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_ _ o he most important professional n 1 October, 1997, President
IT's reengineering activity is goals of MIT’s faculty, in order est announced a major
delivering another triumph of of their importance, are: to be a restructuring of the Office of

innovationinits unerring questgood teacher, engage in research, andthe Dean for Undergraduate Education

to bring greater efficiency to ouragood colleague, accordingtothe resulésd Student Affairs. Before that date,
community. It is now possible, with thepf the 1995 Higher Education Researcbffices directly concerned with student
knowledge of the MIT administration, |nstitute (HERI) Faculty Survey. services had been separated into three
to purchase Dell laptop computers at a pistributed to 951 MIT faculty in the reporting lines:
special price to MIT and MIT affiliates. fa|| of 1995 with a second mailing sent 1. The existing dean’s office, reporting
The special price is between 10-1% non-responders in the spring of 19960 Provost Joel Moses: this included
percent above the street price. Thisas of this May 337 faculty had returnecentral Administration, Undergraduate
bargain was explainedto me in abrilliangyryeys to HERI. The responses cam&cademic Affairs, Residence and
explication of the market process b¥rom 290 men and 47 women. ThiCampus Activities, Counseling and
MIT's Program Manager for Re-represents a 35% return for the tot&upport Services, and the Office of
engineering and Vice President fofaculty and a 37% return for womerMinority Education.
Information Systems, Prof. Jim Bruce: faculty. 2. Two offices responsible for

...it appears to me that much of your The four most important/essentiabperations in residential and campus
concern has to do with differencepersonal goals of our faculty are: tdife, reporting to Senior Vice President
between the model you have for hoyecome authorities in their own fieldsBill Dickson: Housing and Food Services
computers are sold and how theajse a family, obtain recognition fromand Campus Activities Complex.
marketplace actually works. Far fromtheir colleagues, and develop a 3. Offices dealing primarily with
being monolithic and having only asinglgyhilosophy of life. Raising a family isstudent financial and academic
way to sell each product, each computggss important to the female faculty thamformation, reporting to Vice President
company sells through many differenghe male and developing a philosophy ior Administration Jim Culliton:
sales channels...This often leads tssimportanttothe menthanthe womeAdmissions, Bursar, Career Services and
discontinuities in the market where one The faculty perceive that the issue®reprofessional Advising, Registrar,
product will be available in only onethat are the highest priority at MIT areStudent Financial Aid, and Student
sales channel, or where very similaghe promotion of intellectual devel-Information (MITSIS), as well as
products will have different prices ingpment, enhancement of MIT’s nationahthletics.
different channels. image, and hiring faculty “stars.” (Continued on Page 5)

(Continued on Page 3) (Continued on Page 18)

Integrating Biomedical Science into the Engineering
Curricula: Two Perspectives — Pages 6 & 7
Teach Talk — Page 8

Also: Outgoing Mail Service Explained;
Classroom Videotaping; M.I.T. Numbers

Contents — Page 2

g# Printed On Recycled Paper



MIT Faculty Newsletter

Vol. IX No. 2

MIT Faculty Newsletter

Editorial Board

*Stephan L. Chorover
(Brain & Cognitive Sciences)
Nazli Choucri

(Political Science)

*Ernst G. Frankel

(Ocean Engineering)
*Kristina E. Hill

(Urban Studies & Planning)
Jean E. Jackson
(Anthropology)

Gordon Kaufman
(Management Science & Statistics)
Daniel S. Kemp

(Chemistry)

Jonathan King

(Biology)

Lawrence M. Lidsky
(Nuclear Engineering)
Stephen J. Lippard
(Chemistry)

Fred Moavenzadeh
(CivilEngineering)

Michael A. Rappa
(Management)

Merritt Roe Smith

(Science, Technology, & Society)
David Thorburn

(Literature)

*Editorial Committee for this issue.

David Lewis
Managing Editor

Address: MIT Faculty Newsletter, MIT Bldg. 38-160
Cambridge, MA 02139; (617) 253-7303.

E-Mail: fnl@athena.mit.edu.

FAX: 617-253-0458

Subscriptions: $15/year On-Campus
$20/year Off-Campus

Contents

Annals of Reengineering
A Dell of a Deal 1

Faculty Survey Results Offer Some Surprises

Restructured Dean's Office Prepares

for the Future 1

Outgoing Mail Service Explained
Classroom Videotape Consulting

Multidisciplinary Education and HST:
A Nexus for Health Sciences and Technology

A Modest Proposal for Biomedical
Engineering Education

Teach Talk
When Students Learn 8
M.L.T. Numbers 20

Oy

Avuthors

Lori Breslowis Lecturer, School of Management.
Martha Gray is Associate Professor of Medical
and Electrical Engineering; Interim Co-Director
of HST.

Linda G. Griffith-Cima is Associate Professor
of Chemical Engineering.

Theodore A. Postol is Professor of Science,
Technology, and National Security Policy.
Lydia Snover is Senior Planning Officer for
Institutional Research.

Rosalind H. Williams is Dean for Undergraduate
Education.




MIT Faculty Newsletter October/November 1996

Annals of Reengineering

A Dell of a Deal
Postol, from Page 1

As a re-engineered member of thedelivering to the MIT community — yetthe following dazzling running
MIT community | decided tee-test the anotherDell of a Deal! commentary, which Mr. Rowe was good
implications for MIT purchasers of This recent experience, of course, hanough to put in writing to me, and in
Professor Brucetg-engineered conceptnot been the first Dell of a Deal | havecopy to his collaborating reengineer,
of “market model,” and his concept ofgotten with the aid of MIT’s highly oiled Prof. Bruce:
different “sales channels.” and reengineered administration. In Dell Marketing is the sales arm that

Reengineering an experiment deriveBtebruary of this year, | attempted to calieals with educational, government and
from an earlier incident with Dell, | Dell's shenanigans to the attention offiealth care customers. Dell Directis the
asked an individual from MIT to phoneBarry Rowe, MIT’s director of mail order part of their business which
Dell’'s educational marketing divisionPurchasing, who | naively thoughtwouldieals with individuals.
and attempt to obtain a price quote for e an avid supporter of Reengineering, [MIT has] a “reseller agreement” ...
notebook computer advertised in thand would thereby jump at the chance twith Dell (Marketing)...which was used
1996 Septembd?C-Worldfor $2,699. make our community a yet more finelyoy the MIT Computer Connection for
The price quote to the MIT purchaser fohoned engine of economic progress. Ahe purchase, markup (to offset
this computer was a whopping $3,526that time | had received a price quotexpenses), and sale of Dell computers to
In this price quote, a $259 PCMCIAfrom Dell of $3,629 for a machine thatnstitute departments and labs and
modem card was added to the quote amhs at the same time being advertised @ersonally to faculty, staff, and students.
listed with other items at a cost of $0.0Mell’s bulletin board for $400 less thar[Note: The machine that | purchased ata
The quote also listed at no charge ahe “special” price to MIT. When | asked“street price” of $2,630 was at the same
item described as a “3 Year Limitedhe Dell representative about the priceme being offered by the MIT Computer
Warranty with years 2&3 NBD Partsdiscrepancy, she explained that | waSonnection (MCC) for $3,175. The
and Delivery.” This item added a hidderimixing up apples and oranges.” MCC machine had a larger hard drive
charge of between $250 and $300 to theAlthough | was humbled by the(1.3 GB rather than 810 MB), which
purchase price that the customer was nkihowledge that | had no idea whataccording to Dell’s published price
informed about. However, even withReengineeringis, | nevertheless felt thachedule results in a price adjustment of
this information obtained from otherl had climbed far enough out of thes200. Thus the “special” price to MIT
sources, the math still did not add up!primordial sludge to be able to understanoffered by the MCC is $2975 for the

