GENERAL ARTICLES

Priming pre-university education for
nanotechnology

Akhlesh Lakhtakia

The approach of just-in-time education (JITE) integrates technosciences and humanities at the pre-
university level, so that both future technoscientists and nontechnoscientists develop a common
understanding, possibly even a common language, to deal with social, ethical, legal and political
issues that arise from the development of nanotechnology and its convergence with other technosci:
entific developments. JITE is intended not to replace, but to supplement and enhance, current best:
practices in education.
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EVEN during the 1980s, when its prospects could be faintijon must be imparted to virtually all students. In this article,
discerned by just a few researchHérsnanotechnology the supplementation of current educational practices by a
promised a second industrial revolution. No wonder, totg@ractice designed for that purpose is proposed. A brief
worldwide R&D spending on nanotechnology in 2004liscussion of the many aspects of nanotechnology is pre-
was an estimated US$ 8600 million and continues to risented. This is followed by a distillate of current educational
rapidly’. The expenditure is remarkable, coming despiteractices in most countries and the proposed supplemen-
the fact that ‘the relatively small number of applicationtary practice.
...that have made it through to industrial application rep-
resent evolutionary rather than revolutionary advafces’ A
Together with information technology, biotechnology and

cognitive science, nanotechnology is expected to radicaWanotechnology is not a single process: neither does it

alter the human condition within a short span of time i .
. ihvolve a specific type of material. Instead, the term nano-
probably not exceeding two decades. Human cultures

however, do not change at the same rapid pace — certais chnology covers all aspects of the production of devices

o ) . o 10N systems by manipulating matter at the nanoscale.
not in times of relative peace — which renders it imperative . : ) o

L N . Take an inch-long piece of thread; chop it into 25
that technoscientists as well as nontechnoscientists beém

: . pjeces; and then chop one of those pieces into a million
to ponder and predict the parameters of possible soci . : : .
X ; . rhaller pieces. Those itty-bitty pieces are about 1 nm
legal and ethical changes to emerge in the first two decades o .
. . ong. The ability to manipulate matter and processes at the
of the new millennium.

At the same time, the preparation of future leaders arr]1(§1noscale undoubtedly exists in many academic and indus-

i ! trial laboratories. At least one relevant dimension must lie
an engaged citizenry to cope with those and other unpre- . o

. o . “between 1 and 100 nm, according to the definition of
dicted changes must also begin in schools and universi- .

. . o Ranoscale by the US National Research Cotintiltra-
ties. Universities have begun to offer nanotechnolo

. . . . in coatings have one nanoscale dimension, nanowires
courses and minors, which are mostly designed for science . .

. . and nanotubes have two such dimensions, whereas all
and engineering students, but could be taken by studeﬂ]s

o . ree dimensions of nanoparticles are at the nanoscale.
of other disciplines But nanotechnology education has ye . : e
Nanotechnology is being classified into three types.
not reached grade schools.

: : ) . The industrial use of nanoparticles in automobile paints
Pre-university educational institutions must cater to a : e
. ) ; e and cosmetics exemplifies incremental nanotechnology.
wide variety of students with differing interests and level o
oo anoscale sensors exploiting quantum dots and carbon
of motivation. The scope of nanotechnology, as also Q :
nanotubes represent evolutionary nanotechnology, but

several other technologies, is so vast that relevant edu aéir development is still in the embryonic stage. Radical

