COMPUTERS IN PHYSICS INSTRUCTION

GUENTER SCHWARZ, ORA M. KROMHOUT and STEVE EDWARDS

In a rapidly growing field computers talk to
udents, simulate experiments, calculate and perform many

special tasks. Problems remain to be solved, but if
advantages are exploited and costs reduced, computers should
‘become effective, uncomplaining tutors.

PHENOMENAL IMPACT of the mod-
. digital computer on our society
 not bypassed physics instruction.
aariy as the late 1950’s and early
research was going on at the
ersities of Michigan and Illinois
computers in science and engineer-
education. Development of the
‘was stimulated by two conferenc-
in 1965 at the University of Califor-
Irvine, and the University of
ington. The reports on these
nces are basic references for
wishing to look further into the
2 The number and variety
ent projects in the field is in-
g rapidly, as indicated by the
. devoted to the subject at an-
eetings of the American Associ-
f Physics Teachers.

have made a survey of com-
ssisted instruction projects in
and have explored the differ-
teachers are using their ma-
They are finding many appli-
with the computer functioning
v fundamental roles. In the fu-
ey will, we hope, avoid the dif-
s of computer instruction and
he unusual properties until the
becomes a patient, effective

tutor at a cost as low as 25 cents per
hour per student.

MODES OF USE

For computer-assisted instruction the
machine is used in three distinct
modes and also in some special ways
not included in any of them. In one
mode it can take the tedium out of
problem solving and thus increase the
effectiveness of problem solving as a
way to learn physics. In a second it is
programmed to “converse” with its
student and thus become his “tutor.”
In a third mode it can simulate exper-
iments and provide either raw data or
graphical summaries of them. In spe-
cial applications it can generate such
things as motion pictures and circuit
diagrams.

Computational mode

Problem solving is generally accepted
as a successful way of learning phys-
ics, but sometimes the calculations be-
come so difficult and time-consuming
that the student loses sight of the
physics involved. The efficiency and
versatility of the computer can save
student time and allow the assignment

of more basic and realistic problems.

An example is Alfred M. Bork’s
project on the principle of least
action.® As the student draws curves
of displacement as a function of time
for a particular physical system on a
Rand tablet, the computer calculates
the Lagrangian action for this curve.
A Rand tablet is an input device com-
prising a sheet of Mylar with a grid of
copper lines. Capacitive coupling to
a stylus tells the computer where the
stylus is touching the tablet. After
the computation the computer dis-
plays the value of the action on the
cathode-ray tube of the terminal. As
successive curves are drawn, the com-
puter will keep the one with the smal-
lest action integral on the screen and
show the value of the action. With-
out doing any actual computation, the
student can approach the curve of
least action. The purpose is not to re-
place analytic techniques but to allow
the introduction of the idea of least
action and variational principles at a
much earlier stage in a physics course.

Conversational mode

In another mode the computer is pro-
grammed to give instruction, ask ques-
tions and react to responses through a
typewriter or a cathode-ray tube as il-
lustrated in figures 1 and 2. We call
this the “conversational mode.”

Computer languages use the versatil-
ity of the machine to make computer
responses reasonably lifelike, approxi-
mating a conversation between the
student and his tutor.

The eviza program developed at
Massachusetts Institute of Technology
permitted tutorial conversation in En-
glish between a student and either one
of the MIT time-shared IBM-7094
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computers, It has a sophisticated abil-
ity to recognize what the student is
saying by attempting to match his
input sentence to a series of patterns.
The system and some impressive illus-
trations of its capabilities have been
described by Joseph Weizenbaum.*

Edwin F. Taylor® used ©evLiza to
provide automated remedial tutoring
in topics on special relativity. After
an initial interview with the computer,
the student reads selected references
on the subject and attempts to do ex-
ercises. Then he “discusses” the exer-
cises with the computer, He is given
opportunities to control the course of
the conversation, as illustrated in fig-
ure 3. Taylor concludes that the
experiment was successful in that the
students interviewed preferred this
method of exploring the topic to the
lecture method.  Students showed
“little inclination to accept leadership
in their own studies,” however, and
felt that “the computer was in charge
of the learning process rather than
they themselves.”

Although this mode seems closely
derived from programmed instruction,
it is much more versatile and powerful
because of the evaluative and decision
logic of the computer. By telling the
student instantly whether he is right or
wrong and why, the computer pro-
vides the immediate reénforcement or
correction so helpful to learning. Tt
can be programmed to present audio-
visual materials at appropriate places
in a lesson. By response-dependent
branching the computer can guide a
student through a sequence of ques-
tions designed especially for him. Tt

can give him a quiz, tell him his score
and branch him to appropriate study
materials,

Simulation

A promising computer application is
simulation of experiments. A given
experimental situation is represented
by an equation or set of equations pro-
grammed into the computer. After
the student specifies a set of initial
conditions, the computer generates
data such as those the student would
gather in an actual experiment. The
student does not have direct access to
the simulation program itself, and his
objective is usually to determine these
relationships from the data, just as in a
real experiment, by curve plotting and
data analysis.