I continued the experiment bythe difference between apples andame machine | purchased without
obtaining more than a half dozeroranges. So | persisted in seeking aaffiliation for $2,630.]
additional quotes using differentexplanation of the subtle secrets of life; ...Dell’'s policy [is] to extend Dell
individuals. Allthe resulting price quotesthe secrets that could explain th®irect pricing to Dell Marketing
were in excess of the magazinedifference between the birds, the beesustomers if the buyer and/or the Dell
advertised street price. At the end of thihe millipedes, megalosours, and, dflarketing sales representative [is]
process, |, who have no idea whatourse, the $400 price discrepancyware of a Dell Direct advertised price
Reengineering is about, personallynfortunately, the Dell representativehat [is] lower than Dell Marketing
phoned Dell and asked them explicithcould not provide an explanation thapricing less educational discount of 2%.
for a price on the “bare” advertisedmy simple un-reengineered mind couldf Dell Direct pricing [is] lower it would
computer. The quote | received for thgrasp. notthen be subjectto the 2% educational
computer was for $2,798. Minutes after Hat in hand, and seeking the greatetiscount.
obtaining the special “Dell Deal” for wisdom of a reengineer, | turned to Dell Marketing and Dell Direct are
MIT, a colleague made a phone call a!IT's head of Purchasing for help. Afterseparate corporations with separate
my request to Dell Direct, th@ublic a good bit of foot-dragging on Mr.pricing strategies. Dell Direct prices
marketing arm of Dell, and exactly theRowe’s part, followed by a good bit ofare not automatically provided to Dell
same computer was purchased fdoot-prodding on my part, a reluctanMarketing. However, Dell Marketing
$2,630. Thus, it seems that the steadyir. Rowe claimed that he had lookedales representatives are encouraged to
hand and vision of Reengineering isnto the matter. This claim culminated irbe aware of Dell Direct advertised
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Annals of Reengineering

A Dell of a Deal
Postol, from preceding page

pricing. This is not a fool proof parts only NBD warranty at a cost of Based on all of the above ... | consider
arrangement and Dell Direct pricing is$199 for the XPi, which the customebell’'s explanations reasonable, though
capable of frequent and rapid changecan buy or not. not to my liking. | would prefer an
Sales to the Government are handled Dell Marketing’s written quote arrangement where Dell Direct bundle
in the same manner by this division(#6912104) of 2/8/96, for $3,629pricing was automatically transmitted
although the Government probably hagcluding discount for a XPi 120 withto Dell Marketing. However, [MIT
GSA discount arrangements which.2 GB and one year standard no cogturchasingis] notin a position to dictate
provide deeper discounts probably irwarranty and second and third yeahow Dell runs its businesses.
the range of the discounts which the MIparts only NBD warranty was from Dell's  I'm sorry, but | will be retired by the
Computer Connection gets. Howevestandard price lists and was not correcttime you receive this....
for certain deeply discounted Dell DirectA bundled price for the XPi 120 was If anyone understands Mr. Rowe’s
“bundles” which the sales rep is notavailable, but was not extended to yoaxplanation, please call me at extension
aware of, | suspect the Government pay®cause of an oversight on the part &-8077.
the higher price. the sales rep or because she was notAnyone wishing a copy of the quoted
In your case you were aware of aware of the bundle price. In that thecorrespondence and the materials
lower advertised price, but your salezost of the second and third yearseferred to in this column, including
rep was not. Evidently you did not infornwarranty was included in the sell pricethe numerous inflated price quotes to
her of this as she quoted higher prices tas indicated on Dell’s price list, the $.00MIT, please call my secretary, Lynne
you for the XPi 120 and 75 on February 8ndicated on the quote for this featurd_evine, at extension 3-0133. Anyone
Dell Marketing standard pricing should be interpreted as “no additionalwishing to discuss the matter with me
includes one year standard no costharge.” directly can call me at my office,
warranty and second and third year *hx 3-80770

Outgoing Mail Service Explained

ollowing is an excerpt from a memo byServices) or simply with a sheet of paper indi- One small caveat about the early pickup
Mail Services Manager Peggy Guyecating your department and account number— because the presort vendor turns the mail
(x3-6000; pguyer@mit.edu) distributed at We pick up the outbound mail startingover to the Postal Service after midnight,
the beginning of the semester. around 2:30 in the afternoon. We pick upve postmark our “presort” mail for the
In order to clear up any misunder-again around 5:15 pm. ALL OUTBOUNDfollowing business day. So if you have a
standings, | thought all of you might like taMAIL IS SENT OUT THE SAME DAY IT ISetter that for legal reasons *must* be
hear what the procedures are for havingsIVEN TO MAIL SERVICES. postmarked today, please flag it with a post-
your outbound mail handled by Mail We are encouraging you — strongly! — tat note and we will meter with today’s
Services. It's actually a pretty simple systengive your mail to us for that earlier pickuppostmark and give it to the U.S. Postal
First, we are taking the outbound mail onif at all possible, because that is mail thaBervice directly.
incrementally, as we add Distributed Mailwe process and then send out to be barcodedYour department will be charged postage
Centers, and as departments’ postage metand sorted by ZIP, before it is given to then a monthly journal voucher. We can
leases expire.... Postal Service that night. This mail not onlsupply details of exactly how many pieces of
The procedure is as follows: saves the Institute postage, it moves muahail sent, at what price, by date, on request
The departments sending out their maflaster once it hits the Postal Service. Maibut, please, only if you think have a severe
deposit it, unstamped, in a box designateithat we get at the later pickup is posted gtroblem. Those reports are humongous! Of
either “US Mail to be Processed” or “Int’l full rate and not sorted. So if you haveourse, we can't tell you where each letter
(international) Mail to be Processed.” Thesomething to mail in the late afternoon, andvent — we meter far too many to keep track
mail should be bundled either with ait is not crucial that it be in the mail that of that!...[J
laminated barcode card (supplied by Mailhight, give it to us the next morning.
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Restructured Dean's Office

Prepares for the Future
Williams, from Page 1

Upon the death of Vice PresidenOne of the major principles ofimpels us to view all these activities
Culliton last spring, it was necessary t&keengineering is to analyze work byhrough a common lens, that of
reconsider the administrative home ogprocesses rather than by offices. At MITeducation.
offices that had reported to himexisting organizational boundaries To turn this vision of integration into
Moreover, there were compelling reasorsometimes made it difficult to reorganizex robust administrative unit will take
to consider a larger reorganization oftudent services in this way. Thesome time. While all of us in the new
student services at that time. consolidation of reporting lines wasoffice will be involved in this, a central

First, the committee chaired by Linnan obvious way to speed up andole will be played by the new director of
Hobbs that had conducted the search feimplify the work of the ReengineeringAdministration and Operations, Steve
Dean Arthur Smith’s successor hadeams. Immerman. Integration will happen more
undertaken a deep, serious review of theCertainly a primary purpose of thisquickly if the “new dean’s office” is not
dean’s office. In the spring of 1995, thenew organization is to provide morahought of as an “old office” core around
Hobbs Committee recommended thatfficient, effective delivery of serviceswhich some new offices are now
the two major wings of the dean’s officao students and faculty alike. Anotheclustered. Instead, we have to think of a
— academic support, and support fdsenefit, while more subtle, is at least asuly new office, one organized around
residential and campus life — be moremportant. Now that a wide variety ofoverarching processes: the flow of
clearly distinguished, so that longeractivities have been brought togethestudent information, the sequence of
range academic issues would not b@to a common administrativeacademicexperiences, and the provision
forced into the background under théramework, all of us at MIT becomeof residential and campus opportunities
inevitable pressures of shorter-terrmore aware of their common purpose: tthat are educational in the broadest sense.
events. More particularly, the Hobbsnhance the overall educational In fact, we do not yet have a new
Committee recommended a “two-deanéxperience of MIT students. In its verydean’s office; we have only aframework
model: a Dean for Student Life reportinggexistence, the new organizatiorior establishing new connections and
to a Dean for Undergraduate Educatiorarticulates the message of a shareew ways of working. Building on this
Each dean, the committee advisedkducational mission. Where students edtamework will not be easy, but at MIT
should be accorded more authority andhere they sleep and study, how thewe pride ourselves on our inventiveness
resources through the consolidation ahake arrangements for events and and one of our most significant
fragmented reporting lines. activities, how they get advice abouinventions has been MIT itself. This is

