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Looking Back to the 20th Century: 



NAE Grand Challenges for the 21st Century 



Implications of the Grand Challenges 

• Don’t fit within any one discipline, or even 
within engineering 

 

• Describe engineering in human-facing terms: 

– Sustainability, Health, Security, Joy 

 

• Powerful tool for “Changing the Conversation” 

 

 







Courtesy Christina White, UT 

Solving Grand Challenges will require 
I-Shaped Engineers 

• Solutions must be Feasible, Viable, Desirable 
– Feasible Engineering fundamentals 
– Viable  Economics and business knowledge 
– Desirable  Context of culture and social policy  

 
A couple of stories… 



Goals of the Grand Challenge Scholars 
Program 

• Create a generation/community of engineers 
with the skillset and mindset to solve Grand 
Challenges 
– “The 300” of ancient Sparta  today 

• Attract diverse students to engineering 

• Retain    “ 

• Incent students to stretch 

• Integrate co-curricular and curricular education 
into a whole greater than the sum of its parts 

 



Grand Challenge Scholars 

 To prepare UG engineering students with the skillset and 
mindset to address GCs over the course of their careers 

 

 Five critical components 

1. Project or research activity engaging a Grand Challenge 

2. Interdisciplinary curriculum 

3. Entrepreneurship 

4. Global dimension  

5. Service learning 

 

 

 
 

 

 
 

 

Simon GC 
Scholar Maggie 
Hoff working on 
potable water 
project in Peru  

Courtesy Martha Absher 



Project Example: Revenue-generating Public 
Toilets in Togo 

Duke Prof. Marc Deshusses, Gates Foundation Grand Challenge Scholar:  Conner Cotton 



6 seat prototype in Togo   
Biogas combustion to generate electric power and revenue 



Project Example: Sustainable fishery in 
Kenya 

Teaching wave mechanics to protect fragile shallow water reefs 



World Cup Opening, Brazil 2014 



2 3 

5 

Project Example: Exoskeleton controlled by 
Brain-Machine Interface 

Courtesy M. Nicolelis, Duke 



•HIV+ Women who give birth at home 
•20-50% have HIV+ children [1] 
•Majority transmitted during delivery [1] 

•3TC, NVP and/or AZT can prevent transmission 
•Drugs expires quickly out of the bottle (<1mos) 

2 mos 0 mos 

Duke Pouch 12 mos NVP 
Duke Pouch 12 mos AZT 
Duke Pouch 12 mos 3TC 

Clinical Trials 
Ecuador 
Zambia 
Tanzania 
Namibia 
 

[1] WHO (2006) 'Antiretroviral drugs for treating pregnant 
women and preventing HIV infection in infants in 
resource-limited settings: towards universal access’ 

Project Example: Pratt Pouch 

Courtesy:Bob Malkin 



The End Game:  Not just education but 
solutions to Grand Challenges 

• Some expected and some unexpected 
advances since 2007… 

 

 



Provide Clean Water 



2010: Watson wins on Jeopardy 



2010: Make Solar Energy Economical 
Algae? 

 



Carbon Sequestration 

• Ca. 2012: Advent of fracking drives down 
natural gas costs, replaces coal in fixed power 
generating plants 

• C emissions reduced 50% from US electricity 

• Can we engineer the environmental risk out of 
fracking? 

 

 

 



Personalized Learning 
2011: First MOOC reaches > 100,000 

 

900,000 learners + Machine Learning  surpassing Rosetta Stone 

2013 



RF structure accelerator 

Plasma wakefield 

l ~ 30cm 

l ~ 100mm 

Laser and beam-driven 
plasma wakefields can 
miniaturize a large particle 
accelerator:   
• 
 

Engr Tools of Scientific Discovery 
 

0-42 GeV in 3km  
42-85 Gev in 1m 
• 
 

Blumenfeld et al, Nature ‘07 



Grand Challenge Scholars Programs 
5 years out 

NAE Grand Challenge Scholars Program 

• 115 GC Scholars graduated to-date 
• 15 institutional GCSPs in the US  
• 51 institutions stated interest in  
            developing a GCSP 
• National Steering Committee:  

o Martha Absher, Duke 
o Lynn Stein, Olin 
o Louise Yates, USC 
o Jenna Carpenter, Louisiana Tech (Chair) 

• National GCSP Workshops (Olin College 2010, AMD Campus in 
Austin 2011) and Panels (ASEE 2011, 2013, 2014) 

Utah 

FGCU 

Clemson 

OSU 





Grand Challenge Scholars Program 



Grand Challenges: More than a list…   
…a call 

• Easily appreciated by engineers and 3rd 
graders (and politicians) 

 

 

 



Response from the White House 

 
Sept 12, 2009  



Engineering and America’s Future 

Tom Kalil 

Deputy Director, Technology and Innovation 

White House Office of Science and Technology Policy 

February 11, 2014: EDI Public Policy Colloquium 

“The Grand Challenge Scholars Program 
Currently has 14 schools participating, 
would be great to increase this number 
and set a collective goal of number of 
students” 





What we are asking you to do… 

NAE Grand Challenge Scholars Program 

 
• Take the Survey by April 11: 

surveygizmo.com/s3/1586877/Grand-Challenges-Workshop-
Attendee-Survey 

              (link in March 30 email from William Kelly)  
 

• Let me know if you would like an invitation to the April 30 
workshop 
 

• Endorse the MOU/letter to Pres. Obama when it comes to you 
(after May 1) 
 

• Submit a GCSP Program proposal  
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Submitting a GCSP Proposal 

 



Special Thanks 

• Yannis Yortsos, USC 

• Rick Miller, Olin 

• Louis Martin-Vega, NCSU 

• Tom Byers, Stanford 

• Wayne Davis, UTenn 

• Leah Jamieson and Bill Oakes, Purdue 

• Randy Atkins, NAE 

• Cathy Leslie, EWB 

• +Grand Challenge Scholars partner universities: 
– ASU, LaTech, Iowa, Lafayette, Bucknell, W. NE, St. Louis, UT, Utah, Ohio St 

• ASEE Bill Kelly, Jeff Goldberg, Paul Johnson 
 

 





Providing Water in Ugandan Village 
 



Single…  



…To multi  