The simulation program can be
written so that the data generated by
the computer include uncertainties
corresponding to experimental error.
Also, values of parameters can be var-
ied from one presentation of the prob-
lem to the next by generation of ran-
dom numbers within a given numerical
range.

Even though a simulated experi-
ment cannot replace the experience a
student gains from handling appara-
tus, it can serve as an extenson of the
laboratory by removing, in some cases,
limitations caused by cost of equip-
ment, considerations of safety and ex-
cessive time the real experiment would
take.

A possible extension of this tech-
nique is for the student to write his
own programs as a study in simple pro-
gramming as well as in developing

theoretical models, which he then ey
test with numbers. Simple languages
permit students to store their own pro.
grams in the computer for future yse
For example, a student can write, tes
and store his own data-analysis pro.
gram and then use it with both res
and simulated experiments,

Science Research Associates has de-
veloped a series of simulated experi-
ments in elementary physics and chem- |,
istry. In the familiar inclined-plane |
experiment illustrated in figure 4, the
student can specify the ramp angle
and the masses of the two bodies, and
the computer will provide data on
the displacement of the bodies as a
function of time. The student can
write programs to calculate speed, fric- :
tional forces, tension in the rope, ete, #
He can also repeat the experiment .
varying ramp angle and the masses, ¢

Films and other applications b

A unique method for producing ani- »
mated films uses numerical solutions &
of differential equations provided by *
the digital computer, Plots of states of
the system at successive times are dis-
played on a cathode-ray tube and _
photographed on motion-picture film."
An excellent example of the visuali-
zation made possible by such movies is
the formulation by Abraham G. Gold-
berg, Harry M. Schey and Judah
L. Schwartz? of one-dimensional
quantum-mechanical transmission and 1
reflection phenomena. As illustrated
in figure 5 it shows how a Gaussian .
wave packet impings on a square ..
well or barrier. b
A dramatic display of relativisticef-
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i WHICH SCRIPT PLEASE
canvec

5 WOULD YOU LIKE ME TO RESTATE THE PROBLEM FOR YOU,

yes

THREE FORMS:

1. (A, 0, 0, 0)
2 (o, 0, 0, A)
0OR 3. (A, 0, 0, A),

RATHER THAN DEVELOP AN ALGEBRAIC

SEE WHAT WE CAN COME UP WITH,

3 WOULD YOU LIKE TO CHOOSE THE COMPONENTS OF

i SHALL 1.
8 you, please

[ THREE SPECIAL FORMS THIS
THROUGH .
& the first

OK, LET'S SEE IF YOU'RE RIGHT,
HOW ARE THE COMPONENTS OF A
REFERENCE RELATED TO THE

NOT PROGRAMMED, TRY ANOTHER ANSWER,
by the lorentz transformations

RIGHT.,
4 IN ORDER TO PERFORM A LORENTZ
= COMPONENTS OF THIS 4=VECTOR, WE

- DIRECTION WOULD YOU PROPOSE.
¢ In the direction of r

1 MAY CONTINUE, LET ME PROPOSE A
SPATIAL PART OF THE ORIGIMAL L-VECTOR,

GIVEN A L=VECTOR V=(VT, VX, VY, V1), SHOW THAT THERE
AN INERTIAL FRAME OF REFERENCE IN WHICH V HAS ONF OF THE

PROOF FOR
M-VECTOR, LET'S TAKE A LOOK AT SOME PARTICULAR L-VECTOR AND

ALL RIGHT, LET'S TAKE THE VECTOR (5, 2, -2, 1).
BEFORE WE GO ON, MAKE AN "EDUCATED GUESS' AS TO WHICH OF THE

VECTOR WILL TAKE WHEN WE ARF

k-VECTOR
CORRESPONDING COMPOMENTS OF THE
SAME 4-VECTOR IN ANOTHER FRAME OF REFERENCE.

the squared Interval, vieel=(vxeeleyyseleyzeel), |s the same

TRANSFORMATION ON THE
SHOULD DECIDE ON WHAT
DIRECTION TO PICK FOR THE RELATIVE VELOCITY BETWEEN THE LAB
i FRAME AND THE NEW FRAME (CALL THIS VELOCITY BETA OR B). WHAT

SORRY, BUT | CANNOT YET INTERPRET YOUR RESPONSE.
DIRECTION
YOU ARE PROBABLY NOT

FAMILIAR WITH THE

EQUATIONS WHEN THE DIRECTION OF MOTION IS NOT ALONG ONE OF
THE COORDINATE AXES.

