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ABSTRACT
Worcester Polytechnic Institute (WPI), following two

and ore half years of intensive study and plarning, has developed and
begun the implementation of a PLAN for a new and comprehensively
different educational program, responsive to +he needs of individual
students, society, and encouraging sensitivity to the ideas and
values of civilization. In M¥ay 1972, the National Science
Foundation's Directorate for Science Education through its progranm,
Restructuring the Undergraduate Learning Environment (RULE), granted
WPI the prototype award for this program. The purpose of this
document is to transmit to the public one of the products of that
project. The grant included several provisions for external
evaluation of the program; one of these evaiuations being based upon
periodic reports of a visiting ccmmittee of several representatives
from the fields of educa+tion, science, engineering, and industry.
During the years 1972-75, the committee periodically observed ani
reacted to WPI's process of change. The reports contained in this
publication are the firs+ WPI-NSF Rdvisory Comaittee members' summary
assessments of the project. Included in *he apperndix is a partial
summary of papers, publications and news stories published to date.

(BT)

3 o o s e e e ok 3k s ke sk o sk o ke sk sk ok ok o ok ok o ook sk ok ok ok ok
Documents acquired by Z2IC include many informal unpublished
materials not available from other sources. FRIC makes every effort
to obtain the best copy availablie. Nevertheless, items of marginal
reproducibility are often encountered and this affects the gquality
* of the microfiche and hardcopy reproductions ERIC makes available
* via the ERIC Document Peproduction Service (EDES). EDRS is not
* responsible for the quality of +he original document. Reproductions

* supplied by EDES are the best that can be made from the original.
e 3kt e o e e ok ke e skt e ok ek ok ok sk ok ook sk s s ok sk koK sk sk ok sk e sk sk o e i skook ok sk ok ok ok 3 oK o ok oK 3 Sk e ok sk ok ok ok 3K

#* O # 3%

= e 3k 3k 3k e e 3 3 3 3k Sk S e 3k ok X sk sk ook 3ok Sk o ok ok s e sk ol sk ok

bl

2

T A A T A T Y



ED129588

©
\ﬁ
%
3
4
Q

EEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEE
YYYYYYYYYYYYYYYYYYY

OOOOOOOOO

THIS DOCUMENT HAS BEEN REPRO.

DUCED EXACTLY AS RECEIVED FROMm

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
1

RESTRUCTURING e
UNDERGRADUATE |
SCIENCE EDUCATION

A Summative Assessment by the
NSF-Worcester Polytechnic Institute
Project Advisory Committee
Constituted from 1972-75

Project Report No. 1

Report prepared for

NATIONAL SCIENCE FOUNDATION
DIRECTORATE FOR SCIENCE EDUCATION
Restructuring the Undergraduate Learning Environment

Under Grant Number GY-9353
2 | i




Any opinions, findings, conclusions or recommendations
expressed in this publication are those of the author(s) and do not
necessarily reflect the views of the National Science Foundation.




AU5037976

RESTRUCTURING UNDERGRADUATE
SCIENCE EDUCATION AT
WORCESTER POLYTECHNIC INSTITUTE
WORCESTER, MASSACHUSETTS

A Summative Assessment by the

NSE-WPI Project Advisory Committee
Constituted from 1972-75

Project Report No. 1

Dr. Lee Harrisberger
Dr. Bruce Mazlish

Dr. George Pake

Dr. Kenneth Picha
Dr. Eugene D. Reed
Or. David Riesman
Dr. John R. Whinnery

Report prepared for

NATIONAL SCIENCE FOUNDATION

DIRECTORATE FOR SCIENCE EDUCATION
Restructuring the Undergraduate Learning Environment

Under Grant Number GY-9353



In 1968 Worcester Polytechnic Instituate undertook a wa jor

educational planning effort which led two vears later to the adoption

bv the faculty of a new academic philosophy and the accompany ing

systematic progyram redesign which dJdiffers miarkedly from the traditional

dpproach to the education of engineers and scientists. The new

I c o

program iins become known as the WPI Plan. With the total resources

of the College committed, WPI since 1970 has been embiarked on a
seven-year implementation prosram placing extrene demands on all

concernad.

WPL s received financial assistance foar the program Lrom many

T
Wl S

sovirces, bdat the larvest grant has been from the National Scicence

in Mo 1972 awarded WPL $7331,400 later auvmented

Founduation which,

1,215,500 The grant included sewver i1 provisions tor external

e

to
evaluition of the proaram, one of these evaluations being based
tpor the periodic reports of o visiting comaittee of seven distinguished
representatives from the fields of educacion, science, enyineering
and Lndustry.?

For 1 period of three vears evervy November and every April this
sroup known as the NSF-WPI Advisory Puanel, on each visit spent two <o
taree davs on the campus nrobing every aspect of the new program and
submitting interim reports to NSF and WPI.

The final visit of the Panel took place in April 1975. Their
final indlvidual reports summarizing their observations over three
vears follow in alphabetical order of authorship,

The task of implementation at WPI is far from over. A new
NSY grant provides for a mew Panel for the next three vears. To
the members of this original Panel who have with a sense of personal
dedication and astute, impartial criticiss accompanied us through
three of the most critical, exhausting and vet emotionally exciting

vears of WPT history, we are deeply srateful.

Sy a0 );qjﬁ &
Tl bl dagr YT Ly s e

William R. Grogan 4

Dean of Undergradunte S+udies

NSU' Project Director

July 1975
[ . S s ;
to assist readers who may not be familiar with the scope and
objectives of the WPI Plan the appendix contains a copv of myv
report presented March 6, 1975 to the Advisorv Committee for
Science Education of the National Science Foundation.

e
A list of parel members is on the next page.
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FOREWORD

The National Science Fonndation's Directorate Tor Science Educition
threngh s program, Restrncturing thet ndergraduate Learning Environment
[RULE). is supporting a Bmited number of projects at institutions that are
undertiaking major chimees in their undergraduate instractional programs in
the sciences. In Mav 19720 Grant OQY-9353. the prototpyve award for this
program. was  made to Worcester Polvtechnic  Institute, Worcester,
Massachusetts, The purpose of this docament is to transmit to the public one
of the products o that project.

The Foundation’s purpose in RULE is to ericonray colleaes and
universities and their scicace Taculties in the development, testing. and
evaluation of new or unconventinnal approiaches to the organization,
minagenient. detivery.and or content of undereraduate science education.
Awirds under RULE for projects which are comprehensive or institutional in
scape.are based on the presumption that some of the problems confronting
mstitutions of higher learning require a systematic, rather than fragmented
approach. Projects which are directed at altering the basic structnres of
science progrants and which are determined to have the sreatest potential for
tnereasing nationally the diversity of institutional settingsfor seience receive
priordy in consideration for support.

The objectives of the Worcester Polvtechnic Instiute's restrincturing
project. Tor which NSF and other agencies hoth public and private have
provided support. are summarized by the institition in its original proposal
as follows:

Worcester Polv hnic Institute following two and one half
vears ol intensive stuay and planning, has developed and begun the
implementation of a PLAN for anew and comprehensively different
educational program, responsive to the needs of individual
stirdents, responsive to the needs of socicty, and encouraging
sensitivity to the ideas and values of civilization, The PLAN
involves a complete change in every aspect of campus aclivities,
affecting every member of the faculty, every student, and every
administrator,

Since this major educational enterprise. involving total
rearientation of an entire college, will require significant invest-
ment over the next several years, WP now requests the assistance
of the National Science Foundation and the National Endowment
for Humanities, in developing itself as a model college, featuring: 1.
Degree requirements measuring the achievement of compeience
rather than accumulation of academic credits, 2. Individual
freedom in the planning of the educational process rather than a
rigid prescribed curriculum. 3. A large component of self-initiated
investigation rather than passive classroom participation. 4. New
instructional methods emphasizing education as a cooperative
venture between students and faculty, rather than the more
frequent relationship of mutual antagonisin.

-3
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The PLAN vmplrastzes proogranms sorth concentratbion in s e
orenineerig. contatnimge undbque presceipbion foe the itesaation
ol the hnowanitios inta the total educational experience, and
proviams with concenteation o humanition o social soence
requin e demonstiation ol sicmbicant competence oo soience and

crhieere,

WP is now totadly connmitted oo oy ativ emodel proaram
which wiltlh not onlyv demonstrate the educational ellectiveness and
Finamoal Teasibality of o new appreoas b to scientilic, techinotouieal
and huntanistic educatton, bur will also add 1o the national
expericnce inmethodaology of atiec e major relarnn inestabbished
iostitunbions of tneher fearning.

The Foundation's interdions inawardine this grant were to assistAWW P in
implementing its plan for totalrestenctorving of s undergradaate progeam i
the sciences, to help insure that the resaltant project could be ohsery ed and
studiesl s o modelsand to previde to allinterested partios some insioht imto
the process of institutional change,

Several modes of evaluation have been and contmue 1o be emploved o
assess e natire and fimpact of the ecents that have heenoceonering at WL
An especiallvusetul and chaltengine collection ot instahiis has been provided
by a commiltee ol seven prominent tigures in science, in education, and in
industey whoo tor the pesttheee vears, have periodically obseeved and reated
o WERTS process of chanee, The tenure of this conumittee extended from a7
to 19750 A second committer his been constututed for the tinal staces of the
project during 1975- 1978,

The reports contained hevein are the Hest WP-NSE Aduisory Committee
nrenthers” smmmary assessments of the proiect hased on their evaluation. 11 is
my beliel that these constitate o signttican! resonree to persons concerned
with the Nation's hicher education. i particalar science uneleraradioate
education,

Robert FoWatsan

Coardinator

Fohucational Program Restroctaring
National Scienee Foundation
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THE UNIVERSITY OF TEXAS OF THE PERMIAN BASIN Odessu, Tevay 79762

April 24, 1975

MEMORANDUM
TO: Dean Williom Grogon
FROM: Lee Homrisbar

SUBJECT: Final Site Visit Report and Summary Comments.

In each of the site visits we dealt with problems that were explicitly pertinent

to the chronolagy of the development of the PLAN. Thus it was consistent and
appropriate that thy last visit should be concerned with the final important con-
cerns in the PLAN implementation sequence; the competency, the management
and evaluation of projects, and the administrative problems of full operation in-
volving faculty loods, recognition, allocotion of resources, and administrative
procedures and policies. Progress to dote has been remorkoble. All pre vious
implementotion problems have been deolt with in a way that encourages us all to
believe they will be successfully operational. In each instance the problems were
solved rother than abandoned. The PLAN remains intact and is operational.

There are three significant areas that were specifically explored in this visit. The
following are my observations ond comments relative to these final development
concerns:

1. Competency Exam Process

As in anything being developed, there is a wide spectrum of variation and
success, At our last visit we saw a rigorous effort to ossure that students
were adequotely assessed. The faculty devoted o disproportionate amount

of time to the effort and the early Seniors did not find it too oppressive
although there was a range of quality of effort. Now that the full load is
beginning to hit, the problems of facu'ty load, uniformity of assessment, and
objectives begin to become very real.

The basic problem is devising an assessment that matches the competencies
that are to be evaluated - indeed even defining the desired competencies.,
The Committee on Academic Pelicy have a proposal that each discipline
define some "Behavorial Objectives" that define what is to be measured.
Conceptually, | agree, this is the crux of the issue; if you know what you
want the student to have, it is much easier to guide him to obtain them and
much easier to devise ways of assessing the obtainment.

Odessa (9151 3672011 Austin (5120 477 5407 Dalles (214, 8239293 Midland 950563 1426




Dean William Grogan Page %
Aprilt 24, 1975

I would prefer to define the "behavorial objectives™ s terminal ckills

and attributes that are seen by the faculty and the discipline as needed
to succeed after schooling., There should be several; defined in cate-
qories of technical skills and basic understandings within the discipline
and in general, operational skills such as interpersonal, communicative
synthesis, analysis, and judgment.

| strongly favor combining the assessment of the MQP (and perhaps even

the QQP) with the competency assessment. It would reduce the load re-
dundancy on the faculty and provide more focus to the process for the
student. 1 also favor Bruce Mazlish's concept of rating a competency

(on a scale of 5, etc.) rather than pass-fail. Also such a rating should

be done for a profile of attributes defined for the discipline so that the
student is never "failed” at the last but truly assessed of his major strengths.
Such a profile would be of rea! value to the student and very useful to his
references in recommending for job proficiencies.

A skill or attribute profile rating provides a certain amount of objectivity
and organization to the process of assessing competency that would ollow
several sources of irput. If terminal attributes are defined for all to know,
then the students themselves can be asked to submit assessment sheets on
their teammates, as well as faculty, client supervisors, and consultants.

For quality control | favcr the appointment of an annual task force (of fa-
culty and/or outside consultants) to survey the projects and the competency
assessment process and report back to the faculty. In addition, each MQP
and IQP should be presented orally to an audience of faculty and students
and/or client personnel or consultants. The public visibility and critique

will provide a natural check and valance to increase quality.

In summary, the competency exam is a basic and necessary [cature of the
PLAN. It should not be compromised by an erosion to a comprehensive.

It should assess - not wipe out or embarass by "failure”. The process re -
sults should be monitored periodically. A means should be devised to identify
those who truly distinguish themselves for honors (this should be done after
the assessment process by an honors panel).

2. Project Administration

The progress that has been made to accommedate the volume of this effort
has been truly outstanding. The faculty have exceeded the expectations of
us all. Having over 1000 students on projects is truly remarkable. The
center idea is an excellent administrative vehicle. It has the capability of
efficiently sustaining the whole effort in the long hautl.

12




Dean William Grogan Page 3
April 30, 1975

| believe it is imperative that the projects be client-oriented and drawn

from outside sources either through the centers or from numerous individual/
clients. It is my observation that "real-l|;fe" projects are rich in the sup-
plemental benefits so vital to the objectives of the PLAN and are unbeatable

for providing enthusiasm and motivation. Equally as important, client pro-
blems are unlimited in scope and variety whereas the creative demand on
the faculty to provide relevant project ideas far exceeds their ability to sus-

tain - let alone, endure the load. Each discipline should appoint a faculty
member as praject administrator to work in caordination with the project office
to identify clients and client projects for the discipline. | don't see this

being a full-time load as it becomes more operational.

A brief comment about the quality of the projects - as would be expected
with this volume of activity this early, they vary from very poor to excellent.
The poor ones tend to be at the high school science project level involving
mostly library reseurch and report writing or routine laboratory testing. The
good ones which meet my sense of what the PLAN is about involve a“grear
deal of creative enterprise, search, experimentarive analysis,synthesis, and
practical applicability - all of which accrue in projects that solve real pro-
blems in the field,

Serious consideration should be given to requiring a client to provide a direct
cost grant (need not ordinarily exceed $590.00) to support the project activity,
Maost clients will be glad fo assist since they get so much good :echnical help

anyway.
Administration and Management

Now that the full operational load of the PLAN has arrived, the necessities
of management and support become acutely opparent. Most critical are
faculty load, morale, development, and reward. Also vitally important is
overall administrative support (direct and indirect) and cost effectiveness.
Complex problems don't have simple solutions.

There are several things that came out of our visit that seem to me just might
help reduce some of the stress and agony and head things in the right direction.

1. Put more responsibility on the department heads to share in the overall
administrative problems, decision making and planning - by having «
very close working relatianship and communication link with all the
decision makers at the executive level. A lot of the faculty concern
about administrative decisions comes from misinterpretation and lack of
awareness of the forces that are at work. The Heads can do a lot to
close the loop if they are fully informed themselves.

13



Dean William Grogan Page 4

April 30, 1975
2. Put more emphasis on the frequent and informal recognitions of
faculty effort - in addition to the major "hero" rewards.
3. Combine comprtency assessment with project evaluation, stressing
outside client-  :nted projects. Combining projects with faculty

consulting and research would reduce faculty loads and increase
their own satisfactions.

4. Seek more project direct-cost grants and allocate inhouse resources
to provide more low=-cost clerical and technician support.

3. Provide a periodic inservice training program for the new faculty.
These faculty come to the WPl PLAN stone-cold and essentially
unevangelized. They cannot be expected to "see the light" and
become converts and productive advocates without some orientation
and discussion of procedures and techniques.

6. Involve the faculty in the development of an evaluation and reward
process that will recognize PLAN program activities along with other
professional accomplishments. If the reward system criteria mismatches
with PLAN activities, other gods will be served than PLAN.

Summary Comments

NSF has indeed gotten its monies' worth! This is one of the best administered
projects | have seen, and it has met its objectives for the three-year period
exceedingly well. Problems of implementation were met and solved with very
little compromise of objectives. The PLAN is esseniially operational, and the
problems that remain can be solved in the same competent manner as all in
the past.

Much remains to be done, and continued support by external grants will be
necessary to flesh out the program operation and sustain its vitality. NSF
should continue to supply additional grants to develop the sustaining mechanisms
and enrich the innovative attributes of the program. The university has not yef
had an opportunity to institutionalize the program and develop the resources to
accommodate its costs and demands. It's like buying a family a pet elephant
and not providing assistance for it to provide the ton of hay a day it takes to

keep it.

The program is an excellent new instructional system, a commendable addition
to engineering education, and a most worthy investment and contribution by
NSF. | agree with the other panelists, it is not an exportable package and

1



Dean William Grogan Page S
April 30, 1975

nothing can be proved that the PLAN could survive nor even get started on
another campus, It is a closed system, environmentally dependent, and unique
to its own personnel. All of its parfts appear elsewhere - all of its concepts
and outcomes have prior history. It is unique as a total integrated working
system where it is. it proves essentially that o well-conceived plan with
geod management and generous outside support can be made successfully op-
erational, The Foundation should be encouraged by this to subsidize the
implementation of other new programs of instruction for their own uniqueness
and effectiveness.

LH/jj
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DEPARTMENT OF HUMANITIES

Cambridge, Massachusetts 02139

May 7, 1975
To: National Science Foundation

From: Bruce Mazlish, Member of NSF-WPI Advisory Panel

Gentlemen:

Almost all that I would have to say is contained in the various
reports, and especially in my Summary Report, to WPI after the visits
made by the Panel during the course of the last three years. However,
a few additional remarks Separately might be in order.

1. On the basis of my experience with the WPI plan, I take a very posi-
tive view on the geneval advisability of conducting a program like
WPI-CoSip. It is clear that the NSF support was absolutely vital for
WPI undertaking the plan, and that the plan represents a major and suc-—
cessful innovation in scientific 2nd engineering education in this
country.

2. As far as the operation of NSF relative to their part in the WPI
pProgram, I believe its behavior in allowing the Panel an unimpeded op-
portunity to judge and evaluate the plan is exemplary. As best I can
tell, the NSF support of the WPI administration in implementing the re-
port leaves nothing to be desired.

3. My advice for NSF on how such programs might be managed in the future
is in aczcord with the observations above: behave in the same way as you
have with WPI.

I would like now to add some remarks concerning the future rela-
tions of NSF and WPI. As strongly as I can, I would like to urge NSF
to give continuing and not just start-up support to WPI. It must be
clear to all that WPI has limited financial resources of its own. Once

the continuing success of such a plan depends on continuing support,
and such support ought to come 1in part from NSF. While I realize that
NSF's general policy is to help institutions begin Programs, I think




To: National Science Foundation

From: Bruce Mazlish, Member of NSF-WPI Advisory Panel
Page 2
May 7, 1975

I should also like to comment briefly on the question as to
whether or not the plan is exportable to other institutions. In my view,
while parts of the plan and its general spirit may be exportable, I do
not believe that the plan as a whole can be so transferred (if anyone
were foolishly to desire to do so). Though Dr. Cohen of the evaluating
team is more sanguine about the exportability of the plan, I think that
in my observation spread over three years it is clear that the plan is
a process, a living and not a mechanical thing, and depends heavily on
the particular constellation of people and events at WPI. For example,
the plan could hardly succeed elsewhere without the presence of a key
"workhorse" such as Bill Grogan; and Bill Grogans are not found on all
campuses. Next, it is clear that an unusual harmony has prevailed
among the top administrators at WPI, with George Hazzard, Ray Bolz and
Bill Grogan able to work congenially and effectively together. It is
not at all certain that this would be the case in most cother institutions.
Next, the dedication of the WPI faculty has been in my view unusual.
Only a faculty strenuously committed to teaching and yet interested in
preserving high standards of research and scholarship could pull off
the task assigned to them. One could go on listing other factors
peculiar to WPI, but it is clear that the surmounting of problem after
problem was only possible by a rather unique constellation of key
people and efforts; and that is not an exportable commodity in the
usual sense of an exportable plan. Nevertheless, the plan's emphasis
on project work and the way such projects can be carried out can defi-
nitely serve as a most useful prototype for other institutions. In
that sense, one of the most salient results of the plan is in fact

exportable.

I should like to conclude by thanking NSF for the opportunity to
serve on the WPI Advisory Panel. It has been an exciting educational
experience, and one that has taught me a great deal. I only hope that
my comments on that experience to WPI have served in some small measure
as recompense for what I myself have personally taken away from ©y
service for three years on the Panel.

Sincerely yours
S s
Zéi&un;éjazz%;:21¢»g
Bruce Mazlish/

Professor of History
Head of Humanities Department

BM/ar
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To: William R. Grogan, Dean of Undergraduate Studies

From: Bruce Mazlish
Re: Summary Report Based on the Final Panel Meeting (April 17, 197>)

In this final repore, I shall attempt to take the leng view, looking
over our six visits to WPI in the course of the last three vears as a
total educational experience. While concentrating on various findings ex-
perienced at this last meeting, I shall be bearing in mind the changes
over time to which each item that I discuss has been exposed. You now have
your first real ¢raduating class, so to speak, under the Plan. I must con-
fess that T feel like a WPI graduate myself, as a result of following the
Plan for the last three yvears. It has been an exciting educational experi-
ment to watch, and I am amazed to discover that, after all of the diffi-
culties made obvious to us during the twice yearly visits, you have even
Ssurvived. Right at the beginning, however, I want to sum up by saying that
vou have not only survived but flourished. With that encomium, let me now
turn to more specific comments.

Requircments

It is clear that at the heart of the requirements lie the projects,

both the MQP and the IQP. While the courses are important -- some students
felt * their importance was not sufficiently underlined for the students --
it : .vious that what counts is the preparation thev afford for satisfv-

ing the general requirements at WPI. The projects, along with the compe-

tency examination and the sufficiency, are where the Plan reallw gets Its
test. Based on all my visits, there is no question but what the projects
are generally approved by both students and faculty. The students see the
MQP as a help in getting a job, and indeed are spreading the word that the
choice of a difficult MQP is desirable in that regard. IQP's have a fallout
that go well beyond the specific project undertaken. They seem reallv to
bring the student out of any shell he or she may be in, open new vistas,

and achieve their purpose of making the students more sociallyv aware. The
Success of the IQP does seem to depend heavily on the individual faculty
member involved, and it is clear that those faculty members who participated
in the Sloan Summer Study were and are most helpful to their students.

For both MQP's and IQP's, the results were better when the projects were
generated in connection with an outside agency (such as St. Vincent's
Hospital) rather than being the eccentric interest of a WPI faculty member.
There is, in fact, a bit of a paradox in that the students and faculty ap-
pear to approve of the projects almost without reservation, whereas nv own
experience in talking with some of the students and faculty about specific
Projects led me to conclude that the projects were in some cases *“rivial

and misguided. Therefore, it seems to me imperative that some sort ¢! (on-
trol mechanism be set up. A small committee of three or four persons,
operating more or less the wav our NSF Panel did on this last visit, could
sample a number of the projects and report on them. The singling out of
some projects as good and bad models would, I am sure, have a large scalc
Persuasive effect on the future projects. This sampling could probably hest
be done by outsiders, and it would be entirely legitimate to ask for NST
funding for it. It might also be useful to make defenze of the individual

T d
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prejects public. This would have the advantaue of serving both as « con-
trol mechanism and of further rewardine the student and faculty parcicipants
He giving some sort of public recognition and critique to their effort
Lastlv, the Washinutoa projects seem to be one of the mest exciting possi-
thilities in the Plan, and it is critical that people be encouraged to go,
both staff and student, and that sufficient advance registration for this
purpose be undertaken. As I understand it, there was o problem in timing
in securing the last batch of students, with sirn-up required before those
who had returned from Washington had 2 chance to spread the good news. This,
however, seems a mechanical matter that can rcadily be attended to, and the
washington part of the Plan should become increasinply successful.

What is astounding in relatien to the projects is the wav in which the
taculty has carried the burden. Throughout the three vears, there was a
erv real question as to whether, as the Plan went inte steadv state, the
oad on the facults would become ymbearabie.  To my astonishien', the
aculty aprears able to grapple with this foad, and indeed in many cases
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anpavently te eniew and derive inspirvation from it. T can onlw register my
amazement, and deal with the possible problem invelved in it somewhat later.

sufticiency

There seems te be no problerm with the suftficiency, although the question
o7 allowing social science to satisty the requirement still lies ahead. T!
is true even though the social science group at this moment does not wish
+y be included as part of the sufficiencv. In general, the students per-
ceive the humanities faculty as being good in quality ond offering a sufti-
cient range of subjects. The few students who might be considered "majors"
in areas related to the humanities faculty deo feel somewhat isclated and
peripheral, but this is a problem at all science and engineering schooels,
and there is onlv verv little that can be done about it. Perhaps the
humanities faculty can be encouraged somehow or other to establish a scciety
which involves such people, and to offer certain kinds of events which di-
rectly point at then.

1is

Intercession

As we have been informed, the intercession program has apparently stabil-
ized at arcund 55% level of student participation. Students and faculty ap=-
pear to be positive about the intercession, and I get the impression that one
of its main functions is to help in creating a sense of communitv: for example,
students now stay on campus duriny, the intercession period rather than leav-
ing for their homes. In reference te a sense of commmnity, however, I was
particularly struck bv the fact that in talking with the graduating students
about their four year experieace. there was little or no mention of the
e tracurricular activities ar envirosment at Wi,  Fach student simply gave
a recital of his or her achievemenss, in the sense of reeling off the steps
and requirements by which he or she had reached the stage of graduation. It
did seem a slightly mechanistic attitude, leaving cut f account the Tarver
Toruative influence that one might have expected to :ignre in their overviet
of their education at WPI. Tn the light of this fact, the community snhanc ing
aspect of intercession is especially valuable.

ERIC
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Competency Exam

Here, clearly, there is still a major problem. It is not, as I at first
expected, a problem of an overload on the faculty. Once again, thev seem
to be carrying the load without undue verbalization of discontent. Discon-
tent, however, is strong among the students. They do feel that it is unfair
to be sandbagged with the competency examination at the end of their stav at
WPI and to run the risk of failing. They also believe that it is not clear
what the competency exam is measuring, that different departments offer
vastly different exam’nations, and grade them according to verv different
criteria, and that too often the examination is measuring comprehension
rather than competency, i.e., that it is centerinyg on final results rather
than on process of learning. These are all scrious charges and need to be
dealt with carefully.

As for the faculty, although they seem not to complain of the burden of
the competency exam, it is also clear that it is becoming the foucal point of
2 possible counterrevolution. This, in fact, may be subtly tied up with
the whole question of certification as well. If the competency exdam can be
turned into a measure of the student's professional comprehension of a par-
ticular field, it begins to subvert rhe general intention of the Plan.
Students will learn very quickly that thev must take specific courses in
order to pass.

To deal with the problem, both as seen by the students and the faculty,
I reiterate my suggestion that the competency examination be graded on a
-5 or similar scale, and that no student who has reached that point in his
work at WPI should be said to be totally incompetenc. Next, as Lee Harrisberger
and 1 both felt strongly, competency should not be an all or rothing thing,
but should be measured on five or six items, for example, masterv of jyeneral
principles, articulateness, ability to innovate, ete., and the student could
be given a 1-5 rating on all of these items. In idition, it would scem verv
important to have an oversight committee. As with the projects, one would
want a small committee, which would look over the various competency examina-
tions given by the different departments and seek to hold them to certain
general criteria agreed upon ahead of time. Such policing (there is a similar
distribution committee to oversee the MIT requirement in humanities, social
science and art) would operate more in terms of persuasion than in terms of
flat ves and n-.

