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Leah Jamieson
Purdue University

Gregory Washington
University of California, 

Irvine
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University of 

Southern California



Agenda
Day 1

Directorate for Engineering Report 

NSF Budget Update 

Reports from Advisory Committee Liaisons

Intelligent Cognitive Assistants

Discussion: Intelligent Cognitive Assistants

Preparation for Discussion with the NSF Office of 
the Director

Day 2

Fostering Convergent Research to Address Grand 
Challenges

Future of Multidisciplinary Engineering Research 
Centers

Perspectives from the NSF Office of the Director 

Breakouts, Reporting and Discussion: Future of 
Multidisciplinary Engineering Research Centers

Roundtable on Strategic Recommendations for ENG

Recognition of Departing Advisory Committee 
Members
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Directorate for 
Engineering Report
DAWN TILBURY, NSF ASSISTANT DIRECTOR FOR ENGINEERING
DIRECTORATE FOR ENGINEERING ADVISORY COMMIT TEE MEETING

OCTOBER 24,  2017



ENG People
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NSF Directorate for Engineering
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 Assistant Director
Dawn Tilbury

Deputy Assistant Director
Clark Cooper (acting)

Emerging Frontiers and 
Multidisciplinary Activities

(EFMA)
Sohi Rastegar

Senior Advisor for
Science and Engineering

Mihail Roco

Chemical, 
Bioengineering,

Environmental, and 
Transport Systems

(CBET)
Richard Dickinson

Budget Officer
Darren Dutterer

Operations Officer
Judy Hayden

Civil, 
Mechanical, and 
Manufacturing

Innovation
(CMMI)

Deborah Goodings

Electrical, 
Communications, 

and Cyber Systems
(ECCS)

Fil Bartoli

Engineering
Education and

Centers
(EEC)

Don Millard (acting)

Industrial
Innovation and

Partnerships 
(IIP)

Barry Johnson



New ENG Leaders
Clark Cooper

ENG Deputy 
Assistant Director 

(acting)

Mary Toney
CMMI Deputy 

Division Director 
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Carmiña 
Londoño

EEC Deputy Division 
Director (on detail) 

Richard 
Dickinson 

CBET Division 
Director



New ENG Colleagues
CBET

Gregory Meyer, AAAS Fellow (East Carolina University)

Chenzhong Li, Program Director for Nano-Biosensing
(Florida International University)

Susan Muller, Program Director for Particulate and 
Multiphase Processes (University of California, 
Berkeley)

Christina Payne, Associate Program Director for 
Engineering, Biology, and Health Cluster (University of 
Kentucky)

Karl Rockne, Program Director for Environmental 
Engineering (University of Illinois at Chicago)

Brandi Schottel, Associate Program Director for 
Environmental Engineering and Sustainability Cluster 
(Texas A&M University)

CMMI

Robin Dillon-Merrill, Program Director for Humans, 
Disasters and the Built Environment (Georgetown 
University)

Ololade Fatunmbi, AAAS Fellow (University of 
Pennsylvania)

Robert Scheidt, Program Director for Mind, Machines 
and Motor Nexus (Marquette University)

Michael Rawlings, AAAS Fellow (Northwestern 
University)
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New ENG Colleagues
ECCS

Turquoise Bowen, Administrative Support Assistant 

Chanel Kemp, Operations Specialist

Stephanie Woods, Pathways Program Assistant

EEC

Jesus Alvelo, AAAS Fellow (MIT)

Jennifer Beierlein, AAAS Fellow (Bentley University)

Junhong Chen, Program Director for Engineering 
Research Centers (University of Wisconsin-Milwaukee)

Erick Jones, Program Director for Engineering Research 
Centers (University of Texas at Arlington)

Julie Martin, Program Director for Engineering 
Education Research (Clemson University)

Eileen Oni, AAAS Fellow (Rutgers University)

Paige Smith, Program Director for Broadening 
Participation in Engineering (University of Maryland, 
College Park)
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New ENG Colleagues
EFMA

Brian Gray, AAAS Fellow (University of California, 
Riverside)

OAD

Maria (Mary) Loera, Intern (George Mason University) 

IIP

Andre Marshall, Program Director for IUCRC (University 
of Maryland, College Park)

Cindy WalkerPeach, Program Director for I-Corps (UT 
Austin)
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Current Searches
Leadership – interviewed

ENG Deputy Assistant Director

CBET Deputy Division Director

ECCS Deputy Division Director

Leadership – reviewing applications

EEC Division Director

Program Directors (PDs)

CMMI
◦ PD for Biomechanics and Mechanobiology 
◦ PD for Mechanics of Materials and Structures 
◦ PD for Dynamics, Control and Systems 

