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ROTC Task Force Reports Learning to Teach:

Faculty to Vote at Next Meeting A Day in the Life of the New

Samuel M. Allen Teacher Education Program

In response to a request by the Faculty Newsletter Editorial Jeanne Bamberger, Crispin Miller, Brian White
Committee for this issue, Secretary of the Faculty Samuel
Allen has graciously provided the following synopsis of t
ROTC discussion taken from the minutes of the March 2
faculty meeting.

Il semester '95 marked several milestones in the new
Teacher Education Program (TEP). The first graduate
of the program and the first recipient of the Noyce Prize,

Sally Buta (Course 3, '94), joined the teaching staff at
esident Vest stated that because of the variety of raambridge Rindge and Latin High School (CRLS) where she
Phat he would ultimately play after the faculty reachésteaching physics. (The Noyce is a $10,000 prize awarded to
adecision onthis issue, that he should not take an acthwe outstanding graduating senior who has chosen a career in
role in the discussion of the topic or the motion. He noted tiediching and who has completed (or will complete) certification
he was very proud of the civility displayed by the MITequirements to teach math or science in a public school.)
community in debates on this potentially divisive topic pri&icardo Campbell (Course 10 '95), the second winner of the
to the meeting. He commended the Task Force for promotitgyce Prize, is teaching 8th grade science at the Longfellow
openness and high-level discussion. He reminded those preSehbol in Cambridge while completing his certification in the
that the Task Force’s motion, to be placed on the floor at tellesley Fifth Year Program. And the TEP introductory
meeting, would be voted on at the April meeting [April 17¢ourse, 11.124, Introduction to Teaching and Learning Math
The members of the Task Force took seats at the front ofahd Science, had 25 students this semester, up from 8 the first
room and were introduced by Professor Graves, who thaniedr and 14 the second year. Of the students enrolled last year,
them for their contributions. Professor Graves reviewed @evill complete certification requirements in June 1996.
charge to the Task Force, and the various phases of its worko qualify for Massachusetts State Certification in math or
Since reporting to the faculty at the February meeting, #eence at the middle and high school levels, students must
Task Force has met frequently to formulate its recommendatimmmplete a major in the subject they expect to teach, and also
In the coming month leading up to the April meeting, the Tatgke the following Education courses at Miftroduction to
Force will seek and evaluate additional community input. Teaching and Learning Math and Scien¢&l1.124);
Three principles have guided the Task Force as it wrest@olservation and Analysis in Classroom Setti(b.125 -
with this complex issue: First, thatiotlusion the desire for optional); an®evelopmental Psycholo¢§.85).[11.124 and
an open and honest environment on campus; second,1thé25 are HASS elective subjects. These two together with
desire to promote theitizen soldierconcept, in which the another Course 11 class can make up a HASS concentration.]
country’s military is composed of a representative group @hese are followed by two subjects taken at Wellesley (often
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Editorial

Where Are We Going?

eductionism has its limits, andinternal structure. It may be animpossible Parking Redux
can actually be misleading iftask but we will surely regretitif we do Let's see if we've got this straight:

xtrapolated beyond the propenot attempt to take responsibility for our a) Parking at the Institute used to cost
domain. own future. $20/year;

Independent local optimizations do It is the administration’s task to b) Now it costs $300/year (well,
not necessarily result in a globatlevelop, promote, and promulgate a goaictually, $400/year, because we have to
optimization. avision of the MIT we would like to seepay taxes on the $300 since the

The Institute seems to have littleat the start of the next century. This is administration didn’t arrange to have
difficulty in applying these precepts toharder task thanthe simplistic applicatiothe parking charges deducted before
the study of the physical world and to theftechniques developed for the businessxes);
study of other organizations. In factworld butitis much more important. We c) The complexity of handling the new
MIT is noted for its interdisciplinary have not seen the vision, we have on§300 fee and the magnetic card-activated
laboratories and its promotion of systemseen separate domains rejiggered so thgates was too much for the Institute to
studies. Nonetheless, we have not takeme somewhat cheaper and somewhandle, so a third party was hired (a.k.a.
the lesson to heart in the process déss efficient and less convenient. Is th&utsourcing”);
determining our own future. It is clearMIT of the future to be like the MIT of d) Now the third party (Standard
that MIT will have to change in respons¢oday but a little smaller and a little les$arking) gets our $300, the federal and
to changes in its external environmentun? It will be if the administration state governments get the other $100,
Our funding sources will certainlycontinues to be literally ministerial atand we get to spend an extra half-hour
change, the level of funding will probablythe expense of being imaginative. getting into and out of the garage each
change, and our role in society will be The provost's appointment of fourday because the cards/gates don’t work
redefined. The administration’s responskstitute-wide councils to “help MIT setproperly. [Assuming that we are able to
to the need for change has been this course for the future” is a recognitiomyet into the parking lot at all, as more
separate “reengineering” of variouof the problem but not likely to be aparking stickers have been sold than
subsystems. It is not clear that thisolution. For one thing, there afeur there are spaces.]
reengineering is succeeding even in theommittees, focused on four separate|s that about it?
narrow domains of application. [See Proflomains. More to the point, however, is Editorial Committee
Kirtley’'s discussion of the mail systemthe observation that committees rarely,
in the October issue of théaculty if ever, frame bold new ventures even if
Newslettef] More significantly, there is this is what the situation demands. W,
no way of knowing whether it is makingwould far rather see the President or th
things better or worse in the long rumprovost ennunciate a vision for us all t
because we do not know what we ardiscuss, criticize, modify, improve, ang
trying to accomplish. maybe even adopt than to see somethi

If the MIT of the future is determinedslowly evolve out of the deliberations o
by a series of short-term responses four committees. There will be time
short-term stimuli, it is unlikely that we enough for committees when we figur
will end up with an optimized system.out what we want to do.