Since the Hobbs Committee issued itacademic and career choices, how theyn unparalleled opportunity to create a
report, Student Services Reengineerirfind help when they are in distress, howmew social invention based on shared
has moved forward briskly — which isthey find advice about financial mattersinformation, collaborative working
another reason why it made sense tww they participate in athletics, whahabits, and a common educational
reorganize student services more broadlthey do over IAP —the new dean’s officenission]

Classroom Videotape Consulting

M ost MIT schools and departments professional teaching consultant. extremely valuable in providing

participate in the Classroom This service operates independentlgbjective and constructive observations
Videotape Consulting Program. This freef schools and departments. The tapingf their own teaching.

service, offered through the Teachingnd subsequent review are not used asTo find out more about the MIT

Resource Network (TRN), providespart of any evaluation process. Since thdassroom Videotape Consulting
faculty and other instructors the chancepe belongs to you, you can opt just tBrogram, contact your department
to have one or more of their classese videotaped. However, most facultheadquarters, TRN (x3-9419), or MIT
videotaped, and to review the tape withave found the consultation to bé/ideo Productions (x3-7603).
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Multidisciplinary Education and HST:

A Nexus for Health Sciences and Technology
Martha Gray

someone who died suddenlyuniversities) can be brought to bear odisturbances.

—apparently of a heart attack2ducation and research in an area whichEffective treatment for individuals
Every year, hundreds of thousands a$ fundamentally multidisciplinary. By known to be at risk for sudden death
middle-aged Americans die suddenlgesign, HST has reduced the barriemurrently exists in the form of the
in their homes, cars, or offices fronthat have long compartmentalized thenplantable defibrillator. Until now,
cardiac arrhythmias. In many of theséhree major cultures which potentiallythe problem has been that it has not
cases, sudden death is the very firsbntribute to solving problems inbeen possible to identify reliably the
sign that the individual has any heatbealth: science, engineering, anthdividuals at risk. MIT has licensed
disease at all. Why does this happemffedicine. The experience of Profthe diagnostic technology developed
Can one predict who is most at riskRichard Cohen, in addressing then Prof. Cohen’s laboratory to a (now
What kinds of questions need to bproblem of predicting sudden deathpublic) startup company — Cambridge
answered to get at this problemexemplifiesthe merging ofintellectuaHeart. Having begun with “simple”
What kinds of disciplines shouldresources from ordinarily separatéaboratory questions, anewtechnology
be brought to bear in addressindisciplines. has evolved that has the potential of
these questions? Sudden death in adults, in the vastaving the lives of many thousands of

Health and medical problems likemajority of cases, results from andividuals annually.
this are compelling to us on personalisorganized pattern of electrical Similar scenarios in which research
and intellectual grounds. They attracactivity in the heart — ventricularculminates in having an impact in
faculty and students in a broad array dfbrillation. In Richard Cohen’s medicine could be written about many
classical disciplines. Furthermore, agboratory, M.D. and Ph.D. studentsnembers of the faculty who have
reflected by the fact that health-relatednd research fellows have workeglayed centralrolesin HST. Looked at
expenditures comprise one seventh tdgether applying the disciplines oimost generally, the research areas
the GNP, these are problems that are physiology, physics, mathematicsencompassed by HST faculty and
fundamental importance in our societyengineering, and clinical medicine testudentslie in several broad focus areas:
It is reasonable to presume that MIBRddress two main objectives: to (1) Molecular, Cell, and Tissue
should have a visible presence in thenderstand the underlying electricaintegrative biology: the science of
health sciences, but how does MITnstability giving rise to ventricular understanding how biological systems
marshal its intellectual resources téibrillation and to develop newwork at length scales ranging from
address problems like cardiamoninvasive electrocardiographianolecules, to cells, to organs, to
arrhythmias? Moreover, how does MITtechniques for identifying individualsorganisms and from genetics to
educate its students so that they ae¢ risk. This research started witliunction;
able to addressthese kinds of problems®servations made from finite element (2) Biomedical Engineering and
Health problems are complex andomputer simulations of electricalBBiomedical Physics: the development
difficultto study, letalone solve, withinconduction processes in the hearand use of engineering and scientific
the context of any given traditionalAnimal studies were then conducted tprinciples to understand functionality
department. They require thdestthese observationsexperimentallin living systems and to alter or assist
productive interaction of naturalFinally, human studies were carriedunctionality in living systems;
scientists, engineers, social scientistsut which showed thatthe subtle pattern (3) Imaging Science and Technology:
ethicists, and experts in managemeraf variation in the shape ofthe establishment and use of
in brief, the resources of a universityelectrocardiographic waveformgechnologiesinorderto view biological
The Harvard-MIT Division of Health observed in the computer simulationstructures and processes;

Sciences and Technology (HST) is and animal studies could be detectedin(4) Biomedical Informatics: the
successful model of how the resourceran and appeared to be predictive of (Continued on Page 10)

I I ave you ever known ofof a university (in this case twosusceptibility to lethal heart rhythm
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A Modest Proposal for Biomedical

Engineering Education
Linda G. Griffith-Cima

faculty at MIT in 1991 as anthe students themselves write directlyyithin the School of Engineering and

assistant professor jointlythrough the Internet, to find out aboubetween the School of Engineering
appointed in Chemical Engineering anliomedical engineering at MIT. and School of Science.
HST that | became acutely aware of the The upshot of this tremendous studentFormidable administrative issues
magnitude of unmet undergraduateterest in biomedical engineering isrise hand-in-hand with opportunities
educational needs in biomedicaan urgent pressure on Engineerinfpr enhancing biomedical engineering
engineering. The mechanism wafaculty to address the professionaducational programs at both the
simple: every teriscoresfundergrads development needs of these studentsadergraduate and graduate levels at
called, e-mailed, dropped by, leftnoteMy experiences are definitely nothe interface of engineering with
asking for advice on courses andnique, and my sense of desperationhiblogy. New course development is
applying to graduate school, seekingoping with the magnitude of theessential, especially at the
UROPs, trying to decide whether to gproblem is shared by many other facultyndergraduate level, to synthesize
to medical school or graduate schooliim the School of Engineering whoapproaches from these diverse
engineering, and wondering why therenteract on a daily basis withdisciplines, but no structure exists to
were not more courses in biomedicaindergraduates. provide faculty time necessary for
engineering available for under- A group of faculty from various creating these between departments.
graduates. It was overwhelming. AndEngineering departments began to me€he educational achievements thus far
still is. informally in 1991 to discuss thesenave been made with negligible formal

The number of students interested iissues, and by 1993 this group evolvealdministrative structure or support. (In

biomedical engineering continues tinto an ad hoc interdepartmental fact, the BME Minor is run at present
increase, making the problems eveBiomedical Engineering Curriculumby the Center for Biomedical
more acute. Over 200 freshmen visite@ommittee, with members drawn fromEngineering, which is primarily an
the Biomedical Engineering booth at broad spectrum of departments in theterdepartmental research center, with
Freshman Midway this year, seekingchools of Engineering and Scienceno funding for curriculum develop-
information about biomedicalas well as HST. | have served as canent, faculty time, teaching assistants,
engineering activities on campus andhair of this Committee since 1993laboratory supplies, etc.)
the new Biomedical Engineering Minowith Roger Kamm and Alan The faculty who have been involved
degree. A poll of students in my junior-Grodzinsky alternating as co-chairs. Avith the educational changes
level chemical engineering coursasignificant accomplishment of theaccomplished thus far are hoping for
(10.302) showed that roughly two-Committee has been introduction of administrative changes which will
thirds of the students are interested iinor in Biomedical Engineering asstrengthen MIT’s ability to educate
biological applications of chemicalMIT’s first interdepartmental Minor studentsinbiomedical engineering, and
engineering. Ten percent of the studentiegree. This BME Minor was laudedvhich will allow us to retain a
who received a degree in Chemicdly the Institute curriculum committeesompetitive position with other
Engineering last year double-majoreds providing a standard to which futurénstitutions in the future. This is
in Biology. Students from severalinterdepartmental Minors mustadheresssential because a growing number of
Engineering departments have workeand was approved unanimously in Mayop students are interested in combining
together to start an MIT chapter of th&995 by a vote of the MIT faculty.engineering and biology in their
Biomedical Engineering Society, andMore than 30 students have alreadgyducation, and because a growing
65 students attended the inaugurahrolled in or completed the Minor.proportion of future technology will
meeting last month. Parents of higifthe Committee now additionallyrequire combining these different
school students who are consideringcludes members of the School oflisciplines.
MIT call to find out about MIT's Science (from Biology and Chemistry) (Continued on Page 14)