Diagnostics
◦ PD for Operations Engineering 
◦ Associate PD for Operations, Design, and 

Dynamic Systems Cluster

ECCS
◦ PD for Communications, Circuits, and Sensing 

Systems
◦ PD for Energy, Power, Control, and Networks
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ENG Budget
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ENG and SBIR/STTR R&RA Budgets ($M)
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Presenter
Presentation Notes
FY 2017 ENG request is $1003M



NSF Budgets ($M)
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Presenter
Presentation Notes
FY 2017 ENG request is $1003MFY 2018 ENG request is $6,652.89MFY 2018 Senate Mark is $7.31BFY 2018 House Mark is $7.34B



ENG Research
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NSF Responds to Hurricanes 
Harvey, Irma, and Maria

• Deadline extensions

• Mobilization of Geotechnical Extreme Events 
Reconnaissance (GEER) Association and 
Natural Hazards Engineering Research 
Infrastructure (NHERI) teams

• Funding of Rapid Response Research (RAPID), 
Early-concept Grants for Exploratory Research 
(EAGER) and supplements

• https://nsf.gov/naturaldisasters/

15

Presenter
Presentation Notes
NOTE: CMMI extended deadline of fall unsolicited proposal window due to Harvey and Irma$1,406,408 in ENG FY 2017 awards for the Hurricane DCL -- NSF News release at https://nsf.gov/news/news_summ.jsp?cntn_id=243293  CBET has made one FY 2018 award to date (10/12/2017) for $109,136 on top of that total.  Darren thinks they are processing another for $100K.ENG and Harvey: 4 supplements, 16 awards, GEER and NHERI resourcesENG and Irma: 1 awardScreenshot of Houston from NSF YouTube video at https://www.youtube.com/watch?v=q7XeKSXxeLQ NSF-funded researcher Robin Murphy, director of the Texas A&M Engineering Experiment Station (TEES) Center for Robot-Assisted Search and Rescue, discusses the use of small, unmanned aerial vehicles in supporting disaster response in the aftermath of Hurricane Harvey. It was the largest known formal deployment by public officials of small unmanned aircraft for disaster response in our nation’s history. Footage courtesy of TEES Center for Robot-Assisted Search and Rescue (CRASAR) and the Fort Bend County Office of Emergency Management



16Image credit:  UC San Diego

Earthquake Shake Tests Help 
Engineers Design Safe Wooden 
Buildings Up to 20 Stories
A two-story wooden structure endured four 
different earthquake simulations on July 14, 2017 
on the world’s largest outdoor shake table, a 
component of the NSF Natural Hazards Engineering 
Research Infrastructure. 

The goal of the tests is to gather enough data to 
design wood buildings as tall as 20 stories that do 
not suffer significant damage during large 
earthquakes. The designs will allow occupants to 
leave the building unharmed and resume living in 
the building shortly afterwards.

CMMI 1520904

Presenter
Presentation Notes
CMMI NHERIhttp://jacobsschool.ucsd.edu/news/news_releases/release.sfe?id=2256 



17Image credit:  Ella Maru Studio

First On-chip 
Quantum Memory
In a breakthrough for optical quantum memory, 
Caltech researchers have created a new chip-
scale technology that stores quantum states of 
light at the single-photon level.

Its extremely small size – carefully engineered at 
the nanoscale level – allows for integration with 
traditional hardware components, and for its 
future use in secure quantum communication 
networks.

ECCS 1454607 and EFMA 1741707

Presenter
Presentation Notes
ECCS CAREER 1454607EFMA ACQUIRE 1741707For the first time, an international team led by engineers at Caltech has developed a computer chip with nanoscale optical quantum memory.Quantum memory stores information in a similar fashion to the way traditional computer memory does, but on individual quantum particles—in this case, photons of light. This allows it to take advantage of the peculiar features of quantum mechanics (such as superposition, in which a quantum element can exist in two distinct states simultaneously) to store data more efficiently and securely."Such a device is an essential component for the future development of optical quantum networks that could be used to transmit quantum information," says Andrei Faraon (BS '04), assistant professor of applied physics and materials science in the Division of Engineering and Applied Science at Caltech, and the corresponding author of a paper describing the new chip.The study appeared online ahead of publication by Science magazine on August 31."This technology not only leads to extreme miniaturization of quantum memory devices, it also enables better control of the interactions between individual photons and atoms," says Tian Zhong, lead author of the study and a Caltech postdoctoral scholar. http://www.caltech.edu/news/first-chip-nanoscale-optical-quantum-memory-developed-79591
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Image Credit: Le Qiu and Lei Zhang, Center for Advanced 

Biomedical Imaging and Photonics, BIDMC, Harvard University

Light-scattering tool peers 
into pancreas to find cancer
Pancreatic cancer is difficult to detect early 
because the pancreas is deep inside the 
abdomen, making potentially cancerous cells 
hard to reach and identify without surgery. 