Optimized or not,it is quite likely that If we don’'t know where we are going
we will not like what we get. What wehow can we be sure we are going in th
should be doing is trying to formulate aight direction?

vision of the MIT we would like to see If we don’t know where we are going
10 and 20 years from now and thehow will we know when we get there?
determining what we must do to achieve

thatvision. This may well entail changing Fkkkkokkk

the external environment as well as our

EA new lunch program for faculty
members and their guests beg
operation Monday, April 1, in the
%enovated Blue Room on the secol|d
floor of Walker Memorial. The
service will be similar to the faculty
lunchroom in Building 9, which
will continue to operate. The¢
Provost's Office, which sponsor

 the program, hopes the Walke
location will attract faculty
members from the east side of tl|e
campus. The experiment will ru
through the remainder of th
academic year.
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ROTC Task Force Reports
Allen, from Page 1

the populace; and third, the perceivethadequate, it doesnot recommend of MIT should not be engaged in
value of ROTC to MIT student$hese termination at this time. investigations of its students’ sexual
principles are indirect conflictwithcurrent ¢ The Task Force ignored the potentiabrientation. A member of the Task Force
DoD policy, which excludes gays,impact of legislation that could result incountered that it is highly desirable for an
lesbians, and bisexuals from fullloss of DoD funding to universities thatMIT representative to participate in any
participation in ROTC and the military. adopt anti-ROTC policies. inquiry process, in order to protect

Professor Graves briefly reviewed some ¢« Some critics of the “model ROTCstudents’ rights.
ways that other universities have attemptgatogram” at MIT have questioned its The second area of concern was that the
to resolve this issue, ranging fronfeasibility, because some of theroposed model program does not
exclusion of ROTC from their campusestecommended changes are in conflict withepresent a significant step toward
to exemption of ROTC programs fromcurrent DoD regulations (for instanceglimination of discrimination within the
university nondiscrimination policies. Theuniforms for all students, and participatioROTC program at MIT. Critics of the
Task Force is recommending a distinctlyn the summer ROTC program). Som@roposal believe that by virtue of having
different approach: to continue ROTC aspecific recommendations of the Taskwo groups of ROTC students, those
MIT, but to make concerted efforts toForce can be implemented withplanning to be commissioned and those
create a “model” ROTC program that isoncurrence of the local commanders aheligible for commissioning, the model
both inclusive and nondiscriminatory. Thehe ROTC units. program will be discriminatory. Also,
program advocated by the Task Forcee The Task Force recommends abecause DoD policy does not allow
would have the following features: annual process of review by twocommissioning of openly gay, lesbian, or

* An ROTC program that is open to alcommittees, for assessment and reportirgsexual individuals, the model ROTC
students, that will be receptive toofprogress. Afuture finding ofinadequatg@rogram will remain in violation of MIT’s
“constructive engagement” with MIT in progress could resultin recommendationsondiscrimination policy.
order to bring about essential changes o modify MIT’s relationship with its  Several speakers voiced support for the
the current program. ROTC program. recommendations, seeing the model

e A program by which MIT will A discussion of the Task Force’sprogram as an effective way for MIT
“reinsure” cadets who lose ROTCrecommendations, lasting about one houmprove its ROTC program and to remain
scholarship support because of thefollowed Professor Graves’ presentatiorengaged with DoD on elimination of
homosexuality. A large number of persons spoke owgurrent discriminatory policies.

e Formation of an MIT committee various issues, some at length and with Professor Graves read the proposed
whose mission is to advocate nationalotable eloguence. The discussion wassolution, and it was seconded. A Task
policy changes, particularly the federatollegial, candid, and thought provokingForce member pointed out that it is
statute that prohibits homosexuals frorm large fraction of those who spoke praiseninportant to keep in mind the intention of
service in the military. the Task Force for their processtheproposedresolution,vs.the application

Professor Graves reviewed thesparticularly because it engaged such @ proposed changes. The member
attributes of the recommended modekide spectrum of input from theelaborated that some vagueness in the
program in some detail. He emphasizecommunity. Some who spoke had specifieport can be tolerated, as it provides
that the Task Force views itsquestions about the Task Force Repoffigxibility for future actions; however, the
recommendations as interim steps towattiese were fielded by the entire TasKask Force tried to avoid vagueness that
the long-range goal of an inclusive androrce. would allow for unintended interpretations
nondiscriminatory ROTC program. Two specific areas of concern about thef its recommendations.

Professor Graves concluded hisecommendations ofthe Task Force were Professor Bacow noted that the faculty
presentation by mentioning several areamiced in a number of remarks. The firstneeting marked the start of a conversation
of concern, and how the Task Force viewsas that the inquiry process by which an these issues, not the end of it. He
them: cadet’s sexual orientation might beencouraged the faculty to take up further

e The 1990 Faculty Resolution oninvestigated would involve MIT faculty discussion in order to prepare for the
ROTC stated that inadequate progresnd administration members, and that thispril meeting at which the issue will be
toward eliminating DoD policies on sexualwould effectively mean that MIT was anvoted.
discrimination would resultin terminationactive participant in the discriminatory PresidentVestconcluded the discussion
of the ROTC program at MIT. While thepolicies of DoD. Furthermore, it wasby expressing his heartfelt thanks to the
Task Force finds that progress isrgued thatthe faculty and administratiofiask Force for its workl
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From The Faculty Chair

