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Two computer programs are described, with the

velopment and implementation of the first prcyram described in some
+ail. This is a student-computer dialogue for bsginning or
itermediate physics classes entitled "A Computer-Based Dialogue for
riving Energy Conservation for Motion in One-Dimension." A portion
" the flowchart is included, along with a general discussion of the
alysis of the pregram using student response information. The
cond program simulates a pulse in a rope. The student is provided
th a "measurement" facility; if he enters time and position, he is
1d the rope displacement. Checks are made as to the reasonableness

the student strategy, and suggestions are given based on these
ecks., Auxiliary facilities such as plotting and listing are
ovided. (Author/TS)
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Physics,; mathematics, and other science courses, uzge the mathematical
derivation or proof of a result, starting from some other theorem or
physical principle, as a staple of such courses at the beginning,
intermediate, and advanced levels. Such derivations often constitute
the main portions of lectures and textbooks; in a mathematics coursc

they may constitute the entire course.

A deriva£ion can serve several purposes. First, a particular result
is needed, often an important result useful to the student in future
work. rSéCéndly, as teachers, scme of us are eager to show that
classical physics can be developed as a well-constructed legical net,
and that austere beginnings can yield powerful results. A third
and éerha9s more important reason for derivations in physics courses
ie that we hope to teach students the "art" of deriving physical
results. A complicated derivation often involves much trial and error.
We want to help students become sophisticated at deriving results.
Teaching the techniques of proof is one of the most important goals
of physics courses, and it is one of the hardest goals to accomplish.

(George Polya's How to Solve It is one attempt to teach this art.)

Many teachers have heard the archetypal student's comment on a com-
plicat@é proof presented in lecture. The student announces that

he could follow the proof, but he does not feel he could find the
derivation himself! This hardly surprises the teacher, who may not,
on first encountering the problem, have produced the derivation as
facilely as he duplicated it in lecture. But not realizing that
everyone gropes initially, the student feels insecure bedause he

cannot generate quickly such a smooth and elegant proof. (It could
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be argued that the less polished lecturer might provide better insight
as to how proofs are developed than the person who carefully prepares

and rehearses an elegant derivation.)

The Energy Conservaticn Dialogue

The computer dialogue described here is designed to make the student
an active participant in the development of the proof, to let them
take at least some of the steps along the way on their own. Some of
these steps can be large, while others will be relatively small. At
worst, the dialogue corresponds to something liké the lecture situation,
where the student is told the proof; however, he probakly receives
more detail than in lect.re, through the remedial sequences in the
dialogue.

1
The dialogue develops a proof of the conservation of mechanical
energy for a mass moving in one-dimension and subject to a force that
depends only on the position. The proof starts with the law of
motion; we multiply by the velocity and write the resulting equation

in the form

%t (something) = 0.

In the process of the proof we introduce the concept of potential
energy as the quantity whose negative spatial derivative is the force,
and the student is asked to enter the potential energy and total energy

for several different forces.

The first flow chart shows the general form of the dialogue, the
second shows greater detail in one section, and the third is a page

from the full flow chart.



Overview of the Tutorial Program on Energy Conservation

Sign on and problem statement
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Blow-up of One Section - not full detail
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ASSUME THAT YOU ARE FAMILIAR WITH THE LAWS D?j
MOTION. AS WITH MANY LAWS IN SCIENCE. THESE LAWS
HAVE POWERFUL CONSEQUENCES. LET'S EXPLORE ONE
OF THESE CONSEQUENCES, A CONSERVATION PRINCIPLE.
FIRST RECALL THE MEANING OF A CONSERVED QUANTITY.
PLEASE ENTER THE NUMBERS IDENTIFYING THE LINES
WHICH YOU CONSIDER TO BE CORRECT STATEMENTS:

1. A CONSERVED QUANTITY DOESN'T CHANGE WHEN THE
COORDINATE SYSTEM IS CHANGED.

2. A CONSERVED QUANTITY DOESN'T CHANGE IN TIME

3. A CONSERVED QUANTITY HAS ZERO SPATIAL
DERIVATIVE.

4. ACONSERVEDOQUANT'TY HAS ZERO TIME DERIV-S B

s

STATEMENT 1 1§ THE USUAL SIMPLE STATEMENT
OF THE PROPERTY OF INVARIANCE UNDER COOR-

C

DINATE TRANSFORMATION. THISPROPERTY IS DIF-
FERENT FROM THAT OF A CONSERVED QUANTITY.