FIRST.

EXISTS SYSTEM,

(5,0,0,3)

RIGHT .

NOW PERFORM A LORENTZ TRANSFORMATION ALONG THE NEW I AXIS,
HOW WILL MOTION IN THIS DIRECTION AFFECT THE
THE 4=VECTOR ALONG THE NEW X AND Y DIRECTIONS.

it will not

A GENERAL THAT IS CORRECT,

THIS VECTOR OR 1)

GOO0D.

IN FACT WITH B =
THE TRANSFORMED VECTOR V NOW HAS THE COMPONENTS:

(A,

IN ONE FRAME OF

yes

THIS IS THE EXTENT OF THE CURRENT PROGRAMING.

why not

S0 THAT WE
PARALLEL TO THE

answer properly,

THANK YOU AGAIN.

ROTATE THE SPACF AXES UNTIL THE
ROTATED COORDINATE SYSTEM LIES ALONG THE SPATIAL PART OF V.
PLEASE TYPE IN THE COMPONENTS OF ¥ IN THF ROTATED COORDINATE

NEXT LOOK AT THE T AND NEW I COMPONENTS.
THE VELOCITY, B, FOR WHICH ONE OF THESE COMPONENTS VANISHES,
HWHAT IS THIS VALUE OF B,

( &,0, 0, 0, 0)

THE ORIGINAL VECTOR HAS NOW BEEN TRANSFORMED TO ONE OF THE
STANDARD FORMS, HNAMELY:

0, 0, 0}

HENCE YOUR ORIGINAL GUESS WAS CORRECT,
NOW THAT YOU MAVE WORKED THROUGH AN EXAMPLE IN
YOU SEE HOW A SIMILAR PROCEDURE
ARBITRARY 4-VECTOR,

WOULD YOU LIKE TO TRY ANOTHER VECTOR BEFORE YOU GO,

THANKE YOU FOR YOUR COOPERATION.
ABOUT YOUR INTERACTION WITH THIS PROGRAM WILL GREATLY ASSIST
US IN IMPROVING ITS CONTENTS,

the question about which direction to choose Is hard to

GOODBYE.

FORM OF THE LORENTZ TRANSFORMATION

THEREFORE, LET'S SIMPLIFY THE PROBLEM
THE Z-AXI5 OF THE

COMPONFNTS OF

THERE 15 A VALUE COF

CONGRATULATIONS.
DETAIL, DO

COULD BE APPLIED TO AN

ANY COMMENTS YOU MAY HAVE

' CONVERSATION WITH COMPUTER, typical of MIT eLiza program. Computer speaks in capital let-

ters; student in lower case.

« fects has been developed by Schwartz
wand Taylor® of MIT. The operator
iican control the acceleration of an
«/imaginary “rocket car” by touching his
Jlight pen to the “accelerate” control
line on a cathode-ray screen and ob-
wserve various relativistic effects such
as the apparent shape of the “tele-
gl)lone poles” lining the road (figure
Other instructional computer uses
‘are in on-line control of experiments in
the advanced laboratory and the use
tﬂf large memories as data banks with
rapid access through efficient informa-
tion-retrieval systems. In a computer-
Jbased calculus course that is currently
bﬂl@ developed® students use the
mputer to calculate limits and do
\ epsilon-delta continuity calculations
numencally Thus they actually ex-
frj.i’el'ltn‘n:e what convergence means.

y
o SURVEY OF PROJECTS

;.iwe have surveyed representative com-
=£'Pﬂtel'—asslsted-mstruchon projects in
and offer brief descriptions of
ﬁlem in the table on pages 46 and
dﬂ The tabulation does not, of
si

Towards the end computer misreads “why not”

course, include all projects. For in-
stance, more projects than the table in-
dicates use small computers such as
the IBM-1130. They may be the best
approach for many schools. There are
also high-school projects, for example
at the Thatcher School in California,
Polytechnic Institute of Brooklyn and
the Florida State University Interme-
diate Science Curriculum Study
program.10.11

Instructional use of the computer
requires languages that can be used

INCLINED-FLANE DIAGRAM  pre-
sented to student in simulation of experi-
ment. He is asked to specify ramp angle
and masses of two bodies; computer pro-
vides relevant data. —FIG. 4

(reference 5).
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—FIG. 3

by the course author with minimal
training.’®> The variety shown in the
table reflects the adaptation of lan-
guages to particular computers and
modes of use. Some of these langu-
ages require no training of the student
who uses the program, and most can
be learned in a very short ime com-
pared with standard programming lan-
guages.

