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Good morning to everyone. First, I am pleased that Arden Bement has come from NIST to serve at NSF as the Acting Director. He is highly respected in both the science and engineering communities. NSF works closely with NIST on a number of projects – and this presents an opportunity to do even more.

It is both affirmative and challenging to address an audience of engineers. It’s affirming because - among you - I recognize many old friends and colleagues. Together we have dreamed our visions of engineering and worked hard to achieve them. 

It is challenging because you won’t immediately accept everything I am going to say. You will ask questions which I welcome. Engineers always like to ask questions. I have my question that I will ask later in the talk, so please stick with me.
Today, I want to discuss a topic of pressing importance. The role of Engineering and how to make our case.  The advances made by U.S. engineers – both in industry and academe - over the past 50 years have been spectacular. (This chart show’s the National Academy of Engineering’s list of the 20 most influential engineering achievements of the 20th century.)
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Chart 1

In the immediate future there are even greater opportunities for engineering to contribute. 

But I believe that we have not effectively made the case for these opportunities given the amount of Federal funding that is currently available. In the long term, the engineering communities, including both the academic and industry leaders, will need to be a part of a dedicated effort to help make the case for the important role of engineering in maintaining and advancing the economy, security and quality of life of U.S. citizens.
We – at NSF – resonate well with the focus of the conference: The Changing Dimension of Engineering.  Indeed, Engineering is being changed by powerful forces – from within and from the outside. 
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This chart lists some of these dynamic forces. It’s not an inclusive list –  simply my first cut at them. Each of these forces represents a significant opportunity and a challenge for engineering. I am going to briefly discuss each of them. Let’s begin with the forces that are closest to engineering:

Convergence of Disciplines: As we all recognize, the frontiers of science and engineering continually evolve and advance. As this chart illustrates, new technologies are converging to create unprecedented opportunities in the 21st century.

Chart 3


[image: image3.emf]Convergence of new technologies 

(NBIC)

I

nformation 

Technology

B

iotechnology

C

ognitive

Sciences

N

anotechnology


Engineering is at the forefront of these, because it embodies a systems approach, spanning issues from design through product development and distribution. In the future there will be remarkable new opportunities for engineers to partner with the social sciences, life sciences, earth sciences, and many other fields. 

I believe the hallmark of the future engineer will be the ability to make connections among the various disciplines and to integrate them in ways that lead to new designs, systems, and products.

Information Technology: The Nation's growing IT capability has acted like a shot of adrenaline to all of science and engineering. It has dramatically changed the way information is gathered, stored, analyzed, presented, and communicated. These changes are leading to a qualitative, as well as quantitative, change in the way research is performed. 
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A good example of these powerful new capabilities is the NSF-supported George E. Brown, Jr. Network for Earthquake Engineering Simulation, (NEES) illustrated in this chart. The NEES network is a new model for research that will radically change the engineering approach to minimize earthquake damage.  This web-interface technology will allow researchers anywhere in the world to operate the equipment and observe experiments of earthquake simulations and related effects.  
NSF is presently working toward building the world’s most advanced research computing infrastructure or cyberinfrastructure while simultaneously broadening its accessibility. Engineers will play a vital role in identifying, designing, optimizing and developing this infrastructure of the future.  Building infrastructure is what engineers do. 
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Nanotechnology: With the capacity to organize, manipulate and control matter at atomic, molecular and supramolecular levels, we are realizing revolutionary advances, in areas such as individualized pharmaceuticals, new drug delivery systems, more resilient materials and fabrics, catalysts for industry and order-of-magnitude faster computer chips. In partnership with NSF’s other Directorates, ENG leads the interagency nanotechnology program.  In the near future, we will see accelerated transition from scientific discoveries to engineering innovation, due to the increased rate of discovery over the past several years.  Engineering faculty are in the special position to coutribute to both the new discoveries and engineering innovations leading quickly to new technologies.  Mike Roco, who is the Sr. Advisor in the NSF ENG Directorate leads both the NSF and interagency activities in Nanotechnology, he will be speaking later in the program.
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Manufacturing Frontiers:  The U.S. manufacturing R&D sector is responsible for more than 90 percent of all U.S. patents and the primary source of productivity gains.  In partnership with other Federal agencies and the private sector, you – the engineering schools - will catalyze the development of revolutionary manufacturing techniques that will make today’s products better and build tomorrow’s products first.  

