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Two opening comments. Firgt, | am not qudified to tell you how to reform mathematics.
Therefore, | am going to try and set some context about the engineering education reform which
issomething thet | fed fairly passionate about and something that | fed agreat ded of urgency
about. | hope that provides some backdrop for the discussions you will have the next couple of
days. Second, just by way of context, | have cometo learn that not everybody knows what the
Nationad Academy of Sciences or the Nationad Academy of Engineering is, so | am going to take
two minutes to talk about that firdt.

To the extent that people know about the academies they tend to think of them as honorific
societies, which is correct. There are academies of science and engineering around the world
and, except in the former Soviet Union where they are part of the government and run by mgor
research inditutes, most of the academies are not part of the government and are honorific
societies. My memberswould like to bdieveit is sort of one stop short of a Nobel Prize — | think
thet isalittle bit of puffery, but it isahigh honor to be eected by the existing membership.
However, the academies in the United States are alittle bit different. There are actudly four
organizations, affiliated organizations, which dl operate under acommon charter from the U.S.
Congress and that charter cdls on the academies [by the way, it is the Academy of Sciences, the
Academy of Engineering, the Inditute of Medicine (don't ask why it is caled the Indtitute rather
than the Academy) and something called the Nationa Research Council which | will explanina
second.] They dl operate under this common charter from the U.S. Congress which cals upon
usto provide advice to the federa government on any issue of science and technology—to do so
whenever asked—and to do so without compensation, i.e., on anot for profit bass. That is
actudly the mgor “busness” if you will, of the academies. Just to give you some sense of it,
the way that we do that is either afederd agency or congress asks us a question--we will put
together a committee [Oh, by the way, we do it completely on a soft money bass—when they
ask us a question we negotiate a contract with the federal government to provide that advice--
thereis no line-item funding for the academies of any kind.] Wewill put together a committee
of 10 to 20 people, and they will convene for anywhere from four months to three yearsto
addresstheissue. Then they will write a report--which you can think of askind of aPh.D.
qudity dissertation. Typicdly, it is a300-page book; it isfact-based; it istightly reasoned; and it
isvery carefully done.  We publish one of those 300-page books about every working day (some
200 to 250 times ayear). At any given time there are 6- 10,000 people engaged in addressing one
of the questions that has been asked. The peopleinvolved are an incredibly competent set of
folks. One of the things thet just amazes me having been involved in Academy activities for well
over adecade: | pick up the phoneand | can cal literdly anybody in the country and get a
response dmogt ingantly and, unless they have aconflict on time, they come and work on these
things. The kinds of questions we get asked range from the very narrow highly technicd of
interest only to the small community involved to very broad policy issues. In fact, most of the
guestions that we get asked are in fact policy related. The questions are what does the research
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base have to say to inform the policy decison.  Anyway, that is what the academies are—we are
kind of schizophrenic—on the one hand we are honorific like most of the other academies

around the world but in fact we have arelationship with our government which isdmost unique
intheworld. We provide an avenue for absolutely unbiased and absolutely authoritative advice
to the federd government on issues of science and technology or where science and technology
informs public policy.

| want to talk about engineering education and what | senseisthe redl urgency of
engineering education reform. | think we ought to be seeing a watershed change in engineering
education—it isnot happening. | am very impatient about it and | hope | can communicate to
you why | fed impatient about it. A lot has been written on the subject. There were awhole
series of reports done in the 94-95 timeframe.  There was one done by NSF there was one done
by the Nationa Research Council; and there was one done by the Dean’s Council of ASEE
(American Society for Engineering Educetion). All of them called for afairly dramatic reform.
I"ll try not to repeet too much what it says in those reports but | will alittle bit and then go
beyond.