Researchers funded by NSF developed a new 
light-based technique that can identify 
precancerous and cancerous cysts — small, 
fluid-filled cavities in the body — by 
piggybacking on a standard diagnostic 
procedure.

CBET 1402926 and 1605116

Presenter
Presentation Notes
CBETPancreatic cancer is difficult to detect early because the pancreas is deep inside the abdomen, making potentially cancerous cells hard to reach and identify without surgery.Researchers funded by the National Science Foundation (NSF) developed a new light-based technique that can identify precancerous and cancerous cysts -- small, fluid-filled cavities in the body -- by piggybacking on a standard diagnostic procedure."This approach can be called a virtual biopsy, as it does not collect any tissue," said Lev Perelman, professor at Harvard University and director of the Center for Advanced Biomedical Imaging and Photonics at Beth Israel Deaconess Medical Center, whose team developed the tool with the support of the NSF Directorate for Engineering Biophotonics program.CBET 1605116 Early Non-Invasive Diagnosis of Liver Disease with Optical Spectroscopy CBET 1402926 Multispectral 3D Imaging of Pre-Cancer with PFC/LSS Angle-Resolved Technique https://www.nsf.gov/discoveries/disc_summ.jsp?cntn_id=242313Image credit: Le Qiu and Lei Zhang, Center for Advanced Biomedical Imaging and Photonics, BIDMC, Harvard University
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Waste methane and bacteria produce 
biodegradable polyester fibers
Small business Mango Materials announced a novel, energy 
efficient method to produce a biodegradable, bio-based 
polyester fibers. 

Their closed-loop method uses waste methane gas as a 
feedstock to produce polyhydroxyalkanoate (PHA) at a price 
competitive with petrochemical-based polymers.

They piloted their method at a California wastewater 
treatment plant, and clothing and textile companies are now 
testing the product. 

IIP SBIR 1256623 and 1142566

Presenter
Presentation Notes
https://www.fastcompany.com/40476430/the-shirt-of-the-future-is-made-from-polyester-thats-been-created-by-methane-eating-bacteria SBIR Phase II: A Novel Biodegradable Biopolymer from Waste Methane GasAward 1256623; Principal Investigator: Molly Morse, Mango Materials; Start Date:02/01/2013https://www.nsf.gov/awardsearch/showAward?AWD_ID=1256623SBIR Phase I: A Novel Biodegradable Biopolymer from Waste Methane GasAward 1142566 Principal Investigator: Molly Morse, Mango Materials; Start Date:01/01/2012https://www.nsf.gov/awardsearch/showAward?AWD_ID=1142566



AP in Engineering
Prepare students for four-year undergraduate 
engineering programs and two-year Career 
and Technical Education (CTE)  programs 
Promote inclusion, help level the ‘playing 
field,’ and increase diversity
Respond to support from deans, teachers, 
and students
Act on College Board commitment
Integrate with K-12 standards
Support National priorities

“It is clearly a good idea if for no other 
reason than to give engineering a place 
among other serious academic subjects 
at the secondary school level that is not 
at the technician standard… It positions 
engineering to be fundamental to all 
highly educated people.”
Dan Mote, President of National 
Academy, October 2013

20

Presenter
Presentation Notes
*could compare to computer science*AP Engineering would not only prepare students for success in four‐year undergraduate engineering programs, it would also prepare Career and Technical Education (CTE) students to succeed in two‐year programs. Surveys with Deans, Teachers, and Students support that there is significant interest in seeing an AP in Engineering offered and taught at the K-12 level, preferably the junior year.Inclusion: Connect to NSF INCLUDES 50K Coalition: https://nsf.gov/awardsearch/showAward?AWD_ID=1649355 The College Board is committed to developing the proposed new AP Engineering Exam to “reflect what we know about how students learn; build students’ transferable, conceptual understanding and inquiry skills; and convey the content and unifying concepts of a discipline” (National Research Council 2002).Engineering Graduates: College graduation levels in the United States have grown about 50 percent, but the number of engineering graduates has stagnated at around 130,000 (White House, 2011b). One Decade, One Million more STEM Graduates. Engineering graduates are 4.4% of total college graduates. National Priorities: In June, 2011, President Obama called for the training of 10,000 new American engineers a year (White House, 2011a).K‐12 Standards: January 2013 draft of the Next Generation Science Standards (NGSS) fully integrates engineering and technology into the structure of science education at all levels of K‐12 education.



