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ABSTRACT
A description of the first two quarters of the

beginning physics course at the University of California at Irvine is
given. Lectures, films, student-computer dialogues and weekly
assignment sheets dealing with special problems are used with much
student choice allowed. Computer dialogues are used for proof
learning, remedial mathematics, and simulation of physical systems.
The general thesis is that the computer is a new but rapidly
developing tcool in instruction, a tool which has a selective
potential for allowing different students to learn in different ways.
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My tactics in ny brizsf time will be as foliows: First, like Martin Luther, I will tell
you my basic theses. Second, I wili jliustrate them by Jdescribing a course taught the past
three ycars, and {inally I will briefly restate my positiomn.

Thesis I: Different students learn in different ways.

Most teachers would agree, but practically all courses seem to 1gno e student dvffercnc:s.
¥ost courses arc rigidly structured, with only one path teo success and only one set of learning
materials., An cnvironment truly responsive to students must have z variety of meterials and

techniques for icarning. .

‘Thesis II: We are only beginning the task of learning how to usec computers in educatioa.

I worry grcatly about teachers who feel that they a1rea{X know all the answers. We have 2
long way to go, and theoreticzl anzlysis will not tell Us how to nﬂploy ccmputers effectivaly,

8
Hence wec want
us

2
to maintein flexibility, and we should be prepared for long years of trial and
error while usi

ng Computéers in learning. .

Thesis IIl: Useful ways to involve computers in teaching may depend on subject matter
involved. .

What is highly effective in physics may turn out to be useless for literature. This is
obvious wWith computationzli uses, which are tailored for a specific need. It is perhaps less
obvious with otiher types of usage. vwhile we may find techniques which transcend Sub:ect matt
boundarics, we will continue to nced specific technigues for individval areas. -

Thes

o,

is IV: It is wise to retain all usage modes for computers in every learning situation.

Computational, tutorial, simulatoriazl, managerial, 2znd other modes as yet unnamed may 2
prove to be cf great importance in education, Further, in view of Thesis III, a mode worthl
in cne discipline may "be valuable in another area. :
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Thesis V: We should ccntinue to develop ways of learning independent of ‘computers,
) Scie arecas and some students may profit from other techniques. Many powerful learning
cols cxist. The film can be used interactively with computers as a verf effective learning
medlum Furthernmora, in some areas, nothing cumpetes ir teaching effectiveness with 2

student's experience 1r wotking precblems. Thus, I am not in sympathy with the '"whole courscg™
approach tc¢ cocmputers $n education, where the conputer becomes the soles rmedium. Todey we don
¥new enough to use computers exclusively, and we mey never want to.
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of 211 learning is with s;udents--40°s the natcrla;, computer oOr
» lead to some type of learning for some students? :

Aill ecducational naterials need to be widely used and continuslily modified cn the basis of
students' experience,

So ruch for =y theses, which I aow hops to illustrate. . The course I zm zbout to describe
is only a first epproach to these ideas., It comprises the first two guarters of ths five '
cuarier beginning science and engineering majors' physics course at Irvine. It is, 1ike much
else in educztional computer usage, an early endeavor, cne that I suspect will seewm crude when
We finglly learn hovw to use ;crnuters effectiveliy. The average enrollment has been 160

tudents.
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At the beginning the student is given 20 weekly assignment shects. Each sheet specifies
the subject area covered and the lcarning devices and modes available for that topic. A
typical weekly sheet is shown at the end of the paper. The course has a text (prepared zt
Irvine), and each week's assignment suggests something to study frem the text and from
references. Often The Feynman Lectures are referenced to-go along with the week's assignment,
and also references are made to books at other levels, to accommodate the variety of students.

This course, llke many phy51cs courses, is oriented toward the precblems. Assignments
contzin both required problems and optional problems. The computational aspects of using the
conmputer mzke themselves felt here; some of the problems can be handled only by means of the
computer, The overall effect of the computation mode on the course 1s tremendous, affecting
the type and level of material the student is capable of dealing with. Thus even the beginning
student can immediately start using the laws of motion as differential equations and can study
the behavior of many physical systems. I will not descrlbe this aspect xurther as I have
alrezdy done so a number of times. ‘

Films are used in three ways. First, we have two loop boxes, which show a loop on a rear
screen projection system each time a button is pressed. Films in these boxes appropriate to
‘the course are announced on the weekly assignment sheet. One "lecture'" period per week is-uscd
for long films. These films do not necessarily tie closely with.the material of the week, but
are often motivational. Finally, short films are occasionally used in lecture when they fit in
dynamically with what is happening. :

The student is encouraged to think of the two lectures each week as only one of the
learning devices in the course; his attendance presumably aepends on how effective he finds the
lecture as an aid to working the problems. (Most students come to most lectures.) We do not
believe, from querying our students, that students are willing to give up lectures entirely at
present. Whether or not they are effective learning devices, students still want then.