I have three introductory remarks to make before engaging in talking specifically about
what | think needsto be done. Firgt, acavest, | an going to paint with avery broad brush. I've
got 45 minutes to an hour to talk to you. | fully gppreciate thet if you go to any engineer school
you are likely to find some innovative things happening. What is not happening is the center of
gravity moving in any substantive way. That is my concern. Second, | have a particular view of
what an engineer does that colorsthe way that | think about these things. | want to contrast it
with science for amoment. Science is fundamentaly andytic. Its concern iswith the
understanding of nature—understanding what “is’. Engineering is fundamentaly synthetic. It's
concerned with creating what “can be’. That difference in approach is profound. My favorite
operationd definition of what an engineer doesis*design under congraint”. Given aproblem an
engineer designs a solution but not any old solution will do. Y ou have to satisfy a st of
congraints—and I'll argue in aminute that that set of condraintsis getting much more
complicated. Y ou have to worry about, firg of al, functiondity—solving the problem—but then
youve got Size, cost, weight, heat dissipation, and on and on—I’ll talk about this more later. If
you redly want to get my ire up say that engineering is just gpplied science. Engineering is not
just applied science. Engineering is philosophicaly a its core very different. 1t isfundamentally
cregative rather than explanatory. To be sure, our understanding of nature is one of the congtraints
that an engineer works under. In my persona experience in the company | founded and ran, it
turns out that nature is dmost never the limiting condraint. Our understanding of natureis
seldom the hardest congtraint that you work with. The third cavest, and maybe thisis the most
important one—engineering is changing. 1’m going to spend some time talking about the way
that 1 think engineering is changing—at least as| can perceiveit. Indeed it'sthat change that
underlies my sense of urgency in the need for engineering education to change.

| believe that the way that we will practice engineering and the way that the suderts we
are teaching today will practice engineering are profoundly different from the way thet |
practiced engineering or my father practiced engineering. The problem with trying to describe to
you what that changeis about is rather like standing too closeto amosaic. | have sad,
sometimes there are monumenta events that kind of cast a sharp knife edge between the way
things were and the way things are now. World War 11 strikes me that way. Before World War
Il there was no federd funding of research at univerdties. After World War [I we built this
wonderful mechanism for funding research. The role of women in society draméticaly changes
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across that boundary. In fact, engineering education changes dramaticaly across that boundary.
The notion of the engineering-science modd of engineering education comes about because of
frankly, the failure of engineersto contribute as much as scientists did to the war effort. | don't
think we are in that kind of a change. | don't see that monumentd event. 1t seemsto me that this
ismuch more like the Industrid Revolution. 'Y ou know, we talk about the Industrid Revolution
now asthough it was an event. Thefact is, it smeared out amost 100 years and it is
contemporaneous with awhole bunch of profound changesin society. Thisiswhen you get the
rise of democracy; thisistherise of raiondism; and there was another great change in university
education. Theintroduction of liberal or secular education comes about exactly the same time.

If you were there a the time, you could not have predicted what the world would look like at the
end of that time. | think we arein that kind of change.

So | am going to be describing bits of this mosaic to you as opposed to “I'll tell you what
engineering practice is going to be 20 years from now”—I haven't the foggiest idea. | can just
tell you there are these forces that are, | think, dramaticaly changing things. | see at least six
pieces to thismosaic of change, or at least Sx pieces | want to talk about today given the amount
of time| have. Firg, | said engineering is designing under congtraint. So | want to talk about:
The complexity of the design space which | think isexploding. The complexity of the congtraint
st whichisaso exploding. | want to talk about what | will cal “the fdlacy of the posshility of
precison”. Then | want to talk about acouple of sociad changesin engineering. The expanding
role of engineersin indudtry, the globalization of engineering, and then note the pace of change
isinitsdf achange.