FY 2017 Engineering Research Centers to 
advance health, manufacturing and energy

Fuel derived from shale gas
◦ NSF Engineering Research Center for Innovative and 

Strategic Transformation of Alkane Resources (CISTAR)
◦ Purdue University, University of New Mexico, 

Northwestern University, the University of Notre Dame 
and the University of Texas at Austin 

Therapies based on living cells
◦ NSF Engineering Research Center for Cell Manufacturing 

Technologies (CMaT) 
◦ Georgia Institute of Technology, the University of Georgia, 

the University of Wisconsin-Madison and the University of 
Puerto Rico

Personalized heart tissue
◦ NSF Nanosystems Engineering Research Center for 

Cellular Metamaterials (CELL-MET) 
◦ Boston University, the University of Michigan and 

Florida International University

Health systems for underserved populations
◦ NSF Engineering Research Center for Precise Advanced 

Technologies and Health Systems for Underserved 
Populations (PATHS-UP) 

◦ Texas A&M University, the University of California at 
Los Angeles, Rice University and Florida International 
University.

21

Presenter
Presentation Notes
NSF Engineering Research Center for Innovative and Strategic Transformation of Alkane Resources (CISTAR) will develop technologies for responsible conversion of light hydrocarbons from shale gas into fuels and chemicals using a network of portable, modular processing plants. CISTAR could enable lower carbon emissions and improved energy efficiency, and provide a viable bridge to a sustainable energy future.The NSF Engineering Research Center for Cell Manufacturing Technologies (CMaT) will develop tools and technologies for the consistent and low-cost production of high-quality living therapeutic cells. Such cells could be used in a broad range of life-saving medical therapies now emerging from research laboratories. CMaT ERC could revolutionize the treatment of cancer, heart disease, neurodegenerative diseases and other disorders by enabling the use of therapies that utilize immune cells, stem cells and other types of living cells.NSF Nanosystems Engineering Research Center for Cellular Metamaterials (CELL-MET) aims to transform cardiovascular care by synthesizing breakthroughs in nanotechnology and manufacturing with tissue engineering and regenerative medicine. CELL-MET could revolutionize our ability to grow large, multi-functional sections of heart and other human tissues. The NSF Engineering Research Center for Precise Advanced Technologies and Health Systems for Underserved Populations (PATHS-UP) will develop cost--effective technologies and systems at the point-of-care to improve healthcare access for underserved populations. PATHS-UP’s health monitoring systems could be seamlessly integrated into people's lives, building on fundamental research to link biomarkers with behavior and optimize medical treatments.  Many U.S. communities have higher rates of chronic diseases, such as diabetes and cardiovascular disease, because healthcare services are unavailable. 



ENG Opportunities
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NSF Big Ideas for Future NSF Investments

Presenter
Presentation Notes
Highlight Data Revolution and Human Technology Frontier and Convergence 
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NSF Big Ideas for Future NSF Investments

Presenter
Presentation Notes
Highlight Data Revolution and Human Technology Frontier and Convergence 
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NSF Big Ideas for Future NSF Investments

NSF 2026

Presenter
Presentation Notes
Highlight Data Revolution and Human Technology Frontier and Convergence 



NSF 2026
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NSF Big Ideas for Future NSF Investments

Presenter
Presentation Notes
Highlight Data Revolution and Human Technology Frontier and Convergence 



Growing Convergent Research at NSF
April 2017 — DCL to address grand challenges in NSF's 10 Big Ideas

August 2017 — 23 new projects include 4 with ENG support
◦ Quantum Elements of Secure Communication (workshop)
◦ Convergence Research about Multimodal Human Learning Data during Human Machine 

Interactions (workshop)
◦ From Making to Micro-Manufacture: Reimagining Work Beyond Mass Production
◦ Enhancing small and mid-level farm viability through a systems-based research network: 

Linking technology and sustainable development and practice (research coordination 
network)

