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Chapter I

OVERVIEW OF THE PROGRAM = —
| D "

(Y

The Education and Experience in Engineering'(E3) Program .
‘offers radical departures from conventional undergraduate
" curricula: 1t is interdisciplinary, it integrates 1iberal
arts studies into thes technical curr1¢u1um;'and it employs

new approaches to learning and learning evaluation.

This program has been in preparation for several years

and has received much encouragement and support from
educators in universities and government agencies. It

is being -supported by the National Science Foundation*. o

- The first yea; of a five-yéar program (one planning and

four implementation years) was devoted to development

and refinement of many of the educational concepts which
“are included in the new curriculum. The second year

(the present one) is thé first of implementation with =

29 students participating. Thirty to thirty-five freshmen
will be added each yéar during the next three years until
the total student complement'of between 140 and 150 students
is reached, - : T

@ -

[+]

The reasons for developing the new approach to undergraddate
engineering education have been given elsewhere.** Hegé;i;
only experiences which were obtained during ‘the firstﬁiwo_

years of the program will be reported.” The program '
is designed to educate highly competent engineers who

. *NSF Grant.No. GY9300

#*Torda, T.P. and E3_Staff, "Education and Experience in
Engineering~~the E3\Program". [11inois Institute of
Technology, Chicanc 111inois, May, 1972 :

Torda, T.P., "An In arim Progres§ Report on the Education
and Experience in Engineering (E°) Program", Presented

at the American Society of Mechanical Engineers Winter -
Annual Meeting, New York, New York, November 26-30, 1972.

' ol) v .




not only are able to develop the nedessary technology 4
according to the needs of society, but also are able and -
willing to assume responsibility to assure that such -
i innoratibn proceeds with a minimum of side effects harmful
~ to the human race. ) ' '

« . The E3 Program

Engineers are problem-solvers and projects form the basis
. of the E3 Program from entrance through graduation. The
problem-so]ving effort 1s. carried out by small droups
- " consisting of undergraduate students from all four years.
Supervision and“guidance are supplied by facuity members
from the various academic fields involved in éach'prqb]em.

. . _There are important reasons for the particular grouping of
S the students:

* Each problem may be approached on several levels of sophis-
tication. ﬂ : ‘
Such grouping is conducive to the development of an .
apprentice~tutorial relationship. ; >
It offers opportunities for consolidation of acquired
"knowleage (those at higher levels strengthen their know-
ledge and éxperience‘by repeated re-use while teaching
those at lower levels of competence).
It helps develop Ieadership‘(manageria]) qualities in |
students. The students in charge of projects act as mana-
u, gers and acquire the actitudes necessary for planning
tasks, experience the responsibility for carrying them
out, and-develop an ability to inspire others and guide
"them to cooperative performance and group responsibility.
By planned rotation of task leadership, all students have
the opportunity of experiencing manageria] duties and
responsibilities.

o

The.probiem-sdlving méthod used throughout four years pf"
study serves to develop creative ettitudes and to increase

5]
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and integrate knowledge. The problems posed are broad

in scope, so that knowledge fram many'djscipiinespmust'be
used in their solution; the problems must require new
knowledge, information, attitudes, and experiences. The
problemwsolving Brocess provides proper motivation for
learning because the student appreciates the usefulness
of various discip11nes.

TheAproject‘WOrk is supplemented by lectures, directed
individual study, and seminars. The lectures are given
in all fields (technology. natural sciences, human1t1es,
social sciences). The basic content of the engineering
education is contained in guided self-study material,
called "learning modules". " Group discussions, asiwe11 as
seminar presentations, are v¥tal elements of the program.
at several stages of problem solving. An intensive pro-
gram in the communication skills (oral, Written, and graphic)
is part of the education of the E3 student. Flexible
laboratory/wofkshop facilities are available for experi-
mentation and model testing. ‘

[}

Objectives ‘

The_,’E3 Program embraces two major objectives:

Eduéetjon of engineers to high level 1nterdisciplinary -

competence so that they may be able to solve problems

- within technoTogicaJ, social, econohic, legal, etc.,
constraints. .

Achievement of proper-motivation for students to obtain
this high educational level.

k)

Yy

Great emphasis is placed on the non-technical factors
involved in engineering solutions. The problem solving
process he]ps in motivation for 1earning and in developing
apprentice-tutoriaI re]ationsh1p between students and
faculty.

Definition of the major objectives helped in eliminating
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some of the conventional methods used in tralnlng englneers
and allowed substitution of more approprl ate techniques:

The 1iberal arts education. is 1ntegrated 1nto the technolo-
gical curriculum. : - .

| - The students learn to pbtain new knowledge and apply 1t to.
the solution of the problem they attack.
Comprehensive evaluation techniques have“been developed
and are used as additional educational tools:
The ‘€3 -student works on real problems -and this makes his
activities meaningful and rewarding. : »
The £3 student works(ylth his fellow students and faculty

in small groups.

<

f

How Does E3.work

By the end of the first year. the partlclpatlng faculty

from engineering, the natural sciences, and the humanities
and social sciences developed the guidelines ¢f the planned
currlculum. The processes in'defining of. problems, nandllng
'prdﬂects, seminars, etc., were worked out; laboratory and -
workshop facilities were established; evaluatlon of student .
growth and of the E3 Program were planned. o

O

The fall of 1972 brought the flrst'ﬁroup'of students (27
freshmen and 2 sophmores) into the program and with them
came. the problem of settling them into a new. environment
and into a work style they were not used to. This problem
of adaptation was approached by faclnq the student with four
mlnl -projects: :
| - Arrangement of available work space.
Internal communication.
Reference 1ibrary facilities.
Partlclpatlon in the management of the E3 Program.
While the students and faculty advisers worked on the mini-
projects, the main tasks of project selectlon, gronplng of
students and faculty advisers, and writing of proposals were
started. First, problems are identified and presented
. (these .ay be originated by students or faculty), interested

o

&




students and faquty qgscuss these 1n groups, and form a
working group (4 o 6 Students with 2 to 3 faculty members -
o ‘ .and pqs§1b‘y a graduate intern)-to attempt solution of the
N | : preblem in a project,, A preliminary proposal is, followed
N by an’ intensive study period and this culminates in writing
. .+ the proposal, This document contains:
: : " Problem definition,
‘Proposed mode of attack. -
Résources brought to the problem. ]
New 1nformqtion'needed, _ : °
Proposed time schedule. S |
Proposed budget, .‘
In addition, each student has to submit an individual plan
of study needed to fulfill his role 1n the project. This is
developed by the student with his individual adviser and the
. | Program Design Committee who are responsible for supervising
the student S progress.

The preliminary proposal—and, later, the proposal are submit-
ted to the Review Board consisting of faculty and some students
. not connected with the particular project. The”Board'evaluates |
" the appropriateness of the problem, the proposed method of
attack. and ‘the probability of achieving the expected out-
come. The Review Board also keeps informed about the progress
of the project. .(See Chapter IV)

b

K]

The Faculty

A Representation 1s sought from each academic department on a
- rotating bazis. While the E3 administration insists on a
part-time participation by faculty members so that each staff K
. o member preserves c¢lose contact with his department, it seems
. to be ‘important that each £3 staff member be a volunteer in
order that the enthusiasm of the staff be preserved

Dissemination of Information on Ea

Apart from publishing reports and presenting papers during
national and international conferences, the most effective

Aruitoxt provided by Eic:

EKC ' | 9 o °
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means of dissemination of 1nformation on the progranris
'tnbught to be by personal experience. Therefore, efforts
‘are being made to establish exchange and visiting professor-
ships on.national and 1nternational'bases. o 8

L o, L,

| Theflntegration of Science and Technology 1nto the E3 Pr;gram

. The core of the E3 Program is the- project. 0w1ng to the.
nature of the problems that are. tackled, there will always be
a certain amount of technical knowledge that must be gained
by the project team members in order for the project to be .
_successfully completed " However, the backgrounds. of ' the
students and the faculty involved in a project team will vary
- widély. Some students may»be seniors with an excellent .

. grounding in the disciplines required, but others may be
freshmen with. littlé or no hackground. Some way must be
found 1in order that freshmen as well as seniors ‘be able to

_participate meaningf ay in project work.,

$
O

It has been found that~techn1cal knowledge is most efficiently
acquired by the use of educational packages known as "modules".
A module consists of a set of learning instructions to the
student designed so that he will be able to attain certain-
clearly specified learning objectives.” These instructions
typically consist of sets of readings of textual material,

¢ the completion of prdblems and exercises, or the performance

- of experiments. Each module is written so that.an average

student taking it will:spend about 10 hours of study time.
The student, however, proceeds through the module at his own
pace. Once he feels that he-has met all the learning
objectives, he takes a mastery exam! ination. In order to
pass at the mastery level, approximately 90 percent accuracy
is required. This would be equivalént to an "A" in a con-

- ventional program. °‘If the student fails to meet this stand-
ard, he must continue to study and try the examination again.
Only demonstrated mastery is racorded; there is no penalty
forAfajlure} A student may repedt an examination as many
times as is necessary to demonstrate mastery.

lo
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Modules were written by-tne g3 faculty from the mathematics, . o
- physics, chemistry, and engineering departments at IIT during ° v
_ the first year”of the program. These are being evaluated '
and some will be rewritten by students as flaws are-detected.
The "common core" curriculum was analyzed and broken down
+  into learning units, the modules were ‘then built up around .
© these learning units. At the present time, most of the
‘fresbmen and sophomore-level material in the common core | .
. curpriculum exists in modular form. (See.Chapter'III)" =
As students began- to'formulate'project proposals and to work
on problem solutlons. need often arosé for advanced material
that is ordinarily presented only in the Junior or senior
years in the conventional program. Examples are fluid
dynam1cs. advanced calculus, sol1d state physics,:'matertals
science. etc. Need also arose for materlal that is not °
' presented in the conventional curriculum at all, such as -
meteorology, etc. Modules in these areas were written on "
demand by beth faculty and students. In certain areas, it
was found to be more economical to present material in
seminars rather than in modules. Seminars are smal] dis-
cussion groups led by faculty members. (See Chapter.IILl. ‘ '
When the E3 Program.nas run for four years. students of all.