Collegiality, Community, and Trust at MIT

Lawrence S. Bacow

known for being good theater. Whilespoke felt comfortable enough to voiceptimistic. The members of the Task

it pains me to admit it, it is an effortdeeply felt personal sentiments. Peopleorce have done yeoman’s work on
tokeep the routine business ofthe facultistened carefully, thoughtfully, andbehalf of MIT, and we are all in their
from descending into tedium. Most ofespectfully to the views expresseddebt. Their process of fact-finding, issue
the important work of the faculty is donewhere opinions diverged, motives anéraming, soliciting student and faculty
in committee where real differences ogood will were never questioned. Myreactions, and thoughtful analysis is a

policy are thrashed out. By the time&ense is that the discussion was truiyodel for other faculty committees to
issues make it to the monthly facult

meetings, there is little left to discussg .
Spirite(? debate is rare except in thos Only time will tell whether we are able to resolve this

cases where the administration’{| issue in a way that can gain the support of broad
antennae fail them, and the faculty turr]| segments of our community. At this point, I am
out to voice strong disapproval of an actio]| optimistic. The members of the Task Force have done
taken without adequate faculty inpufj| yeoman’s work on behalf of MIT, and we are all in their
Fortunately, we have avoided suc]| debt.Ihope the faculty will come out in numbers to the
problems for close to two years. Infacy| April 17 meeting to hear the final recommendations of
virtually every vote taken this year ha| the Task Force and to continue the extraordinary

been unanimous, whigh Is either a si discussion that began at the March meeting.
of our remarkable ability to generat

consensus, or our ability to bore people
into submission. informative —those in attendance leftthemulate. | hope the faculty will come
The March faculty meeting stands irmeeting with a better understanding obut in numbers to the April 17 meeting
sharp contrast to our norm. Attendancge issues and their colleagues than whémhear the final recommendations of the
was good —about 125 people turned outthey walked in. Perhaps even mor&ask Force and to continue the
hearthe reportofthe Task Force onROTGmportantly, instead of dividing us, Iextraordinary discussion that began at
The discussion was lively, with sharplybelieve the ROTC discussion so far hatie March meeting.
differing opinions expressed. A numbeactually brought us closer together. Civility and collegiality are in short
of people spoke passionately anBiverse elements of our community haveupply on many university campuses
eloquently about the recom-mendationgained a better understanding of each othtlese days. Our experience with the
ofthe Task Force. Some ofthese commentkgough this process. This is a remarkabROTC discussion illustrates the value of
were favorable, some critical. Otherachievement. We have developed these assets in addressing difficult
spoke about what it itke to be a gay capacity to discuss this issue that | do nproblems. Good will, trust, respect, and
faculty member at MIT. Many of theserecall from our 1990 meeting. Thisis trueommunication permit us to address
statements were quite moving. If you dihot just for the faculty discussion, but fodifferences without being divisive. They
not attend the meeting, | urge you to reafle student forums as well. allow people to hold sharply divergent
Sam Allen’s summary of the discussion It is difficult to predict where the views and still function as a community.
that appears in this issue of N@wsletter ROTC issue will settle. The Task Forc&Jnfortunately, this type of social capital
(Page 1), orBob Dilorio’s excellentlongeis using its time wisely this month tois extraordinarily hard to create, yet easily
review of the meeting that appeared in thgather additional reactions from thalestroyed. In these difficult times for
April 3 issue ofTech Talk community, and to refine its recom+esearch universities we need to protect
As | satthrough the ROTC discussionmendations. Students, faculty, and staffhat which is unique about MIT. We
Irealized yetagain what an extraordinargiave provided helpful input. Only timeshould not take for granted the
institution MIT is. Unlike virtually every will tell whether we are able to resolvecollegiality and trust that permits us to
other group that has taken up the questihis issue in a way that can gain théind solutions to tough problems that
of gays in the military, our discussiorsupport of broad segments of oumight test lesser institutions.

I nstitute faculty meetings are notvas totally without rancor. Those whacommunity. At this point, | am

-5-
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TEACH TALK
Setting Up the Content
of Recitation Sections

Brian T. White

The TAs say: section. Over several semesters, theJennifer could then let the students
“My students never talk in section!” collection of practice problems hasvork together in small groups to play
“It's so hard to tell what the studentsevolved into a complete curriculumwith the problem and develop their

will need in section.” where we have one or more problenswn strategies. This would give the
The students say: for each section meeting and a set students practice starting a problem
“I just draw a blank when | look at notes and hints on how best to usand getting past “drawing a blank.”
the problem set problems; | don’t knovthem. Jennifer could then ask, “How would
where to start.” A Common Situation you start looking at this problem?” If

“You have to be sure to get a good Jennifer is a TA who teacheghe students understood the material,
TA, otherwise you'll never learn therecitation sections in the large lecturéhen she and the class would assemble
material.” subjectintroduction to Transportation: a solution together. If they did not, the

How to get from here to there without astudents would then have a concrete
hese are frequent problems iar. The lectures covered the priceexample on which to base their
I large lecture subjects. In theand schedules of various modes afuestions; these questions would show
Biology Department, we havetransportation and the students had judéennifer what topics she needed to go
found a very successful solution: createeceived a problem set which askedver.
a curriculum for recitation sections thathem to explore their options and find Or, if it made more sense to show the
parallels and supports the lectureshe best route for getting from Centrastudents a particular way to solve the
problem sets, and exams. Park to Disneyland. Jennifer went oveproblem, she could work the problem

In Introductory Biology (7.012, the material covered in lecture andtep-by-step, asking the students for
7.013, and 7.014), the sectiothen asked, “Do you have anynformation all along the way: “What
curriculum grew out of a collection ofquestions?” Although Jennifer was suréorm of transport does our $100 budget
recitation practice problems which werghat they would, the students didn’t askule out?” “Since we have to take the
designed to give the students practicny questions and she ended sectidmus, where is the closest bus station to
working problems similar to those orearly. A few days later, as she gradedIT?”, etc. These questions could
the problem set. It soon became cledineir problem sets, it was clear that theither be parts of the problem handed
that the students loved the practice students had missed many importamut or could be in the notes given to the
since problem-solving is a veryconcepts. If they had only known whafAs with the problem.
important component of our subjects to ask.... Either way, the resulting discussion
and that it made the recitation sectionsIf the content of recitation sectionwould take advantage of the close
more lively and interactive. Havingwere organized in advance, Jennifezontact possible in section to bring out
these problems makes it easier for treould have gone over the lectur¢éhe relevant issues, allow the TA to
TAs to focus their attention on thematerial briefly, highlighting what correct misconceptions, fill in missing
topics where the students need the mgstevious semesters had shown to be thetails, and explore multiple solution
help. most troublesome points. She wouldtrategies. Rather than depending on