" STATEMENT 2 IS A SIMPLE STATEMENT OF THE A 4
_PROPERTY OF A CONSERVED QUANTITY. B

s
/ E CE, AT A GIVEN
ART, i INSTANT TO Y
INSTANT A QUANTITY THAT CHANGES WITH TIME
15 NDT CONSERVED.

QUANTITY NOT CHANGING IN TIME VANISHES.

TO BE SURE THAT WE MEAN THE SAME THING BY
"LAWS OF MOTlON" _ENTER THE EQUATION GF

STATEMENT 4 1S A PROPERTY OF A CONSERVED
QUANTITY, SINCE THE TIME DERIVATIVE OF A

TAY AGAINTO ENTER THE EQUATIDN

OF MOTION FOR THE OSCILLATOR.

“NOT -

el — THE EDUAT!ON DFMOTION SHOULD
@ CONTAIN THE MASS M ]

_NOTM

—K=X OR EQUIV.

TRY AGAIN.

WATCH THE SiGN ON

M=A = KX OR EQUIV.

T CANT IDENTIFY YOUR RESPONSE
AS AN EOUATION B

F=M.A

FLEASE ENTER THE EQUATIGN WITH THE
FORCE FOR THE HARMONIC DSCILLATOR,

F=.KeX

FLEASE ENTER THE FULL EOUATIDN OF MOTION.

= —
sz AN = SIGN IN YOUR EQUATION.
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Development

The development of computer dialogues as a self-instructional resource
is still relatively new, so a description of the process we followed
may be of some interest. First we discussed which areas and approaches
in phyvsics might lend themselves to an effective computer-student
conversation. Then we decided to pursue two dialogues, the one
discussed here and another involving simulation in the study of

plane electromagnetic radiation (a dialogue still under development) .

The energy conservation proof was developed first as a flow chart
showing what is typed to students, the expected responses, and the
actions in each case. The two of us spent approximately three days

working together on the flow chart, with occasional assistance from

N

a student and a secretary. We did not use standard flow chart con-
1 .
vegt;cns.

The flow chart approach was appealing for a number of reasons. We
were working at the University of California, Irvine, where a change
was under way in computer facilities and no local computer was

available. We were very concerned with the guestion of spreadability

of such material. Computer dialogues have often existed only as com-
puter programs in specialized languages, not usable outside the environ-
ment in which they were developed! The simplified flow chart seems

a reasonable approach to developing computer conversations in a
language—-independent form. Furthermore we felt that pedagogical

details should come first: we decided what we wanted to do, knowing
something about the pntentialities of the computer, before putting

ourselves into the straight—~jacket of a particular set of computer
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languages and facilities. We feel that successful use of the computer
in education demands that learning details have priority over computer
software details. In addition the flow chart furnishes a view of the

dialogue to a teacher who is considering its use in his classroom.

We sent the flow chart to friends for comments and suggestions.
Particulariy useful criticisms came from Edward Lambe, of the State
University o New York at Stony Brook, and Kenneth Ford, of the
University of California, Irvine. Students within the project also

suggested improvements.

Implementation

After a brief time together working on the dialogue we returned
to our respective institutions and proceeded to implement and use

the dialogue on local timesharing facilities.

At the University of Michigan the dialogue was implemented in an
existing FORTRAN-based conversational computer language, FOIL,
developed by Karl Zinn and others at Michigan and running under the
Michigan Timesharing System for the IBM 360/67. This language has
since been superceded and the program will be rewritten. The original

FOIL version is still in use.