. four years will be involved on project teams. 'Freshmen will
participate in the same project alongside of seniors. It l% N
not expected that freshmen be able to participate at. the
“same level of sophistication as seniors, but that they should
be able to understand what s going on at a qualitatﬁve or

D . at a bas1c Tevel. i " _ \

"'f In many projects, knowledge must come from the project
advisers themselves. The wisdom and experience of the faculty .-
are often crucially important in solving technological ‘pro- ,
‘blems, formulating experlments. and making tests. This ;
| faculty-student communication is something'that students.
in more conventional programs often do not encounter until
graduate school.

EKC ' _. ‘ ° - i . . .v‘
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The Integration of L1bera1-Arts and’ Engineering .

. The humanities and social sciences have had a traditionally
- 1imited role in engineering education. A clear distinction
‘received strong emphasis as essential components of an " .

_1mportant attributes .of the 11bera11y educated citizen, -have
“not been regarded as central to or 1ntegrated within the 2

1edge and skills totally into the project context--the

-ré\htionships which will be of sigpificant benefit to -the

' f»~Prggram emphasmzes -problem definition as the trigger: for.
" project selection and solution 1mp1ementation; A detailed

'proposals is intended . to insure that each project is needed, - L
. relevant, usefu]. The goal is an engineer not restricted

' scheme of values. N

has. usually been drawn between them, as “1iberal arts," T hi
and the “basic sciences and mathematics.” The latter have |

engineer's skill base, The former, while recognized as

engineering curriculum.

eoucation more closely related to gngineering practice. . Thes~
project setting within which most E3 learning takes place o
is expected to prepare the student for an emergent career ’
pattern in the engineering profession. A second purpose of

the E° Program is to integrate the“Iedrning of basic ‘know-

desine to seek new- tnformation and understanding is stimu- |
1ated by the need to apply them. to the solution of a probIem.

The goal is to deve1op a -habit of c1ose working-1learning

graduate engineer throughout his career. .Finally, the: E3 )
examination of the project "setting" as a prelude to oroject

to technical implementation, but also aware of the signifi-'
cance of his contributicns in terms of an extra- engineering

S . : o

(4] ' -

The E3 Program requires intimate involvement of the social
sciences and humanities throughqut. not merely as i general
education! or "second stem," but as contributors to the
success of all the edur~iional goals of the program. During
tha course of the students' involvement jin g3 projects,

P & S
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they are exposed to resource persons, faculty advisers and
fellow students from a variety of non-engineering discipiines-
and are required to incorporate ideas, techniques and infor- -
mation from these disciplines into their projects at every -
stage fromjconception to implementation. The students .
should-acquire:" the abjlity to define goals; the setting of
evaluative standards for perfurmance and the measurement of

~ goal attainmeht; the security to make'thoices among techni-

cally feasible alternatives in terms of exfra- engineering
criteria of benefit or harm; and.\nltimateiy. the enrich-
ment and strengthening of the personal system of values

~ which technical skill and professional. expertise must serve. -

The project context of education in £3 provides a means for
effective integration of the social sciences and humanities
into engineering education because the sociaT\sciences and
himanities are necessary to effective project completion

"'_ and are readily seen as relevant, by the students involved -

in the projects. Hhile the student is not expected to be
trained as a social scientist or humanist. neither is he

to regard these disciplines merely as resources. to be used ¢
‘as needed and ignored otherwise.




~ Chapter If
CHRONOLCGY OF CVENTS

The E3 Program was offered to prospective students as a
project based curriculum leading to the Bachelor of Science
in Engineering degree. The program was described as one
that.would emphasize the multifacoted nature of most real
‘1ife problems and the need for and importance of interdisci-
plinary interaction. 'Twenty-nine freshmen were enrolled
into the program in September, 1972.

The E3 staff had planned to introduce the new -tudents to
the new format through a set of short, term projects. The
J projects- concerned topics that the students could relate
to immediately. The students broke up fnto four groups :
to study and propcse solutions for (i) an €3 Communication
System (i1) an E3 Resource Center (i11) Student Work
Quarters and (iv) Student Participation in {he Managemenf
of E3, At the end of three weeks, students had gone through
the process’of submitting proposals, generating solutiens,
.1mp1ement1ng recommendations and report writing. The g3
staff was gratified to realize that no amount of lecturing
v.could°have introduced. the students to these phases of
project work quite as effectively. ‘

Concurrent with work on the shoit projécts, students also
—attended-a-series of eight seminars by outside resource

o

persons'fnmrindustry; education and government. The seminars
"had been planned to give the E3 group some perspectives on
- the chosen theme "The Urban Community Transportation and . -

Pollution Control”. Not all the invited speakers were very B

adept at lecturing to student groups, but the students'
learning to look at things through the eyes of responsible .
senior«executives and experienced professionals was a. great
learning experience..

At the end of this period, each student submitted two pro-
" blem 1déntifications: one in thé context of transportation

<
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and the other deaiing with pollution control. The problem

identificaiions were largely derived from problems described
" by the outside resource persons, but also included other

problems, such as auto safety and snow removal, which were

relevant to students environment and of great concern to
~ them.

Groups were formed on the basis of the problem identifications
suggested. The formation of groups involved a "step backward!
~in the problam .solving process in that the more, specific
1dentifications were grouped together into problem areas -
which were broad enough to cover several of the problems iden-
_ -tified. This procedure was considered necessary. for two
o - -~ reasons. - The problem 1dent1f1cations'were based on personal
) " experience more than anything else - thus importance and
 relevance were both interpreted 1n a rather subjective and
- personal manner. This helpéd students’identify themselves
with ‘the problems, but objectivity and a w1de‘perspective
were considered 1mportant attributes of the professional by
the E3 staff. Going from the.wide ranging outside resource-
presentations to the rather specific prbb]em 1dent1f1cations
and then going ‘back ‘to a somewhat more genera] problem area.
served to exemplify, explain and compare the different 1eve1s .
- at which a problem may be attacked

‘Begfnning 1n the fourth week of ‘the semester, the s1x inter-
est groups listed in Table 1, researched their respective
" problem areas in great depth. Under the guidance of the

faculty and, with the enthusiastic participation of most of
the students. the various engineering, humanistic and social’
aspects of each problem area were investigated with a view
to defining a problem that 1n objective -terms was relevant
to “The Urban Community": After a week of preliminary work, -
the Auto Safety Group decided that automobile safety invol..u .
not only building safer cars, but also reducing the danger
of drunk drivers. Likewise, the Mass Transit Group rea]ized
that metropolitan area rapid transit and inter-city mass

" transit were two rather distinct problems and that group
also. broke into two sub-groups. | ¢

EM o N : 15
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Table 15:'Area Interest Groups and |
Project Groups, Autumn, 1972

-

- Area

—Nufber

Number of FacuTty Members ~

Interest of - Group
Group Student | -Engineering | Humanities .
Members | & Phystcal | & Social - i
|- Sciences Sciences
Mass _ - . .| Coanda
Transit 4 1 2 Transit
' ' System
o -Dual -
3 1 1 Mode
' Mass
Transit
Atrport—i———=~4 <2 to——t-Short
Access Distance . °
' Transporta-
tion
Auto = 2 . uvbc
- Safety v _ _ Steering
and ¢ » I System
Design . 3 a —
E Alcohol
Detection
-2 Ignition -
‘Interlock
Auto Auto. _
Emissions 4. 3 1 Emissions
. Incinera- ~ ~ | Incinera-
Ction of | o 3 1 tion of
Solid ~ h Solid"
Wastes ' Wastes
Recycling Recycling
of . : ' of
~ Plastics 4 1

Plastics




‘ able to the review boards because the E3 staff had- expected

vexception, overly ambitious and were returned for revision./

“the formilation of transportation policy and comfort criteria, | _
~ a1l within fifteen weeks, with four students who had had mo . SR

. members accepted them in the belief that this. realization

‘study plans. Most study plans were started in the form
. "I 'expect to learn about electronics and fluid mechanics"{

¢ ‘ =14~

Most of the problem areas were global in nature and requinéd
rather extensive preliminary research before specific pnoi
blems could be defined and a proposed solution spelled/out.
Consequently, Project Proposals were not submitted until /
the sixth week of the semester. The proposals were, without/

A -

The Inter-City Mass Transit Group, for example, proposed /
to study the Coanda Effect, deceleration. ent'y and egress),

previous bacquound in fluid mechanics. ~ Even after revi ion.
the proposals remained overly ambitious, but the faculty

would soon be made by the students and further revisionJ
would be acceptabie at that stage.