August 2017 — Ideas Lab: Practical Fully-Connected Quantum Computer 
Challenge

27

Presenter
Presentation Notes
Ideas Lab: Practical Fully-Connected Quantum Computer ChallengeApril 4 solicitation (MPS, CISE, ENG): https://www.nsf.gov/pubs/2017/nsf17548/nsf17548.htm July 15 award to Santa Fe Institute: https://www.nsf.gov/awardsearch/showAward?AWD_ID=1744320August 28 – Sept. 1 event at Santa Fe Institute: https://www.santafe.edu/events/ideas-lab-practical-fully-connected-quantum-comput(also see timeline at event link)Dear Colleague Letter: Growing Convergence Research at NSF (NSF 17-065), April 3, 2017https://www.nsf.gov/pubs/2017/nsf17065/nsf17065.jsp  covers 4 Big Ideas for research:Harnessing the Data Revolution for 21st Century Science and EngineeringNavigating the New ArcticThe Quantum Leap: Leading the Next Quantum RevolutionWork at the Human-Technology Frontier: Shaping the FutureNSF Convergence news release (08/24/2017) at https://www.nsf.gov/news/news_summ.jsp?cntn_id=242889Convergence QL: Workshop on Quantum Elements of Secure Communicationhttps://www.nsf.gov/awardsearch/showAward?AWD_ID=1745810$100K to Virginia Tech with EFRI co-fundingConvergence HTF: Collaborative: Workshop on Convergence Research about Multimodal Human Learning Data during Human Machine Interactionshttps://www.nsf.gov/awardsearch/showAward?AWD_ID=1744351https://www.nsf.gov/awardsearch/showAward?AWD_ID=1744333$100K total in pair of CMMI-managed collaborative awards to NCSU ($50K) and Vanderbilt ($50)Convergence HTF: Making to Micro-Manufacture: Reimagining Work Beyond Mass Production https://www.nsf.gov/awardsearch/showAward?AWD_ID=1744423 $100K award to Texas A&M was co-funded by EHR ($25K), CISE ($25K), and ENG/CMMI ($50K)Convergence HTF: RCN: Enhancing Small and Mid-level Farm Viability Through a Systems-based Research Network: Linking Technology and Sustainable Development and Practicehttps://www.nsf.gov/awardsearch/showAward?AWD_ID=1745477 $500K award managed by CMMI



NSF INCLUDES

JULY 2017

DCL for NSF INCLUDES EAGERs, 
supplements and conferences

Awards for 27 Design and Development 
Launch Pilots

SEP. 2017

JAN. 2018

Workshop for NSF INCLUDES grantees 
and NSF centers
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Presenter
Presentation Notes
Dear Colleague Letter: Announcement of an Effort to Expand the NSF INCLUDES National Network (NSF 17-111)https://www.nsf.gov/pubs/2017/nsf17111/nsf17111.jspNSF news release: 27 new NSF INCLUDES awards aim to enhance U.S. science and engineering enterprisehttps://www.nsf.gov/news/news_summ.jsp?cntn_id=243055Workshop to identify best practices and lessons learned-Centers meet January 8-10; INCLUDES PIs meet January 10-12 -New collaborators may apply to spring deadline of DCLDon hopes to leverage AdCom deans to figure out what they might do for ENG in BP



Strategic Challenges and Opportunities
Increasing enrollment and interest in engineering while struggling with diversity 
and inclusion; uneven distribution across engineering disciplines
◦ AP Engineering pilot with support from Deans
◦ NSF INCLUDES 

Flat or decreasing budgets
◦ Leading Engineering for America's Prosperity, Health, and Infrastructure (LEAP HI)
◦ Partnerships
◦ Industry (SRC, I/UCRC and other IIP programs)
◦ Government (INFEWS USDA/NIFA, AFOSR, I-Corps)
◦ International (Ireland, UK, China, Israel; CASIS)

29

Presenter
Presentation Notes
Find enrollment and faculty numbers over last 5 yearsCompare disciplinesMention AP engineering plans and LEAP HI and CMMI grant size/duration experiment
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ENG and SBIR/STTR R&RA Budget ($M)
FY 2016 
Actuals

FY 2017 
Current 

Plan

FY 2018 
Request

FY 2018 Request 
change over FY 2016 

Actuals
Amount Percent

CBET $183.76 $183.60 $168.20 -$15.56 -8.5%

CMMI 216.27 221.14 202.20 -$14.07 -6.5%

ECCS 113.89 113.82 102.85 -$11.04 -9.7%

EEC 107.51 108.75 100.28 -$7.23 -6.7%

IIP 239.87 249.88 223.21 -$16.66 -6.9%

SBIR/STTR 188.52 198.57 176.21 -$12.31 -6.5%

EFMA 54.37 52.33 36.75 -$17.62 -32.4%

ENG TOTAL $915.68 $929.52 $833.49 -$82.19 -9.0%
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Presenter
Presentation Notes
Explain what’s happening in EFMA and how EFRI decrease is on par with that in divisions. CMMI got an STC. EEC’s RED and ERC are on hiatus wrt new awardsThe set-aside levels specified in the SBIR/STTR Reauthorization Act of 2011 stipulate 3.0% for SBIR and 0.45% for STTR in FY 2017.  That and the overall increase in NSF R&RA mean that the SBIR/STTR funding level will increase in FY 2017.