All in all, it seems that, with the exception of the compeiency examina-
tion, the various parts of the Plan requirement are acceptable and in working
order. The competency examination will need further close attention. oOne
has to grapple with the problem of generating new and adequate competency
examinations constantly -- and perhaps some standardization and repetition cf
these examinations would be in order in different subjects -- und making sure
that they adhere rigorously to the spirit of the I'lan. faving come so far,
there is no reason to assume that WPI will not be able to cope with this
problem as it has with all the other problems over the three vears of our
visits.

o
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Seven Week Term

On our first few visits, the issue of the seven week courses was both
visible and excitable. What becomes clear now, however, is that it has
passed as an issue and that indeed it is not critical to the Plan. Thus, al-
though three-quarters of the faculty seem to have doubts about the seven
week courses, it is accepted as part of the Plan and there seems little point
in making it an issue again. It has, in fact, served its original purpose
of shaking up the faculty and allowing for off campus project needs, etc.
Thus, all that seems required is flexibility, such as allowing the mathematics
department to offer fourteen week couvrses either directly or covertly.

Other Topics

The admissions procedure seems to be working well in relation to the Plan.
It is not so much that WPI has been able to attract additional numbers cf
students (though without the Plan there might have been a drop), but rather
that the right kind of student is being attracted now by the Plan. Indeed,
most of the present freshman class has come because of the Plan, and they
seem a very articulate and broadminded group in comparison with earlier enter-
ing classes. Certainly, they become more articulate as they pass through
the WPI Plan.

The evaluations by Drs. Cohen, Baker and Gabarro have been hopeful in
monitoring the development of the Plan through the three vears. They have
often given objective validation of subjective impressions held by the Panel,
for example. The use of the control schools now allows WPI to measure 1its
total achievement at the end of the three years against what can be seen as a
steady check. The control school evaluation, incidentally, may also serve
to help NSI' in its deliberations on the question of whether the Plan is ex-
portable or not.

Advisers are obviously an important part of any college experience.
Some WPT students see the advisers as critical to their success under the
Plan, but others do not. While all agree that one has to start planning early,
it is not agreed that this can only be done with the advice of a helpful
faculty member. In my own view, the situation is no different from that at
any other college or university. Advisers will vary greatly in quality, and
the students equally so in their need to have advisers with whom they do or
do not work closely. In any case, it is clear that the good advisers at WPI
are, as might be expected, swamped. Again, while this is sn important prob-
lem, T do not see it as a critical one.

The consortium is obvicusly a "good thing,'" but it does not secm verv
mearingful at WPI. At best it is a very peripheral affair, allowing the un-
usual student to take advantage of some particular need. It seems, however,
to be a fact of life that the overwhelming number of students at WPI simply
~annot take advantage of the consortium as a meaningful part of the Plan
cZperience.
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Faculty

As one student remarked, vou can change the students in the course of
four years but you can’'t change the faculty in that time. It is remarkable,
nevertheless, how much the faculty has changed in the course of our three
year visits, in the sense of rising to the challerge of the Plan. I have
been impressed by the dedication of many long-time members of the WPI faculty
to the Flan and :o0 the way in which new faculty, for example 1in life science
or soclal science, are fostering the aims of the Plan. To mv amazement, as
I have said earlier, the earlier dire predictions of faculty breaking under
an overload have not been realized. There is still, of course, the question
of rewards, and what I called in my last report a delayed shock reaction
ahead. There is little point in repeating our repeated warnings here. While
many members of the faculty have cbviously, and rightlv so, gotten much
gratification out of the Plan making WPI nationally known and their being
singied out for attention, more tangible rewards must be provided to them.
This is especially true of the pro-Plan people, those faculty who were the
early stalwarts and now feel that they are being overlooked or slighted by
the administration, or else that others who have not been pro-Plan arc being
tiven equal or greater rewards. Some of this can be dealt with, I believe,
by more strongly emphasizing to department heads, who must be very carefully
selected, that it 1is their duty to provide fairly constant verbal reward as
well as other kinds to the faculty distinguishing themselves in the service
of the Plan. It is also imperative that the top administration make perscnal
cfforts to convince the pro-Plan faculty that they, the administrators, are
still resolute in their support of the Plan. In this case, it is not anough
to be favorable to the Plan; one must also be seen, to he perceived, as
favorable.

It might be well in the context of my comments on the faculty to sav a
word about graduate programs. Most of my colleagues on the Panel feel that
the graduate effort is generally a diversion of resources from the Plan. I
am less fully persuaded on this point, and believe that graduate developments
provide a needed level of research activity for the morale of many key members
of the WPI faculty as well as providing an intellectual strength for the Plan
itself on the undergraduate level. Still, it is clear that this problem
cannot be swept under the rug, but must be constantly checked and looked at
by the administration.

Administratiog

Though the faculty -- as faculties probably always do -- gees the admin-
istration as padded and over—costly, it is clear that the administration is
stretched terribly thin. While we have all been worrying ahout the overload
on the faculty, a real problem of course, we have slighted the fact that the
administration is really also very overloaded. Bill Crogan's accomplishkarents
and work load are simp.y overwhelming. The President and the Vice 'resident,
George Hazzard and Ray Bolz, have extremely heavy obligations which they have
carried out splendidly, with seeming unperturbable calm and great responsi-
bility. But these are only three men, carrying the top administrative load
of a major innovation at WPI. To help relieve this load, something along the
lines of David Riesman's suggestion about internees to the President should be
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pursued. While recognizing the budgetaryv pressures on WPI, 1t still seems
necessary to flag a problem that tends to be overlooked in our concentration
on the salient problems related co students and faculty.

Summarvy
r— et

How can I sum up except to say that a Plan that seemed impossible of
implementation three years ago is now moving along briskly and well. 1If cne
bad known ahead of time the problems to be encountered, one would have wisely
declined to begin the Plan at all. Yet, faith seems to have overcome or
dealt with almost all of the problems. On visit after visit, we were con-
fronted with major problem areas whose solution seemed critical to the Plan
and yet extremely dubious. On our next visit, however, we would be amazed
to discover that either the problem had been overcome by direct action or
lil simply been transcended by the emergence of new problems. Nevertheless,
the result was not a house built on cards; as each part of the Plan became
increasingly operational it provided a solution rather than a dismissal of
the problems we had encountered earlier. It is a tribute to the extracrdinary
tenacity of all involved, especially the faculty and the administration, that
they did not give up hope, but instead went to work and dealt with the prob-
lems as they arose. This is not to say that all of the difficulties with
the Plan are over once and for all. The competency examination still looms
as a major obstacle to success. The fall-off of enthusiasm by pro—-Plan
proponents is potentially very dangerous. A lapse into complacency, or
worse, the emergence of a counterrevolution cannot be entirely discounted.
Yet, with all this said and acknowledged, I must conclude that the WPI Plan
is an exciting and successful innovation that bodes well to become a proto-—
tvpe of future developments in scientific and engineering education. Fron
ny point of view, over these last three years I have had a truly remarkable
experience and received a most stimulating education.
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THE WPI PLAN: NSF ADVISORY PANELIST FINAL REPORT

G. E. Pake, Vice President
Xerox Corporation

Palo Alto Research Center
Palo Alto, California 94304

[. INTRODUCTION

The NSF-WPI Advisory Panel has met six times since the fall of 1972. A
typical meeting comprised two days of both structured and unstructured sessions
with students, faculty, and administrators, as well as executive sessions of
the Panel. Panelists were given access to any data or individuals they asked
to see; all of WPI became an open book which we were free to peruse or study
in depth as we wished. The Panel involvement extended to attendance of faculty
meetings, meeting with such committees as the faculty committee on tenure, visit-
ing with prcfessors in their homes, lunching with students, and one-on-one inter-
views with student, facuity, and administration persoanel. A few panelists
made additional visits on their own to talk with faculty and students, to attend
classes, etc. It is quite possible that some academic members of the Pane]
have a better overview of WP than they do of their home institutions.

Many great accomplishments would never have been embarked upon if their
architects and implementers had known in advance the difficulties or known
the credentials of those who believed the task to be unachievable. The WPI
Plan and the efforts of WPI to date in carrying the Plan forward seem to mr
to fall into just this category of accomplishment.

When the Panel met during the first year it foresaw a host of problems;
few if any of the Panel Members believed WPI could surmount these problems and
that the Plan would be as successfully intact as it is today. Our foresight with
respect to the nature of the problems was, I believe, quite good. What we - or
at least I - failed to foresee accurately was the determination, perseverance,
and resourcefulness that the entire WPI community has brought to bear on those
problems.

Significant problems remain and the Plan's future is not assured. But the
quality, enthusiasm, and acquired maturity of the first graduates who have
spent their entire undergraduate years under the Plan testify to a success
that none of the NSF-WPI Advisory Panel would, [ believe, have predicted in
the fall of 1972. ’

IT. OBSERVATIONS ON SIXTH PANEL VISIT

“or the first time, the Panel could interview graduating seniors who had
been under the Plan since their freshman year. Interviewing these students was,
for me, the high point of the six visits. They were articulate, pleasantly self-
confident, and they exuded enthusiasm for the Plan and immense satisfaction
with their WPI experience. They have a sense of accomplishment, a sense of sone
ability to function professicnally in real-world circums tances, and a desire to

move ahead.
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These Plan graduates are not without criticism of the Plan and their exper-
iences with it. But they understand that experiencing tne bugs in the Plan goes
with the privilege of being its first oroducts. These graduates, most of whom
came from middle class homes and many of whom are first-generation college
graduates in their families, are to me the most effective salesmen (sales-
persons if you must!) of the Plan.

Their experience with the projects seemed to be wuch aporeciated and hichly
valued, whether or not the project quality was judged later on by panelists to
be hich - a topic about which I will shortly say more. I have a strong sub-
jective feeling that the IPI (Individually Prescribed Instruction), MQP (Major
Qualifying Project), and IQP (Interactive Qualifying Project) experiences, along
with the clearly traumatic Competency Exam, combine to breed a bachelor's degree
graduate more articulate, poised, and on the whole self-confident than would
a traditional passive undergraduate experience of required classroom courses.

Tne Competency Exam remains a problem, though it is less debilitating to
thae students than when the first round of these exams hit the students.

The new problem in this visit is the Qualifying Projects. Concern about
them nas shifted, in my mind, away from the guestion of whether the faculty
can manage the load of such projects to whether, while managing the quantity
of projects, adejuate quality can be established and maintained.

There are some undercurrents of faculty discontent with the administration.
This is disquietina to me in that both faculty and administration have labored
effectively under heavy overloads, and I wish each group would fully appreciate
the accomplishment of the other. In many rcspects they have both "played over
their heads". But such heavy overloads develop a weariness that more readily
admits doubt of the partner group's output or effectiveness. A1l told, consider-
ing today's endemic strain on private higher education, considering the thin-
ness of WPI administrative staff in relation to the needs of the Plan, and
considering the heavy load carried by the key faculty members who make the
Plan a reality, I judge faculty-administration relations to be good-to-excellent.
Professor Riesman reminds us that these days all faculties are paranoid; [ am
saying that WPI's is much less so than anyone would predict wno knows the work-
load, the disorientingly high recent rate of change, and the WPI financial
resources available for salaries.

On balance, the Plan has I believe provided higher faculty morale at WPI
than we would find there if the traditional program had prevailed. And the
WPI senior level administration (Hazzard, Bolz, Grogan) is of a caliber WPI
could not have aspired to without the Plan.

The sixth Panel visit has shown that WPI can deliver a superior under-
graduate as a product of the Plan while to date surviving institutionally some
very severe stresses.

[11. 1975 EVALUATION OF THE WPI PLAN

The following represents my overview and conclusion after observing the
phasing in of the WPI Plan over the period of the six Panel visits.
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Individually Prescribed Instruction

IPI works, but it works better in some subjects than others, and some
students are not mature enough nor self-motivating enough to do it well, 1
am sympathetic with the problems that mathematics faculty feel they have with
IPI and the 7-week term, particularly at the lower undergraduate levels. Use
of more conventional mathematics courses and the double 7-week term (in effect
a l4-week semester) secems to me appropriate, if the Math faculty prefers to do
so. I do not regard this as an erosion of the plan, which is after all aimed
principally at the engineering specialties and the natural sciences.

The Seven-Week Term

This loomed as the bia problem during our first two visits. In spite of
some obvious disadvantages (e.g., a one-week student illness is a 15° loss
of time from the instructional module, whereas it would be a 10 or 7. within
the conventional quarter or semester calendar), I believe it has been helpful
in forcing re-examination and rethinking of the instructional and project

offerings.

[f a change were now to be contemplated. | - “ieve that the 14 week semester
would be less disruptive of the Plan than a : '+ g 10 weeks, which is, so to
speak, neither fish nor fowl in relation to t experience of the last four or

five years. The 7-week term may have been essential to launching the Plan; I
believe that either the 7 or 14 week term can accommodate the basic philosophy

and essential elements of the Plan.

The Qualifying Projects

These projects have the creat benefits for the students that I mentioned
in Section II - development of initiative, confidence, ability to work with
others. But some project problems have substance and potential, whereas others
lack one or both. Faculty advising and monitoring is critically impertant here,
and quality controls within and among departments are desirable, but difficult
to achieve without further burdening the faculty, e.g., in review-boards.

A small external review board might be very helpful in checking samples of
projects for quality, and in feeding back to the departments and the administration.

It appears that at least two external project centers, the Washington Center
and the St. Vincents Hospital Center, have provided real-world problems of substance
and quality; perhaps the gradual development of more project centers is a direction
in which to move. The newly planned joint graduate venture with the Worcester
Foundation for Experimental Biology offers promise of good IQP's and MQP's related
to regular research and graduate degree research being pursued at the Worcester
Foundation.

The Sufficiency Requirement

The humanities faculty and program has grown in strength during the phasing
in of the Plan: the Plan's Sufficiency Requirement has helped the faculty as
well as the students. There was one student who expressed to me a concern that
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his Sufficiency program constrained him artificially from pursuing social
science aspects of his humanities study. This constraint, I believe, need not
exist. In any event, nothing (except workload) should preclude such a student
from seeking counsel with faculty social scientists as he works out his
Sufficiency.

The_Competency Exanm

[ believe this is the element of the Plan in most need of attention. The
students feel tnatl the criteria among the departments are uncertain and uneven,
that the number of first-time failures is inconsistent with measured academic
nerformance during the previous 3 or 3 1/2 years, and that, when the exam is
failed and therefore must be repeated, the timing of the event is psychologically
about the worst that could be found. 1 think all of these student views are
largely correct.

Furthermore, the Competency exam and its significant number of repeats
places an almost intolerable final layer of workload on a faculty heavily
burdened with advising, instruction, and project guidance.

Throughout the Competency issue runs the conflict between a faculty
desire to test for comprehensiveness of background in the major field and a
desire to measure competence in solution of a particular problem. In either
case, but especially in the comprehensive version, the faculty is pressed to
come up with new and different measures as student files fill up with exam
questions. My choice in this dilemma is outlined in Recommendations to WPI,

Section IV below.

Summary View of the Plan

For the student capable of developing initiative and even semi-serijous
about deriving benefits from their WPI experience, the WPI Plan produces a
superior product. There is a group of WPI students ( and doubtless always will
be) who do not meet those conditions: one cannot yet conclude either the
effect of this group on the environment of those students profitably engaged
in the Plan, nor the effect of WPI on those students not well suited to the
Plan. Are they any worse off at WPI than they would be in a traditional
program? My guess is not.

The Plan's continuing success hinges critically on faculty conscientiousness,
effectiveness, and stamina in advising, project identification and monitoring --
as well as the usual faculty duties of instruction and a larger than usual
amount of committee work.

The net conclusion of the foregoing paraaraphs is that the WPI Plan produces
a superior product at a higher academic cost. My subjective judgment is that
the product increment proportionately exceeds the academic cost increment, i.e.,
the game is definitely worth the candle!

This leads to the ultimate question: as WPI settles down to this effective
experiential learning program, can re urces be found to relieve the faculty
overload and sustain the program? In ine very long run the hope may have to
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rest on industrial support, presuming that industry will recoqnize that it

hires a more useful and effective graduate when he comes from WPI. This
challenge 1is squarely before the administration, because the fickleness of
public and private foundations with respect to support of solid programs once
their "innovative" lustre wears off is known to every leader in higher education
(and secretly by nearly every foundation executive). See my further barbs on
this topic in Section VI.

My conclusion after three years during which I have seen the first clas.
of graduates who have been fully under the WPI Plan: It is the most success-

ful experiment in educational reform with which I am familiar.

V. RECOMMENDATIONS TO WPI

Proposed Linking of Competency to the MQP

I believe that the two major difficulties the students have with the
Competency Exam would be solved by tieing it to the Major Qualifying Project.
The first difficulty to be eased is that, by defining the MOP as the domain within
which the student is to be examined, his competence with respect to that domain is
much less 1likely to be confused with comprehensive knowledge of a broad field.

The second difficulty is the psycholoaically awkward event (evidently
occurring with some frequency) of fajled and repeated competency exams followin
the student's successfully having met all previous Plan objectives up to the
middle of the senior year. Competency based on the MQP would confine the exam
to topics that (a) the student has studied in some depth and can reasonably be
expected to have mastered, and (b) the student will regarl as an appropriate
culmination of his MOP effort rather than an irrelevant general examination.
(This would be analogous to defense of the thesis at the completion of a graduate
degree program. Instead the Competency Exam is now analogous to asking that a
Ph.D. candidate, after satisfying course requirements and having his thesis
accepted, take a comprehensive exam in his discipline. If he is judged by the
faculty to have flunked, requiring a repeat exam, it is readily understood that
he will view the whole procedure as nonsensical and even unfair.)

Another virtue of this proposal is that it should ease the 1oad on the
faculty. The MOP adviser can plan the Competency exam as an cutgrowth of his
involvement with project guidance, which should be easier than working up new
general competency questions. Also, I assume that the students will have a higher
initial passing rate on an exam related to the project material in which they have
been so deeply immersed, thus consuming less faculty time in re-examination.

A second possible benefit would be improved quality control on the projects.
If the MQP faculty adviser knows that a second faculty membér witl join him in
the Competency exam following the project, there will be subtle influence to keep

the quality high.

General Recommendations

The WPI Pilan and the progress made with it to date is the most exciting and
productive educational innovation or reform I have encountered. In spite of the
many problems, some solved and some remaining, the accomplishments by WP1 faculty
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and students in developing and implementing t.e Plan represent tremendous
achievement.

My recommendation is clearly stick with the P]én, don't lost heart in the
face of some inevitable problems and a likely period of doubt as some of the
Tustre wears off. In short, keep up the qood work!

VI. RECOMMENDATIONS TO NSF
General Advisability of WPI-CoSIP Type Programs

[ am extremely enthusiastic about the WPI Plan and the indispensable impetus
given to it by NSF CoSIP support. NSF is certainly to be commended for recogni-
zing that the proposed WPI Plan had substance arowing from a genuine ground swell
within the WPI faculty. In my own experience, such proposals for innovations in
education typically are either the hastily considered efforts of a few who cannot
really carry their faculty colleagues with them in sustained serious effort, or
they are relatively convertional programs dressed up to appear innovative in order
to seek funding. Fourndations, both public and private, let themselves in for the
latter by being too much caught up in ‘innovation', I believe. Improvement of
the undergraduate learning experience is the goal. Most innovations are unlikely
to be improvements, and only rarely does a sound innovation such as the WPI Plan
come along. That NSF rscognized the potential in the WPI proposal is very much
to NSF credit.

I conclude that a CoSIP or RULE (Restructuring of Undergraduate Learning
Experience) program in N3F is highly desirable, but only under certain caveats
and with realistic expectations: very few oroposals for such restructuring will
have all the ingredients that have contributed to the WPI Plan's success to date.

Those ingredients are:

1. A strong nuclesus of faculty leadership
inspired to improve undergraduate education.

2. Sound planning.

3. A faculty willing to take on heavy loads
to support the effort.

4. An extremely able and well-organized Dean of
Undergraduate Instruction to provide administrative
organization and initiatives.

A university administration committed to the effort,
able to comprehend it, and effective in "selling"
it tc alumni and external agencies.

w

6. A strong, independent, respected external Advisory Panel.

I believe I can list the sixth requirement in the WPI Plan without being
immodest, since the quality of my Panel colleagues will fully make the case,
totally neglecting my presence. Such a panel provides independent assessment,
can take an overview without being consumed in detail, can provide welcome
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encouragement in response to progress i and can offer constructive criticism
and suggestions. The hardworking, over: .od practitioners of such an educationa
restructuring draw an important reward, [ believe, from the dedicated constructivy
interest of educators and scholars of the caliber of Messrs. Harrisberger, Mazlis
Picha, Reed, Riesman, and Whinnery. The free hand given to the Panel has been a
most enlightened NSF policy - indeed it may be essential to recruiting and
retaining panelists such as those listed above.

The future counterparts of WPI-1ike improvements in undergraduate education
must be discovered and given the opportunity to be tested. DO NOT EXPECT TQ

FIND MANY.

What is oxportable from the WPI Experiment?

[ am tempted to say that only the Tist of six required ingredients is
exportable. That is possibly too “flip" an answer, yet I am reluctant to claim mo

Presumably the projects, whether MIP or IQP. could be exported into circum-
stances where tle curriculum is otherwise relatively conventional. But I believe
that the Individually Prescribed Instruction, the shorter and more intensive seven
week term, and other elements of the WPI Plan develop a degree of student self-
reliance that contributes significantly to the success of the MOP's and IQP's at U

Innovating versus Sustaining

During my 22 years in academic life, prior to departing for industry, and
also during my past five years as a trustee of a private foundation, I have
developed a stronag aversion to the innovation syndrome of supporting agencies.
Everyone 1ikes to be credited with having or helping to launch a new idea. Far
fewer have the resolve or perseverance to sustain solid new ideas through their
less glamorous periods of middle-aged steady productivity. I have in the past
accused the private foundation world of happily depositing babies of innovation
on the doorsteps of private colleges and universities, leaving those institutions
with the hapless financial task of nurturing the innovations through childhood
and strapping ever-hungry adolescence toward solid maturity.

With the foregoing observation (prejudice) clearly expressed, I urge the
National Science Foundation to recognize what I believe to be a fact: a dollar
spent sustaining the (to date) highly promising WPI Plan will provide more
educational return than a dollar gambled on "wild-catting”" for further viable

educational reform.

Now, since ©ie successful WPI Plan experiment could not have been nerformed
without such speculative investment, I am obviously not opposed to wild-catting.
What I am saying is that it is pointless to invest in the search for new resources
without following through with support for their steady production. This calls
for a balance between sustaining and innovating funding that few foundations,

public or private, have seemed to me To be willing to strike!

George E. Pake
May 1, 1975 P
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REPORT TO THE NATIONAL SCIENCE FOUNDATION
ON THE PROGRESS OF THE WPI PLAN

K. G. Picha, Advisory Committee Member

The Faculty and Administration of WPI are to be commended for the
excellent progress in implewmenting the innovative WPI Plan for engineering
education. Many of us were extremely skeptical over the past threc years
as to whether or not WPI could indeed implement the Plan. The Plan has
been implemented, all freshmen are now on the Plan, and a sizeable number
of seniors are graduating. Graduates of WPT are being placed in good indus-
trial posts and are being accepted at prestige prcofessional Graduate Schools.
Much of the success to date is due to the keen perceptions of problems and
excellent approaches to problem solving of Dean William Grogran. NSF should
continue 1ts support of the WPI Plan for at least another two Years since a
great deal of good experience and data are being 2veloped that will be of
value to other engineering schools and, 1 suspect, to Specialized Accrediting
Agencies.

It is understood that NSF has interest in determining what components of
the Plan might be useful to other institutions. It was agreed by the Advisory
Committee that WPI was a rather unique place five years ago in that it faced
a rather uncertain future unless some dramatic changes took place. There
existed some key faculty members who envisioned the Plan and were ready to
worlk extremely hard to make the Plan work. There were also a unique set of
talents and interests which made the IQP's and the MQP's possible. The
conclusion one reaches is that it is unlikely that the same set of circum-

stances will exist at ancther institution such that the Plan can be exported.
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It is likely, however, that the concept of working on real problems,
both technical and social, can be exported. Indeed, from my own perspective
and vxperivnce real problem solving and senior theses scem to be returniug to
many cngineering schools. It is hoped that industry and government apencies
will recognize the educational value of working with our Nation's ungincering
schools and will be willing to make the manpower investments as well as finan-
clal investments to continue to encourage these efforts.

apecific problem arcas observed during April 1975 will be commented on in
a divect report to dean Grogan. The most sipgnificant difficulty which 1 per-
ceive as being unsolved aand perhaps irreconcilable in the future shall be
discussed in this rceport.

The faculty members who conceived the Plan recognized that the implemen-
tation of the Plan would require cvery faculty member to become almost a
zealous missionary devoting all their energies and talents to the Plan. The
Faculty Reward structure had to be changed to give adequate rewards for
superlative performance in Plan activities. Clearly this meant that the
traditional rewards for scholarship-research and publications had to be de-
emphasized for several years.

1 expressed considerable skepticism three years ago regarding changes
in faculty reward structures. The conflicts of trying to maintain viable
doctoral programs and implementation of the Plan were obvious. It was my
judgment that substantially all of the faculty effort had to be devoted to
the Plan and that perhaps it would be wise to drop doctoral education at WPI.

Unfortunately the conflict remains and in my judgment the success of

implementing the Plan is in serious jeopardy because progress has not been
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achieved on solving thils problem. it 1is understood that a major change

in thinking is being called for. On the other hand, the conflict appears
to be a major stumbling block In most Innovative undergraduate enginecering
programs I have studied.

The argument can be made that faculty members can only stay abreast and
indeed ahead of technological change by doing doctoral level research. 1
too have used that argument for many years in making key personnel decisions.
I am now persuaded that other ways exist for w2intaining faculty prefessional
growth. It can be argued that faculty members workling on real industrial and
government problems with very bright seniors and masters students can stay
alive intellectually and grow professionally. In fact, one of the attractive
features of the WPI experiment was a test of this argument. Dean Gordon Brown
of MIT used to say that industry was the storehouse for technology and the
University the storehouse for science. Accepting his concept leads one to
believe that an engineering school can stay at the forefront of technological
change b day to day interactions with a variety of industries over a period of
five to ten years.

Should the Faculty and Administration at WPI decide to really bite the
bullet and focus all their attention to the Plan, some major questions evoulve
as to faculty mobility in the face of increasing tenure percentages (a problem
we all have). My guess is that as more engineering schools adopt the problem
solving mode of engineering education, that faculty members at WPI will be
approached with possible positions. On the other hand, it might be that WPI
might begin to lose its valuable faculty members to industry. (Industrial
starting salaries for BS students are once again equal to Assistant Professor's
salaries.) There could emerge a flow of people between WPI and Industry which

might be one of the best things that could happen to engineering education.

}
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The problem 1 describe is an casy one to discuss, but an extremely
the cruclal issues of today's

difficult one to solve since 1t raises

academic world. WPI demonstrated It could depart from the traditional
concepts when it adopted the Plan. Hopefully that same spirit of experi-

mentation and innovation will come forth to solve this problem as well.
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The WPI PLAN: Assessment and Recommendations
L. D. Reed
The WPL Plan 1s a daring attempt of an old establishoed
and prestigious engincering school to change itself. The roots
of this change arc twofold: dinstitutional survival and a

perceived need for a new kind of engincering education.

Located in a region of the country rich in institutions
of higher learning, WPI, some years ago, faced a bleak future.
Erigineering enrcllments, nationally, were sagging while expenses
anu hence tuition were climbing sharply. As a private and not
heavily endowed college, WPI foresaw difficulties in competing
with nearby public institutions which offered quality programs
at a fraction of the cost. There was need, the faculty sensed,
to differentiate WPI's educational of fering.

The other root of WPI's Plan was a strong conviction of
the faculty that today's engineering education needed radica)
change to respond better to the needs of modern society.
The modern engineer, according to the Plan, should enter his
profession prepared for industrial problem-solving and should
understand the impact 0f his technical output on society.
He should be well grounded in the humanities and should have
the opportunity in school to exercise initiative, to make plans
and decisions, and live with the consequences.