SPECIAL CAPABILITIES

Properties that are unique to comput-
ers lead to the introduction of some
quite new teaching methods. Simple
languages and time-sharing terminals,
for example, are making the computer
ﬂ]n]OSt a Lll‘li\"e]'sa] tOO] on some cam-
puses. Special materials are under
development, and some courses are
given entirely with computer instruc-
tion. An important by-product of ap-
plications is useful information about
the performance of students—both as
individuals and as groups.

Computational applications

Dartmouth College, in setting up its
time-sharing computer system,’® decid-
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ed to make its use so convenient to
students and faculty across the cam-
pus that it would become an essential
and habitual part of the educational
process. The success of this project
arises largely from the ease with which
the system can be used and from the
development of a simple language
(Basic), a combination of elementary
algebra and almost ordinary English.
About 80% of Dartmouth freshmen
learn to write and debug their own
programs in two one-hour lectures.
Second-year physics students have
used the system to explore the bound
states of a particle in a one-dimen-
sional square-well potential in coor-
dinate and momentum representa-
tions.'* The terminal types out a re-
quest for a trial energy and the sym-
metry of the function. The student
supplies this information, and then the
program numerically integrates the
Schrodinger  equation and, if re-
quested, plots the function on the ter-
minal typewriter. By successive trials
of input energies, the student finds the
eigenvalue and can have the computer
plot the eigenfunction. These results
A

f

further explorations

5 TODAY

in other programs. Use of the Dart-
mouth computer in physics instruction
is expected to increase. perhaps in the
direction of a freshman laboratory or-
ganized around the computer.!?

During the summer of 1968 the
Commission on College Physics spon-
sored a workshop at Irvine. Materials
developed could be used with a num-
ber of different languages and com-
puters. One monograph titled “In-
troductory Computer-Based Mechan-
ics: A One-Week Sample Course,”
edited by Ronald Blum, has been pub-
lished by the commission.’ Tt consists
of a student manual and a teacher’s
guide for three successive lectures and
one laboratory session. No previous
knowledge of calculus or restoring-
force laws is required, but one lecture
on simple first-order methods of inte-
gration is provided. The student is
shown how to convert the equations
into computer-program statements, fi-
nally arriving at the solution of the
harmonic-oscillator  problem.  This
section is available in four languages:
BASIC, FORTRAN, joss and pL/1, A
second monograph will cover other re-
sults from the codperative session.

Conversational applications

At the Florida State University com- '«
puter-assisted-instruction  center, a

complete computer-guided one-term

course in introductory noncalculus
physics has been given, for credit, to
two groups of nonscience freshmen.!”
There were no “live” instructors or for-
mal class sessions. Students came to
the center by individual appointment
and proceeded through the 29 lessons
at their own rates. The lessons con-
sisted of audio-tape lectures illustrated
by film-loop demonstrations and some
of the Physical Science Study Com-
mittee movies. An IBM-1500 com-
puter system was used to direct ﬂlﬂ
student through the course, quml!fm
on assigned text reading before lettiig -
him start each lesson, ask him ques-

tions on the materials covered in ea! *i

=

"

& &N F N g N &

&

lecture and movie immediately afer
its presentation, and keep track thi’ 3
answers and performance throughoi
the course. k
One of the by-products of usin
computer in this mode is the col
and analysis of detailed data on
student'’s performance.  Objé




RELATIVISTIC EFFECTS shown on still frames from a com-

puter-made film (reference 8). Shapes and orientations of tele-
phone poles have seemingly changed at different speeds of imagi-
nary rocket car. Left-hand number below frame gives number of
poles passed; center number gives value of v/¢; upper right-hand
number gives time on adjacent road clock in stationary road

frame; lower number gives time on clock in car as seen from the
road. Scale below v/c value is “accelerate” control line. Letters
are student controls: touching X with light pen causes car to
restart from beginning; F freezes motion; A causes car to ac-
celerate at rate set on center scale, and C causes it to coast at
constant speed. —FIG. 6