In order to meet this challenge, we will need “break-through” designs,and innovative fabrication tools. Some of these factories will house “bottom-up” nanomanufacturing that constructs new organic and inorganic structures atom-by-atom.  
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Frontiers in the Life Sciences: DNA molecules are about 2.5 nanometers wide. Biological cells, like red blood cells, have diameters in the range of thousands of nanometers. Microelectricalmechanical systems are now approaching this same scale.   That means we are now at the point of connecting machines to individual cells. What does this mean for engineering?  Progress is rapidly being made on this front– we now have artificial hearts, artificial limbs, and artificial eyes.  We can see that engineering will increasingly become a biological and cognitive, as well as a physical, science. 

Global Economy/Workforce: Assuring our nation’s manufacturing and technological strength requires an engineering and technical workforce so well trained and capable, agile and up to date, that it thrives on continuous change and fast-paced progress. However, the global competition for engineers and highly skilled technical workers is escalating, while fewer U.S. students are choosing to go into graduate engineering programs. 
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To maintain the nation’s technological lead, it will be necessary to recruit greater numbers of U.S. students and the best talent into engineering - especially from underutilized groups. You – the engineering schools – are critical to this effort. More than 20,000 engineering faculty in the nation’s colleges and universities educate the students in engineering (51,000 BS degrees awarded annually and 68,000 graduate students enrolled).
The research laboratories of the engineering faculty are part of the critical infrastructure for training the next generation, advancing the frontiers of discovery and for creating new inventions.  As you know, NSF plays a key role in helping you do this well. And an even more focused effort is needed to define and implement powerful strategies for developing the engineering workforce – including innovative educational practices and approaches to learning, that are responsive to emerging technologies and the needs of students.
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National Security: The events of September 11, 2001 have heightened awareness of important security issues with respect to protecting the Nation’s people and infrastructure. [This chart shows one of the robots that were used for urban search and rescue activities in the aftermath of the WTC attack on September 11, 2001. The robots were developed by engineering students with NSF support.] Engineering and technological advances will be needed to prevent and counter potential future threats and attacks.  Specific areas of concern include cybersecurity, trusted systems, complex systems, new sensor technologies, bioterrorism, and critical infrastructure protection.  Moreover, there is much to be learned from the experience of dealing with natural disasters.
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Infrastructure Sustainability:  It is estimated that the total U.S. investment in civil infrastructure is more than $7 trillion.  Infrastructure systems are vulnerable to myriad of stresses and failures as a result of everyday interdependencies, insufficiencies, and inefficiencies.  

Recent estimates for the annual cost to the U.S. economy from non-cyber power disturbances alone exceed $119 billion. In addition to everyday stresses, the security of our infrastructure systems – from buildings, roads and bridges, to the power and water supply- remain extremely vulnerable to both human and natural threats.  The longer we neglect these problems, the more they will create new and exacerbate old infrastructure vulnerabilities.  

21st century infrastructure systems that integrate sensor, information, and response capabilities systems will hold the key to making our infrastructure assets more efficient and secure. 
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Scarcity of Federal Dollars:  As you see, I have saved the best for last (joke).  With mounting budget deficits and growing claims on the federal budget, the funding available for engineering research and education is under great pressure. As this chart indicates, with its relatively small budget, the average success rate in FY 2003 for ENG proposals was 17% - i.e. we fund roughly one in six proposals. This compares with the overall NSF average of 24%. The average success rate for the first time proposal applications for ENG for the same year was only 13%, compared to the NSF average of 16%. And, what is really telling, 57% of engineering proposals are evaluated in programs that have success rates under 20% (compared to 27% for the total NSF.). These results are having a demoralizing effect on the NSF program directors and the faculty in the engineering communities.

This leads to the subject I most want to discuss. It leads to the question I referred to in the beginning.  What can we do about it?  We need to change some of the things we are doing.

First –  we need to better define and communicate engineering’s role in advancing the quality of life, welfare and the security of U.S. citizens.  We all know that ideas first conceived in university and government laboratories have underpinned new technologies, led to multi-billion dollar industries, helped create new jobs and benefited countless lives. In recent congressional testimony, Alan Greenspan pointed out that 70% of the growth of the American gross domestic product, since World War II, can be directly attributed to the exploitation of new technologies.