These ambitious features of the Plan were to be offered
not just to e small minority of entering students of outstanding

ability but.made the standard program for all.
2Q



The revamping of WPI's program from ity Lraditional tormat
to the Plan was an underitaking of ammense difficulty and
complexity. It was tackled by the faculty with oxtraovdinary
dedication and ingenuity and received the unreserved backing
of the administration. With the graduation this spring of the
first generation of Plan students, an important milestone has
been reached and the results of WPI's dnstitutional transformation
are beginning to emerge.

We met with six seniors selected at randem by Dean Grogan.
They were an impressive group: articulate, self-confident,
mature, knowledgeable in their field, and wholly sold on the
Plan. They would choose the Plain again and recommend it to
friends and relatives. This group of young men and wowen are
a credit to WPI. They will go out into the world, including
top graduate schools, as living advertiscinents of the Plan.

The Plan therefore is off to a fine start with many of 1its

indicators looking favorable at this early stage. But there are
problems. In my own view: one major probien and a scries of
minor problems. If WPI is able to tackle the major one, the

rest will take care of themsclves--in time.

The major problem is cost. The Plan represents education
inherently more expensive than the traditional format. I don't
know how much more expensiva--my estimate: 30% to 50%--nor do

S

I know how WPI will pay for it. The excess cost stems diroctly
from the Plan's need for substantially more faculty per student.
The early success of the program has been nade possible
by a burst of faculty dedication and effort which cannot be
sustained for the long haul. It is essential therefcre that
this problem be understood and faced.
In the following I will deal first with faculty overload
o and then take up some of the lesser problems. 4()
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FACULTY OVERLOAD

Pl embarked on the Plan with an already lean faculty:

X
a student-faculty ratio of 14. Every essential feature of the

Plan has added to the faculty load; none has reduced it.

Compared to a traditional situation:

The WPI student nseds more advising and monitoring
to steer him through his custom-tailored study plan.

Several hundred projects must be kept going at any
one time and their quality maintained at a high
level since much of the student's education derives

from projects.

Hundreds of competency exams must be designed and
implemented yearly, each tailored to an individual's

plan of study.

New incoming faculty requires more time to beconme
fully productive, again adding to the burden of the

incumbent faculty.

And yet, with all these additional demands on the faculty iroosed
by the Plan, the student-faculty ratio has stayed unchanged at 14.
Contrast this with Harvey Mudd, an engineering school offering
2 similar program, which operates with a student-faculty ratio
of 9.

So why is the Plan working so well at this stage? Certainly,

the first graduating students have impressed us as competent,

articulate and solidly behind the Plan. The answer lies in the
Taculty's willingness to put in extraordinary effort, dedication,
erd long hours way beyond the call of duty. .he Plan, after all,

is the faculty's very oun creation and the majority are stronacly

rotivated to see it succosd.



But what about the long wnaul? Can this outpouring of
faculty energy and motivation, triggered by the excitment of
radical, self-generated change, be sustained indefinitely?

I think not. I have come across professors puiting in 12 or

more hours a day plus weekends over long stretches of time

and yet barely keeping up with nonpostponable duties. There

is lack of time for upgrading courses, lack of time for just
thinking. There is talk of the need to exercise s2lective
neglect. There is reduced opportunity for consulting because

of the time demands of the Plan, aggravated by a salary structure
which lags behind comparable institutions. It all adds up to

a serious problem tnat must be understood and met.

The work load clearly is not uniform across the faculty.
I't ranges from severe overload to usiaderutilization. Considering,
however, normal spreads in talent, motivation, vitality, and
productivity, the work load will never be uniform, but some
redistribution would help and may indeed be feasible.

What I believe is needed is a thorough systems study to
determine the dimensions of this problem: how much faculty
time is needed to implement the Plan at a high quality Ievel
and how much faculty time is in fact available. Such a study
should concern itself with the steady-state rather than the
present transition phase since I'm confident that momentum
will carry the Plan through *he remainder of its developmental

phase. 1If such a2 study shows a modest faculty deficit,
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say of 20%, we may eéxpect to close the gap through minor
changes and economies without Jeopardizing essential features
or quality. If the study, however, discloses a much greater
deficit in faculty time, then we are surely headed for trouble,
and more drastic remedies will be needed.

In summary, I see faculty overload as the overriding
problem of the Plan. Qther problems, such as advising, projects,
competency exams, 7-week term, all stemming from the newness of
the Plan, can be corrected given the availability of adequate
faculty time. 1In the absence of understanding the probtem of
faculty load and dealing with it, the Plan will be faced with a
continuum of problems-~different ones at different times--al]

symptoms of a common root cause: faculty overload.



OTHER FACULTY RELATED PROBLENS

1. The faculty feels that neither department heads nor
administration are aware of individual work loads.

To be sure, computer printouts of work assignments exist

but Tittle use is made of them to give either recognition
or relisf to overloaded faculty members. This is a task

which department heads should address.

2. Some faculty members feel underrecognized. They put in
extraordinary effort, yet seldom hear a word of praise
or recognition. Initiatives are therefore needed by
department heads and members of administration to show
recognition and to improve communications with individual
faculty members.

3. The faculty corisiders itself underpaid and losing ground
with respect to cost of living. They question the fiscal
decisions of the administration and lack confidence in
the Committee on Financial and Administrative Policy charged
with understanding, influencing, and explaining fiscal
matters. I believe WPI has valid answers to these faculty
concerns, but the facts must be disseminated. I recommend
that the Committee on Financial and Administrative Policy
be revitalized and charged with establishing better rapport

and communications with the faculty.

44




The reward system at WP] is guided by the Committee on
Tenure and Promotions. We found the members of this
committee of high caliber and their organization and
procedures admirable. Nevertheless, there is a mismatch
between the policy as intended and implemented and the

policy as perceived by the faculty.

The impression is widespread that research, publishing,

and obtaining research grants are valued higher than
dedication to the Plan. Reinforcing these faculty concerns
is the undisputable fact that outside mobility and
marketability are enhanced more by publishing and research

than by contributing to the Plan.

While I can think of no improvements in the operation of
the Tenure Committee, I urge that its visibility be
increased. The present practice of rotating members
through the committee to widen the base of understanding

helps, but it is a slow process and more is needed.

Dedication to the Plan €quates with less time for research
and publishing and reduced opportunity for the individual
faculty member to stay abreast of advancing science and
technology. As a possible remedy, WPI should institute

for Plan-oriented faculty a vigorous program of sabbaticals

with industry or in university research.
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PROJECTS

Projects continue to be very popular with students.
The level of project activity is still increasing but at
a lower rate and will soon level out. At present, over a
thousand students are engaged in project activity. With an
average number of students per team of two, there are then
500 projects in progress. I sampled six projects--two of them
I judged qood, 2 poor, and 2 in between. While this may not
have been a statistically sound sample, I am nevertheless
impressed with the difficulty of maintaining quality when
dealing with such large numbers. Yet high quality in projects
is essential, not only because much of the student's education
derives from projects, but also because WPI's reputation with
participating industry is at stake.

The solution proposed by the panel--and I strongly support
it--is the establishment of an industry-faculty Project Committee
which, on an on-going basis, samples the quality of projects
and provides feedback to the faculty. While I recognize the
problem in recommending yet another committee activity for an
already overburdened faculty, I see no other way of achieving

the required quality control.
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This continues to be a problen area. For the student,
because the threat and actuality of failing comes so late in
the program; for the faculty, because the goals and implementation
of the competancy e<am have not clearly emerged ac yet. There
is Tack of consensus between and within departments whether
the exam should test competency or comprehensiveness. Should
it deal with fundamentals or methodology? Should it pe long
or short? Should it be tailored to the individual student's
Program or should his program be tailored to the scope of the
competency exam? Should the departments provide special coeching
and preparation?

So far, about 300 exams have been given and 209 Students
have passed. This failure rate coming so late in the program,
when the traditional student has long since "made it," appears
too high to me. My recommendations for the competency exam are
these:

1. The exam should not confine itself either to competency or
comprehensiveness but should contain elements of both,

i.e., it should test thé student's knowledge as wel} as
his ability to apply this knowledge to problem-solving.

2. Early in his curriculum the student and his advisor should
map out a course of study and through a "written contract®
establish the technical fields for which the student will
be held responsible. This contract would outline a required
program of courses as well as project activity. If the
student has fulfilled his part of the contract, the
probability of passing the competency exam should be high,

much higher than the present 200 out of 300.
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3. There should be reasonable consistency across the campus
in the nature, length, and difficulty of competency exams.
This consistency will not come overnight but should be
made a long-range goal. To monitor and facilitate the
attainment of this goal an interdisciplinary and inter-
departmental committee is needed.

4. A program of preparing and coaching students for the
competency exam, following the lead of the Physics

Department, should be adopted campuswide.

RADES

The news media have reported a national groundswell back
to grades. Employers as well as professional schools
(especially medicine and lTaw) put heavy sStress on grades.
With today's job market and ample availability of candidates
from colleges which give grades, ungraded students, however
qualified, are at a disadvantage.

The students I talked to summed it up this way: "As far
as inside WPI is concerned, the present system works well.

As for the outside, there is need for grades.
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7-WEEK TERM

The 7-week term continues to be a problem although not
Z0 serious as when first introduced. The curriculum committee
has shown commendable flexibility in reverting, where needed,
to the T4-week term (in the form of two consecutive 7-week
terms taught preferably by the same pirofessor). My principal
concern with the 7-week term centers around the case where a
major course, traditionally taught in 14 weeks, has been
compressed into 7 weeks without reducing content, thereby
forcing on the student a doubling of the learning rate.

I have discussed this problem with lTearning psychologists,

and 1 have had personal experience with crash courses.

Both convince me that comprehension and retention suffer when
the learning rate greatly exceeds that evolved over many years
in traditional settings.

The 7-week term resulted initially from the needs of
project activity which envisioned students to be absent from
the campus for a full term at a time. Since then the pattern
has changed. Students now work on projects part-time, taking
two or three terms, and hence no longer leave the campus for
extended periods. This emerging pattern makes it even easijer

to revert to 14 weeks where desirable.
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CONCLUSIONS

The WPI Plan offers a valuable variant to traditional
engineering education and has made a promising start. The first
graduating class is of high caliber and sold on the merits of
the Plan. Enroliments have held up and an increasing
percentage of freshmen select WPI because of the Plan.

The Plan, if implemented at a high quality level, requires
more faculty per student than the traditional format and 1is
therefore inherently more costly. By how much and how to pay
for it are vital guestions which WPI must address urgently.

Whether the Plan offers engineering education superior
to the traditional approach is not clear. Traditional schools,
after all, are not standing still either but are constantly
evolving and adapting to changing conditions. A definitive
comparison between the two educational schemes will take years

to achieve and may indeed be of interest to the NSF and the

educational community at large.
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HARVARD UNIVERSITY

DEPARTMENT OF SOCIOLOGY

William Jumes Hall 380
Camébridge, . Massachusetrs 02158

10 June 1975

To: National Science Foundation

Re: (CoSIP) Grant GY-9353 to Worcester Polytechnic Institute

From: David Riesman

Our Panelists agreed that in making a summary report to the National
Science Foundation, we would follow our usual practice of individual reports,
leaving any summary of our summaries to be done, if such procedure is desirable,
either at Worcester Polytechnic Institute (WPI) itself, or at NSF. These in-
dividual reports have permitted Panel members to make use of their special foci
of interest and ranges of observations, and I would like to begin this report by
saying something about the composition of the Panel and hence, by implication,
about the general question of sclecting panels to monitor governmental grants.

At the outset, I should make plain that I feel I know very little about
WPI in spite of all the efforts of the institution itself and my fellow Panelists
to help overcome my limitations. Although I have spent a modest amount of time
at California Institute of Technology, Rice, RPI, Case Western Reserve, etc., and
have intense interest in the work of high-technology companies, I still have an
enormous amount to learn. I began with the four volumes of the Two Towers
document; I cannot say enough for the dedication of the faculty under the leader-
ship of Professor C. William Shipman which produced the "Two Towers" series,
analyzing what WPI had been, assessing with a kind of cautious boldness what it
might become. Indced, having immersed myself in these documents, I may have becen
too critical in my reports of what I regard as the failure of some WPI faculty to
understand the Plan, for I am, so to speak, in the business of visiting and
understanding educational experimentation, whercas they are in the business of
teaching electrical engineering or English poctry or whatever the case may bhe.

No doubt, there are young recruits to WPI who have had less chance than I to read
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the Two Towers documents. I may even be a more faithful reader of the student
paper, Newspeak, than they, for which in earlier months--the paper is now ever so
much better--one could hardly blame anybody!

Furthermore, I know that there has simply been no way for me to overcome
two handicaps: I joined the Panel because I was interested in the Plan and admired
its ambitions; and the Panel itself was so to speak identified with "The Adminis-
tration" even though we were neither stupid enough nor confined enough to avoid
hearing many criticisms. DBut aggressively anti-Plan faculty would hardly be in-
clined to seck me out. And in meetings with departments, 1 would not want to
expose them if they felt threatened by my presence. (When I commented on the
relative sobriety and civility of discourse at faculty meetings, someone said to
me that our Panel was a factor here: people behaved themselves more in our
presence. But that itself, if so, distinguished WPT from other institutions

where the opposite might be the casel)

1. The Pancl

In the {irst of our reports submitted to NSF on December 21, 1972, I

drew an analogy between WPI and a developing country--a country whose very
remotencss from centers of sophistication and skepticism led to the inauguration
of a Plan of extraordinary ambitiousness and scope. In my observation at other
educational instituticmns which fall into similar categories as WPI, faculty members
come from major research-oriented universities and tell the '"natives' how we do
it at Berkeley or MIT or Harvard--somecthing our hosts hardly need to learn from us
and which is rarely helpful. Our Panel was on the whole relatively free of such
implicit ethnocentrism and snobbery. We werce in the main not provincial to our
own institutions, nor indced convinced that they furnished the last word for an
"underdeveloped nation." Instead, for example, Lee Harrisberger could report on
how Harvey Mudd or Kansas State University was handling comparable problems; John
Whinnery was familiar with the co-op plan at Antioch; Kenneth Picha had a knowledge
of the ecology of private higher education in New England and its relation to itls
private and public competitors--I could go around the list of Panelists and report
similar ability to draw on wider segments of academic experience not only in this
country but elsewhere.

All of us came to WPI with curiosity, admiration for the aims of the
Plan, willingness to devote our full attention to the enterprise not only while
we were there but also in following documentary materials sent Lo us in the
interims between our meetings--and well aware of the dangers any visiting team
53
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encounters of seeing "Potemkin Villages" while difficultics and ohscurities remain
safecly hidden. In some small part, a reader of our {irst reports to the institu-
tion might well have concluded that we were almost caricaturing C. P, Snow's portrail
of 'the two cultures" in our individual reports, with the science-and-enginecring-
Ooriented members of the Panel, while sceing many of the problems of the Plan,
attributing these Lo questions of implementation that could be solved rather

easlly; while from the first I myself and Bruce Mazlish of the Humanitics Division
at MIT were more inclined to see hasic obstacles in the very design of the Plan

" implementation, particularly

and to beliove that nothing is ever a matter of "more'
when one is dealine with the characteristic idiosyncrasies, Lemplations Lo
anarchism, and alternations between ecuphoria and despair to be found among many
academicians and intelivctuals, ourselves ioncluded. AL the same time, each of

the Panelists respected the others and the group as a whole, and in the course of
our meetings, we became personally attached to one another, so that it was with
genuine sadness thit we have parted company as a cadre. Our differcnces in judging
various aspects of the Plan and the Plan as a whole, as argued out among ourselves
at ouv private mectings, and as represenced candidly in our semi-annual reports,
were containea within a general [ramework of sympathy for what has becen in many
ways the lieroic effort of UPL to transforn itself, and with respect for the judge-
ments cach of us made concerning that c¢ffort.

It does of course not follow from this that allowing the institution to
select its own Panclists would always work out this way. What fave our work such
leverage as it may have had, in direct reedback to the institution during and
after our visits, and in indirect feedback to NSF periodically and now in this
report, was the complcte candor of the leaders of the Institute and cspecially of
Dean William Grogan, who wvas our particular host and who, as Projcct Director of
the NSF grant, has carried the main burden of its interpretation to faculty and
students; while President Georse Yazzard has carricd the message outside, later

supplemented by Dean of Faculty Rav Bolz, visoa-vis [SF itself, other granting

agencies, the Board of Trustecs (who Lave been considerably reconstituted and
arc no longer provincial Lo Worcester and the Mew Enygiand area) and the twe only

slightly overlapping worlds of <chools of crptineering and experimental under-

graduate liberal arts colleges., Thie irteprity of this lcudurship is one of the

major asscts ol the Plan. Fhiave seon cnough self-convineceod cvangeligts of
educational reform in my own work on higher education to be sure that many insti-

tutions could nol be trusted to put topether a Panel that would combine sympathy

c
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.o detachment, nor trust it to reveal to the Panel everything without exception
that tic Panel wanted to know, without in any way hiding difficulties and dilemmas.

To illustrate: members of the Panel soon began to feel that, if we were
not seeing built-to-order Potemkin Villages, we were at least meeting undergraduates
of unusual articulateness and, in general, sympathy for the Plan. We asked to
meet a more random assortment of students, and this was made possible at our sub-
sequent meetings by arranging for us to go as individuals to have lunch in
fraternity houses, to visit groups in the residence halls, and in my own case by
invading what many faculty members would consider the privacy of the classroom
and permitting me to visit classes--I only wish I could have done more of that--
prior to our Panel meetings. It nevertheless did turn out that we met mainly
students and faculty who were more articulate than average, more sympathetic to
the Plan on the whole, although not invariably; but even in the case of faculty,
the good luck of being able to zttend several open faculty meetings which occurred
during the course of our Panel mectings gave us an opportunity to see and hear
some of the more resistar: faculty and to gain a sense of the combination of
fatalism and intransigence with which they were still responding to the Plan,
basically unreconciled. Yet it would be quite natural, without any conscious
effort on the part of our hosts, in fact with efforts going in the opposite
direction, that the students who would seck us out and the faculty likewise would
tend ta be those who were the supporters of the Plan, who tended also to be the
more articulate even when we met students in groups--here the fraternity houses
were a helpful exception.

I conclude that it would not be a good idea for NSF in general to allow
an institution to which it has made a grant to pick its own Panel, even though in
this case we believe the results may have justified the decision. Rather, it
would make sense to ask for nominations from the institution--not necessarily
only from the top leadership, for in most of these cases an institution will be
divided within itself--ond then to analyze the general attitudes toward innovation
or toward traditior represented by the nomineces and to supplement these from NSF's
own knowledge of individuals who might contribute both divergent and convergent
perspectives. I would say that the size of our Panel was about right; we could
meet for a single conversation around a single table without anyone takirg too
much air time. But I would also insist that the chairman of thc Panel is of the
greatest importance as a guard against monopolization of Panel time by a not in-
considerable number of academic narcissists likely to be engaged in such work!

Such chairmen are rare in American academic culture today: most have a

55
4



O

ERIC

Aruitoxt provided by Eic:

laissecz-faire attitude, which advantages the articulate and penalizes the shy; all
the more, then, individual reports are to be preferred since one cannot count on
having a chairman (a term I prefer for both sexes) who will see that everyone's
voice and especially minority woices get equal air time--or count, as in our case,
on a spirit of give and take among the Panelists who grew to have respect for each

other's professional judgment and personal qualities.,

2. The Transportability ¢f Innovation and the Problem of Evaluation

In an earlier ecra, and even now in a good deal of post-baccalaurcate

education in the arts and sciences and other fields, reform-minded governmental
and foundation officials and educators have Lovieved that the problem of communi-
cating the results of what might be called ¥ ) at all educational levels was at

least as serious as the rescarch and development enterprise itself. It was widely
beliceved, and I myselfl believed it, that most colleges and universities did their
best to imitate the pace-sctter private and public universitics of world-class
distinction, whether or not these models were suitable to their particular mandate
vis-a-vis their student constituencies, the development of their faculty members,
or the local communities to whom they had responsibility--and furthermore, that
these imitations were not of the actual practices at major universities and
university colleges, but of what had been the practice or was believed Lo be the

practice currently. The two "MNewnan Reports" struck this note, as did Alden

Dunham's volume prepared for the Carnegie Commission, Colleges of the Forgotten

Americans, or my own volume of nearly 20 years ago, Constraint and Variety in
=t ecans

American Education. I believe that at the level of Ph.D. training in the arts

and sciences, these verdicts are still in general correct; changes here are intra-
mural, specific to departments or subdepartments, and while they are spread
quickly when it comes to research findirngs, they spread hardly at all when it
comes to pedagog;ic or organizational inventiveness. But I believe that the story
Is now quite different at the undergraduate level, and that, if anything, the
modes of communication of what are presumed to be admirable and hence fund-worthy
innovations spread almost too quickly,

In discussions with our Pane! and with our WPI hosts, I made a compar-
ison with the "cargo cults' ohserved by anthropologists, where non-literate pecople
would come to believe that the white man's goods would arrive as cargo if only
th: old god: and practices were totally abandoned, thrown in the ocean in many
cases, and the people believed in the new gods of the white man. Starvation and

chaos were often the inevitable result; occasionally, a revitalization movement
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occurred which saved the day, usually where a leader arose who could syncretize
old and new--as the Japanese have so notably done in managing to modernize many
aspects of their society while retaining the cohesiveness and support structure
of older traditions.

In a situation of relatively or ecven absolutely shrinking resources for
higher education, ever so many private colleges all over the United States have
junked what they have seen as antiquated departmentalism, credit hours, chrono-
logical sequences, and opted for many features that could also be found in the
WPI Plan, such an individuated instruction or contract learning, some version of
pass/no credit grading, competence-based cvaluations, and so forth. Some ambitious
new public institutions have also followed this same route, seeking adult cr
other constituencies and offering degrees on the basis of external projects, some
completed before matriculation at the institution.

Thus what scems Lo me to be required in the present climate is less
undiscriminating spread of the latest evangelistic proposals for reform, i.c.,
the cargo cults of higi.: education, and more discriminating analysis ot the
problems faced by institutions seeking to institute reform. Indeed, one might
well hope that these institutions would be given a certain protective tariff of
modest invisibility while struggling with the sorts of grave and nearly intractable
problems faced by WPI and other pioneering adventurers; the danper here as in
other covernmental programs Is very much part of the American grain: hoping for
too much, too soon, and not recognizing all the obstacles, and believing that
good will is the major necessary ingredient for innovative redesign of curriculum.

T know that this may be and almost certainly is quixotic counsel for
the institutions and for NSF itself: one needs to oversell to gain support, and
then hope that the sheriff will not come around too soon: A sheriff in the form
of Senator Proxmire or the recent terrible Amendment passed by the Houcs £
Representaltives vis-a-vis NSF proposals, or in the form of the General Accounting
Office or other government inspecting and auditing agencies.

I am not suggesting that there are no lesscns to be learned from “PI,
and that its historical uniquencss--and T believe it ‘< urique for reasons T shall
present in a moment--makes it impossible to examine it with an eye to what could
be done elsewhere. But that eye must be informed by the knowledge of what is
unique to WPT.

And here a word is in order about the general kind of educational
evaluation which is built into federal programs currently and into many offices of

institutional research in colleges and universities. These are mainly staffed by

(R
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people trained in educational psvehology, whose mode of procedure is to interview
every nth student and/or every nth faculty member; 1 have yet to sce a case where
they have interviewed members of the Board of Trustees, actual or prospective
employers, or faculty members at rival institutions. Thus, their research is
intramural and even there, in my observation, not so much at WPI but at other
innovating Institutions, limited by the very mode of procedure. Neither studentsg
nor faculty are fungible goods! It dows not help us much to be told, for example,
that 80% of WPI students are satisfied with the vw Plan. Tt helps us some ; just
as the Carnegic Commiseion survevs of sctudent satisfaction in the late 1960's
helped retut tle common ideeclogically tinged premise that "students'" were mono-
lithic, and that they all shared the antdgonism made use of for propaganda
Purpsses by the political and counter-cultural Left among both faculty and
students.  Indeed, the use of student complaints as leverage for academic reform
is a common bractice: reformers read into what students say, their own judgments
as to what ought to be done. Thus, survevs do help in balancing such polemical
and slanted views based on impression and on the more articulate,

At the same time it should be obrious that students do not live in
isolation. Certainly not or j resident: ] campus such as WPI. Like faculty,
they form sub-cultures; and I have wanted to see any survey work done by snowball
sampling rather than by random sampling to take account o! this. It may be more
lmportant that 200 of the students are dissatisfied if it ig these students who
have been brought to WPI by the advertising of the new Plan, its allure as repre-
sented in the catalogue or Ly recruiters, than that 807 of a student population
of lower-middle-class and often working-class origin express themselves ag
satisfied with the status quo, whatever the statug quo may be at the time of their
arrival. Asd of -ourse the same is trie of faculty: at WPI, to illustrate, my
fear from the very outset has been that the acceptance of the Plan, occurring as
it did at the same historical time that the faculty was discovering itself ag a

faculty and becoming mor« democratized-~in line with contemporary trends everywhere

D

Ise~-ment that there wasg always the possibility of what too dramatically T term
"counter revolution" by =~ minority of dissident faculty hostile to the Plan from
the outsect and not reconcilad even todav, (Ispecially ip e€ngineering, such
faculty could use at lTeast the alibi of professional accreditation by the ECPD or
other enginceering associations as the basis for their fear for WPI'g future and
as a cover of their antaponiem to a Plan backed by the Administration.)

I have already indicated that WPT did far better in itg in-housge

cducational evaluation than other comparable institutions with which T have had
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experience. Tt s, tor example, extremely important that

in Worcestoers that she b1s oan adpunct faculty member at Wbl

for what one micht term the cthonography of the institution

Dr. Karen Coben 1i

as well

logical attitudes of the srudents she was surveying.  Furthermore,

comparison institutions wis an admirable addition to the o

riginal

that «he had an

ves

cye

as the psycho-

the use o

plan for

[

evaluation, and since o number of the Pinel fove some acquaintance with one or

hoth of these collepes Cand with T iners Institute ol Techinology,

crant was also made by Vel owith whose proaress Iohave Ltriod
R B 1

vicariouslv), thus t!

lire heen Lhe more epeneral pattern in evaluation.

3. WPI's Uniqueness

These last abeeroations lead o my tirst observa
uniqueness, at least
fave had some chance to examine in the Last decnde or o so.

which contradicte the prevaibing notion that home puard n
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noLhe orbit of experimenting collTepes and universities
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-bred faculty tend
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te keep in touch

v resuliant evaluations have not heen provincial to WP as

I
case

Lo

Fesist reform, while newly recraited taculty, cspeciatly those who went through

collepe and craduate schood in the Tate 1960, are the wave and hope of the

future

AL WPI it is perliaps ool Loo sirons Lo sy it it 1= the home pguard loyalist

faculty, ted by Williom Growan himself, wh Yas spent hiin
P R 1

are the mainstays of and the creators ol the Ptan. At WFPI
hope cxpressed that newly reoruited voune Taculity would be
adaptable Lo the demands o tin Plan. Of this, [ was from
For Lhe Plan makes such intense demands on facilty thet it

attended to, to alter the caveer patterns of those facult
’ i y

entire 1

iteelf,

ifo at WPI

I had hea

, who

rd the

more {lexible, more

the outsel skeptical,
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members

newly minted doctorates Lo the inotitution. For example, my Tirst

it sericus

who come

1y

with

advice to WPI

in recr.ting soctal scienlisls was Ll they do their best to secure adjunct

=

Vo Associates, r

N

facultv from oufits like A, D Little or

ather than recruit

pconomisis or political screntists trained at cading universities, for the

would not want to engage b project word with o civil enine

ors but
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rather write

articles for the journals which weaid aive them vieibn ity and prevent therr
cannibalization bv the high demands of the Plan. In Toot, once of the innocences
with which many enginecring schools have cmbarked on erforts to "humanize' them-
selves has boen Lhe boetief that people ar the social sciences are on y warting Lo

hear from policy-oriented ensincers and natural scientists

the latter's terms:; whercas, of course, most will want Lo

in order to respond in

respond

in terms of

their own discipline and thc narrow tariff bLoundaries in which they hawe bewn

trained.
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In that sensey, WPT furnishes g marve lons IThastration which 1 think can
be peneralized: mamelvy that some ol the hest chances For reform lie in institu-
tions with a loyalist faculty, with no othor opportunitics clsewhere, who care
about the institution's survival in part out of loyalty and ideali sy and Qo opart
because it is the only source of their own academic survival, 1 should add that
in my own case, one ol the rensons | wie happy Lo serve on the NSF Panel was my
beliet that the best chance for reform of underpgraduate curricula may lie precisely
in the more conservative institutioens: cither carservative by reason of location,
as in some of the Southern ins titutions, or in the mountain states, or in the
denominational collepes, or by reason of the mandate of the institution and the
faculty it has acquired, as with WPJ.