We have found that these sectiothen have handed out a problerthe students to generate questions in a
problems are more than just a littlesomething like this: vacuum, the problem focuses their
classroom exercise. They help the TAs You are planning a trip from MIT to attention and shows them whether or
to do a better job, they give studentBrovincetown, MA and you have onlyot they understand the material at the
practice with problem-solving skills, $100. Plan your trip given the attachedppropriate level.
and they improve the interaction that iSBTA, train, bus and commuter plane

a unique and vital part of recitationschedules. (Continued on next page)
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Setting Up the Content

of Recitation Sections
White, from preceding page

Creating A Curriculum Helping The TAs session where we explicitly go over the

For Recitation Sections To Use The Curriculum details of how to lead a discussion

It is easiest to start with a collection It is much harder for the TAs to geincluding classroom climate, asking
of problems, one for each sectiofidown in the mud” and work with thegood questions, and interpreting
meeting, and then develop notes ostudents in a discussion of how to solvstudents’ answers. Second, we have a

how to use them over several semestaasproblem than it is to give a lectureTA manual which has notes and

of use and revision. In Biology, weWhile working through these problemguidelines on how to work through the
problems, useful explanations, and
some questions to expect. Finally, the

Because leading a discussion can be challenging for the instructor meets regularly with the TAs
TAs, we make an effort to prepare them for this interaction. to discuss the week’s section problems
First, we have a TA training session where we explicitly || and how best to use them. We began

go over the details of how to lead a discussion including with a collegtion. of problems and
classroom climate, asking good questions, and detailed solutions; this was enough to

. . , cure many of the typical section difficulties.
interpreting students” answers. Second, we have a TA The rest we developed over time.

manual which has notes and guidelines on how to work The Payoff

through the problems, useful explanations, and some Having an organized curriculum for
questions to expect. Finally, the instructor meetsregularly || recitation sections has made a big
with the TAs to discuss the week’s section problems and difference in the biology subjects where

we have assembled one: Genetics (7.03)
and Introductory Biology (7.012,
7.013, and 7.014). The TAs now have
have hired TAs from the previous yeain Section, | have found that studenta starting point on which to base their
to write the problems over the summenften come up with seemingly bizarreown lesson plans rather than guessing
We decided to use TAs because thegnswers which are not clearlywhat the students might need and
often have the best sense of the topiesticulated, and it is difficult to makescrambling to make up problems at the
with which the students had the mostense of them on the spot. It is alslast minute. The TAs also have the
trouble. We divided the semester’slifficult to know in advance how longbenefit of an “experience transplant”
section meetings among the TAs and discussion should take or which ofrom previous semesters both interms
had them either write new problems athe students’ strange questions will leadf good problems to use and advice
adapt existing problem sets or exarim a productive direction. But throughon how best to use them. The
guestions. They then exchanged drafthis messy interaction, the students haygoblems are designed to get the
with each other for one round of editingto grapple with the material and aslstudents talking, which leads to a
Following that, the instructorrelevant questions, and therefore haveore effective and enjoyable section
reviewed the edited drafts and mada more solid understanding of theéhan inthe past. The students now get
a final edit. The problems were thersubject matter. Seeing how the falspractice confronting, starting, and
distributed to the new TAs thestarts and dead ends don’'t work, asolving problems with the help of an
following semester. well as how the most productiveexperienced TA. In our case, a little
As the problems were used, weatrategies do work, will prepare themwork each semester has accumulated
collected comments and suggestedr the variety of problems they’ll faceto produce an important component
revisions. We also collected notes fromutside of section. of a strengthened class.
a few of the TAs to pass on to future Because leading a discussion can belf you would like to find out more
TAs as ateaching guide. As a result, wehallenging for the TAs, we make arabout the section problems and notes
are able to progressively develop theffort to prepare them for thisthat are used in Biology, contact Brian
curriculum as the class continues. interaction. First, we have a TA training/NVhite, btwhite@mit.edul

how best to use them.
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M.L.T. Numbers

Comparison Of
Annual Research
Revenues By Area

($000)

Note: Figuresiot adjusted for inflation.

Source (and thanks):
Robert M. Dankese
Assistant Director of Finance

Fiscal
'92
Actual

School of Architecture & Planning

TOTAL 9,632
Less: Major Sub-Contracts 317
Net Research Volume 9,315

School of Engineering

TOTAL 91,491
Less: Major Sub-Contracts 5,343
Net Research Volume 86,148

School of Humanities

TOTAL 2,251
Less: Major Sub-Contracts 0
Net Research Volume 2.251

School of Management

TOTAL 5,107
Less: Major Sub-Contracts 0
Net Research Volume 5,107

School of Science

TOTAL 105,398
Less: Major Sub-Contracts 5,121
Net Research Volume 100,277

Whitaker College of HST & Mgt.