I t was not long after | joined thebiomedical engineering programs, andnd serves to coordinate BME activities
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TEACH TALK
When Students Learn

Lori Breslow

wrote about some of the excitingdeductively. There are at least a dozevbserving how thousands of students

improvements that have been madsuch classification schemes by whickhroughoutthe world in over 40 different
in physics curricula and the ways ireducational theorists have attempted @isciplines actually go about the process
which physics is taught. Calling physicglefine and categorize students (probabbf learning.
education “a lively field,” Prof. Belcher the most famous of which is the Myers- First put forth by Ference Marton and
described it as an area of inquiry “with 8riggs Type Indicator). EducationalRoger Séalj6 working in Sweden in the
theoretical underpinning based omesearchers who subscribe to this notianid-1970s, deep and surface approaches
general research in education as appliedlearning argue that instructors need tefer to the ways in which students engage
to physics.” Although Prof. Belcher wasadopt teaching styles that are compatibleaterial. They may work with material
writing about his discipline in particular,with the ways their students prefer teuperficially, looking primarily for the
the same thing could be said fotearn. facts they will be tested on or those they
mathematics or engineering education: To the extent that this way of lookingneed to know to get an assignment done.
Throughout the country innovations imt learning reminds us that our studen®r they may work with material on a
curriculaand classroom practice aboundye not a single mass, and that teachimgore complex level, trying to integrate
fueled, in part, by what we know abouts an interactive process that must takie with other things they know so that
how students learn. This “Teach Talk'Into accountthe characteristicsand neetlseir knowledge of a specific
expands upon Prof. Belcher’s article tof those on the other side of the podiunphenomenon, process, or idea becomes
describe in more detail importanitis a good thing. To the extent that thanore sophisticated and expert. The
research into learning styles, and whatnderstanding leads us to develop ardistinction is not, these researchers
that research can tell us about how wese a variety of techniques in thexplain, between learning just the facts
can improve the way we teach. classroom — lectures with visual aidspr learning higher level concepts. The

Learning Styles: Should You small-group discussions, demondifference is between learning the facts

Draw Pictures for an Extrovert? strations, hands-on activities — the ideim an unconnected, disorganized way for
The basic premise behind the mogif learning styles also makes a valuabla narrowly defined purpose, or learning

common notion of learning styles is thatontribution to our teaching. But as withthe facts in relation to concepts so that
individual students have definiteother attempts to put complex humannderstanding is broadened. As
preferences in the way they learn; itbeings into simple categories, this wayesearcher Paul Ramsden writes in
other words in any given classroomofthinking about how students learn hakearning to Teach in Higher Education,

I nthelast“Teach Talk,” JohnBelchepresented to them inductively oithat comes from 20 years of research

different students will have a variety ofits shortcomings. “Surface is, at best, about quantity
ways of receiving and processing  Another Approach: “Deep” without quality; deep is about quality
information that are particularly and “Surface” Learning and quantity.”

comfortable and natural for them. There is, however, another stream of The idea of deep and surface learning
Students may differ, for example, iresearch on learning that | believés applicable to all disciplines, but the
whether they prefer to get theircontributes even more to oudistinctiondoeshave differentmeanings
information through visual or auditoryunderstanding of what happens to oun various fields. In more technical
channels; whether they are more likelgtudents inthe classroom (not to mentiosubjects, a deep approach is defined — at
to process information actively bythe library, the lab, and the dorm) as thelgastinitially —as a narrow concentration
working with their hands or reflectively grapple with the material we want thenon details, but also an understanding of
through introspection; or whether theyo know. This is the notion of “deep” andogical connections. As a mechanical
comprehend ideas better if material issurface” approachestolearning, atheory (Continued on next page)



MIT Faculty Newsletter October/November 1996

When Students Learn
Breslow, from preceding page

engineering undergraduate recentlgreference, habit, or personality, but, ahought she/he wanted. Yet Ramsden
explained in describing a course inwhiclRhem points out, “[approaches] varyinderscores that “it's not so much the
he was obviously learning in a profoundnore inresponse to a student’s percepti@mecific teaching and assessment
way, “Before | was plugging numbersof particular contexts and the intentioomethods you use that make the difference
into formulae. Now | understand bettethe student forms as a result.” ...but the ways your students perceive
how things fit together — how the How Our Teaching Can Benefit them. The key to understanding
calculations | do make sense in the lab, The last question, then, is what is iapproaches,” he continues, “is that they
and how that works with the conceptabout the way we structure our studentsrise from the studentperceptionsof
we’ve been studying in class.” “learning environment” (a phrase thatishe teacher’s requirements.” [italics
It's important to realize that somemeant to encompass not only amine]
students aren’t “surface learners” whiléndividual course, but departmental and Finally, then, what techniques can we
others are “deep learners.” Ratheigampus climates, as well as curriculumse — what signals can we give — to
students move back and forth betweethesign) that encourages deep or surfaeacourage deeper learning? Five ideas
these two kinds of learning (or probablyearning. are suggested:
more realistically, they move along a Students take a surface approach tos Tothe extent possible, give students
continuum defined by these twdearning, the research says, when:  some choice in the content of the course
extremes) learning contentinarelatively ¢ There's too much material in theand the method of study;
more deep or relatively more surfaceurriculum as a whole and/or course in ¢ Demonstrate your own commitment
way at different times. But if it's true particular; to the subject matter and stress how it is
that approaches to learning aren’t « The messages about how a studerglevant to the student;
something intrinsic to students buts rewarded in the course aren’t clear; ¢ Connect new ideas to the students’
instead chosen selectively, then the nexte Feedback on progress isn't givemprior experience and existing knowledge;
logical question is, what motivates studenfsequently enough or is of poor quality; ¢ Use teaching methods that
to select one approach over the other? ¢ Opportunities for independentencourage “active learning” with students

In order to answer that questionlearning aren’t present; doing things with and learning from one
Marton, Saljo, Ramsden, and otherswente Methods of assessment stresanother;
back to the field. As James Rhenmsurface learning. * Find ways to assess students that

executive editor of the National Teaching Of all of the above, the experts poingive them the opportunity to be actively
and Learning Forum, explains, “Theyout that evaluation may be the mostngaged with the material.