And herey WPI, so far as [ can determine, really is unique.  Thus, |
Bave studied the catalosucs of Stevens Institute, of Clarkson; T have visited
Rensselaer Polvtechnic Institute and have a little sunse of Rose -Hulman, have
visited Case when it s still Casey, and Rice and other high technology institu-
tions; there is none which has as in<brod a Faculty as WPI, or cven comes close,
and none T can think of 1t the moment whoro the delay between the baccalaureate
and the doctoral deoroe is as Long as in the case of WPI where a number of faculty
vl reduates of WET, took o wasters there arter they had started teaching there,
and then perhans zot a doctorate a dozer, vears later at Clark or Boston Unjver-
sity. Or have not rotten a doctorate o all.  (They are tenured in by a kind of
arandfathe. clause which was necessary I the Plan was to have a chance: but miany
are still assistant srefeesors in their 400« or even older, or associate professors
though they have been st WPT for a quart.r century--a problem of the Limited
incentives WD has at it disposal and, since its {inancial incentives are so
limited, the need te prescrve titular incentives as marks of approbation, though
these are often conferred Lo slowly in terms of time-in-grade with the daieer of
losing some of the most outsanding faculty who ave mobile.)

FEWPL is uninre in its recruitaent of faculty and the corresponding
insulation, it is 2lso semewhar idiosvnoratic in bavine heen run by a hiah
military o0fcer at ihe very time the Plan was adumbrated. T myself believe that
thorouuti-going cducationnl roform comeg from the top with Teverage from outside
agencies such s NSF, altnonoh support, of course, is needed {rom faculty, Loo.
And (hus It ig not cioush i an nstitution is to transform iteelf as sreatly as
WPI has hoped to do, to have {uil Trculty support if one does nnt have support

from the hierarchy, bewinning with tio HBoard of Trustees ind, certainly in the

Y
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case ol a baccalaurevate school most of whose vraduates go on to direet employment,
amonge craplovers as well.

This uniquencas, it Foam vicht about the tact, of WPT, ot Tesst among
priviate schools of eneineerine, = a4 legson in reverse for o other donstitutions:
Pt suepests when not to start reforms iY thee are to be wholeaaley, rather than,
for exampley, as o at THhinois Institute ot Technoloey, partitioned o't into a
separate cadre who, whatever their actual merity, may be reparded as a0 bunch of
Freaks by the revulnr taculty.  Furthermore, while the historical idiosyacrasy ol
WPL implics that its entirve prosram i=- non-transportable in our judement, for
hore the Panel is in tull apreement, it of course does not Uollow that specitie
foatures cannot bhe nodified to suit the ltacal context of other institutions,
sevvething whichh of course is alrveady happenine as WPE receives o stream ol
visitors and as our Panel itself discusses the cxperiment, as for oexample T omvseld
did at omeeting of the Educational Staft Semiinar in Washington, D.Co, in Innuary,
and aain brietfly in a4 commentary on competence-hased oducation at the Amcerican
Pducational Research Association mectines lTater thia spring.,

Indeed, one of the widely applicable "lTeasons” of the WPT enterprise is
the dudyment that innovaition resguiires "thick™ vather than "thin” administrations,

The sieniticance of this Tesson needs underlining in an oo when most faculty are

H

'

vain enotei

’

Lo beliove that, it they only wantod to, thev could he administrators,
since it requires only the ambition of an idior and no special talent!  Furthers
more, in an era of shrinking budeets, faculte are allervic to any increase in the
size of administration cither absolutely or relatively, or in the compensation of
administrators. Old-fashioned Amcrican anti-authority feelings here combine with
enyy and spleen WPT is cuapecially valnerable in this respect because it had been
run hierarchically and therefore reguived only a "lean” administration, and cven
though President George Hazzard has been adept at recruitine additional sources
of outside support as well as maintainine and strensthening support from a more
cosmopolitan Board of Trustees, he has incvitably moved into an era of co-

des smination when Faculty and students insist on being in on decisions and whoen
it "5 o important to persuade and no longer UVeasible Lo command.

Even in a more oarticipatery cra, had WPE continued its curricubum, it
milels have managed with Tis present level of administration. But it is my convic-
tion from cuaminine edacacional experizents in many different milienx, private and
public, that if thev are Lo succeed they require an almost unhelicevable vigilance

+

by administrators, ondless persussion and attention to detail, and hence a much

1

Larger administratvion !

han is required simply to keep reing along traditional
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lines.  And precisely because what WPT lias set oout to do is so total o revamping,
of its whole procedure, from nevotinted admissions Lo competence -hased and project -
oriented requirements {or yraduntion, it demands more of s administration than
its Taculty are for the most part willing to prant, and the administration ig
naturally hesitant to respond to the nevds pointed out by our Panel for fear of
arousing turther facnulty Fesentment--resentment which could lead in the end to
unionization with all that implics In the Amorican grain for entrenched inflex-
ihility and an adversary yolation to "manapoment " Thus, in encouraging exper -
fmentation cisewhepre, NSE iteelf micht provide a cortain leverage here, as it
helps inaupurate other new educational ventures, by secine to it that recipients
understand the need tor o "thick” administration rather than one as overextoended
as bs now the case at WPI. 't ocould tls sorve Lo l(-,nitim;ltv, as our Panel hiag
sotprht Lo de, turther expenditures on administration cven inoa time of retronceh-
ment .

Fhiave somet imeg said only halt in jost that experinentine institut ions
need g vice president in charae of visitors! As the WPI Plan has painec

visibility, it has atlracied visitors aid more will come, and their recoption ralls

on the same soall band whe carey the enterprise forward rom day Lo dav.  Thus 1
felo halt guiley when | oTearnoed that my remarks ot the Lducational Staff Semir . r
had resulted in the Planned visits of some members of the ESS to WPT in thoe days
immediately ahead.  And yol I recognize that in a situat ion of tremendous stress
where there ig still o cood deal of lTatent hostility to the Plan among faculty
(Jlihongh livt]e amons students recruited since thie Plan went into elfect, even
thicugh by no means all of them came hecanse of the Plan), thosc who bear the
burdens of the Plan, Loth in ohe Taculty and in the administration, need the mornl
support such visitors brins-cneed to [er] that what they are doing has significance

For undergraduate oducation in penoral and enpincering education in particular,

4. The Overall Sinnificance of the WPI Plan

So far, T have touched upon the idiosyncrasy of the Plan without making
clear just what is unique about it. Whar ig urtque e a combination of various

elements, cach one of which can be tfound elscewhere at retail, but far as |1

know, nowvhere clse as a total entlerprise.

a.  Hegotiated Admissiona. There isg certainly nothing nevel abent Open

Admissions: state colleges and univercitics have had do facto Open Admisaions

for a long time, and probably the majority of private collenges have had Open

Admissions alsn, orly pretending to be solective and lacking o sufficiently larsy.

11



applicant pool to be selective o practice: in other words, most private collopes
are practicing what Parsons Collepe, to its undoing, openly preached. But
Negotiated Admissions is not at all the same as Open Admissiona. Tt is an ettor!
to work out with students, hoth dircctly and throuph their high school teachers
wnd euidance counsclora, whether WP Qs something feasible for them, and whethen
they arc capable of betting on themselves cnonale to take the risks of entry. A

I remarked at the time of our first visit, there is always the danger of what
mieht be called the Groucho Marx syndrome: i1 T get admitted so easily to WP,
ig it worth attendine!  But under the perceptive direction of the former Divector
ol Admissions, now at Middlebury Collepe, WPT made a2 penuine attempt to ask
students Lo answer Lhe question for themselves, which required a much closer
analysis by them of what WPI could of fer and what they could offer than is true
in ceneral oot the 12t vrade Tevel, where student choices are of ten so whimsical
or wuided by where they feel jt is prestivetul to pet in, whether to their cduca-
tion1]l advantize or not. WP asks prospective students to look at the question
of Mvalue added™ inoa serious way, wxplaining what it is that they seek and what
it is students should have in the way of copnitive vquipment and of motivation in
order Lo make @ no of it.  To be sure, they actively discourage students who in
their judsment are net Llikely to succeed, for the sake of those students and for
tho sake of others who may be demoralized by sceking to teach them or keep peer
company with them.  But if & determined student wants to attend WPHy he or she
can do so at risk, knowing that entry does not mean automatic advancement, let
alone azraduation. And in some cases, this policy has worked out well, illustrating
what we all recopnize: namely that while test scores and high school records are
uselul information co have, students mew possess information about themselves
which they voluntecr only by making the het on themselves that Negotiated
Admissions permits., Thus there are students at WPI who were bored in high school
and had poor records, but who came alive under the possibility WPI offers for
individuated instruction, though of course there are also examples of misjudgment
by students of their capacities either copnitively or, more difficult to asscss,
in terms of pertinacity without the constant spur of tire boot camp procedures
characteristic of traditional enginecring schools.

Nepotiated Admissions Ls by no means universally cstecemed elther by
faculty or studenis at WPI.  There is some belief, but little evidence, that it
has lowered standards; it scems to me more likely that it has helped te bifurcate
the recent entering classes, bringing WP both some exceptionally talented students

who would never have considered it hitherto, and some who might not have been
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admitted hitherto-—although thic last s fard Lo sort o ont {rom the near-sisl tancous

effort to recruit nopwiiites and women in competition with more prestivetul
fnstitutions such s nearby MIT which can of fer more Lo sroups previously ine

froquent rocrits 1o hivh technolony and liiply scionce.

bo Creosaine e "Two Cultures” Divide.  In the United States, in

contrast to other parts ¢ the world, cnpineering tends to ho o a "firat }'.t‘l](")"illif)ﬂ"
calling: it is a nate il port of entry for hright vouns men {rom backuerounds of
modest means and cnlcivation, often voung men for whom the baserment workshop or
an interest in science fiction has made jt possible tor them to avoid the supposed
"maturalness” of cooducation in the teenage vears (a love for Lorses plays some-
thing of the same role for women!).  This recruitment to engincerine schools alsao
refllects the vact that cnginecrine is nor seen as oan independent protession in
the way that medicine amd law ore (of ten Distakenly) ropardod by the children of
the affluent who, s secking what they o often dogmatically define as "meaningelul
work! mean by that plivaae: Unobodvts the hoss af mel™  Wile at WP | Pound o
mandful of students who were thesselves children of enwineers, daushitors as well
aa sonsy this is extromnely rare-—in corparison, for example, with the «ituation
in a medical school, whero many students are relatives of phveicians.

Faculty teachine the husamitivs ip an enpineoering school Lend U foosk at
themselves with cven more self-pity than is the case today with Taculty gener.ally.
They see their mandate as rescuine a tow arovp the barbarians for e triths of

il culture or, in the terme just posed, askine students Lo make a Lwo-generation

junp within the apan of 4 single four-year baccalaureat program. Ihey repard it

ae victery il they hove "converled" o sondent out ol enpinecring and irte o

supposcedly more humanc ficld.  Even at institutions as diversificd as MIT or €]
Tech have hoecome, one can Tind queh attitvades; as my lanpuape surposta, 1otind
such attitudes snobbish and deplorable,

My own hope bas alwavs been thit Leachors of the Tmmanitics in schools
devoted to oncincering and scionce will not seck Lo make converts nor Lo creatoe
disaffected and alicnated eneincers, Inetead, 1 would want them to find connec-
tions between what they do and what their students are tikely to do within the
TANY MAnsions of cppinecrineg nd scicnce.  In the case of performing music, thisg
fe vasvoenouniiy ar loaar amone weiontists and Lo gome desirer among Crineers,

musical perfornance as well s musical intorest Is widespread.  But to set

students at on institution J1ike WPT to understand scionce as jteol ! moon or the

iy
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fiamanitics with the id of the taealty in the hoeoniUies ia inordinately ittt icnlt,
tor there are Cew people o the hooeonities who are capable o sacele an ot tort

Pocan speak with personal fecling here because there 0 no area o mv
own o work wheve Tohoave telt Tess succeaaral than in thiac ones As oomcone whose
cwne todereradinate rajor owas i biochemical  clences amd owhio helicves that we are
st an indastrial o society despite conp posteirdustrial o attitudesy Tofeed it
euvential to vet rid of the notion that teagchers ot the humanit iea are necessarily
1

more humane than teachers of phvsical cleanistry or deranqutical envineerine, or

that their wabijects are necessarily sore Tiborating.  However, whoreas in oowv

teachiin: at Harvaerd B ohave Yound no o proble ot ol in opendee up the wocial

!

cctences and tneninities tor stadents Tn the Dlvicion of Eneincerins and Appliced

Plivaics or in other scientitic vieldsy T ohove hecen aloost totally unsuccesstul in
Gt b ine s tudent ook ovard themae ] ve o g . Vo aoo they cann e

. Line studenta o reranre Hena e Ve s Taiie y o e ey cannol o read o

tabley to crows the divide over Lo the other gide and to appreciate the maenit icont
vohiiesrmenta o sctenee aaud techrolooy s Aqd o comre U odenl with o stndent body
o the seience wide who in wany Cases have choven Harvard over Cal Techy or Ricoe
s MIT Lo anae Uiew wnted S S, o T P .
oproslb b e e Loy wanited Lo preseprye Ui opt ron o OV WY T rom sCrence o

LNy rate not to contine themselves to the company of tellow scientists andd

thow are converted, <o that [ have repeatedly

cacineers,. Altorether Loo
complained adbone Ut "hrain drain" o coto Law ool Lo sone measure medicine Cooney -
N

Gelenee) v ror the heart of our induatrial

ally not todav a Ticeld of L
and scientitic civilization,
Thee students st WPT vire not the biohly ideologsicaly, relatively aitflaent

students of Lthe Tvy Leagne, altboush of course there are o few exceptions: the

temptation of many of then fs to dissise the bommanitics as "cultaral bull' or,

¥

, s o Meofl option" tfor the weak in

s

much as they reoard industrial manae
Leart. Nevertheless, deapite thils initial resistance, T have heen inmpressed by
the depree to which, in part reitlecting the new Plan, WP stadents in the course

of onr three vears of visits hwve hecore rore at home wilh the humanities and

ave even found arensas of contact which malke the taoanitices more than a kind of

loss for prospective manarers or for cocki il pirty conversation when one cannot

avoid cncounterine feinalest  This s hecaise WPT has manseed in spite of Tre Tow
salarics and, in the world of the Tiboral arte, low repate and visibility (o«

distinct {ron dJtg tar widor orbit of recornition in <-n§vin(w‘riruz) Lo rocruit

aculty in the lmmanitics of rare dedication who are not aiming to make converts,
Fo illastrate:  one of the most inacinative cross-disciplinary conrses

siven at WPT was o on Licht Vision svveral vears acoy wchich deatt with

lv. .
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vision fpeoe oo, POt ol vive o eptics, of botception, and o) Pintine . By,
morey facul gy Preachin (i Piatory o Sodence and techinad opy Jgve beon SUnCny e
Bost voshetwe g, ocroasing L Ttwo el tuyeg divide, ror e ivine student.,
senseo ol the st g thedr oy Phelds they b Lranscendod (he Contemnmporaneiy
evident iy ooy Cedett e Writing whiope clitationg rarely antedace (he Lot
decade s S aen S CH e il become part of the tabric o Blstore iy
W othat o makew e mere b ive por gy Practitioner.,

Fovn oty v Vi that WET 1 decompliched wine . iadled clsowher

but it fyy. dove oy e the Bumanitice than wog evident in ooy initial Visity g

VO AWArene s, o Phishnenta Lep, SPrTiara o secing the ayllghg of Jointly
taueht cour ., SUCT U . o Tight Visiong gy e VT ting olaugen
nothe haman .. IR lderd, Wi ane o thie Teqdorg ol the Wr Paculov whg

Also toacher., Boaliah ot ok declares o 0, did a0 e Conversation,

that he Prederred toneliin. o WEeL oo ALs Lot hoge gy Clark, T ¢y thit thig
W el trlanal s, Pl WE Pl aind oo Sieply U e, snohloaes oy
PNETee Dy g RS ITRY RRTIN

Co BOne ol the o] e Plivee viaiag liive b o vt 1 e
relerred to s RTRIRYY whio Peen there o Tong Uime,

teacher—ac! o), Wi iy osunewhiere o] At other

cheineerine choalg ] P Lposition would 1, resenting g

[EA0s B N R PN Epresaed g Wi with thaip Indomnitang, CIerity nd dndicu(iun,
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reading of a few books by Lewis Mumford or Jacques Ellul is not enough to create
a "humane technolowvist.!

That this recognition has long since dawrd at WPT is represented by
what scems one of its most admirable featuresy namely the Washington Project,
which takes a score of students every term to Washington and locates them in
(mainly) povernment arenci-s to deal with problems of transport, cnvironment,
occupational health and saiety, otc., ctc., as apprentices to those already working
in the area.  Such off-campus work is caretully supervised at WPL itself, first
in belping to prepare the student before the Washington sojourn and then in weekly
meetings during that sojourn and efforts to asoimilate the experience afterwards
in the form of a written report. Some of the reports o have scen are admirable.
Thev establish what T have ltong believed: namely, thav able undergraduates can
do as serious work s most graduate students, and as iaventive,

Althouph Washington, D.C is full of interns and apprentices from many
difTerent universities all over the country, it is far from saturated. No city
in the country has more hirhly qualificed holders of terminal professional degrees,
the Ph.D. or its cquivalent, who would ¢njoy a chance of part-time teaching of a
student who could Le helpiful on a project.  Pecausce its own 'Iniversitiecs are not
amon the world's most distinguished, these students can compete with area

“udents for the attention of this reserve army of the pedagoeically underemployed.

And the latter can juatify their tercing, which they must en’ oy, because the
students actually produce, as the proicct our Panel has reviewed suggest that many
of them do.
Morceover, if one considers how provincial are the origins of WPI
students, not only in terms of social backeround but also in geoyraphic torms,
the Wastiington sojoirn means as much to them as, for example, the Stanford Year
in Tokyo means to Stanford undergraduates--it may be ar lcast as much of a culture
shiock and it takes the New Engcland students away from what I have jokingly
referred to as "laundry rance," which is the orbit within which most of them live.
Furthermore, confined in Washinoton with their two faculty members who
are now regpularly rotated, and each other and beginning to establish contact with
students At American, or Georse Washinet . or Georgetown Universities, they can
form a kind of intellectual fraternit: L. ¢ompete with the more collegiate fra-
ternities which still dominate socially at WPT even though they no longer
dominate culturally or psycholnnicall--, (I am not in this remarl: “aking the usual
position of the highbrow academic that fraternitics in collegiate l1ife are bad.

s

I am just sayirg that the Tife of the fraternities at WPT has not been notable for
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its breat! or cultivation, and that this is not inherent in the fraternity mode
of 1i+ .)

It is unlikely under present circumstances that more than a fifth of the
WPI students will have a chance for the Washington experience, and all our Panel-
lsts recommended that there be other centers of this sort set'up in a larpe geo-
graphic orbiv, in industry as well as in fovernment, where groups of WPI student s
can work on projccts and thus delegate some of the responsibilitics of instruction
to what are in c¢ifect adjunct faculty. Yet we also recognize that the very ef fort
to create such off-campus scttings is Uime-consuming, and this leads to my next

observation, abou! faculviy.

5. Faculty

I'indizated at the outsert my o belief that the majority of WPT administyrn-
tors and faculty who developed the new Plan did not fully appreciate what they
were getting in for--clse they would never have done [t. They underestimated the
long-run costs and difficultics, for example, the difficulty of finding faculty
and students capable of mastering interactive qualifying projects at a high level
in conjoint areas. Mor-over, they were inclined Lo believe that, once the Plan
reached a supposed steady state, difficultics would minimize whereas from the firgy
I have thought they would intensifv, (I believe the very concept of "steady state"
a doubtful one in human affairs: when My colleagues of the Carnepic Commission on
Higher Education started talking about the coming "steady state'" in higher educa-
tion, I insisted it would be v "y ounsteady indeed, and that CNLropy wis a morce
likely outcome thian stability.)

Indeed, many of the criticisms I have made of the Plan in my series of
reports and in personal conversation and correspondence with WPL officials and
faculty have been in terms of the inahility to recognize at the very outset what
it might mean botl, logistically and psvcholopically when all students, as is now
soon to be the case, will he new Plan students. Tt is astaple of socinl scicnee
criticism and cvaluation of cducational and othor projects to point to the Tong -
run unintended conscquences of reform actions, when the cuphoria or "Hawthorne

Effect” of the experiment has waned,” and when the divirnal roalities of the
I ’

*Since writing the foregoing, I have henefiLed from the drafe report of myv fellow
Panelist, John Whinnery, and entirely sgree with his judgment that the Hawthorne
Effect is something to be cultivated in cdiucational txperiment-, rather than to

be scen as an obstacle to evaluation ane erstandine.  Inde dy one might plan
fer a series of "Hawthorne | fects,y" v« L oane beging a highly demanding set
19
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so-called steady state have made themselves fully felt--and when the visitors

attracted to the novel and the 1nnovative are off looking at something else.

6. The Incompleted Revoluticn

It will already be evident to wheiever reads this memorandum that the
writer thinks in terms of analogies and mar, .f these may seem far-fetched. How-
ever, as someonc with more than a nudding acquaintance with recent Japanese
history, I have repeatedly thought of the Mc1ji Restoration, which was actually a
revolution frem the top, when pondering the origins and prospects of the new Plan
at WP1. For in part, tt was the need for survival of a private engineering college
at a time when all private colleges, cwven the most affluent and overapplied, are
suffering budpeetary deficits that led WPI administrators and faculty to consider
by means of which 1t was discussed, while 1t was a hierarchical and loyalist
structure of WPl that maede it possibie to beltewe a faculty could transform itself
in a radical way envisaged n the Plan. Like Merji, the Ptan has an extraordinary
sweep about it: the very timetable is altered, with seven-week instead of the
tradit wonal fourtecn-week terms; the old requirements and sequences are deprived
of legitimacy. an effcrt is made to save faculty time aud to put students more on
their own mettle by modular [Pl programs and by a fair amount of experiment with
television teaching, there is a further hope of making a reality of the Worcester
Consortium which, like other consortia, exhibits what Freud called the narcisstisn
of minor differences, as weil as the resistance of students at the Consortium
institutions to nake the effurt to travel even Lo a neighboring college, much as
WPI students have found it hard to uprout themselves to go as far as Washington.
D.C. {There is also almost nothing in the way of a set of faculty sub-onitures in
the Worcester area 1n which faculty itn the consortium colleges have much intellec-
Ltiual commerce with each other; though Wercesters chief i1ndustry next to the Norton
Grinding Wheel Company is probably higher education, its work force is spread in
all directions, from Cuambridie in the east to Amherst in the west, and there is

little cont:iguous association even within, let alonc among, 1astitutions. And, of

of educational 1nnovationoa, sc that momentum and morale continue. even though 2
would Nol wanl Lo r7xate an alm.sphere of '"permanent revolution' on a campus
which gave faculty no sense of security and emotional balance. The attraction orf
good students by the positive feedback of the Hawthorne Effect to which John
Whinnery refers is 1tself self-sustaining, making WPL a more attractive place for

7

its faculty as well as for fellow students.
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course, there are preat differences of status and distinction among the institu-
tions, with WPI at a disadvantare in the Liberal arts milicux of New England higher

education, cven while it also suflers competition not only from the excellent

University of Massachusetts prograns on the Amherst campus and perhaps cventually
on the Worcester campus, but als. from the increased stature of Southcastern
Massachusetts Techinolasical Univeaity and tis new combined Technological Univer-
sity in Lowell, Massachusetts.)

But survivalism alone would not have brought about the Plan, any more
than Commodore Porrv's invasion would Lhave broupht about the Meiji Restoration.
There has heen throuchout a tremendous idealism at WPT, a belief that one can
"overtake and curpass™ the academic leaders did do something which will be of
senuine national consequence. Certainlty, what at 2 ¢ afcerence of Carnegie Corpor-
ation Trusteos I rirst heard Georre Hazaapd eseribe the WPT Plan, T was over-
whelmed with ite darine, and caver to qee mvself how this had come about and
what it was like in practice.

There is no need here Lo repeat the elaborate historv, detailed in part
in the Two Towers volumes and still alive in the memory of the Plan's advocates
who are still amons its stalwarts at the institution. But what needs to be under -
stood is that, theuch the Plan was discussed in endless caucuses and mecetings, its
full ramifications were understood nd are perbiaps t tis day understood by only

a minority of

tie Tacultve Or o ther it ig perhaps fairer to say that the Plan
wis not understood by thie faculty until it was well into its second vear, and
that for mavv of the Paculty and students, first one feature of the Plan and then
anotlier was secized up as The Plany when in fact none of these features alone was

essential to the Plan.

a.  Fhe Scven-Weok Term.  1n ovember, 1972 when our Panel first

visited WPI, the stident paper had Tor weeks been tilled with imprecations apainst
the scvin-woek plan Ly Paculty and students alike. And Lo sone of my fellow
Panelists the scoven-week schedule gecmed to be the main issue and cven hazard of

the Flan. Butl so far ae I could judye on that first visit, the seven-week term

had nothing directly to do wit! the basic ideas o: tle Plan, although in fact to
nmove Lo a seven-week plan scemed o me an inpenious effort to force the faculey

and students Lo consider the realitios of the Plan almost as a kind of basic-
training ritual of hazing. For one thing, the seven-weck plan was a way of shaking
up the routines of what had often be. o repetitive classroom lectures to obediently

inattentive student audiences. (In tact, onc of the dism:ving failures of CLhe



'lan has been in the inadequacy of the architecture of the buildings to accomodate
he kinds of discussions and seminars the Plan calls fory; it is disheartening to
ttend a seminar in a basement laboratory with students sitting in classroom rouas
ehind [ixed desks with the professor up ront behind his fixed and gadget-tfiiled
esk, so that students in the fourth row cannot hear the question-and-answer
xchange between the professor and the student in the first row. At last, in the
ew desion of the old Salisbury building there is an ¢lfort to create seminar
ooms more appropriate to the needs of the Plao . This is one of every so many
[Tustrations of underestimation of the costs .o physical capital of the Plan;

lic costs In undercstimation of fmman capitaly whetler at the level of the admin-
stration or the level of faculty are, as already adumbrated, much more serious. )

1 to the ‘aculty that they were teaching

‘0 me, the seven-week term was a sion:
leir aubijects in an excessively lactual and «lack way with a preat deal of noise

r redundancy in the channels of communication.  To mowve I'rom fourteen wecks to
oven weeks did not mean, as many professors in fact thought--or interpreted it

o mean--that they should talk more rapidly or try to crowd In extra scction
cotines, but instead that they should reorpanize the subject matter of thelr
ourses, Lo sve what was the basic set of theories they wanted to conveyv and then

o illustrate, allowine the students tiemselves to (i1l in the necessary gaps.

The seven-week term meant oo cqually drastic <hift in routine for the
raditionnal WPT student It altere . . diurnal cycle by reducing the number of
aily class hours, thus permitting concentration on a few subjccts, which scems

me altoccther admirable: it forced the students Lo pace themselves from the
orv beginning rather than waitt till the cend and then cram for the examinations;
t asked them to begin assimilating material instantiy, and discovering whether
hey were in trouble instantly, so that they could get help before they fell too
ar bebiind.  The bhelief amonz many faculty i i the seven-week term was the Plan,
nd that it was impossible o comply with its requirements--and one heard many
orror stories of students who had missed a week and therefore could never catch
p--was for me the irst sien of what misht be thoupht of as the incipient counter-
evolution acainst the "revolutien'" {rom the top which had put the Plan into

fect. When students did not “met"” the material, anti-Plan faculty blamed the
even-week terms; Lhey told the students in no uncertain terms how much they cocld
cach them--if oniy they were allowed the old [ourteen-weck spanj; many students
anickaed while other students were dilatory, nonplusscd hy the lack of required
outines and unable to force themscelves to work independently in the faghion

emanded by the Plas. Anti-Plan {aculty could lend support to such students by

N
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side-nf-the-mouth comments abour lLow they could not possibly teach their subject
in seven weeks (withour meking a frontal assault on the Plan).