TOTAL 16,871
Less: Major Sub-Contracts 3,226
Net Research Volume 13,645

Total Academic Departments

TOTAL 230,750
Less: Major Sub-Contracts 14,007
Net Research Volume 216,743

Interdepartmental Labs

TOTAL 88,234
Less: Major Sub-Contracts 2,044
Net Research Volume 86,190

Other Departments & Special Labs

TOTAL 3,283
Less: Major Sub-Contracts 1,072
Net Research Volume 2,211

Total Campus Research Volume

TOTAL 322,267
Less: Major Sub-Contracts 17,123

Net Research Volume 305,144

8

Fiscal
'93
Actual

11,472
117
11,355

109,793
15,700
94,093

3,621
0

3.62

6,765
0

6.76

116,634
8.887
107,747

19,353
3.676
15,677

267,638
28,380
239,258

90,532
4,661
85,871

3,184
686
2,498

361,354
33.727
327,627



Fiscal
'94
Actual

12,167
247
11.920

103,569
10,882
92,687

3,070
0
3.070

7,446
0
7,446

117,372
7,317
110,055

20,976
4,116
16,860

264,600
22,562
242,038

92,133
6,932
85,201

3,034
500
2,534

359,767
29,994
329,773

Fiscal
'95
Actual

12,324
90
12,234

98,136
7,877
90,259

3,113
0

3.11

8,564
0

8.56

125,329
11,005
114,324

21,221
2,724
18,497

268,687
21,696
246,991

89,177
7,572
81,605

3,825
543
3,282

361,689
29,811
331,878

Fiscal
'96
Forecast

12,000
200
11,800

100,000
6.000
94,000

3,300
0

3.30

8,100
0

8.10

124,000
9,800
114,200

22,000
2,000
20,000

269,400
18,000
251,400

90,000
19,000
71,000

2,600
0

2,60

362,000
37,000
325,000

% Change
‘95 10 '96

-2.6%
122.2%
-3.5%

1.9%
-23.8%
4.1%

6.0%
NA
6.0%

-5.4%
NA
-5.4%

-1.1%
-10.9%
-0.1%

3.7%
-26.6%
8.1%

0.3%
-17.0%
1.8%

-32.0%
-100.0%
-20.8%

0.1%
24.1%
-2.1%

Preliminary
Fiscal

‘97
Forecast

13,284
0
13,284

104,000
5,686
98,314

2,285
0

2,28

7,997
96
7,901

114,430
5,586
108,844

16,819
1,503
15,316

258,815
12,871
245,944

94,185
20,270
73,915

2,000
0

2,00

355,000
33,141
321,859

March/April 1996

% Change
'96 to '97

10.7%
NA
12.6%

4.0%
NA
4.6%

-30.8%
NA
-30.8%

-1.3%
NA
-2.5%

-1.7%
-43.0%
-4.7%

-23.6%
-24.9%
-23.4%

-3.9%
-28.5%
-2.2%

4.7%
6.7%
4.1%

-23.1%
NA
-23.1%

-1.9%
-10.4%
-1.0%
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in the Wellesley Fifth Year Program): Getting Started students’ intuitive ideas? What if, as
Educational Theory, Curriculum, Threeyearsagowe setouttodesign amachers, they could learn to look for the
Evaluation (Education 300); and Education program that would fit MIT: nub of a potentially generative ideain an
Supervised Practice Teachingit would need to meet the intellectuakxplanation that was otherwise odd and
(Education 302- 303]Working with standards that MIT students expect awrtainly different from the canonical
mentor teachers at CRLS and observingell as engaging students’ sophisticateohe —an idea that could be develoged
in their classrooms is an essential part &howledge of math and science, theigtrategies such as these would help
the program.) abilities to think analytically, and toteachers and pupils understand one
The TEP is currently funded by theconfront and play with complexanotherandthis, inturn, was an essential
National Science Foundation under theproblems. But atthe same time we needednstituent if high school students were
program, Collaborative for Excellence irto prepare teachers who would b&o become interested in gaining a
Teacher Preparation. The grant ddffectiveinapublic schoolsuchas CRL#eaningful understanding of science/
$5,000,000 over five years has been magéere they could expect classes of 20rath subject matter. On this view, we
tothe TEAMS-BC Collaborative (Teache25 students who could be dramaticallynade it one goal of the TEP to help our
Education Addressing Math and Sciencedifferent from one another and also fronstudents acquire just such teaching
in Boston & Cambridge) which includesthe familiar MIT cohort — in life strategies.
Harvard, UMASS Boston, Wheelockexperience, in educational background, But how to do that? Was there know-
College, MIT, and the Boston andn interests and career goals, and alsolrow that was already part of MIT
Cambridge School Systems. The prograthe modes and media through whicktudents’ repertoires that would help
has three primary goals: to improvehey would learn best. What did MITthem see some value in taking seriously
teacher preparation in mathematics artology or physics majors need to knovideas that would seem at first to be just
science, to interact with math/sciencéhat they didn’t know already if theywrong? We hit upon a surprising
undergraduate courses atthe participatingere to become teachers who couldonfluence: To deal successfully with
universities, and to increase the numbe&ngage the curiosity and interest of sudine complexity and uncertainty of
of underrepresented minorities andiverse student populations? problem sets, MIT students have
women teaching and learning Starting from the assumption that alhecessarily learned how fday with a
mathematics and science in the publiof our students knew the subject mattgroblem situation- to selectively shift
schools. they were going to teach and thus woultbcus among possible features and
To assure that the MIT Teachebe able to deliver the necessarelations at different levels of detail,
Preparation Program maintains higinformation, we focused on moreeven to reconstruct what they take to be
academic standards in connection witbducationally problematic issues: Fofthe problem.” This is an essential
the first goal, an Oversight Committeenstance, how could we prepare ousurvival skill at MIT. What if this MIT
has been appointed that includes 1&udents to cope with the inevitablability to see a problem in multiple ways
faculty members primarily from thesituation where the canonicaland to recognize a common principle in
Schools of Engineering and Science=xplanation, that seemed so obviousliffering embodiments, could also
Chaired by Professor of Biologyfails — fails to be understood, or faildbecome a means for finding potential
Jonathan King, its purpose is also teven to make contact with the pupilsteasonableness in another person’s
address the second goal — i.e., to hetfiverse mix of previous schooling andcexplanation? The analogy was not
integrate the Program into the Institutevorldly experience? Better explanationspbvious. Our students would need help
curriculum. Taassist in addressing themore spiffy presentations; more relevanh making a connection between playing
third goal, we have the help of facultymaterial? Still keeping in mind that thewith the meaning of a physics problem
in the Department of Urban Studiegoal ofteaching is to guide pupils towardand playing with the meaning hidden in
and Planning where the TEP is housed. better understanding of the subjec pupil's explanation.
Faculty from DUSP, including thematter, we proposed a somewhat radicallf the strategy was going to work, and
chair, Bish Sanyal, also serve on thalternative: What if MIT students couldif pupils were to learn the material, it
Oversight Committee. get interested in understandinpeir (Continued on next page)
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would be crucial for credibility and interrogate their own understandingggreater than any single ratio offered by
effectiveness that the canonical theorgnd the potential of the task to generatbe gears available — any successful
and its multiple possible representationsultiple representations/explanationmachine would have to use at least two
be kept clearly in mind as activethat the students, among themselvestages of gearing.

