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We live in a world beset by complex problems
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Wicked problems...

1) Difficult problem formulation
2) Multiple but incompatible solutions
3) Open ended time frames
)
)

4) Novelty
5) Competing value systems or objectives

...requires new approaches

Rethinking development of next generations of
scientists, engineers, and other professionals
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Interdisciplinary and Holistic il
Graduate Education

« Bringing together established disciplines (isolated
domains of human experience and community of
expert) to tackle wicked problems with new
knowledge, research, education, and theory.

« Pushing boundaries of traditional disciplinary
education by intentionally developing transferrable
skillset and overarching growth in areas such as
knowledge, leadership, social responsibility, and
scholarly inquiry.

M. Nissani, Soc. Sci. J. 1997.  Note: Aligning with VT Grad School: Transformative Graduate Education Initiatives VTSUN
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Interdisciplinary Graduate Education
Program (IGEP) at VT
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VTSuN

Virginia Tech Sustainable Nanotechnology

VTSuUN supports:

Earth Nanosystems

biogeochemistry Engineered Nanosystems
chemisiry exposure sclence
geochemistry materlals synthesis

microbiology materials characterization

mechanical engineering

e Scholarly applications of
nanoscale science and
engineering to improve
our understanding of
nanomaterial interactions
within the environment

engineering
green chemisiry

life cycle assessment ¥,
sustainable biomaterials )

 Enhance our ability to
apply nanotechnology to
solve global
environmental challenges.
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e« 2009 - 2017 (now)
e 3 Colleges

* 6 Departments

e 15 Faculty

e 18 Graduates

e 18 Current students

e Aspiration: Faculty from humanities?

http://www.sun.ictas.vt.edu




Sustainable nanotechnology: .
an illustration on interdisciplinarity
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IGEP PROGRAM

-
Formal Courses G OA L

Sustainable Nanotechnology A cohort of students,
faculty, and affiliates
with the collective
expertise to address
the complexities of
sustainable
nanotechnology

Interdisciplinary Team Science

Technical Elective

Seminars, brown bags, and workshops

Co-advising of students

Financial support (via Grad School)

Outreach and public engagement

VT



Interdisciplinary education DO NOT replace
disciplinary approach, but rather, AUGMENTS it

Disciplinary Degree Program GOAL

IGEP PROGRAM

Formal Courses GOAL Degree
Sustainable Nanotechnology A cohort of students, C red e nti a IS

faculty, and affiliates
Holistic
development

Interdisciplinary Team Science wittn he calllEaie
Holistic Development Elective # expertise to address
the complexities of
Technical Elective sustainable
nanotechnology

Seminars, brown bags, and workshops

Co-advising of students

Financial support Transferrable
Outreach and public engagement Ski"S for a
Disciplinary courses diverse career

L field
Research and publications

Dissertation/thesis L

\_ _J
\7728 5y VT




GRAD 5134 Interdisciplinary Team Science -

The glass i Tre glass is

* Partner with Student Affairs and Career Services iRl B
* Understanding yourself and others; 2
differences and strengths
* Anticipating differences and potential
conflicts; best practice in resolution and
communication

e Partner with the o

VT Center for Communicating Science STRENGTHS
« Communication with: peers from other FINDER
disciplines, general public, different age o cALLuP
groups
* Interdisciplinary grant writing A
 Course capstone e o the art of
* |ldentifying common connecting across difference @

research questions
* Leveraging strengths from different [ = y
disciplines N <
* “The sum is greater than the whole” 4

V77 VIRGINIA VTSUN
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Communicating the significance of sustainable
‘nanotechnology in a relatable way
* Audience-dependent

* Elementary school students

* High School students

* aka. prospective undergrads

* Prospective graduate students

* Adults

* Beyond Virginia Tech

* Beyond STEM-H




Other forms of holistic development in VTSuN

Teaching

[ VirginiaTech.

College of Science

ACADEMY OF INTEGRATED SCIENCE

NANOSCIENCE

Nanoscience is the study of materials, phenomena, properties, and
applications at the smallest length scale at which we can control
matter. A nanometer is one-billionth of a meter, just slightly larger
than individual atoms.