They wewe entfliciently pe=stasive so Lhat some of our Panclists thought
at the outset tha' the seven-woek term was a mistake. T thought instead it was a
stroke of genius. It ma'e clear that the Plan was a revolution, that it required
re-thinking one's subject malier and stripping it to its essentials, and altering
w.r's relatiens to studonts so as Lo pul them on their own. And vet I thought that
aotuing like a majority of the student body would be capable of such self-paced
and self-mctivated instruction, nor would the now heavily-tenured faculty be
capable of adapting “tselfl to the reqdirements of the Plan, symbolized by their
failure to underscand that the seven-week term was not the Plan, but only a symbol
or symptom of its cxpectations.,

Thus, from the very beginning [ was forced to think about alternatives
in the form of fallback positions in case the Plan proved too ambitious. Would it
be possible, 1 asked in my first report, to think of creating an honors collewe
within WPL for those faculty and students capable of the self-motivated, highly
individuated leavning, with itg heavy demands for mentorship rather rhan lecturing,
that the Plan required? Would in the current cegalitarian climate such an lionors
college seem clitist not only to those excluded but, as was scon made clear, by
those included? Would it be possible for an institution as small as WPI to
operate Ltwo simultancous programs: its traditional one and the new Plan?  Tn
fact, it was doing just that when we Tirst visited, for the majority of students
were not yet on the Plan, and T was here anticipating what would occur when the
so-called steady state was reachod.

AU time went on, T hecame persuaded that the idea of an honors college
was infeasible. The majority of raculty was neither pro-Plan nor anti-Plan; it
was ambivalenty, lookine bhack to the good old days and yet realizing that they
could not be restored. Major supporters of the Plan, rreover, were torn hetween
that Interest in their nraduate programs and in the undeseraduate features of the
Plan--an unresolved dilemma to which our Panel returned apain and anpain. Only a
minority understood and fully supported the Plan, and they did not want an honors
collene for this ran counter to their idealiam.

These pro-Plan faculty did not believe it would be possible Lo scelect in
advance those students capable of profiting from the Plan and, with the poedagopic
evangelism of redecemers, they thought it would be possible eventually to attract
encugh pro-Plan students to WPI Lo create a large "eritical mass" who wanted the

Plan and werc capable of ity and that only a lngpard few miszht fall by the wayside.
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T could not gainsay their judement that it was difficult to tell in ad-
vance who could profit from the Plan, For this is not a matter of test scores,
but of seli-confidence, pertinacityv--qualitics of character for which we have no
national svstem of messurement.  (Indocd, several years earlier 1 had talked to
friends at Educational Testing Scrvice about the growing vogue of independent study
in experimental collepes and even in tradit:onal ones, and said that in addition
to the regular SAT and MAT scores, it wag now important for colleges to have tests
for motivational qualitices: for examrle, for lack of narcissism because narcissism
makes independent study difficult, since one must already be a genius and dare not
test onesclty for rertinacity in the face of failure and {rustration; for ability

to procved without Lhe aficctive support of ifaculty or the sanctions of faculty
either. My ETS riends threw up their hands in despair at the prospect of such
subjective measures, which would have to be done by projective tests whose un-
reliability on a mass scale is notorious.) Y.t 1 am convinced that we must move

in this direction 1f we are to have more experiments of the WPI sort and better
judgments of what sort o1 students can profit [(rom them and what sort probably
cannot. Of course T am not sayina that one should do away with the test scores

we have now: below a certain threshhbold of ability to handle words and figures,
students arc incapable of profiting from WPI at any level; but it is also true that
students with extremelv high te« <cores can be amony the most narclissistic,

have endured the least frustrati: in school in terms of inability to perform
(although they may have been bored silly) and hence be poor bets for independent
study.

Periodically for several years, | would bring up my honors college idea,
or its sardeonic alternative: a Veterans Administration hospital on campus for the
student and faculty casualties of the Plan. But it soon became plain that such a
divieion both within and among faculty and students would be demoralizing and that
i1t would require a different administrative structure--and we have already referred
to the thinness of administration {or running a sinple innovative enterprise, let
alone several.,

What happened to the seven-week term illustirates the alternative course
that was not so much choser as stumbled into, namely, concessions to what I have
referred to as the incipient counterrevolution against the Plan, to pacify both
legitimate criticisms and obdurate adversarics--adversaries from the outset who
seldom understood the Plan rather than thosc who objected to it, as did a number
of faculty and at lcast one member of our Pancl, on grounds of lack of rigor and

inability to meet the requirements of professional engineering accreditation,



(This latter fear is, in the judgment T have formed and that of the more knowledge-
able engineering eans on our Panel, largely a chim. o: ‘cerediting groups are
today tending to lean over backward to favor innovation even when it is not very
good, as George Arnstein has pointed out in several publications; and while the
engineering fraternity remains somewhat more conservative, it seems doubtful that
the WPI Plan will not be given every opportunity to prove itsel!{ since it so
largely meets many of the criticisms of the engineering profession that have come
from some of its leading figures, including those who play prominent parts in the
ECPD.) At any rate, what was done was to make concessions in those fields where
either on realisitic grounds of the nature of the material, as was claimed to be
the case in mathematics, or on practical grounds of recusant faculty, permission
was granted to run two scven-week terms back to back with the same culty person
in charge, so as in effect to restore the fourteen-week term in some of the arenas
of greatest resistance.

A few members of the mathematics faculty deserve a separate comment.
Someone teaching the humanities at an engineering school such as WPI was before
the Two Towers reports was very clear that he or she was teaching "service courseg,"
a labor of love or a labor of last resort as the case might be; rarely finding
students prepared to become disciples in the teaciior's own field, not that T myself
regard seeking out such disciples as wise--asg point T return to--and cccasionally
discovering the pleasurc of teaching the humarities to "innocent' students for
whom these have not been spoiled by previous Fedantry in a liberal arts college.
The mathematicians tend to be a service department of another sort altogether.
They are not exactly scientists, but in their general intellectual lewl often
quite rightly see themselves as superior to mere mundane scientists: they have
been the aristocrats of the scientific side of C. P. Snow's "Two Cultures'"; yet
at an engineering school they are generally as much service faculty as people in
English or fine arts: they are preparing students with rather low-level math-
ematics to do the ninimum of work neceded to get by in their physics or chemistry
or biology courses, perhaps go on to medical school, or into engineering--almost
never into mathematics. I first noticed in studying Oakland University in
Michigan that one of the leading proponents of faculty collective bargaining was
a mathematician, an idealistic person who felt frustrated by the rather low level
of students to whom he was teaching a subject they could not escape--a captive
audience--and also a person with the ample time that mathematics allows its able
devotees for extramural activities. The problem is further complicated by the
fact that mathematics often turns out to be what I have sometimes termed a "heauty

queen” field, in which people either make their mark very quickly or decide that
o

(v
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they will not; then they have the choice of becoming dedicated teachers, adminis-
trators, activists, or 11 of the these combined. FEven active rescarch in
mathematics is so demandine that it takes little time, although tremendous
intensity. (This is one reason periaps why mathematicians are often available
for chamber music, alon: with natural scicers lots.)

Nooother field has quite as creat o consensus ahout what is aood work;
no ot:. “ield is o inclined to rognrd the so-callted real world as beneath contempt,
so that even theorcticnl physicists can be looked down on my mathematicians be-
critse physicists have to put their hands on matuter at least in their heads.

So far, as should be obvious, T have been talking about "pure' and not
abtout applied sathenaticians,  WPL, of coursey has both., Their problems are not
fdentica! and thiev <hould not be grouped in the stercotyvpical way that oay be

woureasted by the roreroing remarks.  For reasons alrewdy suegested, appliced

thematicians tend to be regarded as less eitfted than so-cailled pure mathema-

ticiang, and thue are pot only in a service position, like the rest of the mathe-
malicians, but in a subordinate one. Yot their task s eoxtremely difificult: it
must Lo ocery frastrating to o try to teach applicd mathematics cither by individually
programmed inclruction or by any other more tradictional device to students with
skimpy hiali school backorounds in mathematics in a <ituation where the seven-week
term may prove o sonuine obstacle and whoere chanpes in the level of effort put

forth by students have accompanied the Plan, at least at the outset, when a

number of students saw the Flan as an opportunity to coof of f hecause, after all,
weren't they supposed to proceaed at their own pace?

Correspondinely, [U ts understandable that some mathematicians have been
among those at WPT for whom the Plan bhas been scen as lowering standards which were
not especially esalted to hegin with, There is great scensitivity at WPT to the
lowering of tosl scores, cspecially MAT scores, since 1968, this is so cven though

one goes back and takes o lonper time span and looks at comparable collepes,
WP toot scores have on the whole fallen not much more than these have nationally.
waong the union activists at WPI, 1 cxpected and ddid find several mathematicians
as well as others; I have alreadv indicated my judement that unionization (thouph
presently attractive only to a minority of faculty) would be a genuine thre,t to
the fundamental moral (ory as some would view ily, immoral) basis ol the Plan,

n

which reaquires of ite {aculty adherents ondurance ot a 70-hour week at the very

least, rather than a contractually arransed set of '"contact hours'" and an claborate

set of gricevance procedurces to consume whatever time is left.

N
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I have mentioned mathematicians because, whether purc or appliced, they
do tend to feel second-class at an engineering school, cven though they may be
first-class in thelr own quite proper sense of themselves. They come in for
criticism from their colleagues in the scicnce fields when they do not manage to
teach freshmen and sophomores to do the work necessary for an engineering school--
eve  while, as T say., they watch their ables: students, who can do this work with
N ‘and, fo en to applied fields sucii as computer science which bear the same
relation to pure mathematics as, let us sy, orthopedic surgerv does to biochemistry.

Tt should be clear that I have mentioned mathematicians only illustra-
tively and also tlhiat they are nota monolithic aroup in any way. Furthermore, 1
should make clear thnﬁ the criticisms of qome articulate mathematiciang arise in
A setting in which under the 0Old Regime there was very little if any criticism by
faculty.

The problems of what is maral md of the sources of morale go much
deeper than any single department.,  The very Tack of visibility of many WPI
fdculty well before the Plan, coupled with the lack or visibility produced by the
lemands of the Plan, means that many faculty will decide that the union is their
onl security, since they are stuck with WPL and vico versa, and must improve
their conditions there rather than going somewhere olse if dissatislied. The
mnion thus offers a vehicle to rezister and collect all the resentments huilt up
o the relatively low salaries of the Taculty, relative not only to what bacca-
aureate araduates can receive, but also relative o the elite private colluges
nd to high salarics of the University of Massachuscrtts in zeneral and its medical
chool at Worcester in particular. Futhurmoru, since many WPI faculty had prior
o the Plan counted on a steddy incone from consulting at least ore day a weok--
he permissible, if perbiaps not the acrual Lime-~and since under the conditions
t once of democratization and or the Plam, something has to cdive, it is often tho
dnsulting which sives wavy WPT Yaculity may bave suffered a Tarce absoluto as well
s relative decline in income as o consequence of inflation on the one side and
ie Plan on the other.  This Is so in wpite of offoris by the Trustees and the
Iministration to keep up with inflatisn at least partway, in spite of the

fficulty under which rven the woalthiogt private collegoes are currently laboring:.

The difficulties under which the Trustees are laboring to keep WPT sol

At not only currently but in ‘he future and hence a magnet for philanthropic
neficence is not understood by many faculty.  Our Panel happened by chance to
tend a faculty mecting where someond proposed cutting down the size of the

dent body to those who could cope with the Plan, and with the requirencnts for

-
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preparation in mathematics and other fields necessary for success in the Plan.
This could be done if the Trustees would draw on endowment for an interim period
until WP! could recruit enoucsh new Plan students to justify the Plan. Tt was
clear to me that WPIL could not possibly aiford the loss of tuition such a shift in
recruitment would involve: even tod:v it depends on its draw of students who do
not know 'out the Plan, or do not take it seriously, but consider it the "avail-
able college,' in that part of New Enpland which recards private higher education
as having more prestive or al least more i imacy than its low-tuition public
counterparts.  (Of course, low tuition does ot mean low subsistence, let alone

. ~ . - Y 1 - . . -
compensation for income {orcgone.) Mo Taculiv on this occasion offcred to take a

cul in salarv until such time s WPl wos itiracting students worthy of the Plant

. The Interactive Qualiflyine Projecls.  One place where mathematics

would have bheen useful, although it wmixht have prevented the Plan cver coming

into - ifect, would have been some rather simple caleulations of the number of
inventive projects which would be required once all students were on the Plan:
major qualifying projects within one's {ield: IQP's for those who did them, sccond
major-rield qualifying projects for those not doing TQP's; competency-based
examinations. If one adds togcther the inventiveness required to think up projects
for the less ingenious and inventive of the students on the one side, and the
inventivencss required to provide so-called competency cxaminations for the entire
student bLody on the other side, especially i students fail one or more of these
on the first try, the end result is stageering. WPT is not the only innovative
college not to have made that caleunlation. Thus T had visited llampshire Collepe
in the Connecticut Valley the day before our fall Panel mecting at WP1, and T had
appreciated from the initial Hampshire literature and from this all too bricef
visit the extent to which providing innovative examinations coupled with indi-
viduated evaluations for required Tirst Division courses as well as senior
projects for all Hampshire studonts would overtax the logistical cnergices of the
Hampshire Registrar, and the psycholozical viergic . of many Hampshire faculty

and students. Even to schedule these examinaltions at Hampshire has turned into a
nightmare.

Some of my enginecring “ellow Panclists thought of this as a mere issuc
of implementation, whereas for me it has been o fundamental problem of the Plan
from the very outsct. And this wias cspecially true of the TQP, with its cxpecta-
tion of interdisciplinary work in cooperation with the still unformed Social
Science Division, which would have its own disciplinary tracks and traditions
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once it come on bhoard. At its hesty as in the Washington Project, as I have
already said, tio TQP works admirably well for the most part, althougli cven in the
Washinpton Project there are hite ot shoddy work. But the vast majority of WPT
faculty and students scem to me incapable of envisaging what an LQP should be 1ike,
and even the summer study project which was held last vear and which produced

some admirable models vis-a-vis both e humanitics and the social sclences, could

topics on

scarcely begzin Lo satisfy the requirement of providing students witl
which they could do interdisciplinary projects,

To be sure, the theory of the Plan required that students think these
up themscelves with belp (rom a mentor. But 1t should be remembered that these are
students for whom narcissian is less of o problem than humility: they think of
themselves that if Py owere really cood thiey vould not be at WPI at ally except
for the small number who arc attracted by the Plan ind who could have entered MIT
or Cal Techy thev are rather docile students, accustomed to being led, not to
leading the way., There is no crim. in thaty the country could use followcrship
as well as Tewdership; Lut U Plun is desianed to turn out leaders, innovators,
inventors.,

At the outset, despite some idenlige which wanted everyone to have an
IQP, it was not made a requirement, only an option: but the hope was that cven-
tually everyone would do an TQP.  There s much effort to persuade students to do
Just this. Yet allowine some to set through who have not done TQP's is a con-
cession to the requirements of the =ement.  But I am sure that the Plan devotees
hope wventually that all studernte Will do TQP's. They may also hope that all

e€ourses will be on the sevin-wook term, which facilitates project interludes in a

way that the fourteen-wock term necessarily destroys them.®  (In this connection,
I might add that the internal WPI evaluators, polling the faculty, as well as

straw votes at faculty meetings, mike clear that a slight mijority of WPI faculty
favors a tepn-weck turm, not a return to the fourtecn-week Lo nor the sceven-weck

term, but o compromise which sitiat s nobody, docs not fit much of the Consor-

tium, and so far has non boon pressed even by its wnerically predominant advocates., )

c. The Competency Exo

Hinationng, 17 the sceven-weok term was the symptom

of malaise on our Pancl's {irst visit, the competency exam served a similar

symbolic role on ane of ooy Later vigits, FEating Tunch in the fraternitics in our

“Whinnery's draft report, just ruceived, notes that jf certain courses are iven
wvery term, onc can combine ld-week courses with interludes with work on
projects, althoush this fmposcs still another demand on faculty,
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effort to meet more representative or typircal students, cach member of the Panel
was regaled with horror stories of how this or that student who had done nearly
four years of serious and solid work would not graduate because of failing an
idiotic examination which had not been well prepared or fairly administered. (In
my own case, | heard such stories, but also the story of a student who, having
failed the [irst time, was coacied and supported by tfaculty to make sure Lhat in
spite of anxiely, he would not fail n second time, and he did not.) What impressed
me about these storics was their rarity more than their severity, and the depree

to which faculty went out of their way Lo try Lo invent examinations which would

at once test stuaden: inpenuity Taced with nove! situations, such as they might

face in the practice of cinvsineering or a c¢alling in the sciences, and yet examina-
tions which would not be unfair te the preparation the student bad received.  Since
more than a single faculty membor ¢ responsible ror both inventing the examina-
tion and administering it, ordinarily on a departmental basis, again T was struck
by the logistical immensity of the task, as in the example already mentioned at
Hampshire College. How many inventive cxaminations were the faculty capable oh,
before the fraternitics piled up their record of old competency examinations or
until term paper companics took over the task in the many innovative colleges

which are on some form of competency-based program.

For indeed, the measurement of competence, once one gels outside the
most limited arecas such as simple mathematics or verbal f{luency in a foreign
language, is a task of inordinate complexity, as other agencies of the federal
government are discovering which have supported CBE programs in teacher education
and in other fields, many of which are ale<o mandated by state legislation. Can
one indced measure competence of an engincer over less than a lifetime? One can
measure various components: arti-ulateness (where there seems to our Panel to
have beon definitive improvement at WPI over the three years of our visits);
ability to use the resources of the institution on one's own, where it our
impression there has also been improvement; and yet the ability to work under
pressurc that such an examination rcquires and to know how to pace oneself without
become prematurely exhausted is not a task to which WPI students, or for that
matter most academicians, are accustomed. Tt is only pe oiv in practical life
who have to work this way! To the extent that WPI faculty act as consultants,
they Loo must meet deadlines (something in which 1 myself have been deficienc in
writing my semiannual reports to WPI). Most of us procra *inate when we can, and
indeed our examination of the IPT (Individually Prescribed Instruction) work at
WPI shows that .iis often happens with students who lack the prod of daily
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recitations--and there g proliably a amall minority, an irreducible minority
probably, of students for whom machine instruction is for psychological reasons
impossible, even thourh for most students it removes the humiliation of failure

on the one side or the feared arrogance of apeed and success on the other side.

d.  Intersession.  One of the advintages of the seven-week calendar in

fts Tirst installacion was the ability to create a winter and spring inter-term
period, such as many institutlions have adopted. At many of these places, T have
asked the question 1 have asked ol founders of new mavazines: what will you put
in the seventh issue?  For agaln it is a problem of the well of inventiveness
among faculty on which one can depend: the first several Interscssions draw
faculty out in the most extraordinary ways and prove immensely rewarding. Thus
I is rewardine for students to discover that their feared professor of physics
is niving an Interseasion course on Chingese cooking, or that a chemical engineer
Fs teaching them how to build harpsichords, or that a professor of history is
taking them to Florida to do oral Listory among the residunl indigenous residents
of the Florida Kevs, Faculty and students discover cach otlhier in new ways,
increase the ranse of mutually sharod interests, break the routines of formal
relationsivips which are particularly striking at WPI because of the near total
Tack of any non-cligsroon residential contact botweoen students and faculty. (lere
Again, on this last point, budvctary considerations are important:  to huy up the
fraternities and turn them into subcollepes with masters would be far beyond the
WPT buducet even if it were politic on othor prounds.  And the residence halls
have been used only in limited derree ag wWays to socinlize students into the new
Plan cither by the use of WPI upperclassmen to tutor underelassmen or by the use
of faculty as residents Lo try to create an intelleetun] subculture among the
hard-working but on the whole unintellectunl student body.)

It was my dmpression that trosion had overtaken Tntersession also.  Half
the students sipned up for the Iast round, and quite a few did not take it too
seriously.  Still, it scrved A purpose. It draws oul freshmen and sophomores,
while providine juniors, seniors, and raculty a special Lime to get themselves
organized concerning projects and compelency examinations. The mini-courses of
Intersession arc supplemented by upper-class students in the Tibrary and 1ab-
oratorics as they prepare to orpanize or wrap up their project work.

Here and c¢lsewhere much depends on deflinition:  from one point of view

one could say that the Intersession jg runiting out of steam: from another, that

it has found new Uses, cspecially for upper-division students, not oripinally
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co-templated. Yot it has heen a voad idea; and as with mapazines, there is no
reason to have o seventh issuc--no law that requires that, once started, such

cfforts vo on indefinitelv.  Here they nave gone on in part hecause new functions
have been found for them, and if this is not revarded as crosion Ly Plan idealists,
Hut as adaptability, Interscssion aay st 11 he viable for some Lime to conwe.

oo Orades.  Over the last wwenty vears, my co-workers and 1 have

sor of more or less experimental under-

visited and in some measure studied a numd
araduste colleces which have dispensed with srades and put in their ¢ ree evalu-
ations. Reed and Sarah Lawrence have done this traditionally.  The University »f
California at Santa Cruz has recently reatfirmed this policy in the Tace of in-
creasine student and raculty objections.  bHverpreen State Collese in Olyupi o,
Washinston, does not zive arades.  deitoer does bew Collepe in sarasota, uer
Hampshire. (1ndeed, dnring the political-podaporic movements of protest of the
Tate 1990 s prades were noderated inony institutions, and in many more "grade
inflation” Las occurred as it hae at oy own ipstitntion, where the average crade
{s said to be B+, which oives alre 4y advantaged Harvard students an immense
advantave over collenes such as Wellesley, Szith, or Chicago which still tnke
grades seriovsly.)  In all these instances, 1 have emplinsized to faculty and ad-
ministration the need for sreat vieilasce on their part to explain their syatoems
of evaluatine students to rraduate schools and to employers, il to mak. plain o
students the variety of res; - ses they are Dikeow to meet when vhey come with nor-
rraditional transcripts to A variety of io=titunions for further study. In cther
words, if onc abandons the traditional scorceard of yprades, however acanineless
that scorecard may have becorn y one «r-ens to e obligated toe do much more 1o see
that once's students are not prejudicsd by findina the places or porseading the
places to which students 2o that they are not taking undue ~igks in bising their
acceptance on evaluations and in takine the fime necessary to assess ovaluations.
(For example, I took on wmyself the burden of helping persuade scme of tho depart-
menits in the Faculty of Arts ord Scicnces at Harvard and alse the Harvard Medical
School that it was possible te read o Yew Collewpe, Sarasoba, Lranseript sc as Lo
determine whether o student was scriois or not by looking at the courscs taken,
qquite apart from the cvaluatic . ) Yot some collepes which depend on cvaluations,
such ns Antioch has traditicnally done, have allowed them to become sloppy to the
point of meaninplessness, <o ot one mav read at oo ridiculous extreme thit

"iohnry is relating hetter te people now," or that “"lane has found her identity,”

ar similarly possi'ly intcresting but vsvally iihelpful stai aents when one s
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competing for admj moLo averapplied proysrams at the best-laccalayrente level,

N

If one is e et rid of arades, in other wordsy one hus te work much harder gt
serious eva, iat oy both f r the sake of (e student's own undursLnnding of his or

Neroassot g, creunac, and for the gake of siving the student A ressonable platc.

form on which ¢ stand for post-haccalaurcgr .. entry.  And this of course is one

of the mans o oas in which innovative brosirams make so ANy cumulative demands on

faculrty L' ane cannot posaibly speak intolliguntly about "steady state. "

Indeed, to keep examinations fyom becoming mere cnmprehcnsivos, designed to insure

that student., ke the ¢ rses of one's own departmenta] collcagucs as a kKind of

senatorial co doto write evaluations which Are not redundant and meaningles
requires fro- an alnost saintly devotion and the vy Kind of self-paced
motivation (A ved with the compulsnry rapid srading o exams) which e Plan

requires of WPI students,

Our Pancl, like the Institution itself, has hoeon of more than one mind
vwith respect to vradeg. The who]ohuanvd devotees of the Plnn, both among the
students and among  the faculry, appear to helicve that prades would create an
atmosphere of invidiousness ang of motivation te work for prades rather than fer
true le irning that . inconsistent with the basic aim, of the Plan. they may well
be right., Yot we Were repeatedly prescnted with ovidence that there arc in facet
arades at WPI, and thar the real jsque I's the number of steps ber ep sraduat [
with distinetian or taking a courge With distinetion and simply selting by, oy
students apparently decide that since they will not attain ”DistincLinn,” they
will be satisfio with a passirse sradey 5o that there fs no motiviation for the so-
called "B" styudent LO put out more ¢f forg th i the ninimun, once he hae decided
that o> cannot attain the waximunm, IV cuch 4 student ware doing the minimum in
one or another courge in order to do the Seimun in those which particularly ¢n-

grossed him, [ would soe no harm g this, hut a proegr Advantavos thig was the

reason I myself bhelicved that at mv own institution Laking one conpan on A pass/

fail bagig was desirahl.. ip adel " Lion to ny vain hope of “elUing humanitios students
into the sciciices .—tia Lope refirrod 1a At outger of this merorandan,
Mast of us are ner SAinls. I we have cvaliions, we will Lry to trans-

Iate them iio prades by conparias thom with thove of oyr follows. If evaluations
are poor, srades are Almost sire (o returr nt WPT__they Threturn anyway,

Tn a fenscy this jg anoglor “rosion,

Crades rajg. mother jgou,. Ly imp]icutiun; nancely of the time tak.n o
reach a certain lovel of competonce. | bocompetloenco-bige program (or in the

Jargon of the day, compotcncy-hmaod), It does nog matter how lon.s students take g
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reach the oabjective but ouly that they do so in the e, For many purposces, this

ie admirable: it atiews Lthe slow learner, and often slow forpetter, to take his

or her o Uime to atiain proficiency rather than placing a premium on spued. As
I have already saic such procuelures avoid huamiliating the slow learners, as 1PT
instruction dovs, or horing the quick ancs. Tt avoids wasting faculty time in

J] wiel the students can repeatl for themselves as many Limes as

repeating aterd

required, until thow Lo mastered it, step by ostep. Still, of course, no one

should undervetirate the amount of raculty time taken In creating the necessary

programs or uven in shoppin: for those that are on the commercial market., Here
apain, the WEL Pian in a1l its ramilications--and 1P1 is nol an essential feature

of the Plos, aiihounl many crudents and faculty at the outsel 50 reoard d ity or

cven s ir as the very heart of the Plan alonp with the soven-week Lterm--

cuprests oo desree Lo whicl: the Plan abszorbs whiat 1 have reforred to nhove as

human capiial resourc: s.

But there is more to it than that. ke are now in an era of what might
b called the sanitized transcript. The buckley Awendment is A factor herc, as
{s Lhe fear of litigatios which wns already present bofore that Amendment. Intimi-
dation of faculty by students is common in Lthe lite colleges, uncommon at WPT,
but as ~ue abaddons all requiremeats. faculty compete with eoanch other for student
crafiic and one wav they do so is Lo of fer —ore reward (in the form of flattery,
grade o or sexwiness of prusenLaLion) for less work., 10 L this 1.8 not yet
happened at WPL is Leatinony to the point made at Lhe outsel, namely that in my
judgment cxperiments have their best chance in more traditional milicux. RNever-
theless, it may for some purposes Le jmporint Lo know liow lons a student took to
teach a certain objuclity As well as the fact that the student reached it.  One
may not necessarily prefer tho spourd ctudent “ho can cram to the slow but steady
one who masters the material, whether or not there is a connection between speced
of learning and forpettinp--and 1 would maintain that forgetting is almost as
important as learning, and that it ie o mistake to helicve that cramming is sinful
and that learning Lo cram, which men arce more capable ef in the present climate
than women generally are, is only o form of low cunning. Many situations in life
require cramming-—others roegquire patience; it all dependa.  Thuas T would like Lo

or Low long a student took. to reach an

Know low many trials a student took,

objective, and thic informatin: is deniced me by the iype of tr.nscript now aviail-

able in many competence-based proprams.