Let me talk about the complexity of the design space. When | say design space, whét |
mean is, for each decision that an engineer makes. How big will thisthing be? How heavy will
it be? How much power consumption can | dlow thisthing to have? For each such decison,
you want to think of that as adimension in a design space and each option that the engineer has
asapoint dong that dimension. So each point in that Spaceis a potentia solution to the problem
that you are trying to solve. It may be agood solution, and it may not be a good solution, but it
isapotentid solution. Let mejudt illugtrate with three exampleswhy | say the desgn spaceis
getting much more complicated. I'll illustrate it with materids, information technology, and
systems—and | am not going to say here anything that you don’t dready know. My father was
an engineer. He was amechanicad engineer. He designed machines for acompany that made
cookies. | can remember growing up and going to his plant and just being amazed a how you
could get very flaky crackers, for example, to be mass-produced at a horrendous pace. | mean
they just came flying out of thisliterally 300 ft long oven. But, for my father there was alittle
book on a shelf, alittle thin book, of the materids that he had as an option to design with. There
were a hdf adozen different kinds of stedl, there were afew kinds of bronze, plastic was not in
his vocabulary, fibers were not in his vocabulary, composite materids were not something he
condgdered. Wdl, now we are talking about designer materials. The ability for an engineer to
say these are the properties that | want the materia to have and at least potentially the possibility
of producing that materia for that subject. Literaly that thin book has become an infinite set of
options. The notion of biomaterias (you know we tak about biotechnology alot in terms of
medica gpplications), but do you know whet the dipperiest suff intheworld is?  The stuff with
the lowest coefficient of friction known to man? It isthe Stuff at the end of your bones. Thereis
no man-made materia as dippery asyour joints. We are going to be talking about growing
materids. One of my colleagues a Virginiaisinto making smart maeridsand it isamost
scary. Hetaks about materids that understand their role in a structure, sense the environment,
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and adapt their properties to better fulfill their role. Now they are mostly pieces of dectric
materids and there are small forcesinvolved, but you can show that you can build structures that
are very much lighter and do in fact adapt to their environment with very smal changes.

Information Technology: Everybody knows Moore's Law? Two times the number of
transistors on a per unit areaevery 18 months. The fact isyou can have intelligence imbedded in
everything. Therewill not be a product produced 20 years from now which doesn't have some
degree of inteligence. Have you ever played this game of how many eectric motors you havein
your house? 'Y ou know as we went through the trangition from watermills to Seam enginesin
both cases plants had these great big shafts down the middle of the plant and hung belts off of
them to run dl the machinery. The first use of dectric motors was Smply to replace steam
engines that ran the shaft. Then dowly every tool got its own dectric motor, and now, of course,
we just embed an dectric motor in everything. The typica home has hundreds or thousands of
electric motors. | was standing in the shower one day wondering how many computers| had in
my bathroom. | know of at least two and | probably don’t know of some others. Becauseitsthe
cheap way to imbed control into a product. One of the projects | was working on at Virginia
before | took on thisjob. Building abridge is expensve. Ingpecting abridgeis even more
expensive. The rebars and the concrete dowly corrode. Concrete cracks and water seeps in onto
the rebars. So you have to inspect the bridge to make sure the concrete is fill doing its thing.
We were designing a chip that contained a corrosion sensor, a microprocessor, and asmall radio
transceiver. Objective—make it chegp enough that you can put a shove-full in every load of
concrete and Ssmply drive atruck across the bridge with aradio transmitter that asks the bridge
whether it is corroded or not. Everything is going to have intelligence imbedded in it--
everything. If you gart thinking of combining IT with MIMS, the potentid is absolutely
incredible and | haven’t even started talking about nano-technology yet.

And systlems, the third thing | was going to mention with respect to complexity, issmply
the number of components per product has been going up exponentialy and we are sarting to hit
that point of the curve where it redly, redly isgoing to go up fast. That isgoing to imply more
and more kinds of engineering expertise to produce any single product. So, the bottom lineis
that the design space, the number of options that an engineer has, is just going through the roof.