approached students, observed theirucial variable. Instructors need to While there’s no doubt that some of
actions, and listened very carefully adecide for themselves what level othese techniques can be labor intensive
they described how they actually wenunderstanding they want students tand time consuming to develop, others
about studying in particular situations.’achieve (this can vary as different partare fairly easy to implement (e.g., being
And that work yielded in some ways af any one course may demand differemxplicit with students about your
not-so-surprising result: Students makkinds of comprehension) and desigexpectations and objectives). And the
decisions about how well they are goingnethods of assessment that will leatesearch indicates thatthe payoffisthere.
to learn something from cues in theistudents in the right direction. (Interestingly, students themselves report
environment. To put it simply, students Yetthe experts also acknowledge thdtigher levels of satisfaction when they
make decisions about how they wilfostering deep learning is no easy matteuse deeper approaches in their studies.)
approach learning tasks quitd=or example, they describe severderhaps, then, the important thing to
pragmatically by assessing what will b@xperiments in which the instructokknow about student learning is that it
expected of them in any given situatiothought he/she had created assessmecas be profoundly affected by the
and then trying to fulfill those that asked the students to go beyonelationship between you and your
expectations. It is true, these theorist®ere repetition of facts only to discovestudents and by the messages you give
say, that how students learn will vary tahat students still found ways of providinghem about the ways they are to learn
some degree according to persondlhe instructor with the answer theyrom youl
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archiving, analyzing, and disseminatiomtended for students who desire aharacterofthe programisreflected by
of biomedical information; and career in the area of health sciencébe range of research projects
(5) Clinical Sciences: epidemio-that builds on their engineering andindertaken by students and faculty and
logical risk and disease assessmethysical sciences background. These the program’s core curriculum.
and the development and evaluation students complete a fairly typical » The Radiological Sciences Joint
therapeutic and diagnostic toolsdoctoral program with the following Program is a joint doctoral program
Together, these areas form thenportant addition: They takewith MIT’s Nuclear Engineering
foundation of efforts by HST faculty preclinical courses withthe HST-M.D.Department. These students complete
and students to solve health-relatestudents, and then participate in thregfairly typical doctoral program within
problems. Clearly there is much overlaplinical experiences: introduction tothe Nuclear Engineering Department,
among these areas. Moreover, thereginical medicine, where they learn hovbut have in addition, a focused clinical
considerable overlap with theto take a history and physicakexperience composed of three basic
“classical” disciplines represented byxamination, etc.; medicine clerkshipbiomedical courses and a one-month
departmental unitdndeed, with few
exceptions, all of HST’s approximately
200 faculty members have primary
appointments in a “classical” depart]| Indeed, withfew exceptions, all of HST's approximately
ment at either MIT or HarvardThe || 200 faculty members have primary appointmentsin a
unifying theme, though, is that thq| “classical” department at either MIT or Harvard. The
fundamental objective of the researc]| ynifying theme, though, is that the fundamental
ﬁ”dlehducat'on 'Sbt‘? ha"ﬁ animpactofl gpjective ofthe research and education is to have an
eatth care, to bring the science of ;) hact on health care, to bring the science or

engineering “from bench-to-bedside.” . . u S
While the intellectual richness of thd| €ngineering “from bench-to-bedside.

five areas listed above is part of th
fabric of HST, the human and physical
resources are deployed broadly acrossere they serve as medical studentéinical practicum. The research and
the Harvard and MIT communitiesin a hospital medical unit; andeducation of radiological sciences
Probably the most important “glue”preceptorship, where they go in-depthtudents typically revolves around
which holds the fabric together is thento an area of their choice that is at aradiation therapy orimaging (including
students. There are roughly 32terface of clinical medicine. magnetic resonance imaging,
students currently enrolled in HST’s ¢ The Speech and Hearing Sciencemputer-aided tomography, positron
educational programs. Although thesdoctoral program was recentlyemission tomography, and single
programs lead to different types ofnaugurated through the efforts of itphoton emission tomography).
degrees (some conferred by Harvardpunder, Prof. Nelson Kiang, and a ¢ The Medical Informatics Program
some by MIT) there is a commomumber of faculty at Harvard and MIT is a collective effort of about 30 faculty
philosophy that permeates all program3he only program of its type in thefrom the Harvard and MIT
All, by design, integrate informationcountry (and the only training prograncommunities who provide graduate and
from severalfields in avery substantivéunded in this area by NIH) it seeks tpostgraduate research training
way and attempt to use to the begirepare its students to be leadingpportunities. Three primary areas of
advantage the complimentary resourcessearch scientists who can applgtudy include: informatics as related to
of both institutions. quantitative and biological methods ttnealth and health care delivery (e.qg.,
 The Medical Engineering andproblems relating to speech andlinicalinformation structures, decision
Medical Physics (MEMP) program ishearing. The highly multidisciplinary (Continued on next page)
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making, etc.), biomedical science The cross-cultural and crossis of fundamental importance to areas
(modeling and simulation, data banksnstitutional mix of students and facultyranging from tissue engineering to
etc.), and imaging (e.g., acquisitionassociated with the degree-grantingnplant design. One of the modules
processing, correlative imaging, etc.)educational programs is, nodemonstrates this idea using the
* The Medical Sciences (M.D.)surprisingly, also evident in theexample of endovascular stainless steel
program is oriented towards studentslassroom teaching by HST facultystents (meshed tubes expanded inside
who have a background in thenembers in both HST and non-HS®R blood vessel and left in place to
guantitative sciences (40 percent hawurses. For example, in the coursmaintainluminal patency). These stents
degreesinengineering or physics, mosttitled “Physiology of the Ear,” oneinevitably induce damage of the vessel
ofthe othersin biology and chemistry)of the core courses in the Speech andhll, but this damage is minimized if
Inthe preclinical curriculum, taught byHearing Sciences Program taught bihe stents become coated with cells. To
Harvard and MIT faculty, students ard’rof. Dennis Freeman (MIT) and Drillustrate the design and biological
expected to develop some under-
standing of the scientific andy

engineering underpinnings of norma - -
and abnormal human physiology anj Throughout its 25-year existence, HST has been an

clinical medicine. All students engag unusual enterprise. At the outset, the organizational
inresearch (an experience which ofté Sl'rUCfUI'e “brOke ihe mOId" Of the fradiﬁondl
includes a year of full-time researchj| department-centered approachin orderto optimally
and 3+ years of part-time research]| fosteraninterdisciplinary and collaborative approach
30-40 percentof them ulimately pursull  to both research and education. The paradigm of HST
aPh.D.degree. (Students pursuingbq| hq5 demonstrated that a multidisciplinary approach

degrees are automaticallyinthe"M.D| o, e qycation can be enormously successful.
Ph.D. program.”)

» TheCClinical Investigator Training
Program is devoted to the training of
post-doctoral physicians fromavarietyl. Charles Liberman (Harvard),issues, the students examined how the
of clinical disciplinesin the techniquesstudents use approaches ranging frosarface composition and roughness of
and processes used in patient-orientedoustics and hydrodynamics to ththe stainless steel corresponded with
research. The specific curriculunbiology of synaptic transmission, tathe ability of cells to adhere to the
allows trainees to develop expertise isxamine experimental observationsurface.
the performance of clinical investi-develop and analyze quantitative The impact of these educational
gation while taking courses coveringnodels, and assess clinical relevancgprograms and teaching efforts is, of
computational and statistical science$or example the efficacy of cochlearcourse, difficult to measure. But, by
biomedical ethics, principles of clinicalimplants. typical metrics, they have been
pharmacology,in vitro and in vivo  Prof. Elazer Edelman’s efforts inoutstanding successes. The M.D. and
measurement techniques, and aspectgating ateaching laboratory fortissUMEMP programs have been in
of the drug development process. Thisngineering and in developing modulesxistence for enough years to allow an
is the fourth year of the progranfor an undergraduate biomaterialassessment of outcomes. They each
developed by Professors Robert Rubicourse (3.081) provides an example dfegin with a highly selective
and Alan Moses, and funded by athe infusion of biomedical conceptsadmissions process (<10 percent of
unrestricted grant from Pfizer, Inc. Theénto the teaching of engineeringapplicants are admitted to each
home base for this program at MIT istudents. The interface between livingrogram). MEMP graduates have been
in HST’s Clinical Research Center. cells and a natural or artificial material (Continued on next page)
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Vignettes of HST Graduates