Public and Private Undergraduate  Engineering 
Retention and Graduation Rate
ASEE Data (January issue of Prism) 
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75%
91%

Retention: Purple

Graduation: White



US Engineering Enrollment/Graduates
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Towards 150,000 BS Degrees 
by 2025

140,000 Degrees in US



Timeline of ASEE Engagement With College Board on AP in 
Engineering 

 2010 Update to College Board on Engineering Design Project Portfolio Scoring Rubric EDPPSR Progress
 2011 NSF PRIME Program Award on EDPPSR (UMD/UVA/PLTW)
 2013 Meeting at College Board to discuss status of AP in Engineering (2/14)
 2013 Session: “NGSS and Engineering” a EDI at Grand Hyatt in NYC (4/14-4/16 ) 

7 Questions asked with Clicker Responses-Auditi Chakravarty/Maureen Reyes
 • What additional support would students need to get them to engineering?
 • What would attract women and other underrepresented groups to engineering?
 • What additional support would schools need to get them to engineering
 • Percentage of schools with capacity for engineering (teachers, resources, etc.)
 • What training would an engineering teacher need? (either existing teacher or practitioner)
 • What alternative certification pathways exist for practitioners to teach engineering?
 • What percentage of existing teachers would be interested in teaching engineering?

 2013 Interest by White House OSTP on an AP in Engineering
 2013 Survey of Engineering Deans, AP Teachers, Students-(10/16)
 2014 Approval by Engineering Deans Council to Develop Curriculum (4/12)
 2014 Commitment  by College Board to fund Curriculum Development-6/14
 2015 Appointment of Ms. LaTanya Sharpe to lead AP in Engineering under Mr. J. Williamson
 2015 Survey of Engineering Deans about Course Details, Credit/Placement (6/15)
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Interest in Science and Engineering
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U.S. bachelor’s degrees in selected S&E fields per 1,000 20–24-year olds
1991–2011



Post-Secondary Engineering Pipeline

36

0

20

40

60

80

100

Pe
rc

en
t

Engineering Majors 

Percent of SAT Takers
Percent of Entering Freshman
Percent of Earned Bachelor's in Engineering

8-10% enter 
Engineering,  

4-5% complete 

Sources: SAT Cohort (1994-2012); Higher Education Research Institute Survey of the American Freshman as cited in 
National Science Board Science and Engineering Indicators 2012 Appendix Table 2-12; NCES Completion Survey as cited in 
National Science Board Science and Engineering Indicators 2012 Appendix Table 2-19

Presenter
Presentation Notes
Engineering Interest and Completion Have Remained FlatWhile 8-10% of students enter college with a goal of completing a degree in engineering, we see a noticeable decline in interest by the time students exit college.A number of issues limit the conclusions that one can draw by comparing the number  or percent at the beginning and end points of college,However, the estimates suggest that there are significant losses in the undergraduate engineering pipeline.



Broader Impacts
2011 National Science Board Report

2015 Start of NSF empirical study of Broader Impacts (Office of Integrative Activities)

2016 Workshop on Defining Broader Impact Activities (ECCS) – Final Report 

2016 2017 NSF Proposal and Award Policies and Procedures Guide

2017 American Innovation and Competitiveness Act update to NSF Broader Impacts

2018 Workshop on Setting a Broader Impacts Innovation Roadmap (CMMI) – Final Report 

2018 Definitive steps and guidance based on NSF study of Broader Impacts

37

Presenter
Presentation Notes
AICA Broader Impacts language (7 criteria): BROADER IMPACTS REVIEW CRITERION UPDATE.—Section526(a) of the America COMPETES Reauthorization Act of 2010(42 U.S.C. 1862p–14(a)) is amended to read as follows:‘‘(a) GOALS.—The Foundation shall apply a broader impacts review criterion to identify and demonstrate project support of the following goals:‘‘(1) Increasing the economic competitiveness of the United States.‘‘(2) Advancing of the health and welfare of the American public.‘‘(3) Supporting the national defense of the United States.‘‘(4) Enhancing partnerships between academia and industry in the United States.‘‘(5) Developing an American STEM workforce that is globally competitive through improved pre-kindergarten through grade 12 STEM education and teacher development, and improved undergraduate STEM education and instruction.‘‘(6) Improving public scientific literacy and engagement with science and technology in the United States.‘‘(7) Expanding participation of women and individuals from underrepresented groups in STEM.’’.
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New 3D printing 
method creates 
shape-shifting 
objects

