
How can NSE Centers impact 

Society through education and 

outreach?

R.P.H. Chang
Director, National Center for Learning and Teaching in 

Nanoscale Science and Engineering (NCLT)

Northwestern University



Outline 

• Purpose of Education and Outreach

• NCLT - Platform for National and International 
Cooperation

• Challenges Facing STEM Education in the US

• Transformative Approach

– Example: Global E-Institute (GEI)

– Example: Los Angeles Unified School District 
Approach to STEM Education 

• Summary: Our Role as Researchers



Education and Outreach in Service to Society

Education and outreach must prepare people to act as:

• Responsible, science-literate citizens

• competitive workers

• informed consumers

• knowledgeable government leaders and policy makers

• and possibly as scientists and engineers!

Main Objective: Prepare current and future generations to 

address urgent national and global challenges in:

Energy Environment Health Economy



Students must learn to:

1. Think critically and make sound judgments

2. Solve complex, multidisciplinary, open-ended problems

3. Create and to launch new enterprises

4. Communicate and collaborate effectively

5. Make innovative use of knowledge, information and 

opportunities

6. Take charge of financial, health and civic responsibilities

* Source: 21st Century Skills, Education & Competitiveness Report by Partnership for 21st

Century Skills (2008)

Our Role as researchers? Connect teachers and students 

with the latest research findings and discoveries through 

education programs and laboratory experiences: REU, 

RET, IGERT, GK-12, NCLT, NISE, NIMD, NUE, etc.



Mission: Build national capacity in 
Nanoscale Science & Engineering (NSE) 
Education 

Vision: Develop a globally competitive
NSE workforce and train a national cadre of 
leaders in NSE education

Developing New Learning NSE Education 

Curricula Standards Knowledge Base

Learning and teaching through 

inquiry and design of 

nanoscale materials and 

applications

National Center for Learning and Teaching 

in Nanoscale Science and Engineering



NCLT Working Partners



NCLT Center Strategy

Supported by NCLT Cyber Infrastructure
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NanoEd Resource Portal

Present cutting-edge 
nano concepts & 
teaching methods

NCLT 

“Webinars”

Simulations
Ex: Incident light at 560 nm is blocked by 

the photonic bandgap crystal

NanoCourses



Dragonfly (PBS)TV –Nano-Metals Particles
NCLT has teamed with Dragonfly TV to develop, host, and film an episode 

exploring the role of nano metal particles in stained glass as part of a series 

on nanoscience PBS Broadcast this winter.

NCLT Television Outreach



Challenges in STEM Education

Science and Engineering Indicators 2006

• STEM education is the building block
for the  knowledge-intensive global 
economy of the 21st century 

• Less than 40% of US 25-34 year olds 
are college graduates, compared to 
nearly 55% in Russia, Canada, Japan, 
and Korea.

• Global achievement gap between U.S. 
students (even our top performing 
students) and their international peers

National studies confirm that US high school graduates are not 

sufficiently prepared for college-level work or the changing 

needs of the workforce.



• Students lack motivation and confidence in learning STEM 
subjects – We must build “science esteem”.

• Demographic changes will exacerbate achievement gaps
among many subgroups – racial and ethnic minorities will 
comprise the majority of the nation’s population by 2042 – We 
must reach under-represented students and their teachers.

• New generation of digitally-minded students have a different 
approach to learning – We must develop content and methods 
that engage them and hold their interest.

• A paucity of well-trained STEM teachers  – We must offer 
professional development.

• Lack of interdisciplinarity - Subjects are taught in a 
compartmentalized manner and teachers are isolated within 
discipline-based departments – We must lead a cultural shift 
towards interdisciplinarity.

Challenges in STEM Education



Transformative Approach

• We nanoscientists have successfully integrated our 
work across science and engineering disciplines. 

• We must go further by integrating nanoscience with 
other disciplines:

– Social sciences (history, economics, philosophy, etc.)

– Political science / policy studies

– Language arts / communication

– Fine arts (music, painting, etc.)

– Business sciences, law, etc.

• This approach shows promise for: 
– engaging next-generation students who have a different 

approach to learning

– demonstrating the broad relevance of S&T concepts

– increasing science literacy in all sectors of our society.



Cross-
cutting 
focus:

Nanoscale  
materials 
systems

Global E – Institute (GEI)

Research and Education at the intersection of

Energy, Environment, and the Economy

Vision: Network of independently-funded regional 

GEIs focusing on region-specific issues and 
cooperating with other GEIs in global challenge 
areas.

Engineering

Government 

& Policy

Business

Social 

Sciences

Biology

Math 

& Physical 

Sciences

E-related 

Issues

Seamless environment for collaborative 

research, course development, student and 
faculty exchanges, informing policy, and public 
outreach. 



Integrated Nano-Based Curriculum                      

in Los Angeles Schools
Social Sciences: 

(History, Economics, etc.)

Physical Sciences 

(Chemistry, 

Physics, etc)

Math

English /Language 

Arts

Life

Sciences

Physical 

Education

Small Learning Community (SLC) based on Nanoscience
Cross-cutting themes include: Size and Scale; Time and Space; Measurements; 
Properties of Materials (man-made and natural); and their diverse applications in 

Energy, Environment, Health, Communications, Security, etc.



Conclusions: Role of Researchers

• Bring the latest research concepts into classrooms via:

– Content development (NCLT, IGERT, NUE, etc..)

– Teacher professional development (RET, NCLT, etc.)

• Lead a cultural shift towards interdisciplinarity

– Among STEM disciplines 

– With “outside” fields (social sciences, language arts, business, etc.)

• Pioneer new content and methods to hold the interest of 
digitally-minded students (games, simulations, graphics, 
interactive courses, etc.) 

• Build science esteem through team-based hands-on 
classroom activities; demonstrate relevance of concepts

• Share best practices nationally and internationally! 

– Contribute to knowledge & data repositories (NanoEd, etc.)