Design under condraint—the design space is going up—I want to argue that the
complexity of the congraint set is going up equaly and rapidly. My father had primarily two
constraints to work under—functiondity and cos—one of those was a fixed point—the machine
had to work, so he was designing againgt one free varigble. Thisis particularly true when you
are building great big machines. 1t doesn’'t matter whether the thing weights 200 |bs or 400 |bs
except to the extent that weight represents additiona cost. Wl if you look at our society now
the congraint set includes safety, rdiability, manufacturability or remanufacturability,
repairability, maintainability, awhole set of ecological concernsthat didn’t exist before,
ergonomic concernsthat didn’t exist before, human interface considerations that we never
thought about before, and many, many morethings. Thelist of congraintsis huge. It isnot only
that, but the optimization function isn't clear. For my Dad, fixed point functiondity—drive the
cost aslow as you can—easy optimization function. Not a al clear what the optimization
function is for things like ecologica concerns. We have time after time found that driving down
the knocks in automohile emissions does not necessarily minimize pollution in places like the
Los Angdesbasin. It isamuch more complicated chemica process. Not only that, but you
don't even know how to measure some of these things. What are the units of ergonomics
suitability? Oh, and by the way, the public seemsto believe that some things are absolutes. No
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degree of environmental impact is acceptable. Thereisno lower bound on what the publicis
willing to accept. So the argument | am trying to make to you is the design space has gotten
much bigger, the condraint st has gotten much bigger, and it' s a different kind of engineering
world than it was for my Dad. Not only that, it is not even clear what condtitutes the best design.
Now let metalk about the possibility of precison. For my Dad, looking back in particular,
| redlize he was avery good engineer. But there was absolutely no way that he could a priori
predict what the exact behavior of hismachinewould be. | mean, it was just a given that you
built a prototype and it might work as intended, but probably it wouldn’t. 'Y ou would probably
wind up having to modifying somethingsinit. That was the whole idea of building prototypes.
Y ou worked with kind of crude orders of magnitude computation. He had alot of knowledge of
prior machines that he drew on, but basically nobody expected the first thing out of the pocket to
work and in fact if the first one didn’t work his boss wasn't upset about that. There was't
someone ganding in line to sue him because of it. But with modern computation, and better and
better models of the physical world, a better and better understanding of the physica world, itis
in fact gpparently possible to be precise. Everybody talks about the Boeing 777, for example, for
which no prototype was built. Thefirst one that was built was the first one that flew and that
was because of the modeding that was done ahead of time. At least in principle it appears
possibleto be precise. Now | would like to claim to you that that is kind of a mixed blessng.
On the one hand it is nice not to have to build a prototype, but it carrieswith it an implied
responsibility. It isnot unreasonable for your boss, your insurer, your customer, the federa
regulator, to believe that the first prototype will work as intended. Now what does that mean?
That means that in the face of this much more complicated design space, much more complicated
congraint s&t, you as an engineer have an implied respongbility to search al of it. To make sure
that the design you come up with is redly the globa optimum in that space. Well, | frankly just
don’t think that is possible. | happen to be a computer guy as| wasintroduced. Can | teach a
little bit of computer science for aminute? | am going to wave my hands so if | bore you forgive
me. You have dl seen programming languages. Y ou dl know they contain classes of
satements. For each one of those classes of statementsit is possible to a priori to specify the
following. Suppose you had alogical expresson which characterized the Sate of the system
after the execution of the statement. It is possible to mechanicaly take that logica expresson
and the statement and produce another logica expression which must have been true in order for
the stlatement to have been executed and to result in the logica expression that follows. If you
have an assgnment x =y + z thenfor any property that was true of x after the statement was
executed that same statement must have been true for the expresson y + z before the statement
was executed. | can do that for every kind of stlatement in the programming language. What that
meansisif you can write down alogica expresson which describes the state that you want to be
true a the end of the execution of aprogram | can completely, mechanicdly, and redly quite
amply back that statement up, that logical expression, one statement at a time through the
program and derive an expression which must be true & the beginning of the execution in order
to get the right thing at the end. W, if that expression a the beginning is atautology, if it's
adwaystrue, then | can absolutely guarantee that the program works right. Possibility of
precison—it is possible to write programs which absolutely are guaranteed to be correct. Or at
least produce the results that you said you wanted. And yet have you ever encountered a
program that was correct? | rather suspect that you haven’'t. Now, why isthat? Well, there are
two things—firg of dl the logicd expresson that you get a the beginning after doing this
backing up is huge and our &bility to prove those to be tautologies is not up to the task. But there
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is something more important than thet. Humanly, we are not able to describe what it means to be
correct. We are not able to write the expression that you want at the end. One of my research
areas—I've had a crazy research career doing lots of different things--- one of them has been
computer security. Within the domain of computer security there are things called cryptographic
protocols. Cryptographic protocols happen to use cryptographic techniques, but they are
intended for things like --- if you got two parties at opposite ends of the communication lines,
each party should be able to verify that the party that they are talking to at the other end iswho
they dlam they are. | want to be sure that | am talking to you, and you want to be sure you are
talking to me. These protocols are often ten line programs. They areredly tiny. They are
something you think you can verify. And in fact people have published proofs of the correctness
of anumber of these protocols which have subsequently been shown to not work. 1n essence
because it is just much harder to describe what congtitutes correctness than you might think. So,
| find this possibility of precision to be (and I'll talk alittle bit more about this |ater) one of the
things that may have the most profound effect on the practice of engineering. We are going to be
expected to be precise in an environment whereit isnot at al clear whether that is an achievable
god.