!
|

All proposals were required to spell out 1nd1v1dual student
and did*not 1ist modules 't0 ‘be mastered, . This was accept-- |
the first proJects to emphasize professional skills and also.
to Kelp students realize the need for and importance of more

basic ,knowledge., And that was how it happened

During the first project period. the module effont was erratic,
but there was a substantial amount of project related learn-

. Waste Disposal Group studied the chemistry of combustion,

~ studied heat transfer and learned to make a heat balance. - T
- Before desdgning a steering system, the UVDC- Group had to study
* the Ackerman mechanism, cornering forces and hydrau1ic c1r~ |
< uits. Trad1t1onally, most of these topics are covered in

| sophistjcationo and the activity was well motivated, spontan-

“students became acutely aware of the 11mitat10ns 1mposed

ing. In the process of“desiﬁnTng“a"ﬁeW‘Tnctnerator;'the~sg+1d——~ SE——

the Junior and senior year. They did not require any great

eous, relevant and inmediately reinforced through application ..
on the project. Furthermore, as project work progressed,

17
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upon them because they did not know enough mathematics or
physics. Project motivation for learning on a need to know
basis had clearly been achieved. An intensive planned T
module'effort is expected during the second year,

The efght project grpups were all organized differently. In
“the Plastic Recycling Geoup,ﬁfaculty and students worked
closely with each other and each effort was a group’ activity.,
In the Alcohol Detection Ignition .Interlock Group, the
- faculty were involved only as resource persons and the student
effort was well coordinated, in the CTS Group the engineering
- and 1iberal arts faculty advisers offered .eminar series on .
" Fluid Mechanics and ‘the Decision-Making Process respectively.
Faculty expectation and student partig pation were also
equally varied. Some students confused freedom with irreSpon- |
% sibi1ity, but most worked on the projects diligently Most
- of the engineering faculty who had had no previous experience
_ i - with freshmen tended to expect too high a level of performance
o f; °and not surprisingly, it was the’ physical.&piences faculty T
' (withsgreat exposure to freshmen) who were most realistic in
.their expectations.’ Intragroup interaction is discussed in .
. Chapter V, e I o
T \ , ; ~ o - ‘ o
By. the end of the calendar year most projects were well de-.
'fﬁfined,‘and the more ,important. project related 'decisions had
s : %been made. It was considered appropriate to introduce the
) " second -set of. projects at this point During the first :
(»y’h " project period, several. projects "had already been generated . ‘ )
| by students. Thus even before the second project period was - A
introduced formally, a group had already forined around a new B
camera “shutter design. -Another group was building up around-
"-torrado detection and a third group was forming with water . .
e -, quality as its focus. . The student initiative was gratifying.
o * As a result, however, a unifying theme was not possible. As
the ‘theme seminar on. The City had been-unsuccessful in
producing student research, lack of a central theme was
‘ allowed to occur as an alternate approach. |

}_'.'
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In spite'of an early initiative by the students,'formal
problem identifications and pnoposals were not prepared
. until after the Review Board requested them.. The extent. "
cf the early groundwork was,. however. evident in the fact

that for most groups final proposnls had been submitted N

- and accepted by February 19. .The Water Quality Group -
decided to continue preparatory work through the rest

of the semester as a seminar and postponed project work \\
to the summer and fo.lowing year

Beginning in February, severagfseminars were offered.
- This was encouraged on the one hand as a. way of bringing

the social sciences and humahities staff into the program‘wnf

on terrain they were familian'with. and, on. the other, as
. an experiment to see what sorts of areas of study would .

. be appealing to the freshmap students. _The overall design
'was .as unstructured as the first semester seminar on-The

- City had been.structured, The seminars were a. novelty

fd and attracted large numbers of studénts, but the pressures -

of project work reduced these numbers significantly.
(See Chapter III) '
~ The pro, °cts in. the first set were finally completed in
early March and results were presented at seminars open
. to all IIT: facul*y and students.-. Completion and closure
) raised spirits $n an sections and" led to a surge of
pyemthusiasm. Mosty final, reports~were not submitted unti1

“after the presentation and one final report was gompleted -

T

. only at the end of April.

Study plans For the second project period were on the
-whole, more’ detailed and listed spécific modules that -
students expected to master. Project-related learning
was, however, again important and significant.

' Final reports for the second project were: submitted early
in May and review was completed May 11.

\
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- advisor and the Program Design CQmmittee insure adequate

Chapter III
LEARNING MODULES AND SEMINARS

‘Learning Modules i | S I u

To ‘augment and support the technicui aspects of the educa-
tional base tn the E3 curriculum, sets of self-paced
instructional guides, termed “learning'modules.ﬂ,were
_prepared. These modules replace the conventional lecture-
recitation-quiz format of the engineering curriculum with
"guided and tutored independent study. They further provide
organization- for the subject matter of a conventionai?ﬁv
engineering curricuium in. the form of self-contained com- . e
ponents of short duration which can be combined into .
_coherent, individually tailored Pprograms for the E3 students. '
(See Chapter 1v) S o . ‘
_ Unlike conventional and "independently-paced-instruction” - - .
“cqurse material, the module subjnct matter is not rigidly e B
sequenced;f\Rather, each module 1is- prepared with the obJect ' }

of making prerequisite study<a~ndnimum. The relationship

between module content_and project task assignmentsis 7 , .
"essential to the motivation for ‘the setf-paced study of e

modules. Ciose supervision and guidance by each student's m

breadth and depth of etudy within the total number of com-
pleted modules required of ‘each student Student port-
folios (profile sheets and progress charts) are~maintained

& (O

assist"in—thE‘adVTsement‘process. T S -

The module concept permits the faculty to devote ‘the. major- T

ity of their effort to coaching. project work and to correc- . '

tive. tutoring The massive time requirements “of lecturing,

homework grading, and testing are eliminated in the€® o
Program.; The faculty isacontinualiy “generating new, and

¢ ‘revising old, learning modu'ies.° They are also responsible | SR o

for developing appropriate mastery examinations and for
directihg the efforts of the graduate and undergraduate

- *

17
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stodents who tutor and proctob the module mastery exams.“

¢ , v

Learning Module Format

.The LM's vary substantially in format, but they all contain
certain common 1tems.: These are as- follows.

(1) A set” of learning objectives clearly 1nd1.at1ng the
| purpose of the module. Along with these objectives
o ... the modules which should precede this module in a
. S logical sequence of study are 1isted. A1l modules
S ' - are developed with the goal of minimum interdependence.
- This permits the student to study the LM he immediately
needs rather than vequiring that he first read through
an extended sequence of related ideas. Within a
‘particular area the tactic of developing one or two
introductory modules and>then making all following

"yif o E " modules ‘independent of each other is used.
. w (2) Directions for study--Specific page citations 1n .
e, e v w o referénced texts would be a minimum set of directions. .
't %7 The directions may contain an extended treatment of a

e .~ subject for which no adequate text is available or
o » " wovned out-example problems or programmed instruct1on.';
_J_ Occasionally artape cassétte description of a figure, .-
. . . - “an .exampie problem or discussion of a theory may be
e — “included. If a laboratory. experiment is beéneficial
T ~ “to ‘the understanding of a subject, then directions
for carrying out the. experiment would be included. -

(3) Questions for ‘self-test--these may be Tocated “through- . =
~ out the LM -study directions, but at the end of the

, , ~module an extended set of questions.is provided for

- 2+ 7 amastery self-test. The student is expected to write
’ out the answers to thiese questions.as a review. '

(4) The name-and location of sthe faculty or. student tutor/
“proctor--This person -administers the mastery examina-
*  tion and provides remedial study material or tutors
. -the student not achieving mastery: If the module 7.
N U . author serves also as the tutor/proctor, then he can
- —..2____check on the modules® efficiency. - It will he neces=

sary at all times that every module Le under the |
~guardianship of one senior facuity who directs the - ~

e ! ;| : tutor/proctors and maintains the. module's effective-
\\\\\. L, -+ ness. Every tutor/proctor must pass the mastery °
. examination himself with the faculty before he can:

'\\\\<; . work with the students. - : | 7 | o

o \\\\\\ Preparation of Modules R o - N

\\The\steps in the preparation of a set of lea?ning modules to
cové?\a certain. subject are as follows:




— e

- 1. Corresponding courses in’ the standard curriculum are

\ - broken down into skeletal modules by faculty résponsible
for those ccurses. The skeletal module 1s in essence
a very detailed course o:tline which lists (for approxi-"

| .~ mately one week segments) the following items:*

o . . ‘a. title

T ' b. abstract | '

_ C. prerequisite modules
e L : d. learning units . :
' - e, learning objectives

f. resource material

g. directions to the studen.

h. exeréises , o

i. time required

2. An £3 staff member is assigned to develop learning

- mrdules to.cover a particular set of courses, He -
restructures. the content of the skeletal modules and

. .prepa-es an initial draft. A conscious effort is made

at this time to insure that a module is -prepared which
is appropriate to the level of the prospective student
user. In order to encourage beginning students and
build their confidence with this new type of education, .
the first (zero prerequisite) modules are designed to -
be simple and of short duration. - v -

3, ‘Theucontenis of;the.fifst-dra?t modules areﬁéorre1ated
» with the skeletal modules, and necessary corrections,
additions, and re-definitions are made. Thought was

~given to the idea of having no mathematics modules as
such, but rather to-integrate mathematics into the - .
- science modules: This approach was ultimately-rejected
- - .+, - because of the necessity of considerable duplicatiaon .
SR ~ (for example, the derivative.can arise from many
physical problems) and because the mathematics leasned
in the context of, say, dynamics, might not be easily
: transferable by the student to an electricity o
AT problem. Consequently, it was decided to have separate -
: mathematics medules which would be corequisites to -
. - the' s¢ience modules. Thus, ideally, the student would
L . first see ‘the need for a physical concept in his engine-
- ering-project-and-be-referred—to-a--physics-module—which

. would develop the concept to the point where more
© - -mathematics was necessary. If the student had not

e already taken the corequisite mathematics module he
would then do so and, upon completing it, return to
the physics module. '~ , '

4y

* “Manual of Content Ana1ys{;.“'E3_Staff,uAugust 12, 1971,

v

I
-~ <

Aruitoxt provided by ERic

ERIC




4. The modules are reviewed by graduate students or
. faculty for readability, correctness, consistency of
length of treatment and degree of difficulty, interest,
and aptness of 1isted prerequisties.. The reviewers
confer with. the original .authors toward the prepara-
tion of a “evised draft.