* Ed Cheal[MEMP, 1986], presently the director of Research and Development in the implant division at Johpson &
Johnson Professional, Inc., manages the development of orthopaedic prostheses — a job which requires collabpration :
coordination among a team of engineers and orthopaedic surgeons. His Ph.D. and post graduate research congentrate
the biological response of bone to an orthopaedic implant and the role of mechanical and material interface factors |
eliciting that response.
e Dennis Choi[M.D., 1978] is chairman of the Department of Neurology at Washington University, St. Louis, and is the
leading authority on the excitotoxic action of glutamic acid in injury to the central nervous system.
e Gilbert Chu[M.D., 1980] is associate professor in the Departments of Medicine and Biochemistry at Stanfdqrd. His
researchis concerned with how cells recognize and respond to damaged DNA and the roles of proteins that bind tp damac
DNA in the repair and recombination of the nucleic acids, important issues in carcinogenesis.
» David Ho[M.D., 1978] is a professor of Medicine at New York University and the head of the Aaron Diamond Eenter
for AIDS Research. He is an international leader in HIV virology.
« Karen Hsiao[M.D., 1982] is associate professor of Neurology at the University of Minnesota. She has mad¢ major
contributions in several areas. She recently reported the development of transgenic mice overexpressing amyldid prote
associated with pathologic and biochemical abnormalities similar to those seen in human Alzheimer’s diseasg.
e Bruce Rosena graduate of both the HST MEMP and HST M.D. programs [1984] is currently director of the]NMR
Imaging Center at Massachusetts General Hospital. He is well known for his contributions in the area of “furjctional”
imaging — that is, magnetic resonance images of the brain in which areas having some functional activity (e.p., visus
cortex) are highlighted by virtue of the fact they receive increased blood flow.
e Mark Salzman[MEMP 1987] recently moved from his position as a full professor at Johns Hopkins University fo play
a leading role in the development of a Ph.D. program in Biomedical Engineering at Cornell University. He hps done
groundbreaking work in the area of drug delivery and tissue engineering. Recent examples include the use of polymer
drug delivery systems to administer drugs and natural biomolecules to specific organ sites to treat diseases such as b
tumors and neurodegenerative diseases, and to deliver vaccines for reproductive health.
e Cynthia Sung[MEMP, 1988] a member of senior staff of the Biomedical Engineering Program at NIH, has deviloped
analytical and experimental models to address problems in effective delivery and clearance of therapeutic agefts usec
oncology. She has made major contributions to the planning and effective implementation of clinical trials|of new
chemotherapeutic agents with emphasis on brain and micrometastatic disease.
» Jose VenegafMEMP, 1984] is an associate professor of Anesthesia and Bioengineering at Massachusetts|Genere
Hospital and has made many major contributions in pulmonary medicine, including developing a theoretical undefstandin
of high-frequency ventilation techniques, and pioneering novel positron emission methods for evaluating the cooydinatio
of blood and gas flow in the lung. These techniques are being utilized in understanding and optimizing gas ¢xchanc
associated with novel respiration therapies such as partial liquid and nitric oxide ventilation.
» Michael Weisss professor of Medicine and of Biochemistry at the University of Chicago where he is a principal njember
of the Center for Molecular Oncology.
» George Wodickaa MEMP graduate [1989] who is now an associate professor of Electrical Engineering at Purglue, has
had an active research program using sonic techniques to solve clinical problems. His projects range from deyeloping
basic science understanding of the mechanisms responsible for breath sounds (generally heard through a steToscope
using this information for sleep apnea diagnosis and in the development of a patented approach to positigning ar
monitoring the patency of neonatal endotracheal tubes. Professor Wodicka was recently appointed a chair offtheir ne
Biomedical Engineering graduate program, which built on a model of HST, and is a joint effort of two universities [Purdue
and Indiana University Medical and Dental Schools).
e Four HST graduates populate the ranks of MIT facRighard CohenHST],Elazer EdelmarfHST, Department off
Medicine Brigham and Women’s Hospitaljartha Gray [HST, EECS], andavid Page[Biology].
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very successful in winning theMIT School of Health Sciences andinusual organizational structures —
prestigious NSF PYI/NYI/CAREER Technology to foster the developmenparticularly as they relate to education
awards (7 out of 25 given nationwideof health-related programs ofof students. The pressure to conform
in biomedical engineering in the last @ducation, research, and servicg.g., to make the M.D. program look
years) and in garnering facultybetween the institutions. Based on thi&ke other M.D. programs, or to make
positions. Of the 42 MEMP graduatesuccess of the first seven years, the engineering activities more
who have been out more than 5 yeargpverning boards of the twodepartment centered, or to ask would
atleast 12 are in positions of leadershipniversities decided to proceed witlhis student or faculty “make it” in a
About half of the MEMP graduatesthe developmentof a stable institutiondataditional discipline) has been the
going on to academia do so in medicaitructure which would be an integraéssence of the “discomfort” zone for as
centers (12 percent of the graduates gpart of the two universities. The termlong as HST has existed. At the same
faculty at Harvard Medical School) inDivision was chosen as a name for thisme, being in the “ether” (as some
a diverse range of departments. Theaicademic structure rather than thieave referred to HST) is a deliberate
integration within the medicaloriginal term “school” which has choice for most of its participants who,
establishment is an essential step ghfferent meanings in each universitywhile able to “fit” in a traditional
establishing medical engineering anth 1977 the Harvard-MIT Division of discipline, are most excited by a setting
medical physics as an integral part dflealth Sciences and Technology washere the perspective is cross-cultural.
academic medicine and the health casstablished by vote of the corporations Let us return to the questions raised
delivery system. Similarly, M.D. of MIT and Harvard. The Division isat the beginning of the article. The
graduates have obtained residency arl; design multidisciplinary and withoutvision of HST is to provide the nexus
subsequently, faculty positions ininternal departmental structure. for health sciences and technology at
leading medical schools and Throughout its 25-year existenceMIT, and to have an impact on health
universities (25 percent at HarvardHST has been an unusual enterpriseare through research which is carried
Medical School). The vast majorityAt the outset, the organizationafrom“bench-to-bedside.” To getthere,
continue to be active in research, argtructure “broke the mold” of thewe will build in five main areas that
some 30 percent ofthem have positiorisaditional department-centeredorm the foundation of health sciences
of leadership. approach in order to optimally fostetand technology. As a platform, we
In thinking to the future, it is an interdisciplinary and collaborativehave unique educational programs with
instructive to review how HST wasapproach to both research ansdtrong track records in most of these
created in the first place. In 1966 theducation. The paradigm of HST haareas and we have an infrastructure
National Institutes of Health urged MITdemonstrated that a multidisciplinarythat includes the “bench,” the clinical
to create a medical school. Atthe samepproach to education can beesearchcenter,andaccesstohospitals.
time, Harvard Medical School wasenormously successful. (There arénd, we have been fortunate to have
being urged by some of its facultymany examples of successfuéxtraordinary human and intellectual
members to develop a program imultidisciplinary research organi-resources in the form of faculty from
biomedical engineering. A jointzations at MIT.) Harvard and MIT who have been
Committee on Engineering and Living HST’s success has not come withowtilling to devote considerable time
Systems was formed to exploretruggle. Because MIT is a stronghand energy to building the
opportunitiesinthese areas. Their worlepartment-based organization, thprograms.
ultimately culminated three years lateinstitutional impulse is to focus on the It is our hope that you, our reader,
in a resolution, passed by the fultore of the departments and not thwill be sufficiently engaged to come
faculties of MIT, Harvard Medical edges where they meet. Furthermorgisit us, and possibly help us build and
School, and the Harvard School ofraditionhasastrong grip oninstitutionsealize our potential in seeking to
Public Health to establish a Harvardand there is often great resistance &xchieve our goals!

-13 -



MIT Faculty Newsletter Vol. IX No. 2

A Modest Proposal
for Biomedical
Engineering Education
Griffith, from Page 7

Hence, the purpose of this article idichigan, and Cornell — are creatingprograms. By all rights it should be the
to provide a view “from the trenches”or considering new administrativeunquestioned No. 1 program in the
of what the School of Engineeringstructures for biomedical engineering).S.; for instance, MIT has 18
must do to provide for thewith aspects of department-likeFounding Fellows of the American
programmatic needs of MIT studentfunction). Among these top schoolsinstitute for Biological & Medical
interested in biomedical engineeringMIT is nevertheless prominentlyEngineering, more than double the
and in the process to solidify MIT’srecognized as a strong contributor taumber of any other institution (Johns
position as a leader in engineeringiomedical engineering. ThisHopkins has 7, Washington 6, Duke 5,
education into the twenty-first century.