The fourth thing | talked about was the expanded role of engineersinindudry. | am not
going to say much about this. Everybody has written about or heard and read about teams.
About how indugtrid practice now is very much oriented around marketing people, engineers,
financia people, etc., working together on aproduct. That is an environment in which the
engineer we are training today is not equipped to operate. When | first heard about it, | thought
it was apasing fad. Themore| think about it, the more | redized that that’ s the way engineers
operated through dmogt al of history. The eraof specidization of having an engineering
department that threw designs over atransom is the anomaly. Now whether the particular
management fad of the day on how you do that will persst—no | don’t think so. But the notion |
think isenduring. Gobdization of industry maybe is a specid case of ateam thing. Lots of
people are more expert at thisthan | am, but it seemsto me that this redly underscores the fact
that the engineer who is trained superbly in atechnical sense but does not understand the cultura
and socid issuesin avery broad sense, in amulticultura way, isredly usdess.

Lastly, the pace of changeisitself achange. Just as| came on board for thisjob, the NAE
was conduding a conference talking about life long learning in engineering and somebody et that
conference talked about the haf-life of engineering knowledge. How long doesiit take for half
of what an engineer knows for it to become obsolete? | must admit | quote these numbers dl the
time without ever verifying them just because the dramétic effect isworth it. | won't stand
behind these numbers but what was estimated at that conference was thet it varies by field but
the numbers were talked about varied from 7.5 down to 2.5 years. 1t so happens software
engineering the claim was haf of what you know becomes obsoletein 2.5 years. Frankly, | ama
little uncomfortable withthat kind of one-dimensona characterization, but | think the important
point isthat it has not been part of the engineers culture to fed respongble for their own lifelong
learning and | think that has to change.

| was suppose to be talking about engineering education, and | am now starting to run out
of time. Thereis abunch of stuff that needs to change, curriculum, pedagogy, (I am particularly
sengtive to theissue of diversty), the notion the bacalaurate is the first professiond degree (1
want to go after that one straight on), faculty award system (I want to talk about that), the need
for formdized lifdong learning, preparation for K throughl12 and technologicd literacy in the
generd population. | want to talk alittle bit about al of those and try and ill finish in aout 15
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minutes. Let'stalk about the first professond degree. There isno other profession thet treats
the baccaulaurate as the first professond degree. Whether you are talking about medicine, law,
business, thereis no other profession that treats the bacca aureate as the first professona degree.
And | think, frankly, the fact that we do causes dl kinds of foolishness. | think, frankly, we
misrepresent the Situation to both the students and potential employers. We seem to be perfectly
comfortable with the notion that an employer is going to spend the first couple of years adding to
the education of our products before they are useful. 1t has caused our curriculum to expand to
the order of 135 semester hours as compared with 120. And by the way, that problem is going to
become truly acute when states like my own, Virginia, actudly do what they say they are going