.
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7. le Erosion Scrious?

When T ospone of crosion s the allernative rout e taken by WP 1o cope

with the extraordinary decineds o the Plan put on adainistration and tacultv, one

of my Tellow Panclists sl that Uhe Plan was ot so ta speak enpraved in ostone,

Dutowas Tike the American Constitution in being suliicct to interpretation as new

circumstances developed.s This is of course cerroct up Lo a point, and so recog-

nized by all concerned.  And vel becaiise Ll original aspirations of toe Plan vere

so heraie and adventurons, erowing as these did out of discussions anongy A

relatively sl l numbaer of WPI Faculty and sustained under thoe leader<hip of Dean

Grogan, cach concos=ion Lo reality bas some of Lthe quality o surrender. 1 hove

i

had the inpression (ror the very o onttset that there are faculiy who, as it were,

are waiting in the wines for this Plan to pass as other noveltics pass, meanwhile

mainteining s hoest they can their orten very pood routines,  And while last

summer's procoam is indicative of the real Iy extraordinary strides that can be

made In faculty develosnent cven in g single summer  the Plan i simply too

ipley to socinlize neophvie

demanding to allew 1 departmoent chiviyan, 1o o y

faculty what almost none

expretations of the Plan and to te-s

Facul o 1o

learn v sraduste schiool and fow on the foby namiedlw how Lo Fo mentors rather than

tradition:! tecturer—teachors. WPT . IrYany to Creals Bivod of Faculty
: ¥

e cervits, the Iattery

from its own sembuorship and @ rom a cons

in araduate schools wlhijc NS TXER SRV I S TR v cooto o alter their

the curreont Ter PRt el T Gl D by g e oy

procedures to me.

Doctar of Arts pro-rams | have locked - g vhiich really de onot do odoie o cither,

GTonr evarnate faculty Lo

and which would roequire a overy congiderat 1

Learn how to isplement,

Al Teast at the Lesinnine of onr cerice OF =0 tines, it wao Lhe common
k]

thousht amone some of ¢ . 10]law Panel fste and some WPL sty lemselves that thae

"answer' Lo the dilemmas posced b

the Tlay wiae an a'tered stricture of rew . rds and

fncentives, so that faculty would b paid o and promoted on L basia of rhe i

Peyose DD at crcating,

At the new tasks desonded by the Plan: o 11 a.

Tar off-cimps nroiects il as thoe one in Washingon,

IQP"s and makine arrancc

Coexamination -

or at St. Vincent's Hosnital or otle Fanaoor learnt oy e Lo o

that tested competence rather than covpewlionsiveness, nr Tanrine out 1o sracduate

would-be rociyivors i WP pradunter, etao. Yot

i

schools to cxplain the Plan to

such responses to the problomg poscd by the Flan heve always ccemed Lo me mechant cal

At best and self-defeating at worst. For one thino, cany Tacnory, whother  xo

haustoed or not, do not want to be captive of WPT becar o Stev Bave Leen so devoted

L)

o
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to it, nor =hould WPl want to maintain such exhausti- 0 chedules Tor its loval
Tacul bty as to render thes coptives and Lo Teave WP snbiject Lo moral cstoppel o
whoen such taculty chould be let coo For o another thine, il seems Lo me inconceive-
able to create o community so saintly that people w. Il he judeed on the basis of
their actunl performance as apainst their protondey peotormance, or one in whic
department chaiveen will net seck to averandice chedir departments by exaseerat in
the loade individual wembers carey io corparison with those earried by other

departments,

AL g w ‘ She e even bt WELD were purcely an undersradunte
P itation or one oo bo s bieta weitormly hetd, Timited itselfl to
Shister's o Scivnes in BEncinceriae and o sreraly contraceptive when it came Lo
Allowing the ri o noew PhoDe proars 0 Yot osuch contraceptive advice comes with

aobad prace fres Panclists wio hail tron prestipernl ingtitutions, as does contra-

ceptive advice when of fered By the United States @ the poor nations of the globe

or the pooy parte ol Anvrdica itsel:is Tu appears to wav that we ourselves have
cade i and now don o ovon interyere with ue by tryvine to make St too.  True
wisdoror not, it is not likely to be saccoptoed--and our Panel's advice on this

subject o consistently disrosarded, cven theush 11 was conpruent with reports

of Gra tiltees which had Leen appointed in recent years.

For one thing, the "law™ or "the more, the sore,'" operates at WPT as
clsew wre maay of those who are cneaved in research and who need sradunte
studer: 5 to help with that rescarch are alao amons the most able stalwarts of the

Plan. Arc they to Lo told that they are not allowed to maintain their profes:

vigihility? Are thev not to be crcourarzed Lo use their graduate students as trans-

Sission belts or intermediaries to help students wich their projects? We had na
210G swers o these questions cven thoush it appeared that in most cases the
gradunte students at WPT were o v omastor's candidates fror. Taiwan or Kuwait or
India who wore in no fvirry to o cole thedir programs and were somelimes less than
adequate in the role of tranemission belts vig-a-vis «00 urderpraduates.

The very nature of the funding proccss of innovative programs, including
such dramatically daring ones as that at WPI, assumes that lnsr tutions can them-
sclves carry them on from their own resources once they are launched. But consider
an institution which Las fow tunds to reshape its tradi -nal classrooms 1o 2 iew
mode of Leaching, o Lo permit {aculty who have exhaus. © necselves in service of
the Plan to vestore their professional wvisibility and calf-confidence b
sabbaticals for full-time rescarcl either on or off the campus, or which can

compensate them in salaries for “oney lost in consulting (ocs, and it will be
k ‘ )
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evident that Cinancial

Tt was already cvidont

of the orivinators of

the

RIRLS!

to v

t

o

SOt Ioia Ll conts accunulate cven while resos rees ahrin!
frovo b Tast several vigits of our Paviel that some

}

Plav Sl 1o or wore plhamning to Teave, while otherg--

and this is far more danverae ohod as it were resipned, feceline they had servied

more than thir Poo

introduction of two

<

0

A

Jjustificd in ita o

sraduate progr

b,

Lerma)

shoona 1 dd

Corps

1

corond seeing evoery concession, tfor cxample the
Yoo orresrans duric the conrse of aur Pivel s work (each

vsoadetent tor their own insist ence thot the undoer-

have full priovity and that WP cannot Attord ¢ven the

aild sehizophrenia of distraction by wradoste programs.

It should
selves the sk of
been attristod rom

Twin Cit by the

of their 1¢llow=studenty

.

because MIT turned
While it is true b

info ol moncors,

home Tife suffers ingt

i

Yot

added that it is the Plan Lovalisis who have taken on Lhem-

discovering and stucceering those [irst-year students who have

+

disinnat

]
i

places—=trom Galveston, or Oakland, Cal iforaia, or the

Siterature ot the Plan, only to arrive and discover that mosgt

S

0

dovn and RPT s no! Uit muc! bettor and Durther

oao

come Trot no Turther away than Pawtueket and are at WP

1 ¥

sy !

studentea folp roeward o) faculiy who in turn are their

also troe that this is one more demand on faculey whose

s thelr proacssional 1o sufloracsand no amount of talk

about roviards and incentives is an ancuwer to such dilermas which, all of ge facu.

A

The sitaation is further antraviated bocouse those who care abour the Plan and are

Sact its initiators

botir the President
inherited the Plan

national wvisibilivy

These lovalists tond

is invelved ficre i

more intanzible one

ani

fnel

k

i

S

[4XN

Lo

not

of

whaot ther ace up arains

8. A Prelirminary Estino

e

e
Loty

vs I teee waid My oot them old-timer at WPy while

Faculiy are rolativee ineweomers who in o of (ot

s public beneficiarive in terme of Lhedr own

prcially th of the dedicated bt over-exeonded Pregidont.,

Continual

sl

than countorrevelntion.

adnin!stration.-ans

i

selt coverning Saculity

i Toam talkine hout

more than slightly tin..

J

of unionization espocis

feel that Cheir services are talen for ariatedy and what
y s D ohave saidy, a o cisple issue of promotion and pay, but
S roward and responsivencss-eof i orstonding of
Coand of dhe dntricocicos and introactab, e oothe rian,
it
pht erosiong, coeibative in ctlecly  con 0 c e gy,
Hal the Tatter i not So he emuled out.  Arditrary
c o te whieh e recardodd e arbitrary by an increasingly

rather s aots which dre wilhont reason or purposc - that
Paculty pereeptiong which in Arorican acebomin a1y
dowith paranol --may Toad Lo Lilting the Lalane. - aver
iy it e lative wave ratas ool 1a 4] , for o eoir
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o
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a new oil and cnergy crisis should hit New England with its heavy penaliy falling
on cvducational institutions. Intlation erodes confidence pencrally; it has
diminish 1 confid nce in the management of the endowment by the Trustees, and in
the [airness of the distribution of benetits and penatties among administration,
faculty, and professional «tafi.  And cvervihing depends, ol course, on a continucd
flow of students and here, s Dohave said carlier, the oneral {ate of private
collepes for the lone-run rniure seews to mee bleak, so much so that WPL's survival
and even orowth in onrollments scem to me as much to the credit of the Plan as to
the general revival in the market for graduates with a B.S. in engineering,
particularly i the btacealaurcate degree is in o specialty in demand at e momont.

Yot wiven all these perils, some of them only barely visible at present,
would Tt be just to say that WPL should never Lave started on the Plan? T hope
these remarks have made it plain that this is not my judement. Lt is preciscly
because the Plan starte . with lofty ambitions that it has achieved s much as it
has accomplistied. 1 frankly did not think it would last as long as the three
vears of our Pancl, but well bhetoeore that o crisis would occur which could not be
remedicd cven by concession or what 1 have v rod to as slicght crosion, Tn the
dawn's carly light, the Plan is still therce, still in major part uncompromiscd and
relentless in Lts demands on faculty energies and student talents. And iU secems
clear that for the best students, WPT has provided a better education than they
would have received at the comparison collepes, and that the facul: - themsclves
have learned mcre thor they would hawve cven at ervincering schools of higher
reputation and :reat.r natronal visibility prics to the Plan. One could even say
that by demandin: more than svencd rec.onable co me al the outset one would raise
the level to a point where one would end up on a higher plateau.

To create an honors college Tike Plan TT at the Universit: of Texe
the subcollege 7 Michivan Stat-, or the E3 prograr at ITT, is no great trick.
even thougn [ Li.ink it = valuable acconplishment.  But to reform a whole inst:u-
tion and an entire set of fields is 'n contrast unprecedented, and in my judgment
could only have been undertaken with a certain innocence, and by people with a
dedication to the institution rather than to their speciflic df ciplines such os
onz generally finds only in the residual denominational colleges. As rer ~riced at
one of our Panel mcctines, WPT is trying to be the Amherst of private engincering
education without cither Amherst's endowment, lte faculty, or its student body.
By making the attempt, it tranc-.nds what Amberst continucs to do very well--for
Amherst sends now an overwhelining .roportion of its students into medicine and a

srall-r proportion into law, but verv few to deal with the ind:isirvial and
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technological infrastructur. ol Amcrican and world socicty.  The Amhersts cannot
live unless the WPI's thrive. Or ro pul it in terms of sovernment agencies, NIM
cannot spread itg blessings unloss NG takes chances.,

And among the assets that WPIL retains in spite of crosion are above all
the candor with wiiicl our Panel has been received, to whieh I referred at the
Outset--a candor which Also means that nelther faculey nor students are misled as
to the costs and requirements of e Plan, oven though they may misperceive the
Plan because of the Limitations of thejr horizons or their personal interests.

WPI might begst serve on the one hand as o wiarning to other experimenting
institutions as to the leng-run costs of Ny experiment, and or the other hand ag
an indication that it jg possible to seck Lo transform an entire Institution, cven
one nuted for itg traditionalism, to create a new '"product": graduates who will
enter engince~ing and scicnce vith the cooperative spirit that comes from project
work, the seifconfidence thnt comes from mastery and competence rather than serving
time in courses .and accumilating credits and grade=.  But Preciscely Lecause WPT
starts with o base of tradition and ; traditional student body, this achievement
is all vhe more impros;ivo.

And it would bo totally wmwarranted if the candor with which it hag
opened itsell to SCrutiny from the Panpel were to harm its chances for survival in
crmpetition with institutions whose %olf-adv«r.fsing has not he. handicapped b
cutside observirg skeptical of extr mb claims! T hero and believe our Paned
s helpful o WP, not only in aliowing the Airing of spcific problems and
srievances, but also In o indicating *he wareness by the Panelits of the bravery

of WPI's Plan and the ‘mportance . ven of small incremental steps toward itg

devclopment, modificacion, nd in Ijge and picces, prop <~ion.

9. An 1iterim Note on the Pro' tom f Lonpg-term A, mont
T T T Anue  ment

In 1968-69, Doan Bensan snvder, MUD., of MIT, went to some major medical
sc .ools and graduate chools ir irder to interview students who had boen MIT
undergraduates : oy years eariicr, in order Lo soet fron long discussions with

them, some sensg. - their feetings atanr 1y 1. Liiote ) haw it had prepared them

for their present work, and e they thoupiin i1 g prepared them for the worl

and life that lay ahead. iiurally, such Impressionigtic Assessment g short-rin;
“utoin the hands of a skilled elinician such as Benson Snydery, it car . 14
important results, esyecially i one carefully selcets the students - nter-
viewed, looking at "straight arrows" and the more offbent ones, those Dave
gone on in scier .. - gireering and those who ave followed other Pcas, at
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students who have done impressivelyv o well ot MUT and ot students who have done Tean
well, ete. Our Panel o conrse had no auch opportunite; [ ohad mvaelt dntervicwe ]
several reces s WP radinate s whe are T thedr firsr vear of oraduate school, in one
case at Harvord and in the other at NI, one whoo had o leeted the Plan and the
other noty both unusually oticnlate, arad 1 fove alaso had contact throurhout the
throe vears of ooy viaits with studeats wion | ohad el on our Cirat trip, thuo
bervine a0 chimee at teast to aet o olispae o iy developent within WPHo-
altlouph it ig obvioog that in all such cases it ia hard Lo separate out
developmental process that would Love occurred under anv civeumstances, nd the

"value added™ v WP i Al otts Intinite varietv,

Tndecdy o bomenge Te chat varioty cven in o relatively somod o o oita-

tion, and even when ol underveraduates e on the Plany that Torecl our Panel, no

st ler how candid our Tosts nor how probing cur bhiopsica, could only pain o

rutiventary knowleare of tho rull ranee of WET. P ildnstrate:  althou-h the Plan

s entively an unds s oradaate oney and b thonsds bobave discussed in thieg momorandum

B ?
sotential contlicts betwoon sraduate proorams and the welerpraduate Plan, and

! ! /]

althoneh we heard roports md read reportas by o wvaric o commitiees an graduate
cohication, wo et virtually o craduate strdenlay poc didl we tind any ovidenes
whatsoov.r thaty, cxcopl Yor wiatever wlviatares corsortia offer, araduate odic.-
chon hoad een thoarehit about o dnnovaiive ! e underecaduate education lias been,
1 +

cven thourh for the lone-run fatare o0 S crican ae clemin, reform of sraduate

crhrcation way Lo cven more drportoat th redorm ot Che collepe Tevel.  Ance

studying as 1 odid on every v o0 roer o WP Facnlty and makine serionsg
ciforss to meet mew ones on cvery Urip, owe sUill often fonnd ourselves with the
same hosts with whom we fod Lesnr Tnetitute stalwarts vl Plan stalwarts, and
on atiopding taculty mectings  oalized hew oy thore wore whom we had never cven
S,

Corresponding:lv, 1 am sure Lot hinve seemed 1o oo WPT hasta, as |
know [odid to foltow Pl 0 dosmitic ar the very ontscet about ¢
the Pl drawing odid o wperiences wiih inccctive andor radis ot e Crterprice

and apploing such cupericnce oo donht fn g too precomecived wan o e viery

different sivnation of WP ahout whicih, contrary to the situcstion o sorme of @y
] Py

cngincering colleacues on the Pane! 1 Frow sotia o halever antil oy sweerine ith
Georsee Hazaard throe yoorre ne Hones Toeannot v o LS5F readership too stroncly

cecorandun o as tentative in o the cwtrene . explor-

to take all that da aaid oot
atorw and Tar froe oderinitive; much more day-io-day work would have o he done at

WP, more studer o whio had eraduated folbowed up in their carcere, —ore faculty
b] I bl J



who had legt Interviceed as o whe thoev had o (somcthing | have beon hesitant
to do cven where | have some suspicion abogy Possible reasons 1 elaged to the Plan)
ene would also have (o avoid thoe sttaation, wavtvoidable g (e ool oar entry,
Ol Deing somehow dentidicd with "The Administration” by niny Paowlty who oo ce oy
best inditferong te the Plan and gy werstobhidine thoir (ime Pn hostility and
“sricvance, Pmiche add tha i Savothes hoat (i, Fatter withont medning to sound
Pejorative; | hope I have made clesr how sy problems the Plan does present, and
how many "I (o4 Vou sat s the ingr o Plan opponcnes could now rightly proclajm.

There 15 0 turthe clement in rihe time-span of dssessment, and thar has
to do with what dPpears to o he an increas ey bifvircated student bodv.  Th
students who have souwsht me ot during the hour or SOoset o aside on ovach visit for
Private appointment o with Panc! wmeubers have Lended to be those who Wore attracted
to WPIT by the new Plan without knowing much abhong the ins 0o fact often

Attracted from arar Vothey wanted o

dvice from me as Lo o ostudy, for

vamplo, pelicy Science, oy cducion, ar even how to break into journalism.
Would thev Carry oo Lhese catvers o ol thc values dcquired by haviag atcended

a0 eniineering school ragher P equally demanding privage beral arys
college. nosome cases, ) berefic is clear. Poremenbe s e siwdent who
Plannced 0 eneer dtent law, a0 Lichd o o S e et iaa- ke rush oty law
haw not ver led o orarcrowding, hecause Veguires Lradc reenaic. skiils as
well as Jeual and Forensic training ) Miny of these stadencs had had g Fonels
expericence at Wp[- they hod aveived "o, soen” hodre a "Critical mass'" of I{he-
minded studenis oy duitiiable to sup g LU, or gt least were grouped ~esiden-
Cially to SUPPOTL fhem, S0 Chat e had o “ay ool tinding cach vther--they were
tar Tess apt to lolns fraternicies Chan “he normal run of Wpg stindent - for whon
the Plan was a2 peat 4 makeweight in cheir decision to come. of in many cases,
made no decision ro come but woul have had ro make a decision o o cor

Aad this biturcatod student body leads o another pem of rtaculiy joad
which wias alm,er sure!l~ not in the Talculacions of Orivingd Sianners: whether
measured by test scores op hy more PEPTUSSTOniztic assessmenc., . 1 APL student
budy is today more hetcrvsencous than Itowi prior 1o (he Plan, indeed, as I have
already SuRRested, many complain Gh ot stadent s owhe do ROt come up to the ol

bre-1968 Wpr Standards--ETS hae o . - cxplanations as to why this mighe b 50,
inciuding inadequaciecs in the bigh ~chools, Pereissfuge chitld-vearing, ondl.e. -
televisinn—w:tching, Cte., ctec. At ANV orate, (he heterogenen: student body
for- s facul Ly to spead more time wdvising Lhe gew Pian studer: ool are ol oat
vdse with the general ruan Of more traditivg ) WPE stedents,  put it does
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diminish (b load trom the latter proup, who are rendered dnsccure proecisely by
the Plan and pevhiaps by ther ol low, otten more articolate, new Plan students
I is these latter students who woris aoout compelbeney ceaminations, about the
abscence o1 arade . he deticiencices in the traditions! structures which have so
tained them and which originally tod e o choone what scemcd the sate course
ol an enuiacering school as against core open dlternatives, Heteropeneity mean

euver S0 o omore dittienlt teachrnoand,oas dlveady indicated, a much heavier

e ounlikely that WP will cver rolbty

load o! advisias.  bBut 1t weuld seem to
franstors itsclt gt the underey laate Tesely vy more the i is fikely within
the Tifetimes ot ies presenl ooty toode it the taculty lovel, Tt will
retain the "dua! ceonomy characteristic or bndenesia or Jdapan and to o a lesser
degree, ceven the United states. Chie Dich-wage ceonony o1 the advanced, unioniz
Cochnotocical industries, and the Towswage el omy ol the less tortunate It i
Cied to the latcer on the tacuity =hde by tenure and obireacion, nd oo the

crodent side by otradition and above adloby the need tor tuition, tor {0 WP

O -

5

od

5

should Jos=e 1ot ctudents even this coming vear, it bt face the grave rises ol

insolvency that hawve already foendated  ane privaig colloges, esperimental or

olhrermwisee
Asrin, this is why one can bardby o speak or reaching Msteaws statet

Yot it wonld be cquallivowmistaken toocone oo rommy comment s that the

Plan ha: sroduced merely diccombobulation at WD or the secillativons between

euphoria aid despair L

fat 1 have S0 often seen in cxperimenting iastitutions.
fellow Panclists are not wrong in caphasizing the extaordiasry qualicy ot what
has been accomnlished D0 cach of our visits, we have medrowith Caculty comnitt

part oL the new scl oo . development s--which bave impressed us by the

My

(SRR Rt

serionness of their deliberacions and the quality ot the faculty serving on thom

and drawn crom all riclds and cpecns of recruitment ar WP Whether it is the

Sittee on Tenv. o and Academic Freedor

Committee on Academic Policy, or the

coLion, or the =everal graduate commit o

the Commitice on Appuintments &
cferred to earlier, these gronps have worked under the most excruciating press

ical. and have dor so uncomplainingly and, in

nolitical an’ persone and RN
judgmeto, Cdo: Cinoaddicion to all the arber burdens whichh this= uemorandam

1

suggests the delicated WEHL facntoy mewnber shoulds rs. There is not a single vis

at which I have not r~.t, in addition te our particular faculey hosts, who have

become our friends as well as our hosts, tfocalty nembers at WP creviously unkn
to me who have impressed me as iutividoals of high inteilectnal caliber in.

ures,

it

[BADRDY

additinn to their institutional “oyalty . oiven che fact that many facnlty either



came to WEE as ander cradoaten or come thore as thein tin sl academic appointie ot
well betore the Plan besan . and then were Commod in, 1 would v, e bed cven
more resentment oo Y he Ndmrndsrr o ron™ than calnte s mare misuander s ond e and mie-

perception ot the Flan, cmd more Jealonsy viaea=vrs (heo bacul oy e o and

administrators who had (he GPPOT ey Lo e the Panc boaned ) nome cases,

meet with us oo iai s Shonas o Panel wenSor b had an oppottaniby o meet with
the indrvidoal departuents 1 chiorn (hose oot <1de my own a1 ca ot competence, Civil
cngineerin.g 1o caeaple,y o Lo S0 e s, et on s o e Lt it e and
social seience tacnliy on oan car b v Ard o on cacn o thoee b oas bt
nnusal iy cape Dl individial s whose teeord 1 h Lir boerms o od e e copubbicarion
WO e D e s T re i the ot tona ] academine mae ciplace { cal this

sovnnds condescondineg, it 8 cant Poobe Tactae b Some ol these omdivid-
uals took part in the summer sond procam adready omeroncd, dina oihers willodo
SO et summersy theis willineeaos, ¢ 1 0n crosemplarve-sas il Tustrated also by
what s said o' 0 Taters HERY Pt comcern with amd B o ledae o i tienduaal
student o g oo stritan Sener e entabiishied contacis 0 e sotonees g
Clarit, come o o b cres ot O and al Mol Crovs--hard e ANy oat Assumpt ion
aor other aro o colleos e e doopr Chemnselves tatedlecteady i Bocon-
suiting, rather than ae ccholar-toache -0 Lo ie-1ese cicher -

Doarievance and paranota, aml owmentioned 8 0 et L

Amer foan o adenta Ve onorveanr e crnovieint e

P the humanicoe o tatked to oan vid-(in Paculty mend or

fnothat tichd whie s as 1 have satd carlicr. would 1n ooy s tationsg oo

selt to be a second-g crtreen o owhat had ended wpoas o second-ol!

nstead, theoo Padicidval s bave g oiained s €l oasiags por teachinge 80 ients who

Are oflen unrespen oo, o whies e B i i es b Docu a5 eahons L heest
Prociselye in 4 . e s,ow it : ey o shod o hoth o in g ool deal
of TUs recrndtioas

Whict ] e cro oSt et the v e g idden asscts ar WL and o
reader ol oy biannmual repor i s Dot L ot mioe have tended to e
sorewat less gloomy ovey Live clthoun o st b owensfd Doose somewlnal o,
pessiristic--as in the O P St orad o - 0 b ot roned--thoan Lhose Pomy
coileague:r from sciong.e Poonatinees ingg Ll i ' Pesi bt o marine wuch -

Peated discovertes ol quie W tin g Ui vnenn v wel D ods 10 e e o i

taci v,

has been said
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was oo the scene,

extraordieary comtrol ot gl the erai s o the Mlan

vito U ot oo bd abike on old and new taculty ot WPl I bhope he will

sak iog pubiic the plaase T ouased tor him b oo piret sectingg, el

intel ]rt‘(ll.l]l\'

and an

1
drnd v

ot

v, Wi s Harry

Frvman, oo saviny thiis, L oesplained that L ovelor o -d to thet swabn mineority o
Fiberals who did not resavd the successtoan o ey Troman to the cre craeney with
11 vy byt ther witt Py Tooy [ V- P - vl oy I St 1 on ]
dismav, bur o vather with fnstant adancat ion 1oy the ettraordina sy abilitices

courd,se o oaoman who had seemad w0 edinare to many ot his telbow,

[

Licated American.., Mhere are other "oroans" 00 WP, old-Uimers

e P entions Lo the visilonr, Sca et have the Jdevotion ot rac
who are as tashionab by sophi sicated as 0 b Teasues ot wy owin inutit
dovsh rroadns are Jevelopioce in the o coatbition, gustoas they did
Party which Dovan manaced to Feen toocrhor o Feas, ocan only hope that

Grosan wiltl be permitted wore ter oo o ofrice helore the relased ds

it becomes, as all ooran energies must ) cventual by

can only repeat that the adwinictrative covps io hin aad over-ex
see oo reads nlatoon o replacemeals at o oany Lovedo-bul s | thi

stalwares already mentioned, on the scene s Wil

msringg

who tathered che Plan ad ~aw e throuvh and who,

redaltistic concessions, are unwillineg o surreader its dras

Al ficance.

who

dsote sophis-

Secw ol eop-
alty at Wit
ut ton., Mo

a the Democrat

Dean

soami s he

deoleted,  VFor

Conded , and

s, I othink ot
Fiam Grovan

wihti e willing

dically



Final NSP-WPT Summary Report
ot

Dr. John Whinnery

o
ERIC

FullText Provided by ERIC



KEPORT TO THE NATIONAL SCIENCE FOUNDATION
ON THE WPI PLAN
Contribution from John R. Whinnery

June 1975

I Intrcductory Comments and Overall Impressions

t was clear at the last meeting of the Advisory Panel that there is
a good deal of consensus among Panel members concerning the overall progress
in implementing the WPI Plan, and in overcoming the many difficulties met
so far. There was also general agreement on some of the major problems
to be solved. I shall consequently be brief in giving my interpretation
of the part on which I think we agree, and then expand some points for
which I have special concerns.