THE CENTER ITEM ANALYSIS SUMMARY DATE 04=-16-68
COURSE P107
1
IDENTIFIER N 1D Ni1) P.Cs AVG LAT S«Da 1D N(I) P.C. AVG LAT S.Da 1D NL1) P.Cus AVG LAT SaDe }
20C01L 23 uu 23 100.0 6.84 9.930 [
20Co02C 23 Cl 22 95.6 12.71 BalT4 1 4.3 6T .60 0.006 !
20C03C 22 Cl 1T Tis2 13,93 17.918 uu i 4.5 30.90 0.006 Wl 3 13.6 14.10 BaTT4 :
w2 1 4.5 23,40 0,006
20C04C 22 Cl 22 100.0 11.80 B.659 :
20C05C 22 Cl 11 50.0 30443 12.828 uu 1 4.5 18.40 0,004 We B 36,3 30.99 15,071
W3 2 9.0 29,40 5.400
20C06C 22 Cl 18 8l.8 12.28 B.213 uu 1 4.5 34.80 0.010 W2 2 9.0 R.05 0,050 |
W3 1 4.5 27,40 0.003 |
20C07C 22 Cl 15 68.1 .48 5.184 W2 5 22.7 T.0T 3.105 W3 2 9.0 16.30 4,099 |
20C08C 22 Cl 18 Bl.8 21.91 13.999 Wl 4 18,1 17.20 5.117 |
20€09¢C 22 ¢l 21 95.4 11.45 7.737 Wil 1 4.5 6440 0.001
20c10¢ 22 €1 21 95.6 21.13 21.493 W3 ] 4.5 12.00  0.000
20C10R 22 uu 22 100.0 14,94 14.690 I
21401C 29 (4 | 28 96.5 14,38 15.499 w2 1 3.5 10,00 0.000 |
21a02¢ 29 ¢l 22 75.8 18,77 16.715 Wl 7 26,1 34,11 21.440
21403C 29 cl 22 T5.8 15.74 20,102 uu 1 3.4 26450 0.000 LF 6 20.6 12.56 B.235
21404C 29 c1 24 B2.7 17.75 15.464 w2 5 17.2 22441 12.330
21801C 22 ¢l 15 6B.1 20,58 13.968 W2 6 27.2 15.79 6,893 W3 1 4.5 13.90 0,001
21801F 22w 22 100.0 3.74 2.336
21802¢C 22 61 9 40,9 44,96 14.048 Wl 11 50.0 32,75 14.18B8 W2 1 4.5 41.30 0.008
W3 1 4.5 13.90 0.001 |
21B03C 22 Cl 16 T2.7 10,81 b6.053 LK 5 22.17 24,78 12.766 W3 1 445 B.50 0,000
218040 22 c1 15 6B.1 3B.52 23.421 WU 7 31.8 44,41 26,020
e B
STUDENT ANALYSIS. Partial printout of program from correct answer; W, designates recognized wrong answers; UU

Florida State Physics 107 course shows total class performance
for each question. Meanings of column headings are as follows:
INDENTIFIER designates each specific question to which a stu-
dent is asked to reply. N is total number of students who
‘answered the question; ID describes type of response (Cl is

is an unrecognized response); N(1) is the number of students
who chose the response identified in the previous column; P.C.
represents N(1)/N in per cent; AVG LAT is the “average la-
tency” or average time in seconds taken by students to make that
response; S.D. is standard deviation of average latency. —FIG. 7
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quantitative information of this kind
has not been available to the instructor
in the past. It can be used to improve
overall strategies of teaching as well as
help with the evaluation and revision
of specific questions. For example,
one can conclude from the typical
printout shown in figure 7 that ques-
tion 20C04C provided no discrimina-
tion because all students answered
correctly whereas question 21B02C
may be too difficult since only 40.9%
gave the correct answer on first pass.

Students interviewed at the end of
the course for the most part liked the
method, particularly the freedom to
arrange the hours for their lessons and
to set their own paces. On the aver-
age they performed at least as well on
the same examinations as did their
“classmates” in the conventional lec-
ture section. Several students felt,
however, that this presentation is best
suited to the student who is good at
“digging things out for himself.”
They emphasized the need for capa-
ble and easily available proctors to
help with operational problems as well
as to answer physics questions.

Simulation applications

Robert E. Lindsay has told us of an
intriguing example of simulation, It
is the set of electricity and magnetism
problems developed at the Thomas ].
Watson Research Center of Interna-
tional Business Machines. Models of
classical experiments are being devel-
oped, depending heavily on the
graphic capability of the IBM-1500
system and its cathode-ray-tube termi-
nal. Student interaction is accom-
plished entirely with the light pen al-
though use of the keyboard and combi-
nation interaction are planned. For
example the student might wish to per-
form the experiment “Multiloop DC
Network.” The screen displays a dia-
gram of the network, which includes a
dc source, five resistors, and three
switches as shown in figure 8. It also
displays a diagram of a multimeter
with the words amp and voLt, which
can be made to serve as an ammeter
and voltmeter by touching the appro-
priate word with the light pen. In the
lower left-hand corner of the screen
are the words DATA, SHOW, HELP, AN-
SWER, and CIRCUIT.