to do, namely mandate that the engineering program be a 120-hour program. We are going to
lose five courses out of the curriculum. Well squeeze out the humanities, liberd arts, which |

think are becoming centrd to what an engineer is going to have to be ableto do. Y ou may not
know this, but engineering is not aprofesson. We may like to talk about it being a profession,
but in atechnica sense the Department of Education defines what is a profession and there are
two propertiesthat a professon must have. Thefirst oneis at least two years post-bacca auregte.
Second, it hasto beon alist. They maintain alist of what are the professons, and enginesring is
not on that lis. My members are quite offended that they are not professionds, but technicaly
they are not.

Curriculum—if you get a bunch of engineers together thereis an oath that we dl recite
which is because we treat the baccaaureate asthe first professond degree. Wha we must doin
the baccdaureate is teach “only the fundamentas’. “Only the fundamentas'—you hear that
recited over and over again. Well, rubber meets the road when you ask the question what are the
fundamentas? And then the mechanicals will tell you something quite different from the civils,
and neither one of them will recognize, for example, they sort of agree, because since WWII the
fundamenta's have included continuous mathematics and physics. Tha much | think everybody
agreeson. But as| sad before engineering is changing. Information technology is going to be
imbedded in everything that engineers produce. And discrete mathematics, not continuous
mathematics, is the underpinning of information technology. | mentioned biologicd materids.
Biology and chemigtry are going to become as fundamenta as continuous mathematics and
physics. And the fact that engineering is donein this more holigtic team-oriented, multinationd
globa context means that there are awhole set of business and cultural issues which are redly
fundamenta to engineering. You can't practice it without. 1f you want to continue to say that
the baccadaureate isthe first professona degree, then you have to agree that some of our
cherished current fundamentas aren’t any more. Or you have to figure out away to teach them
much more efficiently and effectively. | happen to think that continuous mathematics ought to
be done in two semesters, not four, and | think that is possibleto do. But | leavethat to al of
you to figure out how to do. While | am on the subject of curriculum let me come back to the
posshility of precison for just aminute. One of the properties that we seein software systems
and | think you will seein dl enginear systems as they become increasingly complicated are
what are caled immerging properties. The systems behave as specified but they aso have other
properties, other behaviors, that you did not anticipate. The question is how do you engineer
safe, reliable, cost-effective products whose behavior you could not have anticipated ahead of
time. Itisnot that you are alousy engineer, that you did abad job, itsthat you literally could not
have anticipated aheed of time. The complexity of the sysemissuch that it isinfeasible. | think
thereis an opportunity for awhole new class of mathematics frankly. Don't ask me what it
would be. Raisesdl kinds of ethical issues. Ethics has been very important to engineering.
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Engineers very much like physidans -- first do no harm. We spend alot of time teaching
engineers how to over-design their systems so that they tend to not fail or if they fall, fail safe.
How do you cope with the ethics of not knowing what the behavior, what the immerging
properties, of asystem will be? | don’t know. Letstalk about faculty awards for just aminute.
And | don’'t mean the teaching versus research debate. | happen to be one of those people who
believes that mogt of the time research and teaching compliment each other. Most of the people
who | know who are good researchers are dso good teachers. Good people aregood. There are
the outliers. But | think we have another problem. Remember | said | believe what engineers do
isdesgn under condraint. | happen to think that engineering is an incredibly cregtive activity.
Something we don't advertise very well. Inmy heart, | believe (I don't have timefor this
otherwise | would tell you a persond story about why | fed like this) that engineering is one of
the mogt creetive of human activities. If you stipulate that for just aminute, can you think of any
other crestive activity, on campus, where you don't expect the faculty to practice, to perform that