I strongly share the feeling, brought out by George Pake* in his
summary at the meeting of April 26, that the success of the Plan so far is
much greater than any of us would have predicted following our first meeting
three years ago. There is a spirit, pride, and justified seif-confidence
among the graduates and other students we mer that signals success ir
achieving the most important objective of the program. This seems con-
firmed by the results of the surveys reported to us by Karen Cohen and by
the random, although admittedly limited samplings taken by Panel members
in various ways. The articles in Newspeak, refreshingly concerned with

educational matters in contrast to the pages of other student newspapers

*Several references in this report are made to the reports of George Pake
and Dave Riesman. Reports of the other Fanel members were not available
to the writer at the time this report was prepared.
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Of the problems to be solved, the most important overriding issue
seems to me the question of resources to carry the full plan with the
same enthusiasm through the next few cycles of students. Of the specific
features of the Plan needing attention, the matter of Competency Examinations
is most urgent. The matter of Projects, which is working much better on the
whole than any of us predicted, and which I now see as almost the key to
the success of the Plan, must not be ignored because it ls working reason-
ably well. This feature must continue to be strengthened and used to inte-
grate and strengthen other Plan features. I will comment on these points
in more detail later in the report.

Before coming to the comments on specific features of the WPI Plan,
(in Part IV) I will give some comments on educational innovation in general
(Part II) and on recent trends in engineering education (Part III). Since
this is not the place to give a reasoned, well-documented treatise on these
two complicated subjects, they will have to be interpreted as personal views,
primarily useful to make clear the biases from which I start. The final
section (Part V) will give some specific recommendations for WPI, NSF and

any succeeding Advisory Panel.
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I1 Some Comments on EducatLona%vjnnovation

Tha search for the ideal educational experience, like Plato’s* gearch
for the truth, is in some ways easy and in some ways hard. It ig easy in
that one cannot miss the goal completely, and hard in that one cannot attain
it perfectly. (Of course {in both cases it is possible to miss completely,
but like Plato*, we are thinking of reasonable attempts.) The point is that
there 1s a wide range of workable educational patterns, and it is difficult
1f not impossible to determine the optimum for an individual, and much more
difficult to do so for a group. I continue to be amazed that the graduate
program of my Department accepts students from literally hundreds of schools
in dozens of countries representing a wide range of educational philosophlies.
Nevertheless, after some period of adjustment, representatives from nearly
all systems are able to perform competitively.

The goil of education as I see it is to stimulate the students' interest
in their subjects, to strengthen their abilities to reason, to make them aware
of the interrelationships among a variety of subjects - technical, scientific,
humanistic and societal - and to provide the students with some fundamentals
from which to svart. In a profession such as engineering, it is necessary
also to develop some skills such as the abilities to use formal mathematical
models, the computer, and precise electronic and mechanical in:truments. Most
important for rapidly changing fields is the goal of developing a habit of
contiruing study since the half-1life of present engineering information is
estimated as about five years.

If we accept the above goals and the inference from the first paragraph
that the attempt to optimize should be brought to the individual level, we
understandably find the focus in most innovative pregrans on the individual,

with the ideal of a program tailored to individual needs, and a tremendous

*At least I thought it was Plato, but in chécKing “for-the ~exact-reference-
have not been able to find ic. Perhaps i{t's from another source but the
point still seems worth making.
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amount of individual attention along the way. This can absorb any amount

of time if carried to the extreme, and even then one cannot be sure it is
really the optimum for any student. Thus to make such programs workable
with finite resources, the 'best" solution is usually to develop small
interactive groups of students, as is done to some extent naturally at any
university with living groups or other institutions in which students with
common interests get together. Some schools (I believe one experiment was
at the Pennsylvania State University) have tried to-formalize svch group
interaction by having a graduate student as group leader of ten seniors, each
of whom was group tutor and advisor of ten juniors, and so on. Groups of
five or so seen better. At WPI a good deal of group interaction at about
this level is occurring through the search for project topics, and in the
carrying out of group projects. The point is that such use of this kind of
educational resource is not only essentlal i1if innovation is to be effected
with limited resources, it may also be one of the best forms of educational
experience for the students of concern to us. In looking at the faculty-
student ratio at WPI, there does not appear to be the ratio commonly thought
to be necessary for individually-stressed education, but 1if the resource of
the individual student (self learning) and of groups of students (group
learning and advising) can be utilized, it can be possible. Success in this
respect will be one of the most important results of the Plan.

If optimization of an innovative experience is difficult, measurement
of the degree of success is even more so. Ideally we wouid like to follow
the graduates of a program, to find where they work and what they have
accomplished, their attitudes towards themselves, their employers and to
society, and to relate these data to the basic education they received. The

first problem arises from the time delay between the measurement and the

1u0
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program, go that corrective action on the basis of such results is too
late. But there are always other influences (often including excellent
on-the-job educational additives after the experience to be evaluated) thar
make it difficult to separate variables., For this reason more immediate
measures must be sought. In this respect the program of evaluation at WPI
seems one of the best I know of. The formal study by the evaluation team,
with the fortunate development of control schools, sensitivity to informal
samplings of student concerns, and a careful following of the plans and
opportunities of current graduates give essential if not complete info:rmation.
The intensity of this evaluative effort must of course be considered a
part of the experiment, since the measurement always has an effect upon the
experiment (Heisenberg's Principle in physics or the Hawthorne effect in
socilal experiments) but this is not always bad. There is always a proper
worry concerning any socfological experiment 1if any percieved positive
results are simply due to this Hawthorne effect. But it is one of the
mechanisms by which one can get positive attitudes started. Then there can
follow additional positive feedback effects. The excitement of the experi-
ment in this case attracts good students, who will help attract other good

students {f they are generally satisfied with their experience.. It is this

last proviso that must be watched, together with the danger of overshoot if
the positive feedback goes to far; and of course there is the tendency to
faddishness that seems to affect the educational community and which may
cause it to leave a successful experiment for a new and presumably more
exciting one. The point is that the Hawthorne effect is a part of the
experiment, and can be utilized positively, but corrective action must be
taken promptly to avoid excesses in attitudes by students or educators to
make certain that the program remains a sound one. Thus the final point of

this section 1is that if a program is truly innovative and hence a true
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educational experiment, continuing corrective action {s necessary as the
results of any experiment are evaluated. The difficulty is that this
argument will be used by opponents of an innovative plan to steer it always
back to the old and traditional course. It will require much wisdom to
avold the extremes of ''no change in the original concept is possible' on

the one hand and "let's get back to normal on the other."
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111 Some Comments on Trends in Engineering Education

It {8 common to think of the period prior to World War II as one of
"handbook engineering" for engineering colleges, the period for two decades
following as one of "scientific engineering", and the last decade as one of
"societal engineering." Each of these terms are vast over-simplificactions,
although they do represent certain concerns of the respective periods. I
had a very conventional undergraduate engineering program in the '30s, and
although I have been critical of it on many occasions, reflection about it
reminds me that most of the instructors were concerned with our understanding
the principles underlying various devices and systems, although they also
spent time on what they understood to be current engineering practice with
respect to these devices and systems. This part of the approach is not all
that different today, although in my Department the examples are transistors
rather than vacuum tubes and A/D convertors rather than motors (although,
ironically back to to motors again!) With respect to societal concerns,
engineering has always been fairly responsive to the priorities set by
society at any given period, whether it happens to be defense, space explora-
tion, environmental improvement, enevgy utilization or low-cost manufacture.
(A cynic may say tiat this is because money 1s appropriated through the
political process of setting these priorities.)

The true revciution following World War II was in the move to graduate
education. The number of U.S. engineering doctorates* increased from 100
in 1940 to 1200 in 1962. Fortunately there remained a strong industrial
as well as academic demand for such doctorates, and I think this helped to

inject a sense of reality into the doctoral programs. Also fortunately,

*Data from J. M. Pettit and J. Gere, "Evolution of Graduate Education in
Engineering” J. Engin Ed. V54, p57 (1963).
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in some fields, but retain high validity and are exactly the right level
for a large number of the employers of engineering graduates.

The "revolution"of the last decade has been a much more difficult one
and at this writing is unclear as to outcome. There has been much work and
even more talk directed towara the setting up of interdisciplinary programs
among engineering departments, and between the schools of engineering and
other campus departments and schools (law, political science, environmental
design, public health, etc). These are directed toward the presently
perceived societal concerns. Such interdisciplinary programs are extremely
time consuming and difficult {f they are to be more than an undigested mix
of disparate elements (as David Riesman points out so clearly in his summary),.
Thus there are some important successes but many participants are discouraged
by the failures or at least unclear results of the efforts. Projects seem
to provide the best mechanisms for working between fields. Thus the Inter-
active Qualifying Projects of the WPI Plan can be an important element of
this national effort.

One general trend of the last decade is the nationwide trend to more
"flexible" curricula, with many if not all of the choices left to the
students. This movement was partly because of student pressure, but mostly
because the growth of knowledge made clear that no largae part of this could
be required in a given curriculum -- hence the feeling that the particular
part chosen for stress is not important so long as it serves the general
educational goals. This trend was overdue but it too may have gone too
far. At least there are some problems. For one thing, the results are
not as different as many people hoped. Most schools that I know which have
such curricula publish lists of courses for students interested in a certain
subject - computers for example. The majority of students seem to follow such

lists as they always did, or at least uce their options to avoid one or two
<4
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especially disliked subjects or instructors. Quite a few use all of their
options in the field of their specialty (the computer major taking all the
computer courses he can find) thus becoming more narrow rather than broader

as the designers of such plans generally intend. Some do use their choices

to make a broad program unique to their interests, but here prerequisites
often limit the depth to which they can go in subjects outside their
speclalty. Good advising can help with the last-mentioned problem, and can
help others depart constructively from the recommended lists. Truly effective
advising programs, including participation by advanced students, is

essential to make effective use of the potential in these curricula. And
there do remain problems of lack of understanding of these programs by some
employers and accrediting examiners, although the majority have shown sympathy,

understanding and even enthusiasm for such programs.
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IV Comments on Selected Aspects_of the WPI Plan

The Plan is the totality of many separate elements, clearly described
by William Grogan in his report to the National Science Foundation of March
6, 1975. As David Riesman points out in his comments, no one feature of
the Plan can be said to be unique. On the other hand it is probably not
necessary to have every present feature to attain the goals of the Plan.
(See my comments in Part II concerning the lack of uniqueness of any
innovative program.) I will comment only on selected features of the Plan
as explained earlier.

A, Igg_grojects. Not just one but two projects are required. The
major qualifyiﬁg project may be thought to be equivalent to the senior
thesis used in some schools. In addition an Interactive Qualifying Project
is strongly recommender, «ltiiough a second purely technical project can be
approved by the advisor. Projects are very good educational devices, but
ingenuity and hard work are required to generate ideas for projects and to
supervise them. At the end of our first few Panel meetings it scemed clear
that only a few of the faculty members undarstood the magnitude of this
commitment, and many Panel members doubted that the commitment could be met.
At our last Panel meeting we reviewed projects from cthis last year, and.
although there were ob-ious variabilities in the levels of various projects,
it was gratifying to find that the logistics of organizing the required
number of projects have been met, and that many are of very high qualicy.
The interactive projects resulting from the Washington Center represent
especially good educational experiences. The projects arising from the
ccoperation with St. Vincent's Hospital also seemed to us of high quality.
There were oth~r good ones generated by individual faculty members. There
were weak ones also, which was troublesome, but in view of the accomplish-

ments in this short period and obvious steps which can be taken to improve

-~10-
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quality, the overall assessment is a very optimistic one. Moreover, the
projects were among the things first described to us by the graduating
seniors and in several cases were the basis for job offers. Project lore
was everywhere on campus, from advertisements on bulletin boards, to
recruiting efforts by juniors and seniors for freshmen to join with their
projects, to transient antennas competing for space with frisbees on the
lawn. Clearly these made up a key part of the intellectual excitement of
the campus, and acted as nuclei for the small educational groups referred
to earlier.

It would be easy to let down and consider this problem solved, but
it will require hard work every year. Moreover its success offers an
opportunity for supporting other parts of the program, and there must be
some improvement in minimum acceptable levels. The first step we saw for
quality control is that of having the students present reports on their
projects to audiences of faculty, students, and members of the industcial
community. (This presentation mav be part of the Conpeten:y Examination
to be discussed next.) Such a presentation could easily become pro forma,
as the Defense of Thesis is in many colleges, so care must be taker in
designing the format and incentives for listeners and for project partici-
pants to prevent such degeneration.

B. Competency Examination. This feature of the Plan has caused most

discussion during the past year. There have been additional Faculty ueetings

on this matter since the time of the Panel's visit, apparently with considcrable
progress; but the feature remains a very difficult one. The ideal of an exami-
nation to measure competency rather than mastery of a collection of facts

and algorithms, and thus to underscore the self-learning featufes of the

Plan, is a fine one. Many Plan adherents understandably see this as the

key feature of the Plan. But from the beginning there have been many who

-11-
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see it more as a comprehensive examination. Moreover a true competency
examination is very hard to design with high validity and uniformity from
student to student and from department to department. It must have such
validity and uniformity if it is to be used as a final screen very late
in the student's academic career.

It may be that this problem, like so many others we have worried
about, will be solved, but I see the problem as a very fundamental one.
(I am appending my comments of a year ago concerning the difficulties in
various forms of examination, which I still feel pertinent.) It has seemed
to many of us that some modifications of this procedure do not constitute
abandonment of the Plan, but rather the needed corrections in the spirit
discussed in Part II of this report. For one thing, it seems desirable for
an examining or review committee to judge all aspects of the student's
accomplishment at WPI -- particularly the project -- rather than just the
few-day examination in deciding upon readiness for graduation. Then, by
building questions around the twe major projects rather than a short one
thought up for the examination, there will be an opportunity to judge
performance on something in which the student has invested a good deal of
time and should have thought about deeply. This effort will also accomplish

some of quality control for projects recommended earlier.

C. Intersession. Our Panel visited sho;tly after the first very
successful Intersession. This seemed to many of us one of the most imagina-
tive features of the Plan, with faculty members teaching hobbies or exploratory
subjects, and the students finding faculty members as persons rather than as
mere gpecialists. But by the time we got to discussing this element it
appeared to be decreasing in popularity, so we concluded that it might have

been important in helping to establish the spirit necessary to begin the
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plan, but not essential in the long run. I Suggested once that it might
be an important experience for each generation of students, so that it
could be repeated every three years or so, but not every vear. Now,
however, it seems to have settled down into a reasonable pattern, with
about half the students and faculty participating, and many more students
on campus because of the opportunity to work on projects. This is a very
commendable success, particularly in view of the decay i{n intersessions
in many other schools that tried them. I agree with Gecrge Pake's recommen-
dation that a following Panel might look at this more carefully, trying to
find the elements that can be passed on to other schools, and in helping to
insure its continuing success as an element of the WPI ¢:perience.

D. The Seven-Week Term. This has been a feature .:scussed on many
of our visits, and I'm sure one which will be analyzed 5. many of the
panelists. I will consequently be brief to avoid unnece sary repetition.
The goal of studying a few subjects in concentrated faci.i:n for short periods
has been tried in a number of experiments (in one extre: at Colorado Collcge

concentrating on a single course for a three week intei. 1)* and undoubtedly

works well for some subjects. 'Languages are among the .. ills often cited as
suitable for complete concentration for 1limited pericd-, Other subjects
seem to take more reflection, and thus correspondingly ! aiger feedback
periods. Of course one can put short periods together ' m:ke longer units

where necessary. The attractive feature of relatively . .ort blocks 1is the
potential flexibility in using them either for concent: ..lon or for parts
of a longer series, and for breaks in which students r. take full time to
work on projects. But to have all this potential flex:l:iity available,
the school will have to schedule a majority of offeric - for each of the

terms so that the student will not lose continuity by : !ng breaks in any

*"ixwell F. Taylor Jr. and James B. Levison, The Color College Plan -
A Report of the Internal Evaluation Program, for the 1970-74,

Colorado Springs, Colorado May 1974.
-13-
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arbitrary term. The number of such offerings then goes up rapidly as

the number of intervals increases (I think something like the factorial

of the number). Moreover there is a certain tare in the start-and-stop
functions of the shorter terms, although these can be minimized by planning,
say by registration for the entire year and then recording only changes

from a planned program. Thus it seems to cc down to a practical matter

of weighing the advantages aud the disadvantages, with much less concern
than we first saw amon3 either critics or supporters of the short terms.

E. Imaginative Use of Videotapes. Videotapes have been used both

with IPI and conventional courses for the last severzl years, and several

of us have observed their use in the libraries and laboratories. I have

tried to watch the library use on each visit, and have the impression that

use is increasing and that the medium is not becoming boring as has happened

in some places. The key seems to be the convenience of the facility

organized by Ken Scotc, with the opportunity for instructors to stop by

and record short supplements, reviews and lemmas without much fuss, and to

record laboratory demonstrations with reasonable planning. The tapes are

used, partly because they are short and partly because they may be stopped,

repeated for note taking if it seems desirable to the student. I have watched

mostly the individual use of the tapes. James Gibbons of Stanford, in

describing his use of videotapes in M.S. programs, stated that groups of

three to five students working together with tapes, stopping the tape to

discuss difficult points, and having access to a tutor on some occasions

(but not constantly) constitutes one of the best of the educational expe-

riences he has worked with. I had seen some such groups in laboratories

and tutorial sessions at WPI, but didn't give them enough attention since

1 had not heard Gibbons' analysis until after our last visit. It is possible

that more of the TV consoles should be set up for the small group interaction
110
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as compared with individual viewing. In any event present uses of this

wedium coastitute some of the best uses of educational technology I have

seen.

F. Recgurces for the Plan. The question of resources for this ambitious

change was mentioned earlier in the report. It is clear that some faculty
members are working much too hard, although the load seems nof to be dis-
tributed evenly (a common phenomenon in any academic environment). It now
seems possible to make a better estimate of the total commitment than was
possible when the Plan was just a plan, so the administration, the facuity,
the faculty survey team, and the next Panel might try to put down some
estimates concerning the amount of time required for each key elememi of

the Plan (projects, competency examinations, intersessions, advising, normal
course work, etc.) to see {f the resources at all match the demands. At the
sume time, the extra resources from students (also mentioned earlier) might
be ecxamined more carefully to see if some of these inputs can bde nurtured by

better planning of institutional or environmental surroundings.
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V Conclusions and Recommendations

As will be evident from the above discussion, my conclusions concerning
the Plan agree almost entirelyﬂwith those in George Fake's excellent summary.
The most important ones have to do with the strengthening of projects,’the
reexamination of the Competency Examination, the continuing study of resources,
and a special but somewhat relaxed look at the Intersession program. Other
important academic matters have to do with the seven-week term, full exploita-
tion of the consortium opportunity in Worcester, and the difficult question
of the amount of stress to be placed on the graduate program, but 1 seem to
have nothing to add to the obvious on these points. I have also mentioned
the important role of the videotape system, and the supgesticn that more
group viewing stations be planned.

Qur observation of the imgenuity,resiliency and dedication of admini-
stration. and faculty in meeting the tremendous pressures io date gives us
a great deal of confidence in the amount to be achieved by this experiment.

As others have said, I have not seen a more ambitious uundertaking in any
project for educational innova.: ‘. nor one at any level carried out better.

I think a lot can be learned from it, not by transporting the Plan in its
entirety, but rather by careful study of the initial conditions, the surprises,
and the corrective actions that were taken to ease the many pressure points.

I am glad that some support will continue, including continuing study by a

new Panel, for it is unrealistic to believe that an effort of this magnitude
can become completely self-sustaining in three or four years.

Others on the Panel have noted than in the past three years we have come
to feel ourselves a part of the Plan. I suppose in that respect we are less

useful as objective evaluators, but I think 1t is some measure of the spirit

of WPI, absolutely essential to carry off something of this magnitude.

-16-



The short project or group of tough problems is another
mechanism possible for such an examination, and I believe one
used at WPI. My experience with this was largely in the GE "Advanced
Course' which was conducted entirely through such one-week projects.
Like the oral, it ‘5 an extremely useful mechanism for obtaining a
different kind of information from that found with conventional
examinations. But it is extremly hard to find enough good projects
of the correct scope and level of difficulty. It was common in
the GE course I mentioned to find that in any one week a few of
the best students (again judged by later performance) had started
in the wrong way and hadn't made progress. And occasionally the
problem was miscast so that it was either trivial or impossible.
Here also the standards will vary widely from group to group, as
will be evident, I think, if one group's exams are reviewed by each
of the other groups.

Combinations of the above generally have greater validity
than any one component alone, and such combinations are being
used at WPI. But this is just where the time will become excessive
if each exam is individually tailored, and well enough constructed
to have the validity desired. Thus the Committee's recommendation,
at least while experience in the validation of the examinations
is being obtained. If worded as one cf the requirements, with a
Committee to review performance on all requirements in recommending
graduation, it need not be seen as a major modification of the plan.
I also recommend consultation with experts on the theory and
practice of examinations to help in determining the best of the
several possible forms, and the degree of validation needed, so
long as it remains even a major component of the Plan.

ot
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Appendix - Excerpted from report of May 6, 1974 J. R. Whinnery
to Dean Willfam R. Grogan

"“"Competency Examinations. The Committee recommended that the
competency examination be graded and considered with other achieve-
ments of the four years in determining graduation from WPI, rather
than be considered as an absolute gate. I feel very strongly on
this matter. I first started worrying about it (as explained in
my previous report) from the point of view of faculty load, but in
the discussion it became evident that a much more fundamental point
is the problem of developing an examination with enough validity
to be useful as a binary gate for a student who has invested four
years of work to that point. Although I don’'t intend to be an
authority on examinations, I believe that it is not possible and
would like to comment on the various forms of examination,

V'ritten examinations can be made consistent in their results,
provided the subject matter to be examined is defined. Even here,
as the persons in Educational Testing Service will tell you, it
requires a great deal of effort and sample testing to validate
each question or problem of the examination. And in the end there
is a high degree of correlation between the results and those
of the few hundred written exaninations (expressed through GPA)
taken by the student in his career. The significance of the
differences are still subject to debate, and must be studied in
each case showing such a discrepancy. Construction of a range
of validated examinations for a completely £flexible curriculum
would of course be a tremendous task.

Oral exaninations are the most interesting and at their best
give a different kind of information from that of the other types.
The panel members gave their experiences with many bad Ph. D.
orals. I have also given orals (often as an option) in undergraduate
classes and found the same problems. Some of the best students (a
value judgment validated by later performance in industry) simply
"frecze' and can't think on their feet. A repeat of the examination
increases the tension and often ends with worse results. Orals
given by a panel are often marred by trick questions, or dominance
by onc member of the panel, or other psychological interplay
between the panel and student or amone the panel mempers themselves.
Standards inevitaolv varyv widely between various gsroups conducting
the examinations. A common argument for the oral is that the
candidate must learn to tnink on his feet and to present his

~conclusions orally. Granted that this is a hirhly desirable if

not essential quality in graduates of any school, the oral exami-
nation is an artificial mechanism for demonstrating this as compared
with a seminar on work done by the student. Moreover, if it is one
of the absolute essentials for all graduates, attention must be
given to developing this skill throughout the student's carecer.
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RESTRUCTURING UNDERGRADUATE EDUCATION
AT
WORCESTER POLYTECHNIC INSTITUTE

A Repori To The Advisory Committee For $cience Education Of The
Natiomal Science Foundation

By

William R. Grogan
Dean of Undergraduate Studies
March 6, 1975

Worcester Polytechnic Institute has undertaken a complete and aystematic
revision of its traditional approach to undergraduate science engineering
education. The resulting educational prograa, known sa the WPI Plan, is

the product of twe yeera of i{ntenaive Flannizy ami five years orf implementation
effort involving every member of the campus commumity. The program now
involves 85% of the 2000-member uniergraduate student body of whom over

957% are science or engineering majora. Next year (1975-76) 93% of the

students will puruae thei{r programa {n accordsuce with the new WFI Plan
requirements, and thereafter 21l students will be in the new program.

The Nationel Science Foundation through ita 1972 CoS8IP award of $733,000
played a major role in enabling WPI as an institution to implement the
restructured programs. The WPI Plan, and its {mplementgtion process are
already the aubject of conaidersble national attention. There is every
prospect {ntereat will increase as the reports on the firat three-year
phase of program evaluation becoma available later this yea:,

This presentation will deacribe the acope of change at WPI and some of

the more importent festurea of the new program covering those areas
receiving major NSF eupport namely, development of (a) the project system,
(b) the advising system, (c) compelency examinations and an overall
evaluation of the program.

Background

Why Worcester Polytechnic Institute undertook the most drastic

change in its 110-year old history could be the subject of a book

ftself - there was no crisis, not even administrative pressure. There
was, however, in the faculty a gnawing dissatisfcation with the de-
motivating rigidity of the traditional curricula; there was growing
concern that Science and engineering undergraduates were so constrained
by the dictates of an impersonal lock-step system that their full
development as thoughtful individuals was not being achieved. To

those faculty who followed the careers of the graduates there appeared
to be unreasonable discontinuity between the overall preparation of the
students and the actual demands placed upon them as young professionals.
No one ever questioned the need for a firm foundation in fundamentais,
but beyond that, a number of paradoxical situations appear: A rigid
academic program offered little opportunity for the student to assume
responsibility for defining personal objectives; this responsibility
became total immediately after graduation. Courses developed long,
narrow corridors of knowledge; professional practice required
integration of knowledge. The classroom experience was basically
passive; professional practice required self-activation. In the academic
setting, the student was usually an isolated learner, most of professional
life involved personal interactions and shared experiences effectively
communicated. A concern for the social implications of scientific and
technological developments were almost non-existent. The presence of a
certain discontinuity between the role of student and professional

is natural and unaveidable; the concern at WPI was that the world of

1c.f. Appendix A (Summary of Presentations, Publications, and ma jor news articles)
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preparation and the world of practice were excessively disparate.

The WPI study began in 1968. First a strategic analysis evaluated every
resource and constraint at the College and included an extensive evaluation
of future needs for professionals in scientific and engineering careers.

A Planning Committee of six faculty offered 14 alternative paths for the
College to folluw. After considerable analysis a statement of goals was
adopted by the faculty and the trustees.

The goal statement2 provided the cornerstone for the second development:
the establishment of the degree requirements. The last step was the
development of an academic support structure which would prepare students
to meet the degree requirements.

In June 1970, the facultv voted to commit the entire college to a new
approach to engineering and scientific education which promoted the
concept of an individualized curricula for each engineering student.

The program placed heavy emphasis on project-based learning and
accomplishment. TFor the baccalaureate degree demonstration of competence
through qualifying projects and competence examination is required.

There are no specific course requirements but three years of successful
work is required before the competency examination can be scheduled.

The Degree Requirements

The WPI Plan calls for the award of an academic degree upon demonstration
of competence embodied in the four degree requirements which are:

1) A qualifying project dealing with a problem in one's major ar-a
of study (% year equivalent)

2) A qualifying project relating science and tcchnology to societal
concern and human need (%4 year equivalent)

3) A Sufficiency (minor) in an area of the humanities (% year equivalent)

4) A Compwter.y Examination in the major field of study (1l week d.ration).

2From Wercester Polytechnic Institute Operational Catalog, 1975-76:

"It is the goal of tre Worcester Polytechnic Institute to bring into the
second ventury of ics existence a new, dynamic versior of its "Iwo Towers"

tradition.

By means of coordinated programs tailored to the needs of the individual
students, it is the fundamental purpose of WPI to impart to studenrts an
understanding of a sector of science and technology and a mature undzr-
standing of themselves. and the needs of the pecple around them. WPI
students, from the berginning of their undergraduate education, should
demonstrate that theyv can learn on their own, that they can transiare
their learring into worthwhile action, and that they are Lhorcughly aware
of the interrelationships among basic knowledge, technolgical advances, and
human need. A WPI education should develop in students a strong degree
of self-confidence, an awarercss of the community bevond themselves,

and an intellectual restlessness that spurs them to continued lear—ing.

Endorsed 5y the Faculty December 17. 1969."
2
1i7
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Projects
The Major Qualifying Project (MQP)

The Project approach to learning was selected as a major vehicle for
achieving the Plan's goals. To meet this degree requirement, the student
must complete two projects, to each of which he must devote the equivalent

of a quarter of a year's effort. One of the projects must deal with the
students' major area of interest, while the other is intended to relate
science and technology to societal concerns and human need. The first

of these is known as the Major Qualifying Project (MQP), while the second has
been designated the "Interactive" Qualifying Project, (IQP).