MIT’s radical position on

biomedical engineering education . . .
Biomedica|engineering encompassa Thus, the entll‘e SChOOI Of Englneel‘lng must

application of engineering approache]| continue to embrace biology and incorporate it
to solve problems in biology or]] even more fully into the engineering core.
medicine, and thus includes il Biology must be considered as a foundation
incredibly rich and diverse spectru science of engineering, along with chemistry

of mte_zractlons betwe.en engineerin and physics. Biomedical Engineering as a
and biology, along with engineering specialty is best treated as a Minor within a
and medicine. Itranges across examplj P Y

such as the use of robotics to improy||  given field of engineering. Our philosophy thus
rehabilitation of stroke victims, the]] diverges significantly from the trends at other

invention of new noninvasive imaging schools.
techniques, development of novel druj
delivery systems, and creation of
bioartificial organs. Also, biomedicalrecognitionis likely dueto aconfluenceHarvard and Pennsylvania 4 each).
engineering as an applied field is af several factors: the engineerinetin terms of program reputation, at
subset of the broader field ofdepartmentsat MIT are unusually rictbest MIT has been listed No. 5, No. 4,
bioengineering, whichisthe intellectuain the numbers of faculty engaged imr No. 3 in various rankings of BME

combination of biological andbiomedical engineering researcheducational programs. Obviously, there
engineering principles regardless dfaculty inthe engineering departments a significant underutilization of the

whether the applications are healthcaet MIT tend to be leaders in theibiomedical engineering faculty talent

related. Itthus differs from the historicatlisciplines and thus highly visiblehere in terms of BME education and
chemistry precedentthatledto creatiogenerally; and, the faculty in theprogrammatic impact, beyond the
of a single new engineering specialtgngineering departments have strongimensely successful individual

to address the key problems. research ties to the convenientlyresearch efforts.

Many universities have formedlocated Harvard Medical School and Although biomedical engineering has
formal departments of biomedicateaching hospitals and—increasingly a strong presence at MIT, does the fact
engineering which confer bothto the MIT Departments of Biology, that change is afootin studentinterests
undergraduate and graduate degreesemistry, and the Division ofmean we should now consider starting
biomedical engineering. InterestinglyToxicology. a formal department? | believe not.
none of the top 10 engineering schoolsAt the same time, MIT has notThe diversity of engineering itself
currently have a full-fledgedparlayed its research riches into prohibits a single cogent intellectual
Biomedical Engineering Departmentorrespondingly lofty reputation ineducational program of its applications
(although some —including Berkeleybiomedical engineering educational (Continued on next page)
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in biology and medicine to benotaware of whatskills engineers bringpecies to the development of general
developed. Even in developing theto the table in developing therapeutitaws governing chemical change.
BME Minor, the BME Curriculum and diagnostic products based on kelaking a cue from the way in which

Committee felt that no single course iiological advances, or in analyzingphysicists approached problems,
biomedical engineering could bebiologicalphenomena. Many of MIT'schemists began to focus on the
defined for all students. Rather, studen®iology students will go on to work quantifiable aspects of chemical

should be allowed to explore the way®or, or even found, companies whiclphenomena and analyze chemical
their particular engineering skills caraddress translation of biologicabehavior in mathematical terms.

be applied to biological and medical

problems. Moreover, it is crucial that
students gain a solid foundationa

understanding in one of the traditiong|  Rather, students should be allowed to explore
engineering fieldsbeforeaddingtothq)  ¢the ways their particular engineering skills can
some degree of specializationin BMH| ¢, applied to biological and medical problems.

Finally, isolating BME from its roots ca s . - .
adds a layer of separation from cutting Moreover, it is crucial that students gain a solid

edge advances in the engineeri] foundational understanding in one of the
disciplines. Very few ofthe biomedical| traditional engineering fields before adding to
engineering faculty themselves se]| thatsome degree of specializationin BME. Finally,
much advantage at MIT in forming | isolating BME from its roots adds a layer of
BME Departmenper sésolated from || separation from cutting-edge advances in the

the traditional depa(tments. engineering disciplines.
Thus, the entire School o(l

Engineering must continue to embra
biology and incorporate it even more
fully into the engineering cof®iology discoveries into clinical realities, whichChemistry thus moved from a science
must be considered as a foundatiowill involve engineers just as much asf observation to one of prediction.
science of engineering, along withhe textile industry did atthe turn ofthe Inthe 1890s, Harvard had developed
chemistry and physics. Biomedicatentury. An incorporation of asubstantialresearchbaseinchemistry,
Engineering as a specialty is besengineering approaches into théut “MIT had been chartered in 1861
treated as a Minor within a given fieldeducational experience of atleast sonte train engineers, it had grown and
of engineering Our philosophy thus Biology students —for example, througlprospered doing exactly that, and
diverges significantlyrom the trends the BME Minor — can thus give them administrators felt little desire to tinker
at other schools. unique competitive advantage in sucim matters that were best left to rich
We have a tremendous opportunitgareers. Thus, MIT again has thestitutions like Harvard. Conse-
to remain at the forefront of engineering@pportunity to influence the progress ofjuently, MIT was rather slow to join

education by incorporating this newndustries in the U.S. the parade of schools that began to
science and defining new industries MIT as a historical leader of march to the tune of basic research and
for engineering to impact. A subtle intellectual change in science and graduate educationinthe 1890s.” [John
consequence of MIT’s approach to engineering in America W. Servos,Physical Chemistry from

biomedical engineering is its effecton In the late 1800s, the field ofOstwald to Pauling: The Making of a
the future generation of biologistschemistry underwentadramatic shift-Science in America.Princeton

Biologists have not traditionally led by scientists in Germany —from th&niversity Press, 1990.] Several MIT
interacted with engineers and often amescription and ordering of chemical (Continued on next page)
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graduates trained in German labs ehemistry 100 years ago, biology igchemical) engineer at the urging of
notably, Arthur Noyes — returned tarapidly moving from a science ofthe Chemistry Department, a course in
MIT as faculty and became leaders ioharacterization and categorization tsmodern biology was adopted in 1991
areform to make MIT known for basicone of quantitative analysis andis a requirement for all MIT
sciences as well as engineering. Noy@sechanistic understanding. The MITundergraduates at the urging of the
incorporated a rigorous physicaBiology Department had the earlyBiology Department. One practical
chemical approach into the chemistryision to focus faculty hiring in the consequence of thisrequirementis that
curriculum, pushed the Institute tcexciting new area of molecular biologyenrollment of undergraduates in the
create a research center devoted bwilding a premier department andiology Department has skyrocketed,
physical chemistry graduate educatiowinning world acclaim. And faculty in paralleled by a similar explosion in
in 1903, and ensured that MIT
developed the premier Department of
Chemistry in the U.S.
Industrialization in the late 18004| Biology thus now stands poised to become a
had created a demand for engineqll foundational science, along with physics and
withaknowledge of chemistry. Cours§|  chemistry, for engineering. ...a course in modern
X, Chemical Engineering, was initiateg biology was adopted in 1991 as arequirement for

in 1888 division in the Chemist .
::r)]epartrr?:n? Iltv Izg);a': toeflouerir:rlms irf all MIT undergraduates at the urging of the