cregtive activity. The Art Department doesn’t promote or tenure anybody who doesn't practice
their art. Think about the Music Department. Or even think about the other professonslike law
and medicine. If you go to medica school, you go on grand rounds with the faculty who is
practicing hisher professon. Engineering isthe only creetive activity that | can think of where,
infact, the faculty are actively discouraged from practicing the professon. And what we wound
up with—you know the criteriathat we apply for promotion tenure in universities is essentialy
derived from the Science Departments. It's research, publication, getting grants, and youd better
teach pretty wdl too. But, practicing the profession counts for nothing and probably counts
agang you because it detracts from other things. | actualy had a Dean (I won't say where) who
would not let one of my faculty take asabbatica in indusiry. Hisimage was that there was
nothing to be learned from industrid experience and in fact somehow those industria people
were just going to suck out his brains and take out everything he knew. Wdl, | cantdl you, |
spent dmogt ten years of my life in the private sector and one of the most intellectudly
chdlenging things | have ever donein my life was ddivering product. Itisnot justthat itis
hard, it'sintdlectudly chdlenging. Going back to the curriculum issue for just amoment, |
think one of the things thet is redlly wrong is that we have a curriculum being designed by
faculty members who are not practicing engineers (1 have agreat ded of respect for my
colleagues at the university. They are wonderful engineering scientigts, but very few of them
know anything about what the practice of engineering isdl about.), and so they desgn a
curriculum which is an enginesring-science curriculum, not an engineering-practice curriculum.
I’m going to skip abunch of what | was going to say. Let metak about, however, the
notion of technologicd literacy in the generd public. Before | took thisjob, | was a Professor at
the Univerdity of Virginia As many of you may know, Virginiawas founded by Thomes
Jefferson. What you probably don’'t know, isthat Jefferson did not die, he participates actively
every day in the decison mechanisms of the university. He was very proud of having founded
the university. 1t was one of three things he put on histombstone. He didn’t mention things like
being President of the United States. He founded the university because he believed you could
not have a democracy without having an educationa syssem. Well, | think he would be scared
today because we have acitizenry which is not only ignorant of technology, it is proud of the
fact that it isignorant of technology. Y ou know, | go to acocktall party and someone will ask
mewhat | do and | say | teach computer science and they say, “Oh, | don’t understand that
computer stuff”. Can you imagine asking somebody € se what they did ad they said they werea
Professor of English and you say “Oh, nouns and verbs, | can't ....” Engineering schools don't
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offer technologicd literacy coursesfor liberd ats mgors. Why not? Some knowledge of not
just science and math, but the process that takes that knowledge of nature and convertsit into the
things that profoundly change our qudity of life. Think about what somebody in 1899, the
average person in 1899, lived like. Think about what an average personin 1999 liveslike. All
of the differences are engineer products. In 1899 the average life span was 46. 1n 1999 the
averagelife spanis 76. All of that increase is not due to modern medicine. Itisamos dl dueto
cleaner water and sanitary sewers—public hedth. Engineering!! And yet, Oh, | don’t
understand that computer stuff and | am proud of the fact that | don't. Every person who hasa
libera education ought to be a some level technologicaly literate and it's our responsbility to
provide the opportunity for that to hgppen. It isno good to point our finger and say “You
English Professor ought to be technologicdly literate’ if there is no mechanism for them to do
that.

| have tried to indicate to you that | think that the practice of engineering isgoing to
change tremendoudy and that implies that the education of engineers needs to change
tremendoudy. | lovethis quote, but | don't do it wel: Wayne Gretzky, probably the best hockey
player that ever lived, talked about the fact that he doesn’t skate to where the puck is, he skates
to where the puck will be. I'm afraid that engineering education is skating to where the puck
was.
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