The development of the dialogue as a computer program at the
University of California, Irvine proceeded differently. The charge
in computer facilities at Irvine provided an XDS SIGMA 7, with little
directly applicable softwaﬁe. Hence, development had to proceed in

two parallel directions, generating facilities for student dialogues
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and developing the dialogue itself. The language facilities were
developed as quickly as possible for the energy cénservati@n program

SO as to allow easy extension to the electromagnetic simulation dialogue
mentioned above. The dialogue facilities were developed as SIGMA 7
aésembly language macros, "procedures," making it easy to extend and
modify the language for new uses. The macros were oriented toward
professors and secretaries who are not experienced programmers. A
current description of this system, with examples of usage, is

available; it has proved to be flexible to changing needs, and is now

being used by others also.

The secretary helped greatly in preparing the dialogue. Those
acquainted with computer dialogues will realize that ever an elemen-—
tary dialogue entails a vast amount of typing. Experienced typists
should do this typing. Hence we taught the secretary to type at the
terminal, dirgcgil from the flow chart, the macros which constitute
the final program. Only a short amount of instruction was necessary.
The secretary cannot handle all details, and she was instructed to
enter a row of asterisks when she was uncertain about what to type.
Several secretaries at Irvine have been successfully trained in this
procedure! The students who worked on the program after could easily
recognize points marked by the secretary for further editing. The
secretary worked at the terminal typing directly into a disk file; no
cards were punched. The normal editing facilities of the computer were
used to modify the program, by both the secretary and the student

programmer .



The first running version of the dialogue was available in January.
Thié program was informally tested within the project and by éalleagues
in the physics department, whose useful suggestions we were able to
incorporate. It was used with 150 science and engineering students

at University of California, Irvine, in the first guarter of a five
guarter introductory course. It was also used by a group of University
of California, Berkeley students in a similar class taught by

Richard Ballard, through the University of California tie-line
facilities. A section of student use follows; student inputs follow

the question marks at the start of the line.
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Feedback

Two types of feedback were obtained at Irvine, using questionnaires

and selective storage of student responses on the disk. The question-
naire showed that the average time at the terminal was 58 minutes;

about 15 or 20 minutes is required by a knowledgeable student. Most
students completed the material in one section (the dialogue offered

a restart facility if the student did not somplete the program). The
students could use either Model 33 teletypes or Datapoint 3300 alpha-
numeric CRT. Students preferred the Model 33 over the Datapoint,
because the previous responses were often useful to them, and they

were only available in the hardcopy printing of the Model 33. (Neither
terminal is ideal for student use.) We also queried students on a
stylistic aspect of the program. We chose the grammatical first person
in addressing for the computer to use students. Some of our con-
sultants objectsd, but student response was overwhelmingly favorakle
toward the first person style. Perhaps it alleviates the feeling

that computers are at best impersonal; such a style may tend to humanize
the computer, 1In spite of the problems to be mentioned next, two-thirds

of the students who used the program claimed to enjoy it.

Some difficulties quickly developed with our new programming system,
and it was not surprising that they showed up in the student survey.
Our testing had proceeded with only one user; when many students Wére
simultaneously using the system, conflicts not provided for arose in
use of the files. Some users were bounced.out of the program, or
received unintelligible error messages. Some students complained that
the questions were vague or hard, and some also complained, sometimes

justifiably, that the computer did not accept correct answers. The
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fast speed on some Datapoints (run at 1200 baud) which presented

infcrmaticn faster than the student could read caused another problem.

Another very useful form of feedback was obtained internally in the

- Program. When the student types in a reply, the program attempts

to analyze the answer, looking for both right and identifiable wrong
responses. 1In some cases it can find none of these expected res-
ponses. TIn about 40 places we inserted instructions for saving the
student response in a special disk file, if we failed to analyze the
response. Several thousand such responses were saved and we examined
them daily. They indicated where we were missing corect responses,
wrong responses we should have responded to, the weak places in the

program, and ways of using the system that we had not contemplated.

Student Response Information

Even in this first Irvine version we did a respectable job in matching
student responses; the number of places where we failed to analyze

a reasonable student input--either a correct or incorrect response--is
smaller than we would have predicted. Certainly there were such places,

but for many questions we anticipated most of the responses.