The aspect I will discuss in most detail is the student-computer conversation, the
dialogs, available continuously during the quarter. We have wondered about where within
physics, and with what kinds of dialogs, we could hope to get extra leverage in teaching.
Therefore we have not tried to computerize everything, trying always to be highly selective.

une type or O.ld..Log we nave siressed Can ve GeESCTived as the interactive y;vu: J;a‘ug.

These dialogs can be used by students as replacements for, or supplements to, lectures. The
main objective is to. involve the student in proving the 'main line’, often difficult, results
on which the course depends, changing these proofs from the passive experience they are for
many students in lecture and reading into an active experience where the student tries to make
the critical steps, first. alone, then with increasing assistance. An example of a student use
of a diazlog from the second quarter appears at the end of this paper. -

Another type of dialog is being described by Mark Monroe at this meeting. We try to
assist the student with a problem he has attempted unsuccessfully. As indicated, the course is
problem-oriented; week after week the students face the +ask of working problems difficult for
them. To develop the art of working such problems is the main gozl, rather than to yield any
particular physical information. The student who has direct difficulty with the problem can
seek out the instructor, but in a large course this may not be feasible at the moment when he
needs assistance. The dialogs can, hopefully, aid him. The easiest time to write such problexn
assistance dialogs is just after the problem has been assigned in class.

A third use of dialogs is for Temedial mathematical assistance. The mathematical
limitations of students often present a major pedagogical problem. Thus when we want to use
complex numbers, we are often hindered by the very mixed background of the class. Furthermore
those who have had exposure may necd review. - One doesn’t know whether to lecture, and bore
half the class, or assign reading which might not match the level 5f some. The diagnostic-
remedial dialog such as our complex number dialog tries to determzie what the student doesn't
know, and then it assists hinm.

The fourth type of dialog used in the course is a simulation of a physical system; this
year we have had two examples. Onc was a simulation of a lunar lznding, from iriends at
Berkeley (Steve. Derenzo and Noazh Sherman). Knowledge about motiom at constant acceleration is

sufficient to provide a successful landing. Variants of this progrem are common. A second
" sinulation is, from a pedagogical point of Vlem, more ambitious bzcause it attempts to teach,
throucn 2 measurement-type discovery procedure, an important property of waves, the travelllng
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pattern idea. It was developed jointly by mysclf and John Robson of the University of
Arizona. A small part with student output underlined appears at the end of this paper.

Dialogs when. first written, even by the best of 1nstructors, often turn out to be pcor;
none of us is good enough to anticipate all the right responses, 2all the reasonable wrong
Tesponses we should respond to, etc. So as the student is using the dialog, we file responses
we cannot znalyze and other in¥ormation about his progress which may help us to improve the
dialog for future students. Thus gradually we make the dialogs more effective through
extensive use with students and ;hrough successive revisions.

Since the dialogs are not required--like the lectures, they are used by students *ho they
feel they help with problems--we zlso want to find which students are using which dialogs, and
whether this use affects their performance. In spite of the large effort required one must
always remember that the dialog mighc¢ turn out to be useless, so that no amount of improvement
through usage will produce a viable teaching program. Edwin Taylor at MIT has suggested that
one way of telllng vhat is useful is by letting students decide. Hence our system records

dialog usage.

This is just one course. I hope that many other courses in physics, and in many other
areas which use computers, will be developed. I believe that we should have a thousand flowers
blooming. I realize that many of them, probably .even some of my own, will be ugly. The
botanist knows that not 211 flowers end up in elegant, cultivated gardens. Only through
careful breeding over many years can we find the desirable types., And in our responsive
learning envircnment, an environment responsive to student needs, many flowers besides the
computer flowers will also be blooming.
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(Program continued on the next page)
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