backdrop. Againstthis backdropteachersgeed to confront. Of critical importance The 24 students in class this day worked
could find emergent ideas while alsas allowing plenty of time for students toin groups of three — two builders and one
challenging their pupils to account forturn back — to trace their conceptuabbserver in each group. The observer
differences between their proposegrocess, to develop and interrogateas charged with taking notes which
explanation and the accepted one. Thexplanations for what worked and whatraced the building process, particularly
approach, which at first seemed radicatlidn’t, and especially to think about andhoticing changes in strategies, what
was, infact, reflected in the new Nationahrgue over differences inthe explanatiorisiggered them, and how the changes
Science Education Standards jughat emerge among the studentselatedtothe builders’ reevaluating their
published by the National Researckthemselves. (We focus on the simpleriginal assumptions.

Council: “Teachers of science shoulanachines tasks, here, but the biology

engage students in conversations th&sk, designed by Brian White, was alsg
focus on questions, such as “How dowsands-on and embodied similaj 17 .124: 12 Different Majors
know?” “How certain are you of thoseprinciples.)

results?” “Is there a better way to do the Snapshots From A
investigation?” “Is there an alternative Class Discussion

scientific explanation for the one we To give the reader a feel for the clas
proposed?” Do we need more evidence2&hd how it works, we describe in deta
“How do we account for an explanatiorone of the task situations involving

Chemical Engineering 1
EE/Computer Science 2
Humanities (21S) 1
1
1

[72)

Urban Studies
Cognitive Science

that is different from ours?]National simple machines, along with the M'ath 2
Science Education Standardi¢ational students’ discussion that followed theif Blology. . . 6
Academy Press, 1996, p. 74.] completion of the taskKMost of the Mecha_mlcal Engineering 4
A Hand-Tooled Approach classes were videotaped. We are usi gChe_mlstry . . 4
To Teacher Education the tapes to critique our classes ar|d Envwo_nmental_ Eng!neerlng 1
As we designed the first course withkeventually to make a single edited tape Ch?r."'ca' Englneerlng .
Political Science 1

these goals in mind, it was clear that faio be used by other educators who haye
MIT students, the path from problemexpressed interest in this approach 10
sets to people had to be traveled alortgacher preparation. Names have been

specific content. To paraphrase Seymoghanged to protect the innocent.) The 25For instance, several groups initially
Papert, you canonly learn aboutlearningtudents in this semester’'s clasBuilt arow of gears, small to large, all in
by learning about learningomething represented 12 different majors including single plane (see Figure 1, next page).
So we organized the first educatiod students in mechanical engineeringhis strategy failed, because (as will be
course, 11.124, into four content units{see box, next column). explained in a moment), no matter how
physics (simple machines), biology The Task: Lifting 100 Pennies many gears were used, this arrangement
(genetics), nature of matter (weight and The task (designed by Crispin Miller)still amounted to a single-stage drive.
density), and math. For each unit wavas to make a machine from a small s&ut, characteristic of MIT students,
present students with hands-on problewf Lego parts — blocks, a standard Legawhen their strategy failed, the builders
situations. But to achieve our teachinglectric motor, assorted gears and shaftsok it not as a defeat but as a challenge.
goals, “hands-on” in itself was notand a small winding spool with string orPlaying with the situation, they were
enough. The value of the situation# — that would be able to winch up aeady to rethink their design and to
depends on the depth of the principleseight consisting of 100 pennies. Fomterrogate the assumptions that
that must be engaged, the effectivenesisis motor and winch drum to lift thisgenerated it.

of the task in encouraging students taeight, the gearing ratio needed was (Continued on next page)
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Figure 1

After a good deal of discussion withingear is transmitteds rotation— not as to differences in the focus of students’
the groups, tinkering a bit, and ofteriooth motion—to another gear of a differeréxplanations: “torque” or “force,” which
with some critical questions fromsizeon the same shafo create a different fails to convince her as a legitimate
Crispin, it became clear to most howorce and tooth speed. This transformeficus, in contrast to the ratio of gear
they needed to redesign their machinefibrm of the work can then usefully berevolutionswhich is clearly favored by
it was to do the job. To build the kind oftransferred, through tooth meshing, to thieer and her group:
multi-staged machine that would do th@ext gear (see Figure 2).
task, builders had to be able to move outAll but two of the groups eventuallyNancy (Biology major): | think the
of thinking in a single plane. They had tduilt successful machines in the 1 1/Bther thing is, though, some people are
think back and forth between twohour session, but explaining why theetting caught up in some of these terms
different domains of physical work —machines worked was another wholéhat they don’t completely understand.
translational motion, combined withstory. The discussion during theYou use the term, “torque,” and if you
force (at the teeth of the gears); anslubsequent session was intense addn’tcompletely understand torque, how
angular motion, combined with torquerevealing. As we had hoped, there werean you ever understand how it applies
(at the shafts). With all the gears in ondistinctly competing explanations withto this? | know when | was observing
plane, every one of them will have itgshe proponent of each explanation feelinghe builders], when they were talking
teeth moving at the same speed and wigitrongly about its “rightness,” oftenabout it, they never even brought up
the same force as the first one (except fepnsidering another explanation simplyorce or torque They were talking in
frictional losses); no number of“not intuitive.” language like, “O.K., for every revolution
intermediate gears will make any The Discussion of the big one, the small one is going to
difference in the ratio between the first We pick up the discussion somewhergo around 50 times.” And we were talking
gear and the last gear. The machine that the middle. Nancy, who was armaboutitmore inthose terms and trying to
finally worked was a two-stage driveobserver, is questioning the studentsigure out the relations from that way.
where the motion of an intermediateinderstanding of terms. She relates this (Continued on next page)
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Figure 2