Researchers 3D printed objects 
of shape memory polymers that 
can permanently transform into 
different shapes in response to 
heat. 
Their approach could enable a 
range of new product features, 
such as allowing products that 
could be stacked flat or rolled for 
shipping and then expanded 
once in use.
CMMI 1462894 and 1462895; 
EFRI 1435452

Image Credit: Georgia Tech

Presenter
Presentation Notes
CMMI, EFMAA team of researchers from Georgia Institute of Technology and two other institutions has developed a new 3-D printing method to create objects that can permanently transform into a range of different shapes in response to heat.The team created the objects by printing layers of shape memory polymers with each layer designed to respond differently when exposed to heat.“This new approach significantly simplifies and increases the potential of 4-D printing by incorporating the mechanical programming post-processing step directly into the 3-D printing process,” said Jerry Qi, a professor in the George W. Woodruff School of Mechanical Engineering at Georgia Tech. “This allows high-resolution 3-D printed components to be designed by computer simulation, 3-D printed, and then directly and rapidly transformed into new permanent configurations by simply heating.”The new 4-D objects could enable a range of new product features, such as allowing products that could be stacked flat or rolled for shipping and then expanded once in use, the researchers said. Eventually, the technology could enable components that could respond to stimuli such as temperature, moisture or light in a way that is precisely timed to create space structures, deployable medical devices, robots, toys and range of other structures.This research was supported by the National Science Foundation under awards CMMI-1462894, CMMI-1462895, and EFRI-1435452, http://www.rh.gatech.edu/news/590305/new-3-d-printing-method-creates-shape-shifting-objects



39Image credit:  Ian Stewart, Duke University 

Nanowire 'inks' enable 
paper-based printable 
electronics
Conductive "inks" made from silver nanowires 
may create functioning electronic circuits, 
without the high temperatures needed for 
conventional printed electronics. 

This discovery enables customizable, 
inexpensive electronics on heat-sensitive 
materials like paper or plastic. 

ECCS 1344745 and DMR 1253534

Presenter
Presentation Notes
ECCSBy suspending tiny metal nanoparticles in liquids, Duke University scientists are brewing up conductive ink-jet printer “inks” to print inexpensive, customizable circuit patterns on just about any surface.Printed electronics, which are already being used on a wide scale in devices such as the anti-theft radio frequency identification (RFID) tags you might find on the back of new DVDs, currently have one major drawback: for the circuits to work, they first have to be heated to melt all the nanoparticles together into a single conductive wire, making it impossible to print circuits on inexpensive plastics or paper.A new study by Duke researchers shows that tweaking the shape of the nanoparticles in the ink might just eliminate the need for heat.By comparing the conductivity of films made from different shapes of silver nanostructures, the researchers found that electrons zip through films made of silver nanowires much easier than films made from other shapes, like nanospheres or microflakes. In fact, electrons flowed so easily through the nanowire films that they could function in printed circuits without the need to melt them all together.https://nsf.gov/news/news_summ.jsp?cntn_id=190808https://www.flickr.com/photos/ericjohnston28/14066377846/in/pool-uw/ECCS 1344745 and DMR 1253534



Wind data collected from 
Hurricanes Harvey and Irma 
NSF Natural Hazards Engineering Research Infrastructure (NHERI) 
researchers mobilized ahead of Hurricanes Harvey and Irma to 
learn which building materials and designs best resist extreme 
winds.

Two 50 -foot weather stations in Texas and other instruments in 
southern Florida were deployed to collect synchronized, high-
fidelity measurements of wind gusts and turbulence.

The data will be shared with the research community through the 
NHERI DesignSafe cyberinfrastructure.  

CMMI 1520817 and 1520843
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CMMI NHERIhttps://www.designsafe-ci.org/community/news/2017/hurricane-wind-expert-available-comment-harvey-irma/Just before Hurricane Harvey made landfall, Masters lead a reconnaissance team to Rockport, Texas, 30 miles north of Corpus Christi, to gather hurricane data. His team successfully deployed two 50 ft. weather stations — each equipped with five precision ultrasonic anemometers – to capture synchronized, high-fidelity (10 Hz) data in the most extreme winds that cause structural damage.Masters conducts experiments on land to monitor the intensity and structure of storms, in addition to conducting laboratory tests to simulate the effects of extreme winds and flying debris. He is a principal investigator for the NSF-funded Natural Hazard Engineering Research Infrastructure, NHERI.https://www.washingtonpost.com/national/health-science/after-disaster-strikes-science-often-benefits/2017/09/15/4cd0c522-98a6-11e7-87fc-c3f7ee4035c9_story.htmlEven as Irma struck Florida, civil engineer Forrest Masters of the University of Florida in Gainesville, accompanied by students and collaborators, traveled to the southern part of the state. As winds blew and rain pelted, the team raised minitowers decked with instruments designed to measure ground-level gusts and turbulence. With this data, the researchers will compare winds in coastal areas, near buildings and around other structures, with the goal of helping government agencies assess storm-related damage.The team will also take the data back to Natural Hazards Engineering Research Infrastructure labs at the university to study building materials and identify those most resistant to extreme winds.



