOCs), have demonstrated to the
world. However, unlike in education, in training, there is
a focus on improving skills and attitudes besides impart-
ing knowledge. Therefore, on-line and face-to-face inte-
ractions had to be combined to complement each other’s
strengths, to fulfil all three functions of training.

Today, the internet is a given — unlike the times when
DST-NCSTC designed various science communication
courses in universities. We need to strategically use it for
training science communicators. However, on-line
courses alone do not allow the intense individual social
interaction that is necessary for shifting attitudes and be-
liefs — a limitation that can be overcome by the face-to-
face workshops. The combination of extensive on-line in-
teractions and intensive interactions in the workshops is a
mix that has proved to be cost-effective in generating
future science communicators in a time-bound manner;
but not for sustaining their output. A combination of the
next three strategies will address this issue.

Strategy 3. Leverage on the needs of the target
group

To each, as per needs. The needs of those pursuing
science academically differ from those who are dealing
with science in the media. Academics need to write
papers that are acceptable in high impact factor journals
and this is a major motivating factor in applying for such
workshops. The ability to reach across to the public is
seen only as a secondary, but desirable, outcome.

The primary need of the participants has to be met so
that the purpose of science communication to the public
is also served. The contents and processes of the work-
shop, therefore, have to be designed for this. Subjugating
the primary intention of the workshops to the primary
needs of the participants is a necessary part of the strate-
gy — one that is win-win for all. And feasible, especially
since both require one skill in common: the ability to
write well.

It is not difficult to align the needs of the nation to
those of individuals. Thus, for example, a video produc-
tion workshop may target scientists who want to publish
in say, Journal of Visualised Experiments or a video
article in Dialogue, or a video abstract for the New Jour-
nal of Physics. After a two-week hands-on training, par-
ticipants can easily make science news also. It is the same
technology, same techniques, same tools and same tricks.
Only the target groups and, therefore, the pitch in the
content of communication, are different.
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If, after witnessing Space Applications Centre and
NISCAIR fail at attempts to create a Science TV channel,
DST wants to succeed, it would be advisable to generate
adequately skilled manpower to handle visual media
among scientists, researchers and science faculty rather
than trying to leverage on existing manpower and video
content.

It is true that many scientists may not use the skills so
gained, for popular communication. However, the results
so far show that even the meagre output is far more than
can be expected from the few thousand alumni of Certifi-
cate, Diploma, Bachelor’s and Master’s degree courses
on science communication over three decades. Box 1
gives the number of workshops and people trained in four
years and Box 2 provides the outcome in the last two
years.

As the workshops organized by Current Science dem-
onstrate, participants are willing to pay for gaining com-
munication skills. The costs incurred for training,
therefore, are minimal. To convert the present trickle to a
torrent, within the next three years, three more strategies
are recommended.

Strategy 4. Create platforms for output

Fragmentation of audience has created new media niches.
The media scenario has changed drastically in recent dec-
ades. Viewers, listeners and readers are fragmented due
to the emergence of a large number of media channels.
Also, with the advent of the internet, media consumption
habits have changed. A new set of media professionals,
now called citizen journalists, has evolved from the edu-
cated class, to fill the new media niches.

After an initial phase of resistance, traditional media
started co-opting citizen journalists. The falling subscrip-
tion revenue on the one hand, and reduction in advertis-
ing revenue due to audience fragmentation on the other,
made content production at the scale needed financially
difficult. Accepting citizen journalists made business
sense. If engaging scientific content is available, especial-
ly at no cost, the media will gladly carry the output from
the trained Ph Ds.

Thus, in February 2016, a weekly column of 600 words
that reported news about science done in Pune was started
in Sakaal Times, which later expanded to cover science in
Maharashtra. Within a few weeks, the team became capa-
ble of increasing the scope to cover national scientific

advances. Thus it grew and transformed into a 1700-word
column in Current Science™, and from 2017, it expanded
to a 3400-word column. To manage the spillover due to
lack of space in Current Science, a website had to be de-
veloped®'. Developing a platform for delivering usable
scientific content to the Indian media would be the next
logical step.