5. The 1earning modules are made available to students
and are-revised based on-the feedback from students
regarding ease of usage and understanding, time required
for comp]etion, and. correctness of prerequisites.

initia]]y. the modu]e effort was spread,among all ten partici-
pating Engineering and Physica1 Science faculty. Very'soon.
however, by a process of natural selection, the module effort
came to be borne by two recent Ph.D's and four other faculty
-members. The g3 experience suggests the preferred way for
writing modules is to assign the task to interested and
qualified individuals as a primary responsibi]ity rather than

. as.an "also to be done" task. At present 352 modules are,
'availab1e to students. They cover over 60% of the commoncore
- material at IIT, and all freShuen courses have'been modu‘farized,
Modules are also avai]ab]e for certain non-core material”e.q.
“material processing, Analog COmputation. Economics. Psychology.
g@hi1osophy and proposa1 writing. .

»

‘Use of Learning Modules ‘ _ . )

v

If properly se1ected and p]anned. each proaect demands new

_ know]edge of all students for the performance of their tasks.
. MWhile preparinq the project proposal, students 11st the _
. ‘modules: that are relevant to their project tasks and which

o

cuey~expect—to«master~during—that~proaeet—period~~—¥he~+ist
. of modu]es is an important part of-the study plan prepared
' by the student with the gujdance and the supervision of the
students adviser and thga%rogram De51qn Committee.
S . o S o
Students study the modu]es at their own pace. When a student
considers himself as having attained all the learning objectives,
" he requests an examination. The examination is evaluated -
immediately in the presence of the student. If the'perforf .
mance in the examination is not vatisfactory. immediate

. . t } }
4 ‘ ! v ¢ . “ .

’




- feedback is provided by the proctor and remedial study

- 18 suggested. 'The procedure is repeated until mastery is
achieved, There 1s no penalty for unsatisfactory perfor-
mance and no 1imit on the numher of times a student may
request reexamination. Upon satisfactory performance in
an examination, the student is given credit in his profile
for that module and he.may continue with further module
study. Only mastery of material is recorded in the
student' s portfolio.

Student Resgonse to Module

- At the end of the first academic year (April 30), over

three hundred and fifty modules “ad been mastered by

twenty-four students. Half the student group had

nastered twelve or more modules, and one student mastered

forty-four moduTes. The 1argest number of modules mastered..

in any one month period was eighty-one for February. An

~almost equal number of modules were mastered in Physics “
(97) ‘and Mathematics (117). Other relevant data is* . ~

f‘presented 1n Ft@. 1 and TablesJZ. 3, and 4. -

o Table 2 - Student lnvolvement 1n Module Mastery

L

LR

o # of Students who. Mastered Modules in a Given Area ;
Monthly ° Basic | Other. | AT
Period Math. ~Chem, | Physics | Elec. | Areas Areas -
e {s | s o 7| o | o, | m

172 13- -3 o 5[0 | 20
272 |10 | -3 10 5 | 2 | 16
IR
2/13 |15 | o 7 n RN
3/73 . 5 1| 5 k6 | 4 15
473 7 | 1 | 6 9 | 3 16

R4




- & | physics. | Math, Chen. |Basic | Other
CPeriod™N\| -, SR B Elec._y
172 | W [ 15 .| 0 IR
/12 22 (3 | 6 |10 || 2
212 |y B | 2 o |6} | 2
s " 4 (e o [ rf s
213 6 [ 8- | 0 | |1
373 6 | 7 |1 | |5
o1 | 27 v s | s

CTotal “cf 97 [n7 | 8 11? |20 | ase

¥ ' : / ' Z ‘N, )
Table 4 - Summary of Learning ModuTe Study’ |

B

\ &Q\ s X
T Number of. Numbe& of Modules. -
. : Modules Students Mastered SN
« +, Period Mastered "who ﬁastered by Twelve “ 5
I - Modu,es \ or More’ -
. | L P Students -
o |2 1 1 o.
wwz RN ps 3 -
w2 .| e | s 4
R ls 4 T
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‘ Inltlally; students'were hesitant'to take maétery exams,
" ‘but the hesitation generally disappeared after the flrst
few mastery ‘exams. (he pass rate has gradually 1mproved

""""

from. 75% in Decémber 1972 to better than 80% as of . -

A, l973. ‘Most students 11ke the module format and, .=?;'
'fl most 1mportant. realize the need for and role of module

study in thelr overall curriculum. An accelerated pace -
~of module study is expected durlng the second year. :
' ' o N

Seminars - R R ,

R

f’There are varlous areas of learning which are covered

.. adequately by neither 1earning’ moduies: nor project

*actlvlty. Durlng the first year of the Program. semlnars

U i were: employed to fi11 gaps left open by other 1nstruct-

&

' 1onal means. 2

Seminars were.used in three prlnclpal ageas of instructlon' -

background,. llberal arts, and skills.

4

' Background - - R . - S,

In- the first 1nstance, they provided background informa-
tion ih fields relevant to projects and proposed projects.
‘eThese background - semlnars dealt with the state of the
art, the basics in various relevant distiplines, and a |
.foundatlon upon which to’ bulld future projects. They
included an 1nterdlsc1pllnary seminar on The c1ty,

taught by all -E3:.faculty from’ llberai arts and one member
from environmental engineering. The theme areas of the =
first semester were transportation and pollution control.

in the city, and this seminar vas designed to present

the various approaches taken by dlfferent disciplines to’
the study of urban phenonema.
A semlnar on Water Quality grew out of student 1nterest
‘related to a series of prodects connected with water re~
sources planned for 1973-74. A chemist and an environ-
menial. englneer teamed up to provide backgreund- for these

2 /
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projects by dealing with water chemistry, pathogens in

" water, and nutrient cycles in water, The.seminar included
" information on the procedunes of water testing and a visit

to the Chicags Sanitary District treatment facility and

‘laboratories for first-hand observation. As. the seminar
moved toward'the preparation of a proposal, a political .

scientist joined to-raise questions about and provide -
information on the role of populations 1nteract1ng with
water systems. ' '

'The third background seminar of fered during the year dealt = . - .

with Health Care Deliveny in the United States. This

seminar grew out of a project concerned with medical diag-

nostic instruments, but was open to.alluétudents for use

A

- Liberal Arts W

" A second kind of seminar offered dealt with know.edge from
. traditional discip]ines in the 11bera1 arts.” There were
~ four such seminars: The Shont Novel Theories of Personality,
oCorruption in_the Cigx, ‘and Philosophy of Space and Time. |
' The need or desire for knowledge in these areas would not

ordinarily_be elicited by_specific projeets. but the 1nfor-
mation and sk111s'acquired_could'prdVe useful to a variety
of future projects. In addition, they fulfill a_general

- education function nowhere else satisfied.

‘Seminars consisted of a-series of wé%kl& meetings devoted

to discussions, centered about assigned readings and papers
presented by students. It is worth noting that the Space-
Time seminar was led jointly by a philosopher and a
physicist. The seminar on Theories of Personality was
conducted by graduate students.

Skills

A thind type of seminar was devoted to the acquisition of
sk111s necessary for the students in their project work,
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. but Tearned most readily in a sémiharéworkshop'éetting.
There were: six such seminars: photography, 1nstrumentation,

k]

matics. IITRAN was taught. by a student who has advanced
knowledge of that compu ter language. The other seminars
‘were taught by individual faculty members, Generally, the
" format was a Series of weekly meetingé at which techniques
" were discussed and students showed their work.. The instru-
mentation seminar used a brief and intensive format.

A1l of the seminars carried credit for a student ehrolled._\'

based on his or her completion of the assigned activities.
_and participatiﬁn in the seminar.

””?”Fortran, TITRAN, analog’ computatfbn and pre-calculus mathe=""

5w

~

&
e




Chapter IV

M-{“w__mONIIORINGsANDMEVALUAIIOM .

J

In the E3 Program students are. regulariy evaluated on a ‘var-
iety of levels for differing purposes. The process of

~ evaluation can be roughly divided into three overlapping
-~ tifle-frames: short ferm (weekly to bi-weekly). intermediate 4

. (semester or project basis); 1ong rang (year]y or multi-
~ year). - : .

Y.

» Short term evaluation is provided by the faculty project
advisors. learning module proctors, fellow. students and ,
the Review Board. Seminar leaderseeve]uate_their students
on a weekly or bi-weekly'oasis as well as-on the totality

f—their~work—forwthe-seminar———fhe~Review—Boerd—and—the

" faculty project advisors are primarily responsible for *
evaiuating the student's performance ip his projects. and .
in his efforts for the entire semester. *'Long range planning
and evaluation was originally the province of the student's
own faculty advisor. although this responsibility wil now g

“ " be shared with the new Program Design Committee.