New energy harvester design 
improves performance of 
flexible wearable electronics

Advances in flexible thermoelectric generators, made with 
liquid metal for self-healing, open a path to wearable electronic 
devices powered by body heat.

CMMI 1363485, ECCS 1351533, and EEC 1160483
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CMMI, ECCS, and EEC (ASSIST ERC)In a proof-of-concept study, North Carolina State University engineers have designed a flexible thermoelectric energy harvester that has the potential to rival the effectiveness of existing power-wearable electronic devices while using body heat as the only source of energy. “We wanted to design a flexible thermoelectric harvester that does not compromise on the material quality of rigid devices yet provides similar or better efficiency,” said Mehmet Ozturk, a professor of electrical and computer engineering at NC State.Ozturk said that he and colleagues Michael Dickey and Daryoosh Vashaee wanted to utilize the best thermoelectric materials used in rigid devices in a flexible package, so that manufacturers wouldn’t need to develop new materials when creating flexible devices.Ozturk said one of the key challenges of a flexible harvester is to connect thermoelectric elements in series using reliable, low-resistivity interconnects. “We use a liquid metal of gallium and indium – a common, non-toxic alloy called EGaIn – to connect the thermoelectric ‘legs,’” Ozturk said. “The electric resistance of these connections is very low, which is critical since the generated power is inversely proportional to the resistance: Low resistance means more power.“Using liquid metal also adds a self-healing function: If a connection is broken, the liquid metal will reconnect to make the device work efficiently again. Rigid devices are not able to heal themselves,” Ozturk added.Funding for the work comes from the NC State’s National Science Foundation-funded Advanced Self-Powered Systems of Integrated Sensors and Technologies (ASSIST) Engineering Research Center under grant EEC1160483 and from other NSF support under grants ECCS1351533 and CMMI1363485. Image Credit: Mehmet Ozturk, NC State Universityhttps://www.nsf.gov/news/news_summ.jsp?cntn_id=242401https://news.ncsu.edu/2017/06/flexible-wearable-electronic-device/



Brain signals deliver first targeted 
treatment for world’s most 
common movement disorder
Essential tremor, affecting an estimated 7 
million people in the U.S. alone, can be treated 
with deep brain stimulation.

To deliver stimulation only when it’s needed, 
researchers combined the deep brain electrode 
with others that sense movement in parts of the 
body that experience essential tremor. 

The new approach uses half the power, which 
would allow patients more time between 
surgeries to replace the battery.

EEC 1028725
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EEC (SNE ERC)Essential tremor can be treated with a surgical procedure called Deep Brain Stimulation, or DBS, where a neurosurgeon implants an electrode deep in the brain; this wire is then tunneled under the skin to a battery in the chest, which provides electrical stimulation that quiets the symptoms. In current use, however, these implanted devices are constantly “on” — delivering stimulation even when a patient doesn’t need it — which wastes valuable battery life.For the first time, University of Washington researchers have combined electrodes on top of the brain to sense movement in the parts of the body that experience essential tremor, along with a deep brain electrode, to deliver stimulation only when it’s needed. It’s an important step toward developing fully-implanted, closed-loop deep brain stimulators to treat disorders like essential tremor and Parkinson’s disease — devices that one day might be controlled by the patient’s own thoughts or movements.“We’d ultimately like to give individuals that ability and choice,” said co-author Margaret Thompson, a UW electrical engineering doctoral candidate and member of the CSNE team. “One side effect of deep brain stimulation can be difficulty speaking, for instance. So if you’re about to drink a glass of water, you might want to turn up the stimulation so your hand doesn’t shake. If you’re answering the phone, perhaps you’d want to turn it down so your speech isn’t affected.”“We’re saving about half of the battery power, based on our subjects so far, which was one of our main motivations,” said senior author and UW electrical engineering professor Howard Chizeck. “But even more interesting are some early indications that suggest our closed-loop system results in better patient performance, with less tremor, better control of their hands and fewer side effects.”UW electrical engineering doctoral candidate and CSNE team member Margaret Thompson performs laboratory tests on a Medtronic deep brain stimulator to verify that the new closed-loop system for essential tremor functions as intended.Mark Stone/University of Washingtonhttps://nsf.gov/news/news_summ.jsp?cntn_id=242397Image credit: Mark Stone/University of Washington
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