Jay goes on to question the&ue (Chemistry)Why? is not enough energy — is not strong
effectiveness of the strategies of Nancy’s enough, whatever —turning the wheel is
group. Fred, who was in Nancy’s group-red: Why? Because the way | thoughhot strong enough to lift the pennies to
explains in response to Jay’s questionsf it was that the slower it's going — likethat height, you need to make it so that
how he was thinking about it. Fred usekhad no idea whether it was correct— bwine turn of the motor is lifting the penny
the directly observable evidence (ratigvhat | thought was, therexsmount of lessheight And so you need to change
of revolutions between big and smalpower and if — this isn’t right but this isthe gears in that way. | mean, | think we
gears) that Nancy talked about, but godke way | thought about it — was thaset up basically the same mechanism
on from there to focus on speed as th@wer was in away divided by the speethat they built — with the smallest gears
critical factor in why he thinks theirthat the last gear was moving at. Sap biggest gears.

machine worked: since | wanted to generate as much power

as possibld, wanted the last gear to be Taking off from Terry’'s comment
Jay (EE/CS) I'm just curious, did your moving as slow as possible about “smallest to biggest gears,” Joe,
group discuss it completely in terms of who was observing Laura, describes
revolution and teeth and stuff? | mean, Terry favors “distance” as the criticalLaura’s machine and explains what
how did you.... explanatory factor: motivated her to use gears that went from

large to small; Jeanne checks in to clarify:
Fred (Biology)y How did we get it to Terry (Biology) | guess the way | think

work from there? about it is if you had the spool directlyJoe (Mech. Eng.)Laura built it bigger
attached to the motor, the motor wouldears to smaller gears because she had an
Jay: Yah. not be strong enough to lift the penniesdea of “gearing down.” And gearing

And every time the spool spins aroundjown to her meant big gearto a small gear,
Fred: Well, basically, | had a goal that lit's going to lift the penniesa certain not necessarily the velocities of tpears.
wanted tcslow down the last gear distance And so if one turn of the motor (Continued on next page)
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Jeanne That’'s something else, here. Jeanne brings the conversationan, and just worked through it like

Laura, have | got it right, you're around to teaching: that. If it goes faster, it goes faster, it
thinking about “down” in terms of big doesn’t matter to me.
to small? Jeanne O.K., but what are you and

Tod going to do with Nancy and Fredleanne But the question is, can you
Laura: Yeah. | was hearing aboutwho want to think about....| meanget from one way of explaining it to
“gearing down” and | was trying tohere’s your students, Nancy and Fre@énother?
figure out what that meant. they’re thinking in terms of gear

revolution and fast and slow whileDon: Sure, but why? Because if you

Tod favors force or torque asyou're talking about force and torquewant to solve it using one way, you go

necessary for explaining how thevhat are you going to do with them?straight through and solve it, you have
machine works and he finds speed a solution. And then you go back and
irrelevant for his understanding: Don, who was the MIT straight mantry to figure it out. The intermediate

in the class, interrupts to bring anothesteps just confuse you.
Tod (Chemistry) | really don’'t see whole ploy into the conversation,
where this speed thing comes from. It'generating some quick responses frodeanne | guess what it comes down to
not intuitive that in order to lift this others: is what do you want tause an
object you need this gear to turn faster explanation foP If you want to use it to
than that gear. For me, it'sorce Don (Mech. Eng.) The reason | think try to help other people understand,
that's...in order to lift this, we need d get confused is because “bigger” anthen you're going to have to rummage
greater force than this motor can supplysmaller” doesn't relate to mé.want around in your own understanding in

to see the equations! order to find lots of different ways to
Jeanne So all this stuff about distance make contact with people who aren'’t
and fast and slow is garbage for you akeanne Why do you want to seeyou.
far as the gears are concerned. equations?

Don: Right. But the goal of this was to
Tod: As far as when I'm sitting down toDon: It's like “bigger,” “smaller,” or solve the problem, not to learn. Wasn't
think of, “How am | going to build a “feels faster/slower,” it doesn’t meanit?

gear train to lift an object....” | don’tanything — | want to see the numbers!
consider angular velocity. |1 don’t What Was That All About?
consider speed at all. | think abouNancy: It's notlike they’re vagueterms, Don’s comments, especially the last,
torque. | think about force. though. | mean they’re qualitative andvere met with rather astonished
not quantitative, but they’re prettylaughter. Yet, as he probably intended,
Judy agrees: specific. he did raise provocative questions:.

Whatwas*“the goal of this?” And if it

Judy (Chemistry) Yeah, when you Don: Because the thing is, like, wherwas “to learn,” what was being learned
[Jeanne] came up to me and saigpu talk about “force,” “torque,” and that was different from “solving the
“Maybe you need to slow it down,” it then “speed” and stuff, they’re all alike problem?” We took it as a mark of a
actually just aggravated me becauseYlou don’t need to talk about speed gtarticularly successful sessionthatthese
wasn’t even considering speed. | donall to do this problem. But | think youand other questions like them had even
know if | even said speed. Anyhow, mycan. You don’t need to talk about torqubeen raised. Looking back, we saw the
big problem was the difference in forceat all to do this problem. But I think if process which we had hoped to provoke
and torque on the inside to the outsid@eople start combining those ideas yoactually materializing: The task was
And | couldn’t get that. And then whenjust get confused. In fact, you learcompelling and sufficiently complex
you brought up speed, it just thoroughlabout these things in different courseso that the students were drawn into
confused me even more.... So | just made the model as simple as | (Continued on next page)
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seriously interrogating their ownquestion: “How do we account for arimportance of searching for the critical
understandings. The subsequerxplanationthatis differentfrom ours?differences among them: How does the
reflections succeeded in generating ldolding these multiple explanations ircanonical representation of the situation
real confrontation of views. Howevermind and learning to see their possibldiffer (in focus, in kinds of entities
at this point no one, least of all Donjntersections (despite Don’'s comments)amed, relations built) from the
wanted to make a connection betweerould result in coming to a deepealternatives; when (under what
them, to see “reason” in someone elseisnderstanding of the principlescircumstances) could one represen-
explanation. And yet, the session hachvolved. In turn this deepertation be more useful/apt than another?
successfully “modeled” the kind ofunderstanding would help them mak@&hird, teaching with understanding
classroom that we believed could workhe moves towards what we saw ameans learning to differentiate between
in settings where the understandings ahportant goals of the TEP. an explanation that probably cannot be
rescued and one that holds the nub of a
powerful idea even though it may be
partly wrong (like those of some of