) 4

Pr_gram Dasign Committee

This coomittee will consist of four members. one from the
liberal arts and three from engineering and science disci-
plines considered formative in engineering ‘education. The
central .task of the Program Design Committee is_to super=
" vise the curriculum of each student by guarding against the

— possibiiity_of overspeciaiization at the expense of common

. core coverage. The Committee will have the records of each

" student’s*work (projects, modules, seminars) and will

- suggest different areas of education and expgrience from
those previously undertaken. The formation’ of this. conmi ttee

“{s a rasponse to the difficuities encountered by the students‘

own faculty advisors in functioning as long range curricuium
planners; it is anticipated that faculty advisors will con=

" tinue as personal advisors and counselors .to their students., "

e A
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ijeview Board

Another 1mportant change that has "taken place during this . -
S flrst‘year*concerns‘the“Revfew*Board"~“Thfs"group {s-respon-
o .sible for project monitoring and evaluation; 1t_judges the
suitability of project proposals, .and by means of project
group meetings, appraises ongolng projects. interim reports S
submitted by team members, evaluates the final presentatfon '
and final report, and distributes the credlt for the student's
project work. Originally each project had-its own Review '
Board composed of students, 1iberal/arts and technical faculty

- This arrangement was adopted in.order to sample and assess

' varlous methods -of interaction among evaluators and' partici-
pants on project teams. This arrangement developed two

' primary shortcomings. There.was a lack’of uniform procedures
and judgments applied to the different projects, and the .

'.burden on Review Board members resulting from their own pro-
ject tasks.and other duties were such that 1mportant evalua- .
tlve deci{sions were frequently delayed The present Revlew -
Board-consists «of students (a-different one for each project)

~and two permanent faculty members, ohe from engineering and
one, from'the‘llberal arts.  These two faculty members are
relleved of project advising duties.

In terms of student perceptlon. the most 1mportant function
of the Review Board is the dlstrlbutlon of .credit at the -
conclusion of a project. The ‘evaluation process is a co-

~ operative procedure’shared between the students, their advi-
sors and the Board. Students and faoulty prepare a credit
memorandum for submlsslon to the Board with credit allocations

,“pfor,each student in the areas gfProfessional Project,

Engineering and Physical Sciences, and Humanities and Social

- Sciences. Any module or seminar credlt earned durlng the
course of the project is included on the credit memo. ° work-
.ing with thls document, the Board meets with the entire

. project. team and makes its suggestions concerning the dis-
tribution of “hours of credit, If there are any discrepancies
between the Board's recommendations and those of the project
team, they are thoroughly discussed and adjusted to the

Aruitoxt provided by Eic:
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g satisﬁaction of the entire group. (See Appendix B for L
C evaluation forms) s . L - C e
The students also have the more immediate and less collec-
tive ‘evaluations of their fellow students. their learning :
modu]e proctors and their faculty project advisors who

guide them. ‘Working within the relatively smatl project
groups. students and faculty quickly come to know and to -
communicate the strengths and weakness of each other.

| Learning module proctors will either personally‘assist or
'-ﬁ#}l*'“' ‘suggest sodvces of aid, to those students who do not achieve
~ mastery; obviously, when a student successfully completes :
a module. this is a form of ‘positive evaluation.
s N &, . g R
. Seminars provide another source of evaluation. exposing
the student to the judgments of others, generally in a .
specialized field or technique.. A1l evaluators are in . m
forma] as well as informal contact with one another; )
. Jjudgments that have been formed: concerning a student are
© passed on to all members of the staff. In this manner,
. the. E3 student is subject to a variety of evaluations, in '
. difering settings, that will enable him to gome to know
his own abilities and weaknesses.

v “

ttrition” |
, Twenty~nine students entered the. program in the fall of
v 1972, Out of these two were. transfer students of sopho-
| " more standing from other colleges and another two were
second semester freshmen transferring from other programs
within 1T g B
By the end of the first year. six students tvansferred
to the regular engineering program and no particular ',
difficulty is. anticipated for any of these. ordinarily, .
~ such transfers within the first two years occur frequently
' and these do not enter any of the attrition statistics.
One student 1s transferring to physics and for family

\

’ \
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.7' reasons. will transfer to a school 1n a different city. :
Again mostly for family reasons, one successfu1 student.
decided to enter the armed services, a plan he contem-

"+ plated for quite some_tine even before entering'IIT. To . - -
- . date, there are only three students who left. the program -
AU - and will have to start over as freshmen 1f ever they re- - S
L e enter college. ' L o L _.5_'

- - There ane peopie who erroneolisly ﬁook'for a comparison of -
— | “attrition" from the E3 program and compare 1t-with attféi- -
| o tion 1n regular IIT curricula. Since there are o models
for 53 students. nor are there any valid criteria for
- selection of these. it 1s a useless exercise to pursue ‘such. |
comparisons. fut even with these false measures thec ~ .. -~
. _program seems to’ be .successful, since only three failures
can be reported out of twenty-nine students. 'Again, it
should—be—repoeted—that*trensfers—with1n—the—f%est—hms

h_ 3 - . Lo ; years: do not ordinarily. enter statistics’ and, therefore. g
P mthe 10% 1oss of students in the E3 Program is-small com- -
S pared to the over 30% Toss in regular curricula.

Aruitoxt provided by Eic:
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o E3.EXPERIENCES AND IMPR’ESS-IONS

BT R S R P - gmie marpre rerat e pem gre—
- L

In moving beyond the forma1 organization of - the F3 Program
‘ to consider the 1nforma1 structure and processes, three
. "areas fiay be chosen as: especially salient for an understand- |
ing of the program. Two of these contern the facuity~student
g relationship in the program and relate to two. aspects of that
- relationship: student advising and teaching. ‘A third con-
cerns the reiationships that have emerged among the faculty .
in the progranm . -

&) . '

‘As indicated eisewhere. the facu]ty serve as advisors to
© '-the ‘student project groups. Perhaps the on]y generalization
- that'can be made about the relationships between'students ‘
and -facul ty—iruth&predect—greups—iﬂhﬁ—th&se«rehticnshtps
. are characterized by immense variation. Not oniy have
faculty seen theriselves in'a variety of roles, but also. they o
have exhibited . variety of approaches in deaiing with students. o T
" “In the former category. six roles seem to have emerged. Fac- ¢ v
‘ulty have seen themselves as: resources, participants. father/
* mother confessors, evaiuators, upper-division students. and *
’supervibors. : - '

-Those who have Seen themseives as knowiedge resources have

. . dealt with students largely as producers of demands upon
their knowiedge. contacts, bibliographic_resources. and ex-

- pertise. Their contacts with"project students have consisted
‘largely of occasions upon which they responded to formal re- | = .
quests for information or assistance in rather strictly ’ |
defined areas of expertise.

Because of the small size: of some project groups. a deep

interest in the project itself, or an eagerness to.be an

active part of the project, some faculty have immersed

themselves in the day-to-day conduct of the project.as active _ |
"+ participants. This role has been taken by- relatively few of - R

the faculty, largely, it would seem, becaufe of a genuine |

-31- 34 '
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lack of time or a feeling that their actiVe\participation
in_the actual work of the proJeot would overshadow or '
intimidate freshman students. -

e R e T b b,

v \

The role of father/mother confessor has been takensby most,

SO Wsd- SV

"+ but not all, of ‘the “faculty at’ one tirie or another. The

fact that all but two of the students are freshmen, with’
typical freshman doubts and fears, has - made this role a
',Jprominent one in our first "year. The fact that a program "
relying heavily upon self-motivation, self-scheduling, |
~apd ambiguous goals was a novel.and uhsettling experience
- for most; if not all, of the Students, has also contributed
- to the need for such: confessors. Specialization in this

" role emerged as the _year wore on, largely through a process '

v

" of self-selection. The ultimate father confessor remains. :

of course, the directo/ v of the program.

%. U T

K4

- The role of evaluator was thrust upon all the faculty,_

willinq and unwilling alike.4 As the duty of assigning -

~crediv Jor project experience falls upon project advisors.
- individual student advisors, and the Review .oard, we have
Call been cast as evaluators. - .
The program is designed to heighten and take advantage of
the learning relationships that’ develop between freshmen,
'sophomores, juniors and seniors. ‘It relies heavily upon |
the ability or those who know to share knowledge with

" those who do not. ‘In the first year, in which only freshs - -

men were admitted to the program, the faculty were asked to
" serve as upper classmen, to provide the formal and informal
kinds of experience that freshmen ‘would normally receive. .

Due 'to the fact that faculty were wearing S0 many other hats
. (especially the evaluation hat), that considerable demands -

were being made-upon their time, and that they had not been
undergraduate students for a long time, they proved, virtu-
ally without exception,. “incapable of playing student friend
and mentor. While this was a problem for some of the
students, who had clearly looked forward to such advice and

35
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) is self—solving. C _—

- anxiety from those in which the faculty eschewed this role,

) “would not be a clear and demonstrably valuable product

.ous. Despite the short-run disadvantages_which arose from

students came to have an understanding of the faculty as

- characterizes much of what passes For student-faculty con-
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assistance, we take faint Joy in noting that the problem

.

comfori:able t° a "Umbel‘ Of faculty, GSPecially those w’itlfi " T

industrial experience or lots of graduate students. Those
who saw’ the _program as. a series of research teams tended to
vigw themselves, and to be viewed by students in turn, as
industrial supervisors.- They became the actual project |
leaders, whether or not they held that title within the -
group.. The proJects with strong- faculty supervision of )
this type- showed little dif.erence in terms of output or -

_The faculty, however, demonstrated greater anxiety when
the projects floundered and it appeared that the outcome

. or model. S S o
As different faculty models were encouraged by. the very

design of the program. we did not feel it. appropriate to

impose any particular patterns of exchange with the students),
even had it been possible. Thus faculty were allowed to be . -
directive or. non-directive, supportive or non-supportive, o
formal or casual with the studénts. - Some faculty are called

. by first names, some are called at- home at night, some lunch’
with students, and so-forth. Others remain aloof, but stil
effective. Some remajn aloof and ineffective--they will be
Teaving the rogram of their own. volition.