Even though the news reports are written by Ph Ds,
there can be errors in the representation of the thrust of
research being reported. Misrepresentations by journalists
have already caused considerable consternation among
scientists and led to researchers avoiding journalists.
Therefore, the news reports are sent to the scientists
whose work is being reported for validation. Over time,
scientists have now started sending their papers before
publication date so that those also can be reported as
news. This trust-building exercise has to be a part of
science reporting and communication.

Strategy 5. Create market linkages

An activity becomes sustainable when benefits overcome
costs. When the people who are trained are brought
together for generating news items related to advances
made in the science behind agriculture, medicine, tech-
nology, environment, energy, etc. they take on the nature
of a self-help group. Typically, when a self-help group is
formed, there is a need to facilitate market linkages. The
word ‘market linkage’ has an economic facet.

In the case that we presented, there was no financial
benefit to the members of the self-help group. However,
they profited in terms of improving their social and aca-
demic stature and kept improving their style to improve
their ‘marketability’. This was benefit enough from the
costs incurred in terms of time and effort.

Nevertheless, this is not a sustainable model. The drop-
out rate among those who are trained is high. Scientists
and faculty members will want to use the newly deve-
loped skills for writing papers and reviews for their
peers — for scientific communication, not for science
communication for the benefit of the public. The pressure
of ‘publish or perish’ is too high. Though there will be a
few who will continue and derive pleasure from writing
for non-specialists, in the final analysis, science commu-
nication would remain a secondary activity. Thus, though
the earlier strategies may be good enough to produce

Box 2. News items published*

Box 1. Workshop details Number of science news items published in 2016 147
Number of science news items published in 2017 297
Number of workshops (October 2014—December 2017) 11
Total number of participants in the workshops 150 *The data include only items published in ‘Science Last Fort-
Number of participants who wrote for non-specialists 50 night' in Current Science and exclude those published in
after the workshops Sakaal Times, Science Reporter, Down to Earth, India
Science News Wire, India BioScience, etc.
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future Balasubramanians and Narlikars, it is inadequate to
meet the needs of the country.

To make Ph Ds in science plunge into media, to lead
them to the path that Killugudi S. Jayaraman and R.
Ramachandran took in PTI in the 1980s, we may need to
create adequate market linkages, support structures that
do not exist as yet. Such linkages are not difficult to
create, given the present state of the media market in
India. Vigyan Prasar has already moved in that direction
by initiating India Science Wire®.

Strategy 6. Train journalism students in science
communication

Give Caesar his due. All the strategies listed above do
not preclude the need to train future media professionals
on the intricacies of science reporting. Most media stu-
dents, that I have trained, have an aversion to science and
mathematics — one of the reasons for their choice of media
or journalism as a subject in tertiary education. Some
even have anti-science attitudes. This does not bode well
for the future of science communication in the country.

Many of the students of media today will be media
gatekeepers tomorrow. So there is an urgent need to sen-
sitise this target group about the need for science com-
munication, to reduce their dislike for science as a subject
and to generate a healthy curiosity about science as a part
of the socio-cultural activity in Indian cities.

To test this, I conducted science communication
courses for students of Master’s in journalism and mass
communication and of Master’s in visual media. The
experiments, repeated twice for journalism students and
twice for visual media students, in Amrita School of Arts
and Sciences, Kochi, confirmed that the workshops can
indeed build capacity to enable media students to report
science™, but greater efforts are needed from their side to
complete the tasks. For the students, the cost of effort is
more than the benefits. Like in the postgraduate Diploma
course in Jamia Millia Islamia in the 1980s, none became
productive in the area of science communication in their
professional life. However, due to the workshops, all par-
ticipants have pro-science attitudes. Thus, such courses
are useful to create an enabling environment in the main-
stream media for science communication in the country.