Nanoscience and nantotechnology have rapidly growing applica-
tions in a wide range of technology areas including electronics,
information technology, medicine, renewable energy, aerospace,
and advanced materials. The National Science Foundation predicts
that by the year 2020, $1 trillion of products in the U.S. will
contain nanotechnology. The Bachelor's degree program in
Nanoscience at Virginia Tech is one of only two such programs in
the U.S.

Careers in Nanoscience
Electronics and Semiconductor Industries,
Energy Generation and Storage, Pharmaceuticals,
Auto and Aerospace Industries, Sporting Goods,
Materials Science Medical Devices, Biotechnology,
Environmental Monitoring and Remediation,

Nanoscience Course Offerings

NANO 10151016 Introduction to Nanoscience
NANO 2024 Quantum Physics of Nanostructures

NANO 2114 Nanoscience Research Seminar

NANO 2124 Nanoscience Research Rotations

NANO 3015-3016 Nanoscale Synthesis, Fabrication, & Characterization

NANO 3114 o of Nanosci R h

NANO 3124 Nanoscience & the Environment

NANO 4124 Advanced Nanomaterials & Devices

W VIRGINIA
TECH.

Entrepreneurship

DUE:
December 1%
( : Manotarth i

Virginia Tech Students: Tell us about your business
concept that uses nanotechnology to solve
sustainability challenges in areas like public health,
agriculture, clean water, renewable energy, and beyond,

and win $2,500 to help make it happen!

NanoTechnology Entrepreneurship

CHALLENGE

Nanotechnology for global sustainability

. (540) 231192 & NanoEarth@vt.edu WaNanoE

VTKnowledgeWorks

Il VIRGINIA TECH
EE CORPORATE
N RESEARCH CENTER

C60 fullerenes are oxidized by levels of
ozone found in ambient air

e Ceo
oligomers
o '.V‘Argxm

For the last y}
(This is a post by VTSuN member, Andrea Tiwari. Virginia Tech
You can reach Andrea at ajtiwari@vt.edu) As we Nanotechnol
know, carbon is the basis of life on Earth - we are
all “carbon-based life forms.” The carbon ...
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Quantifying our successes

Rebecca French
PhD 2011

Bojeong Kim
AAAS Andrew Whelton pottdot 2013
Congressional postdoc 2010 Assist Prof
Fellow Assist Prof Temple

- Purdue

Rﬂbﬁch’:é 5‘3}"3 Mina Yance
Graduated 13 PhDs A”i';“f;gff
Assist Prof
Michigan State 3 EPA STAR Fellows U of Co Boulder
5 NSF Student Fellows
anuel Monge 8 ACS Student Awards ose Cerrato
stdac 201 FAD 2010
D a'ﬂi!;;f Prof 3 ICTAS Fellows Assist Prof
Chile Assist Prof Yor New
. UT El Paso Gail Xi
Jake Metch postdoc 2016
PhD 2017

Matt Hull

Scientist D) 201 Yaniun Ma Takuya Echigo
rogram Manager P S ﬁ postdoc 2010
Param Pati Assist Prof Assist Prof

China Univy
PhD 2015
Assist Prof Mining & Technology

Shiga Univ, Japan
Smith College

W VIRGINIA
TECH.
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Keys to success

Fruitful faculty-faculty
Interactions

Fruitful student-faculty
Interactions

Fruitful student-student
Interactions

VIRGINIA VTS V) N



Lofty Goals for the future

Incorporate more opportunities for holistic development:
leadership, social responsibility, and beyond, within the
framework of sustainable nanotechnology

Remain agile and responsive to student and alumni
feedback, and especially to the rapidly evolving field of
career and professional opportunities

Sustainable nanotechnology is inherently
interdisciplinary and suitable as a framework for holistic
graduate education; can we be an example to other
similar endeavors to tackle wicked problems?
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“How do we make
the world work for
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