It was comforting to note some "convergence" in the unanalyzed res-
ponses stored on the disk. As the week progressed we found fewer
and fewer new corrections needed. The difference was sufficient as
the week progressed to suggest that the program will soon reach the
stage where we will be able to analyze almost any reasonable student
response from students at this level, although our relatively crude
matching techniques cannot analyze all possible responses. However,

additional experiences are needed with students of diverse background.
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Student responses indicated a number of weak points in the progran.
Some of these were simply programming errors on our part. In one
Place, for example, we look for a "no" response but unfortunately

the number 0 (zero) had been typed in our program instead of the letter
0. We received vast numbers of no's listed as unanalyzed! (In the

new version we always look for both.) This is a trivial error that

would be difficult to spot without student feedback.

Probably the weakest section was where we introduced and used

potential energy. Many students noted that we went too rapidly there.

Nor did we give students enough assistance in calculating potential
enerdgy for particular forces. A number of people arrived at this
point not knowing how to make the calculation, perhaps because calculus

was still a new tool for them.

Calculus notation was another problem. This may be a particular
problem at Irvine, but it may be more widespread. ‘The calculus

course uses two notations for derivatives which we almost never use

in physics! They indicate derivatives by a prime, or by writing a big
"D," avoiding the " (d/dt)" and the dot notation common in physics.
Although the "d/dt" notation was employed in the course, a number of
people used the alternate notations, particularly when asked to

Hifferentiate F x G.

The responses show that a few students do not use the program as a
dialogue at all, but simply use it as an information source, much the

same way that students would use a book. These students, 5% of the

14



users, either enter no response at all for question after question, or
enter garbage. Should we worry about such a student? He is not using
the program to maximum educational advantage, but he is probably no
worse off and perhaps bestter off than if he were reading the same
material in a text; at least he is sent into various remedial branches
which he would not have seen in a standard text, and he is "paced"

through the proof.

Using the feedback mentioned above, particularly the selective disk
storage of responses, we have prepared a second version of the con-
servation dialocue for the SIGMA 7. The dialogue is available in flow
chart and program form for those who wish to implement it elsewhere.
While we would not claim any degree of perfection in its present form,

the program was considerably improved by the sizable student feedback.

Potential users should recognize the limitations in the present program.
Only one proof is possible, a proof which starts with the laws of motion,
multiplies both sides by v, and writes everything as d/dt (something) = 0.
A flexible program should follow the students' whims, at least to some
extent. We have not followed all the branches we can contemplate in

the program; some we hope to add in later versions. No computer pProgram
could allow all the possibilities, with present day technologies and
know-how. But we hope that the conversation would encourage most

students to take some steps themselves, and thus to develop the analy-

tical abilities necessary for future physics prcgreési

Another limitation in a computer dialogue is our inability to recog-

nize all correct responses. Recognition is particularly difficult
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if, as here, we restrict the student as little as possible with regard
to possible input. Most inputs are free-form, with no directions about
typing; even with formulas, we adapt the program internally to accept
the various notations the students may use. Since we cannot recognize
all correct responses, modest comments to students are in order when
we have not recognized the response; it is dangerous in this environ-
ment to tell the student he is wrong. Hence we use comments which
emphasize our limitations within the program as well as the fact that
he has not put in what we expected. It should be emphasized that every
implementation, in a different language facility, is bound to differ in
its capabilities, and even possibly tactics, for recognizing student
responses. Thus although the initial versions at Ann Arbor and Irvine
were very similar, since they were both based on the flow chart, the
student would no£ necessarily receive identical responses for identical
inputs, because of different tacties of string matching to identify the

critical components of the input.

We are eager to talk with people who want to implement this dialogue
on other systems or use it with other groups of students besides those

we have worked wich. The detailed flow-chart is available on request.
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Abstract

The computer program described here is designed for use in the
majors at the University of California, Irvine, simulates a pulse
in a rope. The student is provided with a "measurement" facility;
if he enters time and position he is told the rope displacement.
His problem is to understand the disturbance sufficiently to
answer. Auxiliary facilities such as plotting and listing are
préﬁided, Checks are made as to the reasonableness of the student
strategy, and suggestions are given based on these checks. It is
hoped that through this simulation students will be able in many
cases to "discover" the preservation of "shape," the x - vt

dependence of the pulse.
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Newly developed beginning physics courses often make strong demands
on the students mathematical ability. Thus the Feynman course or
the Berkeley Physics course are mathematical techniques that
previously had been confined to the junior/senior level in physics
courses. Hence, a major problem associated with the teaching of
newly. developed high-level beginning courses is that of overcoming
the mathematical barriers in students background. Students do not
come into the physics course with noticeably more mathematics
background so the burden of dealing with this new mathematical

complexity must fall to the individual physiecs instructor.