When the student is ready to per-
form the experiment, he touches
circuit. To determine the values of
the resistances, which are randomly
generated for each new experiment, he
must connect the meter into the cir-
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Representative
Computer-Assisted
Instruction Projects

In Physics

NOTES FOR TABLE

* A = precollege
B = introductory college, noncalculus
C = introductory college, calculus
D = higher courses

t Comp = computational
Conv = conversational
Sim = simulation

{ ADDRESSES: Ronald Blum, Commis-
sion on College Physics, 4321 Hartwick
Rd., College Park, Md. 20740; Alfred M.
Bork, Physics Dept., U. of Calif., Irvine,
Calif. 92664; Robert W. Brehme, Physics
Dept., Wake Forest U., Winston-Salem,
N.C. 27106; Wallace Feurzeig, Bolt,
Beranek and Newman, 50 Moulton St.,
Cambridge, Mass. 02138; Keith A. Hall,
CAl Lab., Penn. State U., University
Park, Pa. 16802; Duncan Hansen, CAl
Center, Florida State U., Tallahassee,
Fla. 32306; John L. Jones, Physics
Dept., US Naval Academy, Annapolis,
Md. 21402; Robert E. Lindsay, Thomas
J. Watson Research Center, Yorktown
Heights, N.Y. 10598; Arthur Luehrmann,
Dept. of Physics and Astronomy, Dart-
mouth College, Hanover, N.H. 03755;
Joseph Mill, SRA, 259 E. Erie St.,
Chicago,lll. 60611; John D. Nixon, same
as Jones; Norman Plyter, Computing
Center, State U. of N.Y., Brockport, N.Y.
14420; Nancy Risser, Computer-Based
Educational Research Lab., U. of Illi-
nois, Urbana, Ill. 61801; Peter Roll, 148
Physics Bldg., U. of Minnesota, Minne-
apolis, Minn. 55455; Ronald C. Rosen-
berg, Mech. Engr. Dept., MIT, Cam-
bridge, Mass. 02139; Judah L. Schwartz,
Education Research Center, MIT, Cam-
bridge, Mass. 02139; Guenter Schwarz,
CRICISAM, Florida State U., Tallahas-
see, Fla. 32306; Malcolm H. Skolnick,
Instructional Resources Center, State
U. of N.Y., Stony Brook, N.Y. 11790; Carl
R. Stannard, Jr, Physics Dept., State U.
of N.Y., Binghamton, N.Y. 13901; Edwin
F. Taylor, same as J. L. Schwartz;
Anton F. Vierling, same as Jones; Karl
L. Zinn, Center for Research on Learn-
ing and Teaching, 1315 Hill St.,, Ann
Arbor, Mich. 48104.

{ Seattle Conference on New Instruc-
tional Materials in Physics (1965).

i

Pro-
ject Institution Materials covered
1| U. of Alaska, Introductory quantum
Reed College mechanics and refaf
2 | Bolt, Beranek & Introductory physics,
Newman problems testing uss,
mathematical models
3 | U. of California, | Classical mechanics |
Irvine ’
4 |ccPand U. of Mechanics
California, Irvine
5 | Dartmouth College | Square-well problem,
Optics lab calculations,
Vibrational spectrum,
density of statesof a
square lattice. L
6 | Dartmouth College | Orbits under variousﬁur"?
laws. Field and potenti~
plotting. Charged
particles in e-m fields, _
7| Florida State U General physics L
8 | Florida State U. General physics .
9 | Harvard U. Mechanics i
Retarded time
10 | Harvard U. Principle of
least action
11 | U. of lllinois Auger electron experi: *
(CERL) ment, other projects
under development
12| MIT Quantum mechanics
Electrodynamics
13| MIT A topic in special o
relativity
14 | MIT Dynamic systems !
(introductory) =
15| U. of Michigan Topics in general -T!
physics -1
16| U. of Minnesota | SHM; integration of F4!
MA for one dimensiof
7 1
17 | Pennsylvania General physics -
State U. '
18 | Reed College Classical mechanics &
o
i,
S~
19| U. of Rochester Mathematical toolsfor &
elementary physics a
20 | Science Research | Introductory physics ¥
Associates and chemistry
21| Seattle Geometric opticsab
Conference unit; topics in intro-
ductory and inter:
mediate physics
22 | SUNY, General physics %
Stony Brook 4
23| SUNY, General physics %
Binghamton =
24| Thomas J. Watson| Electricity and oy
Research Center | magnetism __,3&
25| US Naval 50 programs treating 4
Academy problems in MECHEE
electricity and
magnetism :
26 | US Naval General physics iy
Academy;
NY Inst. of Tech. =
27| Wake Forest U.; | General physics
MIT