nanotechnology, as envisioned in sci-fi thrillers such as
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play at the nanoscale. Nanoscale properties and effects shoulihe second type of curriculum may have some hori-
transform current practices in integrated electronics, opteental integration, but generally lacks vertical integration.
electronics and medicine. But translation from laboraton USA, earth sciences are taught in the 9th grade, biology
to mass manufacturing is currently fraught with signifiin the 10th grade, chemistry in the 11th grade, and phys-
cant challenges, and reliable manipulation of matter at thes in the 12th grade. There is also a similar stratification
nanoscale in a desirable manner remains difficult to inof algebra, geometry, trigonometry and calculus. This
plement economically. stratification may have once made sense to educationists,
Little data exist on health hazards of nanotechnologput is often derided by practising scientists, engineers and
Because small amounts of nanomaterials are expectedmathematicians. It is also inimical to the interdisciplinary
be handled outside the workplace, a panel of experts camd multidisciplinary mindset that must be inculcated for
vened by the Royal Society of London and the Royalanotechnology education at the late pre-university and
Academy of Engineerirffigconcluded that the risk to generaluniversity levels. Yet, the second type of curriculum does
public is minimal. However, the risk to nanoindustriahot burden the students mind unduly by rote learning and
workers from inhalation as well as by skin penetratiothus appears to promote innovation.
could be high, and toxicological studies should be under- During the last two decades, the practices of collaborative
taken soon. There is also the risk of spontaneous combustiearning and active learning have been incorporated in
of nanomaterials due to the large surface-to-volume ratiogpre-university education to varying degrees. Collaborative
Nanotechnology is emerging at a crucial stage of the globahrning practices involve the creation of student teams to
civilization. A remarkable convergence of nanotechncearry out certain tasks, whether in laboratories or in class-
logy, biotechnology and information technology is occurrooms or after school hours. This is valuable practice for
ring. Among the extremely pleasant prospects of thefuture technoscientists, because much technoscientific activity
symbiosis are new medical treatments, both preventivg undertaken by teams of individuals with disparate areas
and curative; monitoring systems for buildings, dams, shipsf expertise. Active learning requires the supplementation
aircraft and other structures vulnerable to natural calanof abstract principles by illustrative hands-on activities
ties and terroristic acts; energy-efficient production sysindertaken by students. These hands-on activities involve
tems that produce very little waste; and so on. real-life equipment and situations as well as models mim-
The convergence of the three technologies, along wittking certain aspects thereof, thus providing relevance to
progress in cognition science, also raises prospects tlaistract ideas. Collaborative and active learning activities
can be horrifying to contemplate. Consider the futuristiare often project-based: either individually or collectively,
scenarios revealed in movies such Gattaca and The students have to complete various projects and present
Manchurian CandidatePrivate watchdog groups must beend-of-the-line deliverables to their fellow-students and
formed to oversee governmental operations that can eraeachers.
individual rights and privacy, while laws must be formulated Current practices with both types of curriculums constitute
to curb the powers of the controllers of the technologigast-in-case education (JICE). Instruction on certain topics

over their users. is imparted just in case those topics turn out to be useful
to the students in later years. There is much merit in JICE.
Current educational practices The future cannot be predicted; hence, it is best that students

acquire a broad background. Indeed, many technoscientists
Secondary school curriculums in sciences and mathematioslay attribute their success to JICE at the pre-university
are primarily of two types. A student has to take two ttevel. But successful education in nanotechnology — as
three science courses and two to three mathematlso in information technology and biotechnology — would
courses every year for five or six years, in the first type of curequire supplementation, not replacement, by a different
riculum. This type is common in India and many Commorinstructional approach.
wealth countries, China and many European countries. In
the second type of curriculum, one science course agdst-in-time education
one mathematics course are taken every year for four to
five years, the practice being common in USA. This supplemental approach can be called just-in-time

The first type of curriculum is integrated across theducation (JITE). The JITE approach was enunciated