The future portends even greater engineering achievements. You have a vital role to play in enabling this future. And NSF will be there to work with you. NSF and universities are essential partners, NSF is the principal source of federal funding for university-based fundamental engineering research, providing 42 percent of support in this area. Each year the Engineering Directorate alone supports approximately 15,000 people, including educators, researchers, post-doctorates, and trainees - many of whom go into industry and help build emerging technologies into new products, jobs and company start-ups. 
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As this chart indicates, engineering plays a key role in the previously mentioned areas of critical importance for the economy, security and quality of life for all U.S. citizens.
Success in these critically important areas will not be possible without providing adequate support for ENG’s research core.  This funding base supports the best new ideas generated by researchers working at the forefront of their fields. It also provides the primary support for early career faculty and students.
Where possible, and within the bounds of what is appropriate, we must educate the general public and policy makers about the role of engineering research and education and the need for more resources. This leads me to the central importance of partnerships to the well being and advancement of U.S. engineering. 
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As this chart indicates, Industry, Academe & Government are essential partners. We must all come together to do 3 things.  First: to deliver a clear statement of the overall role of engineering, second - a roadmap for meeting the challenges for the future, and third – to forge a plan for communication and action. 

NSF ENG has received a proposal for a blue ribbon committee - under the auspices of the National Academy of Engineering - to assess engineering’s past contributions, as well as its current and future needs. The study will give particular attention to the role of the various engineering communities in advancing fundamental engineering research and education agenda.

The membership of the NAE Committee will include distinguished engineers from academe, industry and government. The study should result in a draft report by September 2004 to be shared with members of the engineering community for feedback and refinement.  The report of the committee will include recommendations and a list of action items for implementing the recommendations.  

Your role in the activity will be extremely important!

1. First, some of you will be members of the committee and take an active role in producing the first draft of the report.

2. Second, your input will be crucial in reviewing the draft of the report and shaping it into the final document.

3. Third you will need to share and discuss the report with your colleagues.
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As you know, many studies and reports – no matter how worthy – end up collecting dust on the shelf. This report must come with legs and a clear voice. Those legs and that voice must be yours - leaders in the engineering community. 

You must pull together to have a clear message and deliver it to those leaders and policymakers in academe, industry, and government. And the message is: Engineering must be lifted up to move forward in delivering further wealth, security and well-being to the nation.
In conclusion, I would like to relate  an incident that I recently heard described.  House Science Committee Chairman Sherwood Boehlert (R-NY) was giving a luncheon talk to the Silicon Industry Association in Washington, where he told the following story. 

Some time back, he was addressing the President and Deans of Cornell University. After his remarks, there was a question and answer period. First – one of the Deans appealed to the Congressman for increased funding in his area. This was soon followed by a second dean who made a similar appeal. After hearing the same appeal from a third Dean, Chairman Boehlert put up his hand and said: Time Out! I have heard enough. First, I am the person that introduced the Bill for doubling the NSF budget over five years. I have heard you. You need to get your message, and it needs to be focused to the constituents in your districts and others – who should be making this appeal on your behalf.
Thus – lest we forget - our vital message must be directed at the ones who benefit from engineering research and education – such as the leaders in industry, academe and the professional societies. And they are the ones who must deliver it to OMB and Congress. 

The NAE study and the input from the of engineering communities will be vital in guiding this process.

Finally, we look to all of you – the academic leadership to help bring the understanding and advancement of engineering’s role and impact into focus  - to take it to those who can, and will, support the very solid case for engineering in “advancing the economy, security and quality of life for all U.S. citizens.”

Thank you.
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Image and Text Slide: NSF logo and text “Enabling the nation’s future through discovery, learning and Innovation”





Caption:  The National Science Foundation has been a partner with the science and engineering community on this journey of discovery.  From the early days of NSF Net and Mosaic, to the birth of the Partnerships for Advanced Computational Infrastructure, to the Terascale Computer System, NSF has worked with the science and engineering community to foster collaboration, to support frontier research in computing and network science, and to educate the next generation of scientists and engineers to carry discovery forward.
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