With each prodect\having two or more faculty as advisors. B
"the combinations of\relationships which emerged were numer-

such ‘unstandardized: yelationships (incorrect information,
conflicting orders, misundErstandings, and so forth), the

persons, beyond the merely functipnal understanding which
_tacts. "The faculty are not seen as information~imparting,

36\
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‘ eValuatlng. and directing functions.
. not seen as -learning functlons.,

fchanges. -

-34-

. And‘thehstudents are.
This,. it seems to us, is

a critically important goal whlch we shall try to‘maintain
as new students are admltted and the faculty-student ratio

o

e ®
- : - - . PR AP ! — . e mreen ..77. ‘,.. - ———
)

.

. The second major anea'of faculty-student 1nteractlon'that '

Has- emerged as interesting for observers s that deallng -
with the actual teaching that goes on in E3 "For* Wany
years, college teachers have- complained about thé fact

that tradlalonal classrooms have "had a teacher-student | gﬁ

“ ratio that renders effective teachlng dlfficult. especlally
> on the lowerflevels of a studefit's program. ) -

.° LYy
g ~

.Experlence in the E3 Program has led us to belleve that

this complaint is ‘an oversimplified, if not 1naccurate. one.
We' have discovered that the eluslve paradise of low faculty-7

©
"

student ratio has remained, 1n many cases, elus1ve. eyen
'_when faculty-student ratio is greatly changed

‘three reasons for- thls s)tuat1on, one of which is pecullar
- to ‘the program.‘
- common reasons.

There are

The otﬁer two factors are true for more

o ",

-The program has been, staffed by faculty borrowed on a one-
‘third or two-thlrds basis from varlous departments., That.

is, we have had part-time faculty teachdng full-time students.

‘Aside from the problems created by the fact tﬂat E3 teachlng

. can be quite time-consuming’, the students have been faced -

with rolé models who are part -time particlpants in the
program. This has been necessary for several reasons, not »

. the least of which are the size of our grant and our desire .

~ More important as a reason for the elusjveness of teaching

" that staff- malntaln their close relatlonsh1ps with, their "
dlselpllnes. _ S T

S . )

. -

.r .
e

paradlse 1s the fact that, fon;better or worse.awe have 11 .

~ spent a good deal of time and effort becomlng effectlve

classroom teachers. It is not surprlslng that. the faculty

‘drawn to the program have been those wlth a. serlous interest

3}
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in\\eaching undergraduates. As a result. 'the program has . - v ©

recruited faculty who have developed successful techniques
for classrooms, Faced with a. drastically different challenge.
some of the staff have found that their best efforts were

e e s

o inappropriatE“——On—somE‘occasions. the faculty have turned ~

4

the project groups ‘into classes in'an attempt to impart
information successfully. This is not to say, of course,
that such an approach is never appropriate. However., most
“of our teaching has not been done in such settings, and :

_;,,_the—effort—tO'worE”’ith small groups has .gone on.

Perhaps the most critical element of the faculty~student
teaching relationship which we_have had to overcome in the
program is that aSpect'dealing with control over the teach-
ing situation. In traditional classroom teaching, courses
are built by faculty. outlined and paced by faculty, and

» evaluated by :faculty..” While most universities by now have

g

ER\(]

Aruitoxt provided by Eic:

e

student course evaluation. the power to offer courses,

“design curriculum. and to decide what shall be taught in
connection with what has lain with the faculty. “This

question of what goes with what has been seripusly ¢hal-

lenged by our experiences in the program. Modules have '

been designed to eliminate much of the ossification that
characterizes course and textbook degign by making units

of information as.separable as possijle, That is, we

have succeeded in eliminating?unnecessary preréquisites. ; o

~ As teachers, however, we still have some firm notions

- for teaching in terms of isolated questions, unconnected

about what goes with what, and our yery patterns of -
thought and- teaching are’affected by our experiences in
learning and in teaching relatively large units of °
instructionm-courses. -

In the - E3 Program, the staff has had to respond to demands

information. and on-the-spot knowledge and - references.

. There is no doubt that' the staff has been seriously chal- ',

lenged to examine its assumptions about the inxer-connect-

_edness of - various bits of knowledge and to face the fact N

. H -
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‘Ways that they were not aware of. Th1s 1s not something

1 e e

most of themlhave had

ed successfully. spending,great amounts of time trying ‘to .

. explain to students why ohe-bit of 1nformation was part of
. o something larger.  In this very effort, faculty discovered 5
' - | ‘ways of rearranging subjgct matter that may never have
.occurred to. them in, the,hoﬁmal course of classroom teaching.

There is a great likeliﬁood that their classroom teaching.
will change, as a resul# -of E3 A few did not ‘successfully -
" survive the challenge,jit must be. admitted. and they look ~ = y
forward to a return to the orderly and autonomous world’ |
of ‘the classroom. ‘What was universally discovered is that
responding to demand learning is time-consuming After
ally demand learning, while advantageous to the student,
“also implies the presence of one upon whom' the demand is
‘ made, the presence of a responding teacher. Self-paced
o * " learning modules could not satisfy these demands by . e .
| " thenselves. | |

It has been anticipated from the inception of the program

. that some faculty will find it difficult to adjust to .the =

E3 ‘process,  Some attrition was expected and; indeed, = ..
. occurred. This-attrition should not be confused with the

planned rotation of some of the faculty each year, but it

is connected with that process.: Faculty members who are
. too directing, impatient with the pace at which different
" students -learn or perform, or, who are too tied up with
, des1gn1ng "gadgets" or pet solutiens, are 1ncapable of

. N _ | - I " - L \T;’;
EKC | .39 | " R
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-f%;;f35 S .«-~-adjusting to. the true prob]em so]ving process. Some of

1 | " the faculty members from engineering. therefore. rationaiize
' that they will not be rewarded by administration for -parti-
.cipation in the E3 Program* and express  the wish to go bac

¥
o

to reguiar"teaching**researchf—wrfting"bookS"fetc: - , \\

e D . ' _.During this first year of experience the faculty attrition 1 \'
: " “rate was not greater than anticipated. From-the -engineéring
and physica1 sciences, out of 10 part-time faculty, 4 faculty -
- are being exchanged From the liberal arts: faculty of 9. .
f' 2 faculty are being exchanged. with a>reduction o’ t. One of
° the liberai arts facuity members ‘s 1eaving IIT for persona1

S reasons. | L -
| T o S
" p.f" L Underiying the different ways in which the facuity~re1ated'

to ‘the students, both as teachers and as ‘advisors, were snme
'basicaliy differing conceptions on severa1 basic 1ssues

_ _ regarding the university. These differences.became apparent
o " when the prospective faculty first got together to prepare
< 7T for the first. year of the program, the planning year, prior’
to the arr1val of the first students. There were varying _
views of what higher education is, what undergraduate students
‘are, what the role of the university in society s, what the )
appropriate 'social atmosphere for learning is, and even what
a full-time position on the faculty means in terms of commit- .
. - 'ment of time and energy. ' |

That these -differences, quickiy emerged, generaliy on the

imp]icit rather than the exp]icit 1eve1, was not surprising.

in view of the fact that the planning year involved a large

group of faculty drawn from the sciences, engineering. the

social. sciences and humanitiés. These- questions prov1ded .
the ground for some serious c1ashes during the pianning e

year. especially during the summer preceding the academic

[

‘ o * Thig assumptfon is not true. Successful participation in
T " “the E9 Program has been rewarded by offering tenure-and/or
Ca . advancement and certainly salary raises after the first
o year of participation.

we IR 19

Aruitoxt provided by Eic:




R A B

" -aa- |

“year of planning. the participating faculty were, how- .
~ ever, characterized by genuine pluralism as the: discussion -
. moved from issue to issue. That is, many of the issues
. were cross-cutting. *As the planning year progressed the
" faculty became 1ncreasingly busy with, estabiishing the nuts
.. and bolts of thé program. In most cases. disagreements
. were repressed rather than resolved, :
-‘Ne quickly 1earned, however, that the repression of con-
‘fiict could. not bé Confused with its resolution, and that
| agreement on. particulars was wholly consistent with disa-
»"  greement on basics. The basic disagreements reemerged in
“two different ways when the students appeared and the
first academic year got under way. First, despite our
. . best pians, there inevitabiy arose questions for decision 3
oo that had not been anticipated. The reiative emphasis .on . . -

proaects, modules, and seminars.was one “of these. Anothen |
n had to do with the appropriate indices of effort and’
f progress on the-part .of the Students. Another 1nvoived'
the reiationship of the program to the rest of the univ-
ersity. :

Secondiy, when implementation of'our ‘plans became our -
primary activity, we found an inevitabie disjunction -

. between theory and practice. We quickiy ‘discovered that
‘thére were among.us talented practitioners and talented
theorists, but that these talents were not_so” commonly -

. joined in the same persons. Those whose fundamental }7 )
' ‘orientaticns were based on praxis often proved to have
the more recdy answers when novel and unanticipated
‘probiems arose. Indeed, the day-to~day care of the
" program has lain primariiy with those whose orjentation
was practicai. '

As the plannirg progressed, we also discovered wide varia- .
tions in the commitment to collective action and collec-
tive decision-making on the part of various faculty ‘members.
Fortunately, a program of the complexity "of E3 made it
possible for us to engage in a considerabie degree of -




20 .

division of labor. This was a valuable device for avoiding

' stressful friction and disagreemcnt on basics., It should

, also be noted that the basic disagreements that were and

are exhibjted are of such a fundamental nature that they
do not Tend themselves to the development of consensus
among a group of facuity from different disciplines. These

~

i basic issues are 1ikely to remain with the program perman- |

entiy. and those of us who thought that the program-could

- not go forward without ynanimity haV% since reconsidered

~this -position, having discovered that serious and import-

ant teaching and Tearning proceed in a less than "best" .