Projects are, of course, not new to WPI or to engineering and sciencific
education, The value cof carefully supervised indep=zrdent stude is well
established. The challenge to WPI in irplemenzing the MQP require.acr.

1s not one, therefore, of coaceot of kind, but rather of scale and
scope. After this year when transition of the Plan will be virtually
complete, WPI will be graduating classes numberins be:wven four and

five hundred sci.dents each of whom wil! have ceapletel the two
qualifying projects. We have been able to test and adept measures

to minimize faculty load dislocations that ocheciwtse mighr have occurred
as a steady-state condition approaches in which twenty to twenty-five
percent of all undergraduate activity is project-centered. Among

these measures are consolidation of course offerings, charges in course
format, increased use of technological aids, and active cfforts to
foster the formation of group projects rather than individual project
efforts. An entirely new registration system was developed and is

now operational.

The logisticsl problems involved in providing each of approximately

500 graduating seniors with two qualifying projects and, in addition

to providing pre-qualifying project experience for underclassmen

are indeed formidable. Of course there are many on=-carnpus projects,
especially in the sciences, but WPI has tried to provide students

with as many opportunities as pcssible for off-campus MQP and IQP work,

A special administrative unit for project operations has been established.
A central on-campus project center was constructed to augment depactmental
facilities and provide a support base tor interdisciplinary projects,

and a wide variety of off-campus arrangements developed. Three levels

of off-campus project sites have been developed:

: . 3. . . o
1) Over 100 project sites ~with intermittent activity where studerts
execute specifi: projects as the mutual need of the company and
WPI arise;

. . . 3 . Lo ,
2) Nineteen project sites " with sustained activity where one or
more faculty advisors are working with students continuously or a
variety of projects, some extending over a period of years; and,

. 3 . D
3) Six Project Centers  (sometimes called Internship Centers) each
of which has a formally appointed WPI Director and ~1 on-site courter-
part from the company or iastitution involved.

At these Projoect CentersWPI usually maintains a permanent office. A
wide variety of multidizciplinary projects are coordirated by the
Director of the Center but with specific projects uander direct super -

‘vision of faculty advisors from the disciplines involved., Five centers

are within commuting distarnce; cne, in Washington, D.C. is a residential
site. Tn all cases proje:zt activity is 2 direct extension of the

3 L : R : ;- .
Appendix 3 contains a listing ot the Specilliic sites and wenters.

]
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academic program, the work performed under faculty direction for
academic credit while pay is not acceptable. Direct expenses are
usually paid by the sponsoring institution.

A fine example of a highly successful Center is that at St. Vincent
Hospital in Worcester, where over the last two and a half years 67
students have been involved in 28 different projects working with
11 WPI faculty advisors and 14 hospital advisors.

The following table summarizes the many types of multidisciplinary
interactions at the St. Vincent Center.

Participating Hospital Functions Participating WPI Disciplines
Cardiac Catheterization Piomedical Engineering
Cardiology Chemical Engineering
Hematology Electrical Engineering
Clinical Engineering Computer Science
Hospital Facilities Chemistry

Pathology Life Sciences

Plastic Surgery Management Engineering
Radiology Mechanical Engireecring
Respiratory Diseases Materials Science
General Surgery Physics

Vascular Research

The interest and cooperation from the industrial community and
governmental agencies at all levels has been outstanding. The project
effort at WPI has grown from 63 registrations in the fall of 1972

to 535 last fall with an expected steady-state registration of about
720.per term next year. In spite of this increase in activity there
appears to be no shortage of sound project opportunities and there

is currently a waiting list of potential industrial sponsors.

In summary there appear to be four essential ingredients for
successful and sustained off-campus project operation:

1) An interested faculty advisor ard cocoperative liasion personnel.
2) Carefullv prepared and documented student proposals acceptable
to advisor and liasion before work is ipitiated or resources committed

(much learning takes place here.)

3) Requirement of periodic written progress reports with at least
one formal oral preliminary report.

4) High final report standards both written and cral, with sponsor
evaluation an important factor in grading.

The "Interactive" Qualifying Project (IQP)

Courses in social science have often been required in scieépce and
engineering curricula. While valuable in themselves, there¢ was no
experiential component which brought into physical reality for the
student the social, political, or human.stic dimensions of their
technological world. Each graduate at WPI is now expected to quality
in a field project which is designed to develop a greater awareness
of the relationship between science and engineering on one hand and
social concern and human values on the other. This component of the
WPI program is highly experimental, but has proven to be one of the



most fascinating.

The Objectives of the IQP can be summarized as follows: (1) to create through
experiential education an awareness of socially related technological
interactions; (2) to enable the identification of socio-tec =ological

systems, subsystems, and their linkages; (3) to cultivate the habit

of questioning social values and structures; (4) to develop and integrate

the skills of evaluation and analysis; (5) to provide methods for

assessing the impact of technology; and (6) to encourage the

recommendations of policy.

The Project Center is Washington, for example, is primarily devoted
to IQP work. The Center accommodates 80 students. Following a
preparation period on campus, each student resides in Washington
for seven weeks involved with project field work in governmental
and private agencies; this precedes a report writing phase back on
campus. A summary of the sponsoring Washington agencies anu the
titles of projects undertaken with them is contained in Appendix C.

The Humanities Sufficiency

The "broadening” requirement of a traditional science or engineering
program usually calls for the student to take some distributed course-
work in the humanities. The WPI Plan proceeds on the underlying
assumption that it is better to have a deeper understanding of the
humanities in at least one area than to have a surface view of many .

To that end, the WPI student must deveiop a specific humanities minor
(sufficiency). He selects five thematically related humanities courses,
and in the sixth activity the student must conduct an independent study
developing a unifying theme for his selected courses, The thematic
relationship clause does not constrain the student to courses of one
type, e.g. history courses. Should he wish to concentrate on a
particular period in history, he may take, as well as history courses
dealing with that period, courses in English which deal with the
literature of that period. Alternatively, the student may prefer to
develop the equivalent of the course material entirely on his own,
through independent study, in which case he would satisfy the degree
requirements by successfully passing a Sufficiency Examination. At

the present time WPI students are developing sufficiences (or minors)
in History, Philosophy, Languages, Literature, Music and Drama. The
humanities program has been strengthened considerably through assistance
of the National Endowment for the Humanities based on a proposal that
was carefully developed to complement the NSF support for the sciences.

The Competency Examination

Four weeks a year, between the seven-week terms, are assigned exclusively
for student competency examinations. The student's competence in his
major field is tested through complex problems - something akin to what
he or she would be expected to do as a baccalaureate graduate in the
chosen major. The student is assigned one or more problems and has
access to reference materials, computer facilities, library, laboratories
and faculty. At the end of the assigned period each student reports

back to the assigned examination committee with a written report. An
oral examination follows in which the method of attack, soundness of
fundamental principles and alternate approaches to the problem are
discussed. The competency examination is designed to test for an
understanding of methods, resources, fundamental principles and

theories, as well as application of current techniques in the field.

5
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Despii» a greal deal of effort, some of it supported by NSF, much remains
to be learned about this type of competency measurement and developmental
work continues in this area.

The Support Structure

The Advising System is of critical importance as each student works

with his or her advisor developing a personalized curriculum. Each
student must have a firm curricula planned ahead for one year, and

a tentative one beyond that. Incremental changes may be made at the
opening of any of the seven-week terms. Each term a student normally
carries three courses or an equivalent level of project work. Consider-
able counseling is also needed in the selection of appropriate project
activities, the humanities sufficiency, and, of course, the timing of the
competency examination. The organization of the large amount of inform-
ation needed to support this system has proceeded very well - a completely
new registration system has been developed to accommodate the five terms
per year, the individualized curricula, the new grading system (Distinction,
Acceptable, No Record) and of course the many hundreds of project
combinations. An on-line computer-controlled registration system has

been developed which assists program planning for an entire academic

year, yet allows opportunities for regular schedule review and revision.
Current and projected student schedules, transcripts and degree status

are instantly available on remote CRT terminals at the office of the
Registrar and Dean of Academic Advising.

Supportive of all instructional modes is an extensive and continually
developing capability in various media, including a TV studio with

taping facilities, closed circuit television for all campus buildings,

a time-shared remote access computer with over twenty teletype and

CRT remote terminals located throughout the campus including 24-hour
accessibility in the dormitories, a hands-on video tape viewing capability
with twenty video-recorder viewing stations, an extensive library of
specially prepared interactive computer programs, and a modern, spacious
library holding some 120,000 books, periodicals, and non-print materials
as well as a 250,000 item collection of technical reports and microforms.

The use of TV tapes has been highly effective in releasing faculty time
to accommodate the other demands of the Plan. To date over half of

the entire faculty have taken advantage of a highly effective TV taping
facility to prepare tapes on everything from equipment orientation
demonstrations to special course topics that often cause difficulties.
To date over 700 TV tapes have been made by WPI faculty and tapes

are integrated supplements to at least 60 on-going courses. The
central viewing racility registered over 14,500 student viewings last
vear, up from 3,100 just two years ago. This does not include the use
of departmental and laboratory viewing sites. A large program i8 now
underway to expand the nse of TV tapes in laboratories to save staff
time in introducing students to a wide variety of technigues and methods
of equipment operation.

foundation Support

A number of private foundations hawve joined the National Science Foundation
and the National Endowment for the Humanitics in support of the WPL Plan
implementation program. Among these have been the Carnegie Corporation

in «upport of course revision, the 3loan Foundation in support of develop-
=ment of the social sciences and preparation of faculty to advise socially-
oriented vrojects, and the Mellon Foundation in support of the new
humanities program. The early recognition of the innovative qualities

6
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of the WPI program by the National Science Foundation has most recently
been complimented by the award of a Venture Fund Grant to WPI by
the Ford Foundation.

Evaluation

There are currently underway three formal NSF sponsored evaluations of
the effectiveness of the WPI Plan:

1. A panel of nationally-known educators and industrialists4 which
visits the campus twice a year,

2. A study of faculty and administrative changes both attitudinal and
organizational caused by the Plan, carried out by Harvard University
consultants. The factors under consideration in the faculty/administration
study are:

Professional Satisfaction and Growth

Perceptions of Quality of Student Learning
Perceptions of Rewards, Effort and Equity

Instrinsic Satisfaction

Stress and Overload

Interference Items

Patterns of Interaction

F)"i["lUOmlb

With the assistance of grant extension from NSF awarded in May 1974, the
study has been extended to include two comparison colleges. Both
colleges have much in common with WPI and have been most cooperative

in providing a base for parallel studies.

3. The effect of the Plan on students carried out by Dr. Cohen of the
Education Development Center (EDC) in Cambridge, Massachusetts. This
investigation also includes a comparison study of engineering students
at other colleges which have not undergone the change seen at WPI.

The evaluation of the students has centered around a study of the
following factors:

Scientific and Engineering Competence
Self-Concepts

Attitudes and Educational Goals

Background and Abilities

Characteristics of Learmners

Mo G w>»

4The Advisory Panel consists of the following:

Dr. Lee Harrisberger, Dean of Science and Engineering, University of Texas
of the Permain Basin

Dr. Bruce Mazlish, Professor of History, Massachusetts Institute of Technology
Dr. George E. Pake, Vice-President Research, Xerox Corporation
Dr. Kenneth G. Picha, School of Engineering, University of Massachusetts

Dr. Eugene D. Reed, Executive Director, Bell Telephone Laboratories
Ocean Systems Division

Dr. David Riesman, Department of Sociology, Harvard University

Dr. John R. Whinnery, Department of Electrical Engineering,
University of California
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It is planned to continue the study of the students through their
early professional lives, thereby completing what promises to be the

most comprehensive study of the process and effects of change in a
college of science and engineering available to the academic community

to date.

The Advisory Panel has submitted an individual report following each
visit. We expect a combined report will follow the Panel's sixth
and final visit in April, 1975. The final reports on the faculty
and student evaluations will be available in the file.

The EDC studies already show that the desired developments of self-
confidence, of willingness to assume responsibility, and of greatly
increased social consciousness are indeed taking place in WPI students.

The qualifying project work, a major component of the WPI Plan and
the major development supported by the NSF grant is proving to be an
extremely effective educational concept. The students are responding
to the requirement with enthusiasm faculty involvement is over 90%
and despite the mind~boggling logistical problems the program is

developing on schedule.

Off~campus project sponsors have also assisted in the evaluation. Of
approximately 200 project questionnaires studied in January 1975, it
was encouraging to note that the sponsors felt 637 of the work
achieved expectations, 267% exceeded expectations, while only 47 were
in the combined categories of '"fair" or "expectations not achieved."
Only 3% of the participating sponsors said they would prefer not to
continue in the program while 437 wished to increase their commitment,
the remainder being satisfied with the present level of activity. From
the students' returns, it is interesting to note that 46% of the off-
campus liasion personnel were rated as 'outstanding' while 46% of the
students also said that they would be happy to be associated with

their sponsor when they graduated.

Questionnaires received by Dr. Cohen's group from students and
sponsors iandicate that both groups feel a great deal of learning is
taking place. 1In rating their own experimental expertise at the start
and at the end of the projects, the 70 students replied as follows:

Qutstanding Good Fair Poor

At Start 5% 28% 49% 18%
At End 31% 63% 6% 07

In rating personal learning 52% of the students listed '"Outstanding"
with 37% as '"Good".

In rating their own performance and achievement the students listed
themselves 19% '"'Outstanding" and 657 'Good" while sponsor ratings are running
26% "Qutstanding'" and 63% '"Good".

The evaluation of activities of WPI's Plan students when they become

alumni will, of course, be the ultimate test of the effectiveness of

the WPI Plan in achieving the educational goals it was designed to

achieve.
123
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APPENDIX A

There follows a partial summary of papers, publications and news
stories published to date:

JOURNALS AND MNEWSPAPERS

AIAA Student Journal. Hazzard, George W. '"A New Breed of Leader...
The Engineer.'" December 1973.

Business Week. 'Engineers Learn By Doing." Reprinted from the
August 31, 1974 issue of Business Week by special permissionég

from McGraw~-Hill, Inc.

Change: The Magazine of Higher Learning. Monroe, Sylvester. '"WPI's
Program for Technological Humanists.'" Vol. 6, No. 5; June 1974.
Reprinted with permission from Change.

The Christian Science Monitor. Gehret, Kenneth G. 'Free But
Accountable; Engineering Students Chart Own Course.'" Reprinted
by permission - The Christian Science Monitor © 1971.

Engineering Education., HHazzard, George W. '"The WPI Plan: New
Directions for Engineering Education.'" Vol. 61, No. 6,
February 1971. Reprinted from Engineering Education © 1971
American Society for Engineering Education.

Los Angeles Times. Trombley, William. '"Tech School Students Plan
Program.' September 7, 1972, Reprinted with permission.
Copyright, 1972, Los Angeles Times.

Mosaic Magazine. "It's Your Education'"; Three Approaches To Giving
More Responsibility To College Students For Their Own Learning.
Vol. 4, No. 3 Summer 1973. Reprinted with permission from
Mosaic Magazine published by the National Science Foundation.

The New York Times. Hazzard, George W. '"'Engineering Schools Try To
Mold A Broader, More Humanistic Graduate.'" January 8, 1973.
Reprint.

The Wall Street Journal. Metz, Tim. "A College Throws Out The
Curriculum." October 2, 1970. Reprinted with permission.

Worcester Telegram. Swan, Gary E. "WPI Plan Bears Fruit 4 Years
After Inception.'" March 3, 1973. Reprinted with permission.

Worcester Telegram. "WPI Applicants To Admit Themselves."
August 13, 1972. Reprinted with permission.

Worcester Telegram. Foster, Robert A. 'The Plan' At WPI Works.
Reprinted with permission. July 5, 1974.

PRESENTATIONS AND PUBLISHED PAPERS

Chalabi, A. Fattah. "New Interdisciplinary Program in Construction
Management at WPI." Presented at ASCE Conference on Civil
Engineering Education, Vol. 1, Part 2, February 1974. Published
by ASCE, including description of WPI Plan.
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Chalabi, A, Fattah.. 'PSI Courses in Elementary Mechanics at WPL."
Accepted for publication in the proceedings for the First
National Conference on Personalized Instruction in Higher
Education, Washington, D.C. (New teaching methods under the
WPI Plan.)

Grogan, William R. '"Implementing Educational Change.'" Presentation
at the National Science Foundation CoSIP Director's Meeting,
March 21, 1974. Washington, D.C.

Grogan, William R., Scott, Kenneth E., Peura, Robert A., Demetry, James 5.
"The WPI Plan: A Comprehensive Historical Report.' July 16, 1974,
International Conference on '"Frontiers in Education," London,
England. (Also presented at the ASEE 1974 Annual Meeting in
Troy, N.Y.)

Grogan, William R., Silva, Armand J. "WPL Plan - From Concept to
Reality." Paper presented at ASCE Conference on Civil Engineering
Education, February 28-March 2, 1974. Ohio State University.

Grogan, William R., Scott, Kenneth E., Peura, Robert A., Demetry, James S.
"The WPI Plan To Achieve Engineering Expectations." College-Industry
Conference, February 12-14, 1975, New Orleans, Louisiana.

Hazzard, George W. 'The College Student: A Modern Luther?"
Se:mon given at the First Unitarian Church. August 2, 1970.

Hazzard, George W. ''Common Problems of Technical Colleges & Businesses.'
May 5, 1970. Forgoing Industry Educational and Research
Foundation Talk. o

Hazzard, George W. 'Engineering as a Liberal Education.'" May 1, 1971.
Convocation dedicating the Center for Science and Engineering
Union College, Schenedtady, New York.

Hazzard. Ceorge W. ''Higher Education'‘s Consumer Response Leads
Industry or Modern Technical Education: A Challenge to
Cooporate Management.'" January 17, 1974. ELFUN Talk (GE).

Hazzard, George W. '"Technical Education: WPI's Response to the
Future.'" October 25, 1971. Talk given to the American Society
of Mechanical Engineers, Management Executives Conference.

Hazzard, George W. '"The Technical Humanist: A New Professional-
Liberal Education.'" February 26, 1974. American Association
for the Advancement of Science, 140th Meeting, San Francisco,

California.

Keil, Thomas. '"The WPI Plan." June 21, 1974. American Association
of Physics Teachers Meetings. Boone, North Carolina.

Keil, Thomas. "The WPL Plan." February 1, 1973. American Association
of Physics Teachers Meetings, New York, New York.

Keshs 1, Kris, Lutz, Francis, and Smith, Richard. "WPI's Environmental
_stems Study Program.'" Presented at ASCE Conference,
February 1974. Ohio State University.

126




Peura, Robert A., et al. '"Organization and Function of Hospital
Biomedical Internship Center.'" A paper submitted to the March 1975
Special Issue on Education and Employment in Biomedical Engineering.
IEEE Transactions on Biomedical Engineering.

Scott, Kenneth E., Peura, Robert A., and Demetry, James S. ''The
WPI Plan: A Case Study." (A reproduction with permission from
the American Society for Engineering Education of Chapter 10
from the monograph Individualized Instruction in Engineering
Education prepared by Lawrence P. Grayson and Joseph M. Biedenback
and copyrighted by the American Society for Engineering Education.)

Wilbur, L.S. "Lower Power Reactor Utilization." November 1970 .
University of Florida. (Described WPI Plan as part of
presentation.)

Wilbur, L.C. '"Utilization of a Lower Power Reactor as a Multi-Purpose
Facility." February 1972. Texas A & M. (Included WPI Project
Applications.)

Zwiep, Donald N. "Engineers as Inarticulate in their Oral Expression.
What are we doing about it." June 1973. ASEE Annual Meeting,
Iowa State University. (This video tape presentation was
repeated at the 1974 Annual Meeting of ASEE, Academas Program,
by special request.)

Zwiep, Donald N. '"Projects Administration.'" June 1972. ASEE
Annual Meeting, Lubbock, Texas.

Zwiep, Donald Z. '"The WPI Plan - The Operational Phase of a Unique
Approach to Engineering Education."” October 8, 1974. Engineering
College Placement Officers Fall Conference, Bretton Woods,

New Hampshire.

In addition to the list above, WPI has a file of over 250 written
inquires about the program and representatives from approximately
30 colleges in the United States, Canada and Europe have visited
WPI to observe the program in operation.



APPENDIX B

OFF-CAMPUS SITES FOR WPI PROJECT ACTIVITY

I. WPI Off-Campus Project Centers
Digital Equipment Corporation (Maynard)
Norton Company (International Headquarters, Worcester)
Small Business Administration (Boston)
St. Vincent's Hospital (Worcester)
U.S. Army Laboratories (Natick)
WPI Project Center, Washington, D.C.

II. WPI Off-Campus Project Sites with Sust.ined Long-term Activity
Central Massachusetts Regional Planning Commission
Clapp Laboratories
Crompton Knowles Corporation
Data General Corporation
General Electric Company (Fitchburg)

General Electric Company (Schenectady)
Masgsachusetts Juvenile Court System
Memorial Hospital Worcester

New England Electric Systems

New England Sound and Communication, Inc.
Pratt & Whitney Aircraft Corporation
Sprague Electric Company

Worcester Alternative School

Worcester County Jail

Worcester Foundation for Experimental Biology
Worcester Science Center

Wyman Gordon Company

IITI. Project Sites where WPI Projects took place Academic Year 1974-75
American Optical (Framingham, Mass.)
(Southbridge, Mass.)
American Telephone & Telegram
Army Materials & Mechanics Research Center
Astra Pharmacetical Company
Auri-Nil Industries
Beimont Street Community Center
Boy Scouts of America
Cape Cod Planning Commission
Caterpillar Tractor Company
Central Massachusetts Lung Association
Central Massachusetts Office of Planning & Community Development

Chandler Street Junior High School

Chicopee High School

City University of London (England)

Connecticut Department of Community Affairs

Combusion Engineering Corporation

Corporation of Engineers (Waltham, Mass.)

Department cf Commerce (Washington)

Department of Health, Education & Welfare (Washington)
Department of Housing & Urban Development (Washington)
Department of Transporation (Washington)

Doherty High School

Drake and Associates

clectric Boiler Corpecration

Environmental Protection Agency

Foxboro Company

Friendly House, Inc.
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Project Sites (Continued)

Friends Select School

Great Brook Valley

Hammond Plastics, Inc.

Harvey & Tracey Associates

Heald Machine Company

Hewlett Packard, Inc.

Hogan Regional Centcr

Honeywell Corporation

Intercontinental (West Boylston, Mass)
Jamesbury Corporation

Lester Conservation Commission

Liberty Mutual Research

Lincoln Laboratories (Bedford)

Loomis School

Lowell Corporation

Massachusetts Bicentennial Commission
Massachusetts Control District Air Pollution
Massachusetts Department of Community Affairs
Massachusetts Department Natural Resources
Marian High School

Marlboro Youth Center

Metropolitan Education Council Organization
Mirlin Corporation

Multifoam Inc.

Nashua River Watershed Association

Natick High School

National Association of Manufacturers
National Science Foundation

New England Congressional Caucus (Washington)
New England Research Corporation

New Haven School System

Nipmuc Regional High School -

Norton High School

O0ld Sturbridge Village

Oplex Corporation

Paxton Center School

Public Technology Incorporated

Riley Stoker Corporation

Rural Neighborhood Association

Salisbury Pond Task Force

Sanders Associates (Nashua, N.H.)

South Eastern Regional Planning & Economic Development Commission
Shrewsbury Conservation Commission
Shrewsbury High School

Society of Plastic Engineers

State Mutual Life Assurance Company

St. John's High School

Talcott M + N Science Center

Taylor and Fenn Incorporated

Thermo Electron Corporation

Thom McCan, Incorporated

Town Manager's Office (Sutton, Mass.)

Town of Holden Recreation

Town of Holden Planning Board

Transporation Systems Center (Cambridge, Mass.)
United Fngineers and Construction

Venerini Academy

*‘Office of Planning & Community Development (Worcester)
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Project Sites (Continued)

Veteran's Administration

Water Resources Commission of Massachusetts

West Boylston Junior Senior High School

West Hartford Connecticut (Town Manager's Office)

Western Electric Company

Weyerhauser Paper Corporation

Worcester Airport

Worcester Boys Trade School

Worcester Bus Company

Worcester City Manager's Office of
Planning & Community Development

City of Worcester (City Hall)

Worcester Conservation Commission

Worcester Control Corporation

Worcester County Hotline Organization

Worcester Departmment of Public Works

Worcester Fire Prevention Bureau

Worcester Police Department

Worcester Telegram & Gazette

Wright Steel Corporation

UniRoyal, Incorporated

Yankee Atomic & NE Power Research

130



APPENDIX C

PROJECTS AT THE WASHINGTON CENTER 1974-75

PROJECT TITLE

"Analysis of Energy Legislation"

Bi-Centennial/Civil Defense
Bi-Centennial/Civil Defense

"Coal Conversion and Clean Air
Act Modification'

Construction Management

"Coordination of Legislative
Analysis"

""Determination of the Feasibility
of Wastewaster Reuse'

"Development of Techniques for
Quantifying the Technological
State of An Industry"

"Development of Techniques for
Quantifying the Technological
State of an Industry"

Energy and the Coastal Zone

Energy/Minerals Impacts

Historical Analysis of U.S.
Energy Policy

Impact of Environmental Con-
straints on an Industry

Impacts Across Industries
of Energy Availability

Impact of Mandatory Energy
Conservation, etc.

"Intermodal Freight Terminals"

"Legislative Analysis of Impending
Legislation for the National
Association of Manufacturers"

ERIC

IToxt Provided by ERI

STUDENT(S)

George Hefferon
Robert Sentaken
Barry Tarr

Sid Formal
Tom May

Robert Hart
John Diachenko

Val Danos

Kevin Hastings
H.W. Fairbanks

Brian Barnoski

William Mullen

Ray Cibulskis

John Gerstenlauer

Martin Kristy
James 0'Neill

Ginny Giordano
Duncan MacIntosh
Charles Moulter

Morris Weisman
Robert Jamieson
Mario Wunderlich

Wayne Elliott
Carey Lazerow

Brian Young
John Mangiagli
John Manning
Chuck Nienberg

Tom McAloon
Paul Grogan
Ray Robey

Ed Fasulo
Charles Lauzon

Perry Griffin
Mark Israel

Steve Divoll
Chris Ford

John Forster
Paul Wheeler

Robert Birnberg
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SPONSOR

National Association of
Manufacturers

District of Columbia
Civil Defense

District of Columbia
Civil Defense

National Association of
Manufacturers

Public Technology, Inc.
National Association of

Manufacturers

Public Technology, Inc.

Department of Commerce

Department of Commerce

Council for Environmental
Quality

National Association of
Manufacturers

Institute of Electrical and
Electronics Engineers, Inc.

National Association of
Manufacturers

Department of Commerce

Department of Commerce

Department of Transportation

National Association of
Manufacturers



Washington Projects (Continued)

PROJECT TITLE

"More Federal R & D Money
for New England? An Attempt
to Determine the Energy Related
Project Capabilities of Some
New England Industries'

"™Municipal Applications of Cable TV"

"Municipal Applications of Cable TV"

Product Defect Identification
Analysis

""Research Applied to National
Needs"

Road Pricing, etc.

Safety of Portable Space Heaters

""Space Vision: A New Concept
in Education"

Utilization of Research Applied
to National Needs

Water Quality Measurement

"What is a House?"

STUDENT(S)

Ed Griffin
Oliver Smith

Al Bowers
Barry Siff
Richard Weaver

Tom Colp
James Hohorst

Tom Stowe
Richard Escolas
John Moroney

John Casey
Ann Madera
David Reid

John Griffiths

Mike Menesale
Joe Martowski

David Eves
Glenn Guglietta

Tom Vaughn
Daniel Garfi

William Booth
Paul Carubia

John Aubin
Steve Borys
Noreen Pirog
Dave Williams
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SPONSOR

New England Congressional
Caucus

Public Technology, Inc.

Public Technology, Inc.

Consumer Protection Safety
Commission

National Science Foundation
Research Applied to
National Needs

Federal Highway Works
Administration - Department
of Transportation

Consumer Protection Safety
Commission

National Institute of
Education - HEW

National Science Foundation
RANN

Council for Environmental
Quality

National Science Foundation
PSAB-HUD