scientific disciplines (physics, chemistry, biology, etc.1992, drawing upon the principles of JIT manufacturing.
and mathematical disciplines (algebra, geometry, trigond-oday, it is heavily applied in the information technology
metry, etc.), both horizontally and vertically. For instancegnd distance education sectors for training and retraining
the mathematics required for science courses at a certthie adult workforce, as googling will readily prove. It is
grade level was taught mostly in the previous grade leveallso used to enhance learning in heavily subscribed lower-
and perhaps somewhat in the same grade level, but eartiarision undergraduate courses at universities
in the year. Likewise, word problems in mathematical JITE appears ideally suited to address complex issues
courses may model scientific phenomenons taught earlierand to solve multidisciplinary problems, in general. For
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taking nanotechnology to grade schools, the hallmark ofatical disciplines with humanities and social sciences.
this approach is that students shall have to learn: This is especially important because the extraordinary
convergence of nanotechnology, information technology
- to identify the disciplines intersecting a complex IorOt_amd biot.echr_lology creates significant sc_>cia|, legal, political
blem: a_n.d ethical issues that must be eﬁect!vely tackleq by_ Fhe
- to acquire the necessary pieces of information and ugllyzenry of any country concurrently with technoscientific
evelopments.

derstanding from each intersecting discipline; c v JITE i . din th f
* to synthesize the various parts into a whole that denotes onsequently, Is envisaged In the context of nano-

an acceptable, if not desirable, level of accomplishmenE?Chmlogy’ etc. to not only |mpact the teaching an_q learn-
« to assess requirements for further developments; and"'J _Of science and mathemapcs, but also of humanities .and
* to establish the values of their accomplishment in tl_\s)eoual sciences. JITE experiences sh_all have to be ggldgd
cultures of their surroundings, nation and the world. y teams of teachgrs drawn from a d|verse array of .d'SCI_
plines encompassing language arts, sociology and history,
civics and political science, physics, chemistry, biology
JITE is envisaged in terms of end-of-semester, end-qfnd mathematics. Science and mathematics teachers shall
school-year and end-of-pre-university-education expemave to learn humanities and social sciences; but, even
ences. A JITE experience is a project that spans at legsre importantly, humanities and social science teachers
two but preferably more scientific and mathematical disshall have to learn mathematics and sciences. Finally,
ciplines. A project may be undertaken by a single studeghly teachers who are themselves lifelong learners shall
or a team of students, as appropriate, and every studggtable to effectively turn their students into lifelong learners.
must undertake single-member as well as team projects. |n some countries such as USA, JITE could entail pro-
Organization and communication skills must be taughfpngation of the school year, with attendant effects —
even though some students may possess such skills. Iga¥sibly deleterious — on vacation-related economic activities
team project, individuals must be apportioned specifignd higher school taxes on residents. In other countries
tasks, whose completion must be reported to the team befgigh as India and China, JICE activities would have to be
certain deadlines. Tasks and reporting deadlines shoyltjuced to accommodate JITE activities without increas-
also be delineated for single-member projects as well. Repgrg the school year in length. In-service teachers would
ing can be either oral or written or both, as appropriate. have to be trained in JITE, curriculums in colleges of edu-

Crucially, only a part of the necessary informatioration shall have to restructured, and teacher-certification
should have been imparted to the students in regular courggocedures shall have to be revised.

work prior to the commencement of the project. The re-

mainder of the necessary information must be gathered )

from different sources — schoolbooks, extracurricular bookg:,oncIUdIng remarks

the web, site visits, and interviews with practitioners. ) )

Students must be encouraged to think of projects as ngi€ relentless development of major new technologies

requiring standard, back-of-the-book answers; rather, diffat are continually transforming the social, legal and

ferent teams undertaking the same project could arrive §flic@! parameters of human societies strongly indicates

different conclusions and deliverables. that current educational practices should be altered in order
Introspection and reflection constitute another crucidf Produce future leaders as well as an informed and en-

aspect of JITE. The value of project tasks to the studegﬁged citizenry. Pre-university educat_|on could thus be

must be assessed by him/her before and after undertakigned by the proposed supplementation of current edu-

each task. This is greatly facilitated by the student keepiigtional practices by JITE experiences to integrate the

a daily journal of activities as well as ideas. At the end dfumanities with technosciences, hopefully seamlessly,

a project, every student must submit a statement of pdpereby instilling

sonal growth —what he/she had expected during the ini-

tial stages of the project, and what was actually learnt §§ in future social, political, administrative and judicial

the end of the project. leaders the abilities to cope with and perhaps antici-
The statement of personal growth could incorporate pate changes wrought by technoscientific develop-

nontraditional objectives. It could contain reflections on ments;