It is well known that you only learn how to be an our students). And finally, learning
effective teacher when you are actually there, on how to work with these generative
the job, alone in the classroom with 20 students. ideas to develop their emergent

potential.
These are the kinds of ideas and
experiences that we would like our

That being so, we see the TEP providing
generative rather than strictly structured,

didactic preparation—adynamicbase from which prospective teachers to carry with them
to foment interest, controversy, inquiry, into the classroom along with their
reflection, and the potential for continuous knowledge of math, physics, biology,
learning. or chemistry. Itis well known that you

only learn howto be an effective teacher
when you are actually there, on the job,
alone inthe classroom with 20 students.
the student body are much more overtly Teaching With Understanding Thatbeing so, we see the TEP providing
diverse than this one. Hearing one “Teaching for understanding” is agenerative rather than strictly
another’s views as the studentsurrent catch phrase; we would prefestructured, didactic preparation — a
“rummaged around in their own“teaching with understanding.” The dynamic base from which to foment
understanding” was a lesson in itselfsession addressed, if only obliquelyinterest, controversy, inquiry,
Further, the session had been, in pawhat that might mean: First of all,reflection, and the potential for
the kind of teacher preparation we arkolding the canonical explanationtontinuous learning.
aiming for. The students had beetheory clearly in mind as a necessary Six students from last year are
obliged, through their own work, toprerequisite for designing a taslcompleting certification in June, 12
interrogate their practical as well asituation that would meet our criteria -more from this semester’'s 11.124 are
theoretical understandings and to makbe depth of the principles that must bapplying to graduate schools of
the results of that inquiry explicit. Thatengaged, encouraging students teducation or to Wellesley’s Fifth Year
was a necessary first step. But it woulthterrogate their own understandingRrogram to complete their teacher
take more time for students to take thea potential to generate multiplecertification, and 4 will be teaching in
next steps —to develop an interest in threpresentations/explanations. Secongrivate high schools. With this cadre of
controversies among explanations asia the light of both practical andMIT students out there teaching, we
topic for investigation, as well. As thetheoretical understanding, thdook forward to hearing back from the
National Science Standards suggestportance of seriously considerindield on whether we are getting it right
they still needed to get interested in thalternative explanations, along with ther not[]
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Letters

To The Faculty Newsletter:

wish to comment on a key sentence in As you may recall, in 1993 Presidenintention to eventually replace each faculty
the editorial in the January/Februaryest and then-Provost Mark Wrightormember electing to retire under the
issue. The sentence states: “Thus the eadgnounced a plan to balance MIT’s budgencentive program. | hope this clears up a
retirement plan is an effort to reduce th&his plan included, among severainisconception thatyour readers may have
number of faculty.” | have been involvedelements, the goal of slightly reducing thebtained from the editorial.
with the retirement incentive plan sincesize of the faculty, and discussions have Joel Moses
its inception, and | have never connecteldleen held with selected departments Provost
the two concepts of a retirement incentiveNuclear Engineering, Ocean Engin-
plan and an effort to reduce the size of theering, and Physics) where sucfihe “key sentence” referred to by Prof.
faculty. The goal of the retirementreductions, taken over a ten-year periodfloses was a rhetorical flourish that
incentive plan is to encourage intellectuahight make programmatic sensesurvived into the final draft by editorial
renewal by making room for junior facultyActually, at this time, there has been noversight. We believe that sentence to be
when there is no longer a mandatorgignificant change in the size of the facultgrroneous and regret its inclusion in the
retirement age. The Institute stands tover the last few years. editorial.
save money from an incentive program if The faculty reduction plan of 1993 and Editorial Committee
retiring faculty are replaced by juniorthe retirement incentive programs are
faculty, one for one. independent of each other. It is our

00000000000
To The Faculty Newsletter:

he comments on reengineering in the The Institute faces a number of dauntingadopt’ various universities and give them

January/February 1996 issue of thehallenges. It seems inevitable that in thinancial assistance as well as instruction
MIT Faculty Newslettewere especially next few years there will be decreases ito promote quality management. As an
interesting to me. When | learned som&inding. If the leadership of the Instituteoccasional participant in this effort, | can
time ago that MIT was to embark on rewere to learn about quality managememeport that it goes very slowly. The
engineering, | wrote to the Chairman ofnethods, and then apply what they hagrrincipal  barriers are these:
the steering committee and asked, “Whdparned, perhaps the passage through Unwillingness on the part of the top
you re-engineer, are you going to do it ithese difficult times can be made withoutanagement to learn something new, to
a quality way?” The point of this questiorgreat harm. On the other hand, if they daccept that a paradigm shift is required in
was that | had worked with W. Edwardshot, the costs in both human and financigiese turbulent times; b) A disbelief on the
Deming for the last 15 years of his lifeterms will be very great. part of faculty that they have anything to
and, through industrial consulting in A consortium of companies, includinglearn from the experiences in industry; and
quality management, had seen first harfebrd, Motorola, Xerox, Procter & Gamble,c) An inability to see how quality methods
what happens when the principles o&nd others, has banded together to brirguld possibly improve what they do.
quality management are ignored as these ideas to universities. They have putThe seeds of discontent, apparentin the
company attempts to reorganize itseliup 9 million dollars for NSF to use toNewsletter suggest that the time is ripe
The reply | got was simple, “MIT is notattract academics into research on qualifpr change. This retiree will watch with
yet ready for quality management.” management. They have undertaken tyreat interest.

Myron Tribus
Professor Emeritus
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