Terminal Refer-
i Scope Mode+t Status of testing Computer Language type Contact] ences
Problems, Comp 2 classes IBM-1620 FORTRAN Console Bork 21,22
Lab sessions IBM-1130
Problems Comp, Preliminary PDP-1 TELCOMP, TTY-33 Feurzeig 2
conv, sim, |research PDP-7 STRINGCOMP, CRT
others SDS-940 LOGO & others
Problems covering Comp Beginning with IBM-360/50 ISIS, PL/I, IBM-2741 + Bork 23
one quarter 160 students CAL card reader
One week Comp To be tested in I1BM-360/50 FORTRAN, JOSS | IBM-2741 Blum 15
January 1969 GE-635 BASIC, PL/I TTY-33
SDS-940
Short sections Comp 2 years GE-235 BASIC TTY-33, Luehrmann | 14
GE-635 -35, -37;
Datanet-30 Friden
Problems Comp, sim |1 year GE-635 BASIC TTY-33, Luehrmann
Lab projects -35, -37;
Friden
One quarter course Conv Complete course given | IBM-1500 COURSEWRITER | CRT G. Schwarz | 16, 24
twice, for credit 1l (1BM-1510)
Short tutorial sections | Conv 2 years 1BM-1440 COURSEWRITER | Typewriter Hansen 25
for one quarter course 1 (I1BM-1050)
D | Particular topics Mixed Not yet class tested 1BM-360/50 TOC Special Bork
(The BRAIN)
1or2 hours Conv Selected students, PDP-1 ASSEMBLY DEC-340 Bork 3
Graphic may be class tested DECAL (CRT)and Rand
soon (lrvine) tablet with pen
One experiment Mixed Under test CDC-1604 Modified FOR- Special Risser 26
TRAN; special (CRT and TTY)
teaching lang.
Film loops Computer- PDP-7 FORTRAN DEC-340 J. Schwartz | 7, 8, 27,
made films 28, 29, 30
One week Conv Used with a few IBM-7094 ELIZA Typewriter Taylor 5
students (IBM-2741)
Short introductory Sim IBM-7094 Special TTY Rosenberg 31
sections based on (CTSS)
problems
Short sections Conv Tested with a few 1BM-7010 COURSEWRITER | Typewriter Zinn
students (I1BM-1050)
Short lab sections Comp Being used by large GE-265; BASIC TTY Roll
classes CDC-3300 FORTRAN
Course segments Conv Preliminary IBM-1410 COURSEWRITER | Typewriter Hall
investigations ! (I1BM-1050)
. | Problems Comp 60 students per 1BM-1620 FORTRAN Console Bork 17, 32, 33,
Lab sessions year, 4 years 1BM-1130 Joss 33;1 35, 36,
| Short sections Conv None 1BM-1401 COURSEWRITER | Typewriter Plyter
| (1BM-1050)
* | Short sections Sim, user Cursory IBM-1500 APL Typewriter Mill
! programs 1BM-360, other
- | Short sections Conv Optics tested at IBM-1440 COURSEWRITER | Typewriter Commission |1
’ SUNY, Stony Brook 1BM-7010 I (1IBM-1050) on College
] Physics
- | Pace exams Conv 1BM-1500 COURSEWRITER | CRT Skolnick
f (1BM-1510)
.| Short sections Conv, comp | Full course being 1BM-360/40 APL Typewriter Stannard
§ given (1BM-1050)
. | Laboratory Sim Under evaluation at 1BM-1500 COURSEWRITER | CRT Lindsay
' | simulations two universities I (1BM-1510)
/ Programmed Conv, comp |Course given once; GE-420 BASIC TTY-33 Vierling or 38, 39
¢ | problems worked testing and Jones
' | by students outside evaluation continue
+ |class
f One semester of Conv, comp, |In progress 1BM-1500 COURSEWRITER |CRT N‘ixoln or
. |two-semester course  |sim I (1BM-1510) Vierling
In general physics
R e —
Problems; review Conv Tested with two IBM-7094 ELIZA TTY-35 Brehme 40

/.
g

scripts

groups of students
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HELP

ANSUWER

MULTILOOP DC NETWORK displayed on cathode-ray tube of IBM-1500 system.
Student is required to make appropriate response with light pen during experiment.

Computer gives him data as he puts voltmeter and ammeter into circuit.

cuit. He does this by touching each
terminal and the node to which he
wants to connect it with the light pen.
Values of voltage and current will ap-
pear on the meter face.

The student can open and close any
switch by touching it with the light
pen, thus causing its position to
change. Other options for the student
are to touch pata when he wishes to
obtain a reading or experimental num-
bers, sHow to see a record of some of
his previous measurements and AN-
swer when he is ready to enter his re-
sults. Touching HELP brings him in-
formation necessary for the experi-
ment, including a statement of the
problem, instructions for making set-
tings, description of theory, useful con-
stants, ete.