¥}

of all possible worlds.
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finterlock device may be by-passed but flashing lights would

43

During the first year students worked on two sets of
prodects. A1 projects within the. first set (numbers l
to 8) related to the common theme: "The Urban community. :
Transportation and Pollution Control). “The second set 6f - *.
profects (numbers 9 to 13) was initiated in February, 1973, =

- These projects were not interrelated. The abstracts are

quoted‘under the projecthgroup-names.

0

fl Alcohol Detection Ignition Interloc

| The 1iterature was reviewed to establish a correlation be- ‘ \5§,

tween_blood alcohol and driving ability and between breath

. alcohol and blood alcohol. The Ignition Interlock described

would. prevent a driver with blood alcohol greater than the
legal limit From starting the car, In an emergency the

alert other drivers to the fact.,

2. Steering__ystem for the Urban Vehicle Project

N

The design of a hydraulic steering 5y stem for Illinois Insti-
tute of Technoldgy's entry to -the Ur n Vehicle Design

'Competition is described. The proposed design allows ail

four wheels to be turned sideways for a parallel parking
maneuver. In normal driving conditions the steering mechanism
is essentially conventional. Safety devices that require
positive action to put the vehicle in the parking mode-are -
incorporated. The hydraulic circuits are described in detail.

fé Dual Mode Mass Transit

The purpose of the Dual Mode/Bike 'N' Bus project was to
suggest an.improved commuter transportation system through

- the use of the bicycle. One area of work was in redesigning
, the bicycle for greater stability. This work resulted.in
1 accessory wheels which were of some improvement, but could
~.not be considered a finalized solution. ' The next area of

work was in deSigning'a system for~loading bicycles onto
buses. This resulted in a motor-winchicable system for

y . : . .
- »
. . 4’ . . .
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l1ft1ng bicycles from tﬁe street to the roof of the bus. |
The designs were never operative. but problems could be ellm-

-~ ".inated with more time and effort, - The final area of work was.,

on a cover-all suit that would protect the rider from the
weather. The suit's construction was completed. but testing
was 1nconcluslVe as to .its effectiveiness. Extensive work
‘and insight were achieved though substantial addltlonal :
development is requlred. L a

LR

'4. Short‘Dlstanc- lransportatlon

The purpose of this research was to determine the optimal
'system for moving- people short distances. The system would

be appllcable in large parklng lots as at alrports or shopping '

center, office complexes, ‘and college campuses. The system
should accomodate luggage and be smooth, safe, convenlent and .
1nexpenslve. The dlstance covered is approxlmately one half
mile and high speeds are not necessary nor desired once normal
walking rate has been surpassed.

Based on an-ideal parilng-to—destlnation'arrangement. a scheme.

was developed for the assignment of a bus/conveyor system to
various sections of the lot.' Each system will connect toa

_ main conveyor which will then take the passengers to a distri-
bution point in the main facllity. Every bus.of the system
will connect with the conveyor- trunk 1ine at a single bus
terninal at’the-end.of the trunk. Each feeder conveyor from
‘within selected sections of the Tot will. connect by way of an

accelerating belt to the maln,conveyor at‘intervals along the
main belt. . This line will be faster than the focder conveyoi's.

N . o . L
+ An attempt at an 1mproved_redesign of the buses presently in
use.at 0'Hare ariport was undertaken. These buses are repre-
sentative of those used at many major airports. an modifi-
cations were ‘studied in conjunctlon with the major thrust of
the. 1nvestlgatlon. : ~ o

Q.
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; 5. Coanda Tube System . /

,l/ o R This report describes’ proJect studies to investigate aspects
a | of a proposed new type of mass transportation system, based
on the Coanda Principle. Aspects researched and described

. are: vent position effects, vent aperture effects. and- design/
o implementation considerations.'_

, - .
Studies of the Decision Making Process, the Formulation of -
| Transportation Goals and of Human iactors in the Design of a
. _COanda Tube System are also included..

6. Plastic Recyeling

“The. Plastic Recycling project had a dual focus. One. major .
. , area of effort was designed to examiné the possibility of a
e recycling plant for household waste plastics, which plant
| Lo 1Mwmh{a. .would be small enough to be placed within. urban.neighborhoods. |
'" = .. The other focus was on the-qualities of household plastic ~~  *
wastes, and the possible treatment methods for converting = |
- these wastes into useful resources. In the Jatter effort. . ’a,"'
shredding and heat compacting tests.were done on unsorted '~
. f' . hplastic wastes. ‘In addition, a collectidn campaign was con-
N L - ducted. iiv a local housing development, and ‘the participants
: | were questioned as to their irespunses to themcampaign.- A
- simple_laboratory compactor-was built, and an existing shred-
der (commercially available) was modified for use with house-
hold plastic wastes. The research and testing findings were
inconclusive, but indicated that collection and processing O
could probably be established on a neighborhoou basis. It
is doubtful that the operation could be profitable economi-
e cally. although it would reduce the ariount of household waste
. 7 -which would have to be hauled by scavengers.

R ¥ B

Solid Waste Incineration - | S

The problem of safe and efficient processing of solid wastes

is _examined for both the United States in general and Mercy
‘" Hospital at 2600 So. Michigan, Chicago, in“particular. On

the basis of criteria established; incineration is suggested

FRIC - |
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- a8 the most.promising technique. Modification of the present
fncinerator at Mercy was decided on as the best way of achieving
the optimum acceptable incinerator. A model of the Mercy
incinerator was conrtructed. and the proposed modifications are -
detailed, ' ~ |

\

8. Auto Emi s\sions

I‘h
L) .

| Using federal.Ftandards for hydrocarbons. nitrogen oxides. and ,

Tead as a hase point% the project examined alternative modes of

"reducing emissions from internal’ combustion engines. The ;

'_project specifically studied the effects of temperature of -
~ intake air on. combustion and emission. An air heater was designed. .
- constructed, and attached to a small four cycle engine. Exten-

sive instrumentation was -attached to measure intake temperature.
~ extent of combustion. temperature of exhaust gas, and speed of-
" the engine. Test runs were made»holding éngtne ‘speed and. intake - 7) .
~temperature cofistant.” Findings indicate that air inlet tempera-
~ ture was inversely related to percent-fuel combustion and that
L ~ engine speed was directly related\to percent fuel combustion. .

. 9 Camera Shutter Des;g_

- This project is a preliminary study on the feasability of a
- non-mechanical camera shutter. .The main thrust of this project
is in the field of liquid-crystal technology._

10, Noise Control in Industry

" The following report ‘describes the research made by the Noise !
| Control in Industry Group. (NCIG), -into the serious problem of
: noise pollution in industrial environments. The psyoholbgical
and physiological effects of noise on man were studied.
. - preliminary testing program was developed to test various
| ' machines and. determine their noise levels. ‘After preliminary '
'testing a sperific machine was chosen and re-tested to isolate .
the noise sources, To alleviate the noise, a control device
was designed and tested.. A cost benefit analysis 1is olso ‘
included.' I 47 | .. L




11? Tornado Study - ,
:The Tornado Study project resu1ted in the pre11m1nary design

of a tornado detection/warning system 1ncorporat1ng the

,sferics detection ‘method and an 1ntegrated warning system based
" oh fundamenta1 sociological considerations. :

12, Vestibu1ar~sttem Testing

Testing the Vestibular System 1nvo1ves testing the response

to,angular acce]erationsaand the response to 11near acce1erations.

- The response Xo angular. acce1erations\may be tested by b1owing

heated atr 1into the ear and measuring the nystagmus. The

"groups efforts were(directed towards developing a reliable Air -
: Calor1Cgﬁést device and designirg torsion and vertica1 swings

v
2

~The Aiera1orjc;teSt device consists of a gun whfch heats: the

~supply air, a Gontrol system that.controls the temperature'of"'
‘the afr 1eav1ng the thermal gun.and e1ectrodes and recorders

~ that measure the nystagmus. An automatic’ programmable

sequencing device that automatically .changes the air- tempera-

~ ture: 1n some desired manner was also designed.

e 3

« -

~ The mechanica1 test device consists of a.combination vertical

and rotary. sw1ng. “For testing'the response to angular accelér-
ation a torsion spring 1is used ‘and for testing the-response to
1inear acce1erat10ns ‘the torsion spring is disengaged and

a linear spring s used.- I

13, Dua1 ‘Mode Veh1c1e

This 1s a report on the design of a mechanical steering system |
and of the suspension for an automobile which could .move perpen-
dicular to-its 1ongitudina1 axis for. a- para11e1 parking maneuver.
A scaJe model. of a conventional car was modified to 1ncorporate
this feature. Cost estimates are included,
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PROJECT FINAL REVIEW AND CREDIT ALLOCATION. PROCEDURES

PROJECT cnour‘Acrxous

o

r}

SRR The firat step in’ the project review procedures is. submission of the

B final project report to the E3 Review Board. At this stage the report has

_____been approved by the project advisors and is‘ intended for acceptance without
. . df?ﬂIIﬁ"‘Ion. The Review Board returns the- project report either approved
' as submitted or with a request for revisal, .