(i) the relevance of the project to the town, province, natidii) in future scientific and technological leaders the

and the world; (ii) enhancement of cultural and ecological  abilities to forecast the socioethical values of their

diversity and sustainability; and (iii) suggestions for follow-  developments; and

up projects and other activities. (iii) in all citizens the abilities to assess the significance
Not only would the practice of writing journals and of techoscientific developments, and thus be engaged

statements of personal growth encourage healthy intro- in opinion-making forums and decision-making leg-

spection, it would also anchor the scientific and mathe- islatures.
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The information-technology industry has been a majdr Royal Society and Royal Academy of Engineering, Nanoscience and
driver of JITE for the adult work-force. Experience gained nanotechnologies: Opportun_ities and uncertainties, RS_ Policy
therefrom can be used to retrain schoolteachers as well a§°cument 19/04, Royal Society, London, 2004. Also available at
. . . . ﬁttp://www.nanotec.orq.uk/flnaIReport.hIm
develop educational materials appropriate for schoolchd- wy, c., sweating the small StuSEE PrismOctober 2004.
dren. Current best-practices must be retained, individugl National Research Counciondensed-Matter and Materials Phys-
brilliance of students must be sustained, but the relentlesgcs: Basic Research for Tomorrow's Technololational Academy
pressure of academic competition — which seeks to margin-Fress. Washington DC, 1999.

/. Hudspeth, D., Just-in-time educati&@duc. Techno).1992, 7-11.

alize less brilliant but still valuable performers —needs tg =" " " boerson. E. T. Gavrin. A. and Enger, R. C., Just-in-

be r?p|aced .by a_fOCUS on tea..m. skills and h<'9:””nonioustime teaching: Active learner pedagogy witlvw. 1998, http://web-
working relationships that maximize the potentials of a physics.iupui.edu/JITT/ccjitt.html

multitude of students, rather than of a favoured few. Any

mind, after all, is a terrible thing to waste in the emerging
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MEETINGS/SYMPOSIA/SEMINARS

National Seminar on the Evaluation of Mineral Resources of actionable program, through collaborative learning and partner-
India (EMRI-2006) ships.

The discussion will include (but not limit to) the following
topics: e-Government trends in Asia; e-Government strategies
of Asian countries; Leadership reflections for e-Government.

Date: 2—4 March 2006
Place: Visakhapatnam

Themes include: Continental mineral resources; Marine ar@ontact: egov Asia 2006 Secretariat

sedimentary mineral resources; Strategies for exploration of
mineral deposits. Memorial lectures honouring Prof. C. Maha-
devan and Dr M. S. Krishnan are also scheduled on the eve of
8th National Convention of Association of Economic Geolo-
gists.

Contact: Prof. C. V. Raman
Convener, EMRI-2006
Department of Geology
Andhra University,
Visakhapatnam 530 003
Tel: 0891-2844709 (O) 2783006 (O) 2500384 (R)
e-mail: cvraman8@rediffmail.com

Centre for Science, Development and Media Studies
(CSDMS)

G-4, Sector 39

Noida 201 301, India

Tel: +91-120-2502180 to 87; Fax: +91-120-2500060

E-mail: info@egovasia.csdms.in

Symposium on Emerging Trends in Biochemistry

Date: February 3—4, 2006
Place: Chandigarh

Topics include: Molecular medicine, Nutrition in health and

disease, Environmental biochemistry.

egov Asia 2006 — The Asian e-Government Carence

Contact: Dr Rajat Sandhir

Date: April 2006
Place: Bangkok, Thailand

The conference aims to provide a knowledge-sharing platform
and a forum for policymakers, practitioners, industry leaders
and academicians of Asia-Pacific nations to carry forward the
e-Government vision of the region and consolidate them into
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