1902 when William Walker began tf| Biology Department. One practical consequence
revamp the field — and create a ne of this requirement is that enrollment of
discipline — by incorporating the new]| undergraduates in the Biology Department has
sciences of physical chemistry anf| skyrocketed, paralleled by a similar explosion in
thermodynamics along with thql student interest in the interface between

engineering sciences into thq engineering and biology
curriculum. Significantly, Noyes

convinced Walker to require Chemic
Engineering students to take a
theoretical chemistry course, setting the Department of Applied Biologicalstudentinterestin the interface between
precedent for chemical engineeringciences helped define the field oéngineering and biology.
curricula throughout the world. Thebiotechnology, profoundlyinfluencing This analogy is not perfect, however,
Chemistry Department was split intandustrial applications as diverse a® thatofthe developmentof chemistry
separate Departments of Chemistry aqrharmaceutics, agriculture, andand its strategic role as one of the
Chemical Engineering in 1920. synthetic chemistry. foundations of chemical engineering:
The remarkable changes which Biology thus now stands poised t@dvances in chemistry took place at a
occurred in chemistry in the late 1800become a foundational science, alongme when the engineering disciplines
and the impact on engineering arerith physics and chemistry, forwere struggling to define themselves;
paralleled in modern times by a similaengineering. The Biology Departmenin contrast, advances in biology take
revolution in biology. The advent ofhas given the MIT School ofplace when the distinct engineering
molecular biology has provided theEngineering a strong start in thiglisciplines are strongly established.
tools to undertake mechanistidirection. Just as at the turn of th&IT again is poised to play a leading
investigations of the behavior of cellxentury theoretical chemistry wasole in determining the direction of
and higher organisms, and, likedoptedasasound basisforaneducated (Continued on next page)

-16 -



MIT Faculty Newsletter October/November 1996

A Modest Proposal
for Biomedical
Engineering Education

Griffith, from preceding page

how a scientific revolution advanced'he mission of HST is to offer jointrespect to education. Attraction to the
the field of engineering, and the futurgraduate educational programs witklinically-oriented MEMP program

of MIT as leader depends on thélarvard Medical School focused omemains for students primarily
willingness of the MIT School of the practice of clinical medicine.interested in medical practice (as
Engineering to take responsibility forBiomedical engineering intersects onlgvidenced by the many MEMP students

determining the direction. apiece of this mission, asis reflected iwho transfer into the M.D. program),

Administrative structural the facts that by far the largest programvith an extra economic driving force

organization is needed within the offered by HST is an M.D. degree anarising from receiving three terms of
School of Engineering that the major number of HST-MEMP fellowship support from MIT

Given the pressing need forassociated faculty are Harvard M.D.dor taking HMS classes. But there is
developing appropriate educationaWloreover, clinical medicine appli-also a growing new generation of
programs in BME, and the opportunitycations of biomedical engineering arprospective students more interested
for MIT to provide leadership in thisonly a small part of bioengineeringnthe engineering/bioscience interface
field, how can we move forward? Whamore broadly. Hence, a suggestionthatith aims of going out into
isneeded is an administrative structut@omedical engineering education, obiotechnology, pharmaceutical, and
whose mission is to foster biomedicalesearch, at MIT be run by HST isnedical device companies for the health
engineering programs, to effectivelynappropriate — it would be ancare application of their training. The
translate its outstanding faculty anébdication of the School ofneeds ofthisgenerationnaturally puta
student resources into programmatigngineering’s responsibility for itsowncentral focus back at MIT with its
impact. Since educational programstudents. fundamental engineering and science
must integrate successfully with Much has changed in the world oflepartments.
existing curricula in the engineeringesearch and education since the HSTThus, while itisimportantto maintain
departments, and with MIT’s philo-program was started, and the HSihe successful clinically-focused HST
sophy that biomedical engineering iprogram is struggling to redefine itgrograms, it seems inappropriate and
best pursued by bringing biology intddentity in response to these changemeffective to saddle the biomedical
the fundamental engineering disciWith respect to research, 30 years agmgineering faculty at MIT with an
plines (just as chemistry and physiceiteractions between physicians anddministrative structure thatrequires
have been previously), | and many oéngineers were relatively rare, and HSthem to report to the Harvard Medical
my colleagues are convinced that theould serve as animportant conduitfd8chool in order to provide the
School of Engineering —with close tiesleveloping research collaborationseducation of their own engineering
to Biology and the rest of the School oT his is no longer the case, as virtuallgtudents.

Science — is the natural home for thisvery professional meeting my Conclusions

structure. The partnership betweeoolleagues and | attend is typically The need is urgent, and the
engineering and biology can be fostergabpulated by an interactive mix ofopportunity is tremendous, for MIT to
thisway —justas ithas been for decadssientists, engineers, and cliniciansreate a world-leading biomedical
between engineering and physics, arftbom academia and industry, makingngineering program. This can, and
between engineering and chemistry.initiation of collaborations quite easyshould be, accomplished by forming

Unfortunately, the urgent educationaNot surprisingly, then, there are endlesan administrative structure inthe School
needs in the School of Engineeringxamples of productive MIT/HMS of Engineering responsible for
have been coupled in an unnatural wagollaborations that have been initiate@groviding programs we Engineering
to the future of the HST program, andhnd maintained without anyfaculty know our students need, at the
this entanglement severely impedgsarticipation of the formal structure ofmodern interface of engineering and
progress in the School Bhgineering. HST. Much has also changed witlbiology.[]
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With respect to international initiatives
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(Continued on next page)
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Non-tenured faculty are over- ¢ In the last two years, 17% of theadministrative burdens on the faculty.
represented in the responses. Althoudhculty considered early retirement andt least two-thirds felt that MIT is
women are slightly over-representedalmost 50% plan to work beyond the agdoing an adequate-to-excellent job in
younger, non-tenured women have af 70. preparing graduate students to teach
higher over-representationratethanmen.e As a whole, the faculty reportedand helping students to understand the
This s particularly evident when data oexperiencing moderate to extreme stresgorld they will enter. Over half think
levels and sources of stress are examineyer the last two years, with two-thirddMIT is doing above average or very
Once the datais available the next stepd$ the women reporting extreme stressvell in preparing undergraduates for
to assemble tables and charts for tenurdthe four highest sources of stress for therofessional practicand developing
and non-tenured faculty by gender. Ifaculty as a whole were time pressureand delivering professional education.
addition, it will be important to examinelack of personal time, researchd3% of the faculty feel that they do not
teaching and evaluation methodologiegublishing demands, and householdave access to adequate teaching

by discipline. responsibilities. Almost 61% of thefacilities.
Following are some other results fromvomen reported that the promotion and ¢« As the research funding environ-
the survey. tenure process was a source of stressent changes, MIT faculty are most

Due to changes in the research funding environment,
what key feature of MIT faculty life MOST concerns you?

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

v
Male

Female

A Quality of undergraduate education EQuality of graduate education O Independence of research enterprise [ Increased faculty admin burden E1Support for basic research |

» The primary interests of the majoritycompared to 34% of the men. concerned about support for basic
of MIT’s faculty are oriented toward < The faculty see as their four mostesearch.
research. importantgoals for MIT undergraduates: ¢ 43% of the faculty find international
e« The primary reasons that outo develop the ability to think clearly, toinitiatives important and want to
faculty have pursued academic careenscrease their self-directed learning, tparticipate.
are intellectual challenge, intellectuaprepare for graduate education, and toe 62% of the faculty feel that post-
freedom, freedom to pursue their owprepare for employment. tenure performance reviews should be
interests, and opportunities for  The faculty employed a variety ofbased upon research, publication,
research. evaluation methods with almost 60%eaching, and committee participation.
* In terms of their jobs at MIT, therelying on competency-based grading ¢ 75% of the faculty plan to do part-
majority of faculty appear veryand 42% on quizzes. time teaching and/or research at MIT
satisfied or satisfied with all aspects « Over 70% of the faculty useafter they formally retire.
of their position. The least satisfyingextensive lecturing in most or all Forcomplete surveyresults, as well as
aspects are social relationships witobndergraduate courses along with variety of statistical breakdowns
other faculty, relationships with theteaching assistants and classdiscussio(s.g., by department) contact me at
administration, and salary and fringe ¢ Almost 43% of the faculty felt thatthe Planning Office (x3-5838;
benefits. MIT was not doing well in reducing snover@planning.mit.edu).
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