Though the students from journalism and mass media
may not be able to report advances in science and
technology due to their difficulties in comprehending
scientific papers and patents, they may be able cover con-
ferences, meetings, policy announcements and budget al-
locations for science. These are areas into which very few
Ph Ds in science trained so far have ventured. Moreover,
they can also be oriented easily to report on scams and
scientific misconduct, as the watchdogs of any miscon-
duct in society.

In the course of two such workshops for journalism
students, I noticed a tendency for the journalism students
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to prefer English language media. This means that the
quality of regional language newspapers and magazines
will go down further in the next decade.

Strategy 7. Train scientists to write science in
regional languages

Talk to people in their language. Though I confess that
this last strategy is not tested adequately, this advice giv-
en by Buddha to his disciples should work even in the
modern context.

If the State Science and Technology Councils and re-
gional science-oriented NGOs decide to test it, I would
recommend the use of all earlier six strategies to improve
science reporting in regional language media within a
reasonable time-frame.

Though I have noticed attempts to improve communi-
cation of science in Kannada, Marathi and Malayalam by
organizations and individuals, unless the State Govern-
ments facilitate and synergize these efforts, the general
populace will not be able to appreciate science or to find
it necessary to support more funding for research. Though
the language—state connection has become diffuse in the
recent decades, evolution of Indian languages to deal
with the rapidly evolving scientific thought depends on
the intervention of the States.

Conclusion

The experiments described under the first six strategies
show that short-term workshops can indeed generate the
manpower required for reporting science and related
topics, if the participants targeted have adequate back-
ground in scientific research.

To develop skills for print media reporting, a minimum
duration of one week is needed if the participants have a
Ph D. If they have only a Master’s degree, two weeks are
needed; yet it did not have the same impact in terms of
the outcome: the output of rigorous, yet engaging scien-
tific content.

For capacity building to report science using videos, a
minimum duration of two weeks is needed if the partici-
pants have a Ph D, whereas for those with a Master’s
degree, one month is needed. However, whether the train-
ing would be translated into public-oriented content is yet
to be tested, along with creation of platforms for dissemi-
nation.

The outcome of these short-term intensive courses tar-
geting Ph D scholars and postdocs along with extensive
engagement of those who are trained, is better than the
two-year courses offered as a Master’s in science and
technology communication. What we failed to achieve in
three decades could be achieved in three years.

Instead of creating new courses in the tertiary educa-
tional system, NCSTC could fund two-week courses
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targeting science faculty in the Human Resource
Development Centres of UGC, previously known as Aca-
demic Staff Colleges. The rule of UGC, to keep the min-
imum number of participants in such workshops to 30,
comes into conflict with the concept of a maximum of 14,
adopted by all highly productive workshops. However,
there is yet another UGC rule that gives extra weightage
for participation in two-week workshops. Of course, it
remains to be tested whether two-week workshops for 30
participants would be as effective as a one-week work-
shop for 14 participants. One should suspect that Stephen
Leacock’s** doubt, about the applicability of simple
arithmetic where people are involved, might be valid.
Another set of experiments may need to be undertaken to
test this possibility.

There is also a need to bring out an Indian textbook for
science communication, to be taught as a journalism/mass
media course and train media faculty to use it. An open,
on-line course can supplement the needs of this target
group.

Besides science communicators, specialists in agricul-
ture communication, health communication, disaster and
earth science communication, technology communication
and environment communication, etc., will also evolve
naturally if the relevant ministries and departments act in
a parallel manner, using the strategies listed above.

Vigyan Prasar, as an autonomous organization, can
leverage on the output of those who are thus trained. This
will be useful to network content creators, especially at
this time when efforts to set up a science channel have
been taken up for the third time in India.

While this will improve the coverage of science in the
Indian media, it will also improve the quality of papers
and reviews being published by Indian researchers. Ulti-
mately this too is important from a national perspective.
In terms of numbers, research publications by Indians are
doubling every decade. Along with this commendable
rise in quantity, there is a need to improve quality too, as
all journal editors will agree. Refresher courses in this
area, as organized by the science academies in India for
physics and other subjects and trending topics, can help
improve the quality of Indian scientific journals.