When the ‘report is re-aubmitted to. the Review Board, it 13 accompanied
by the following documents:

. ‘¢
cat -

1. The Credit Request Form - The credit request form is prepared.
' by the student, initialed by the appropriate advisors (project
Co advisors, module coordinator, seminar leadefs, and faculty
advisors) and submitted to the review board. It contains a
listing of credit requested and the activities justifying
:.  this credit award. :
© 2 \The Faoultz Project Advisor Asaessment ~'A .CIRCE form rating -
"~ the contribution of each faculty project advisor prepared by - ‘|
4 ’ the Btudent L . . .

3. The Student Log Inventorx A CIRCE form for the etudent to
sumparize and evaluate his or her own contribution to the 2
: \project. o -
: ¢
e 4, The Student Project Participgtion Evaluation Inventorz- A
" ey .* CIRCE form for the faculty project advisors to summarize and |
' ' evaluate each students' contribution. to:the project. “ The
., . faculty advisors 1nde2endentlz prepare "this form for each student
: B in the project group. .

5. The Transcript Summar cem A short document,, which summarizes in

narrative form the. student's project experience explaining «
et the credit allocated. : 2 N
REVIEW BOARDACTIONS = "

]

When the Review Board receives the re-submitted report and the above
documents, it approves (or modifies) item (1) and the final report. The
appropriate documents are then given to the £3 Administrator for credit
assignment and filing in the student portfolios.A :

¢ , oy

o

‘Steering Committee
~April 6, 1973

.




_'.\.

ERI

Aruitoxt provided by Eic:

"

o £ . . q N
: . SRR L RN : "
‘. ” ‘ U Y . li_ ¢ . v R
- 5 S ) ' \ ’ v ' i "Df‘ d
. .. - - e . { , . : . - '
o ) T "‘" ' i = ua"’«", . X
| ‘ E3. TRANSCRIPT SUMMARY . o
¢ i Y . . .
Student . . _ ¢ Project Period .
. . " ’
Project Title . : L .
Project Advisors _ . : ) ’
Review Board Members X . o)
' . ’ ' o
, o . ? -
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. . .
Co Student Project Participation Evaluation Inventﬁ?y i -
. ) J E3 Program 1972-73 o

Student Name: ; b '
Project! | .
buration: to ) | m,ﬁﬁ_ . )
Project Faculty Adivosrs: _° | Lo }n' h
The following tatings represenﬁ the project faculty advisore evaluation of

. the student's participation in project activities,. !.~ : .

" - Inadequate . Fair Qood Exc51lent"
u_Inwolvement and commitment | i 2 .3 ',4; ﬁ
'K\ Compreheiision of project content ! 2 3 4
' -f Ability to integrate and ayntheeize material vl_t 2 . 3 4
AN ) . . .
N Creativeness, dtiginality and innovativeness 0 1 2. 3 b -
_ ‘Quality of team work o B 2 3 4
f Quality of individual work * ,.‘lff «2.////5 4
" Overall project participation rating o o 1 2 3 4
Commentez - - ) - o L .o
& - ’ ‘ T 3 ' Q‘ .
\ ) | |
s ? N\ ‘ ~
- ’ - .‘l ’ 4 ' .
LT oy ’ B
_ * ‘n ) - s .
4 \ ‘I : 'A, -




¢ - :.O“. . '0‘ " .9 , Y -,.
: : , ' -\ X
" E3 CREDIT REQUEST . ' ' t
. . . [} v
[ . N L ‘ . S
. Student Project Period .
- o - . . . v ] . n . .
., . Project Title\'. & x
. . e A . . o o
A Project Advisors ’
;yReview Board Members o ) L : )
| , .7 _Approvals |
" | e Credit Credit Project . Faculty Regiéw‘
o RERER Suggested kwarded Advisors Adivsors Board
4 ST T T T ° '
i ' Professional & Project e .
Ea Humaﬁities; Sociq;',i , ) “
. Science | . |
S Eﬁéinégring and °. ;
« * % ,Physical Science ) ¥
1l t Vo ' » : w TN
A o [t A : , | \
T . " ) o a ‘ ) ‘l . D
) .\\ Mod61e or Seminar | Credit |OK'd by Modulé or Seminar | Credit OK'd by
y
. Steering Committee P ~ rris
-April 6, 1973 o QY Ty
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T . FACULTY Anvxsoa Assnssmm - ' | )
e mRecRAM 1073 .
; A \\_ ' q
" Faculty ﬁamber:. _ \-_ ' - | o r? : . —
(Ratee) TN\ T - ) A R
. Student's Name: =~ }& ,
(Rater) D 3\
A I K . L R '
- Project Title: \ \ ' R
Project Duration- - j\ ho
Instructioas: This inventory honld be completed at the termination of a .
) - project, It shoyld be completed for the project advisor and’ .
for any additiondl faculty membe#s closely associated with ‘
the project, -i,e.)'a separate inventory for each, I ‘
: In terms of the above prdjecl' assess the faculty advisor or .
. -other appropriate.faculty membeiE on the foilowing dimensions
by circling the appropriate ratingescale cacegory and by -
ptoviding a wriccen explanation if necessary. .
. L SV R : Inadequate Fair - Good . Bxcellent -
Iltem . - i U A 1 2 . 3 &
Involvement and commitment : { 1 .2 3 4
| domprchensioh of projecc conteﬁt | . 1. 2 - ,".3 : 4 )
\ . . . '
vail£Cy to 1ntegrate and synthesize SRR s i
. material . D SR 2 3 A4
r-C:eativeness, origiﬁalfty and inno- '%, : . . LT
©_ vativeness - < . 1 2 < 3 . & )
Quality of team work SRR S | 2 -3 4
k" / . 1] . y ¢ ) .
) ,huauny of individual ,work 1 2 +3 4
. Overall P:Oject partieipation rating 1 2 .3 4 .
. P 4 . % . . / )
o . + "b
! . " N l ) , ’ p
’ . R
! ' ? ; N '
o - o . % Ey
J \@ n
0 : G4 "
 1




. "3"‘ C :I : PO 4 .
Instructions: Rate the quality of the advisor's fu.ctioning in each 3
e - of the fpllowing capacities,  Indicate yOur"choicus*by ST T T
~placing a (»/) in the appropriate categories. : .
" ‘ A .'],.
Portion of Time e | ‘y‘
: - . ienc : \
Engaged in Role Fréf%c; _ y | \
- * ' . 3 ST B
S . u ) o ,. ] \
@b rotes < Il | " s |8 r
IR ¢ .1 & ; o :u. .2 "
[T ] g wl ) o < \
. ) . o M ol |
) .o T - o .a o L) |
' I sl 8 g | 2 !
-2 I N I T P
| . 0 ‘ N \‘ N ] '/. i v‘
* 10 AdViLSOl' » . \ ; '
o g : - : +
20 . COhOtt ‘ ‘. - W 4‘ ] - ‘ Iy R
3, Coordinator -
. . .- -~ 4]
: . H
_,4. Director i '1 .
"5, . Evaluator . - o -
6. Expert h
7. Fecilitator
8. Lééﬂer e T a .
9. Orpanizer i ‘ s
10. fRésoutce perso& e i -
11, Soundiag:gbard : R
, , . \>$\\ |
12, Teacher . X
13, Team member
1“« 'mt‘.or ) N |




. " -58-
L " 94. * v
© Instructions: Indicate your preférence of roles for this faculty
T — T A 5 1) 2 Place”a>(~/)win.the"apgpopriatgwcauegoxy,_th».
’ | | ‘, AN ‘ o '.(, ' ' L N ' .-.,r S
-
o ) -
v B o i
B « 1 1 =
‘ 2] - v M
1 Y] =i 4 -l wi
- o o ) @
‘o -~ 0 ) H ,Q C’
| A1 8] w o B .
ROLES - & 8 ° o ) D B
B z. ol - o o
4 3] ' 8 ~g o 'g S
. i B Y = el R
- %. Advisor \ ) |
' . o E : . . . -
2.. Cohort . s : _
) 3. Coordinator ’ FoN
\ . . ] RY N
4, Director . ' I .
L 3 - B % ’ 1
i S. Evaluator
o :
‘ 3 6. Expert Lo .
7.‘ Facilitator . " N ‘ 1
‘8. lLeader " . . | . AN
. 9. Organizer ' 3 Y\.
10. Resource person’
11. Sounding-board _ |
12, Teacher ' . . o
13, Team member ' R
14. Tutor . R 5 AR
\ <




. ! | - | ..';Sgﬁ ' )
Student Log EYaluation Invencoty'

A T S S S Tg3projeeg.1972.73 I R .MW_w“fwf;.mﬁﬂm__mu!w;,
.. . o ‘ - | | .Q _ L ) .
Studentﬁs Name: - — U | | |
ProjectlTitle: . | \ - o | '

_Duration of grojecc- 1 '{; ___to
Today's Date: W‘ l

Please summayize your experiences to the above projecc b§7answering the following
items, Use your EJ log as a reference in organizing your responses. -

a. List. and describe several of’ the resources you found most helpful in your R
work on this project -

“‘. .

b._ List and describe briefly several ideal ‘that you generated as a result -of

your projecc work ' L




. . M .- R . . oy
A

. €, Lisc and descf)be briefly sevetal of" the accomplishments thac best reptesent

your efforts on chis project _ ‘
— s T .-~ 0 ) ' Ve . 4 e . e ‘. . . ‘- e e e P -
5 ) ' t
13 v 4 }..‘ .
v .
! Al 4
v ‘ “e‘
s i
. @
v
d. Rate the quality of your contributions to the project team by <circling one:
, : . “ - L ’
‘ . Excellent .. Good"* Fair Poor R -
Defend your rating with data from your 10g and be sure to make reference to
. your original contract in the proposal N\
3
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result of your project work, what did you learn?:
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