OUTLOOK

It is clear from our table that the ma-
jority of computer-assisted-instruction
projects in physics are still in the early
testing stage. Detailed descriptions
available are more often proposals
rather than reports, and evaluations
are more speculative than conclusive.
Thus it is difficult to draw many gen-
eral conclusions about the usefulness
of these techniques although it is quite
possible to develop a real enthusiasm

for them and an optimistic outlook for

—FIG. 8

Bork, now at the University of Cali-
fornia, Irvine, was one of the first to
suggest that computers will play an im-
portant part in physics teaching,
“Advantages for both the science and
nonscience major include the excite-
ment generated by the computer it-
self, the possibility of seeing many
cases worked out and the detailed con-
tributions the computer can make in
overcoming some of the students’
mathematical limitations.”’” Bork ex-
pects that the real power of the com-
puter will come into play with the use
of visual terminals, making possible in-
structional modes that can
handled in any other way.

not be

Difficulties, effectiveness

Because much intermediate physics
consists of the application of differen-
tial equations to physical problems, it is
not surprising that many instructional
projects use the computer for their so-
lution. Rather than spend time on
mathematical methods of solution, the
student can use the computer program
for them and concentrate on physical
interpretation. This great advantage
must be evaluated in the light of possi-
ble drawbacks to the student, who
often finds the mathematical methods
somewhat mysterious. Introduction of
the computer into this Process may re-
move the student one more step from
direct involvement, heightening the

element of mystery. On the other
hand, when a student writes his owp
program, he must analyze the physica]
principles involved, thus enhancing his
understanding of them.

Some disappointment was expressed
by Taylor® in discussing the reactions
of MIT students to ELIZA in his spe-
cial-relativity project.  Although the
students interviewed were enthusiastio
about computer tutoring, Taylor felt
that “student reluctance to direct hjs
own education while trying to exploit
the computer as a tutor . . . is more
serious than any of the technical dif-
ficulties of the present system.” He
suggests that in the highly competitive
and grade-conscious environment of
some schools a student will tend fo
avoid the responsibility of making his
own choices for fear of lowering the
level of his academic performance,

There are other instructional goals

for which the computer seems particu-
larly well suited, however. It has
been pointed out by Joseph H.
Kanner!® that, although the knowledge
of human learning is still fragmentary,
we know that “repeating something in-
creases the probability of the learner
rememberng the information” and
“telling the learner immediately that
he is right or wrong also facilitates
learning.” The unlimited patience of
the computer can be exploited in
going over material as often as a stu-
dent desires and with any number of
students on an individual basis. In ad-
dition it will tell the student immedi-
ately whether he is right or wrong
with explanations if desired. Many
students who hesitate to ask questions
in class fearing disapproval or ridicule
will feel at ease working with an im-
personal, mechanized “tutor.” The
computer as a tutor proved both popu-
lar and successful in the review lessons
written at Florida State University for
use with a course in generakedi-
cation physics. The lessons were 4
preliminary to development of the
complete computer-guided course.'®

What does it cost?

Cost must be considered. Karl Zinn
has stated in an excellent review
article,’ “I do not intend to sell a p&-
tential user on instructional appliCﬂ‘
tions of computers; the cost can be
high and the benefits are still in qués
tion. 1 do hope to influence other
readers to invest research dollars and
personnel resources in work needed 0
make the systems and teaching strate
gies usable.” The question of cost tht



he raises is difficult to answer, but in a
recent editorial in Science Philip H.
Abelson®® reports, “Under develop-
ment at the University of Illinois is a
facility aimed at exploiting the great
time-sharing potential of the CDC-
6600 computer. If development work
is successful, the facility will eventu-
ally include about 4000 consoles . . .
The hoped-for cost per student per
hour of use is 25 cents.” Cost consid-
erations should also include the con-
siderable demand on time and effort
of physicists who design the instruc-
tional materials.

Computer-assisted instruction in
physics is still in its early stages, but
rapidly growing. It would be wise to
keep in mind Kanner’s plea to its pro-
ponents for “a moratorium on promises
not yet supported by facts, the estab-
lishment of criteria describing lim-
itations as well as the reasonable
implications of research efforts, and
the recognition that computer-assisted
instruction is in competition in the
market place with long established al-
ternative methods of teaching.”’® But
some supporting facts are emerging,
and the varied and imaginative uses of
the computer are encouraging. It ap-
pears likely that the degree to which
its potential is realized will depend not
so much on the capabilities or cost of
the systems as on the persistence and
quality of the efforts put into their ex-
ploration. We conclude that the in-
troduction of the computer into phys-
ies instruction represents a significant
development in a field that is in great
need of new ideas.

% % *

We are indebted to the many who re-
sponded promptly in detail to our survey
and for helpful coéperation from those ac-
tive in computer-assisted instruction. We
have had partial support from the US
Navy under Project Themis Grant No. N
00014-68-0494, from The Alfred P. Sloan
Foundation under Grant-in-Aid No. 68-
7-4, and from the National Science Foun-
dation.

A longer version of this article is avail-
able from the authors at a small cost to
cover reproduction and mailing.
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