1. JCOM —J. Sci. Commun. (Spec. Issue), 2017, 16(3).

2. Rajput, Abhay, S. D., Science communication: careers and courses
in India. Curr. Sci., 2008, 95(11), 1513.

3. Rajput, Abhay, S. D., Science communication as an academic
discipline: an Indian perspective. Curr. Sci., 2017, 113(12), 2262—
2267.

20.

21.
22.
23.

24.

. Science

Igbal, Sarah, Factories, microbes and biotechnology. Curr. Sci.,
2016, 111(3), 459-460.

. Tekam, Manish K., Joker of the climate system: aerosols control

climate. Curr. Sci., 2016, 111(5), 785-786.

. Igbal, Sarah, Cool ways to deliver curcumin: practical neutraceuti-

cal. Curr. Sci., 2016, 110(9), 1608—1609.

Khullar Bhavya and Igbal, Sarah, Size matters: nanoparticles in
cancer therapy. Curr. Sci., 2016, 111(10), 1583-1584

Madhu, K. P. and Jain, Savyasaachi, Broadcasting Science,
UNESCO, 2010; https://unesdoc.unesco.org/ark:/48223/pf0000-
192165

. https://scienceandmediaworkshops.files.wordpress.com/2015/11/j

ournalism-and-communication-coursesreview.pdf

. Model Curricula for Journalism Education: a compendium of new

syllabi, UNESCO, 2013; http://unesdoc.unesco.org/images/0022/
002211/221199E.pdf

. Developing a Science Journalism Course for Developing Coun-

tries, UNESCO, 2007; https://www.upf.edu/pcstacademy/ docs/
200706 _unesco.pdf

. These videos are available at https://www.youtube.com/channel/

UCFOSI11zGpF0Sn9WbgP22uXQ

. Brief reports of the workshops are available at https:/www.

currentscience.ac.in/Volumes/111/02/0247.pdf; https://www.current-
science.ac.in/Volumes/111/09/1564.pdf; https://www.currentscie-
nce.ac.in/Volumes/112/09/1802.pdf; https://www.currentscience.
ac.in/Volumes/113/06/1020.pdf

. https://scienceandmediaworkshops.files.wordpress.com/2017/11/

class-strength_structure-function.pdf

. Article 51A h in Part IV A Fundamental Duties available at

http://lawmin.nic.in/olwing/coi/coi-english/Const.Pock%202Pg.Rom-
8Fsss(8).pdf

. India as a Global Leader in Science, Science Advisory Committee

to the Prime Minister, DST, New Delhi, 2010; http://euindia-
coop.org/el/document11102010407.265806e-05.pdf (accessed in
March 2017).

Technology and Innovation Policy 2013; http:/
www.dst.gov.in/sites/default/files/ST1%20Policy%202013-English.
pdf (accessed in March 2017).

. Directory of Research and Development Institutions, DST, New

Delhi, 2015; http://www.nstmis-dst.org/PDF/directory-of-r-and-d-
institutions-2015.pdf

. UNESCO Science Report Towards 2030; http://unesdoc.unesco.

org/images/0023/002354/235407¢.pdf

The first issue of ‘Science Last Fortnight’ in Current Science can
be accessed from: https://www.currentscience.ac.in/Volumes/110/
06/0962.pdf

STEAMindiaReports; https://steamindiareports.com

India Science Wire; http://vigyanprasar.gov.in/isw/isw.htm
Science News bulletin in Malayalam, made by visual media stu-
dents at Amrita School of Arts and Sciences, Kochi; https://www.
youtube.com/watch?v=n_EPGWKqftM&t=32s

Stephen, L., A, B and C: The human element in Mathematics,
http://www.online-literature.com/stephen-leacock/literary-lapses/40/

Received 3 October 2018; accepted 1 December 2018

doi: 10.18520/cs/v116/i3/366-371

CURRENT SCIENCE, VOL. 116, NO. 3, 10 FEBRUARY 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