One feature of these newer courses is a more sophisticated approach
to the study of waves which assumes that even a beginning student,
in the freshman year, can see the wave equation and explore some of
its simple consequences. The wave equation, and the associated
mathematics necessary for the student to understand what the
equation means and how to generate solutions, is typical of the
mathematical problems and demands of the newer courses; Students
are likely to be relatively unfamiliar with both the notion of
partial derivative and the idea of differential equations, either
ordinary or partial. They are not likely to be equipped with a
great facility for solving such equations, so even if one has a
rational way of arriving at the eguation, the solution must be

developed and motivated entirely within the physics class.

Experience shows that the computer can often be useful in a physics
course, in overcoming mathematical handicaps. For example computa-—

ﬁional use of the computer allows the beginning course to g::i

19
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directly to the equations of motion as differential equations,
rather than the usual algebraic treatment. (Add reference) Hence,
it seems reasonable to ask if there are effective ways of using

the computer to overcome the limitations associated with the wave
equation. One might use computational approaches here. But one
aim, to have students able to see that the wave equation has
certain types of solutions which are very characteristic of waves,
the traveling solutions which depend on x - vt or x + vt, is
difficult to satisfy with directly nomical work. One can simply
produce these solutions "out of the blue," but one hopes to
motivate students to understand that one might expect such
solutions forwards; this would offer a sounder basis for introducing

these travelling patterns into the class.

The simulation described attempts to have students discover, through
interaction with a computer simulation, the x - vt dependents of a
wave in a rope. It does not explicitly use this terminology; success
in the program is measured by performance criteriun. Students must
use this relation or something equivalent to it to ecalcualte values
of the disturbance. Hence it would be followed immediately by
another program or lecture material showing that the x - vt distur-
bance is indeed a solution of the wave equation. (In the case of

the Physics 5A-5B sequence at Irvine the students would have seen

the wave equation just before seeing this dialog.)

It is also possible that this dialog might be used in a phenomono-

logically oriented course which does not introduce +he wave equation

Q f)a
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at this level, but where it is deamed important to have students

leaz.n about the x - vt dependence.

A Trial Run

T givé some of the flevor of what it is like for a student to go
through the particular program at hand, we will examine here a
sample of a complete (but abbreviated) student use of the simulation
dialog. It should be realized that the situation would be different
for different students, and that any one trip through the program
does not show all the aspects of the dialog. Thus some of the help
messages are tailored to the particular situation, the type of input
(requests for measurement) the student has beeﬁ putting in up to
that point. But talking our way through an example should give a

useful view of what is happening.

We start assuming that the student has signed on the computer, and
he knows that the name of the dialog is ROPEGAME.

He requests the dialog.

ET DIFLCE |
= PRECGRAM FAME? ROFEGENE

The items entered by the student are underlined; everything else is

typed by the computer.

21



First he starts with an introduction.

iHOIT If P WELL.IW ATIC L.
CFHD R TIME. T O WILL IV A THE DizTl
THE DISPLACEMEMT FREOM EOUTLTERIUM. Y0
ST LEARM WHAT IZ HAPPEMIMG ITH THE

IOMILL KL LWL TUHH THED TR Gt
IMFORMATION FHD RS IRG Y00 T DT

FOSITION 1= TH HMETERS AT TIME I SECOHTES
WO EMTER LNITE.

s T e e e s e

After the introduction the dialog expects the students to enter
values for the position along the rope, and the time in which he
wants disturbances along that position. The computer calculates

a disturbance at that point and tells him the result. He starts
with no initial information about the disturbance, but he has a
measurement—-like facility for gathering information. In the
following case it is noted that the student tries more or less
random values of position and time and does not find the disturbance.
As we will see, it is at any one time almost zeroc for most of the

rope. Here are the initial measurements.

TIME ==
TIME =
TIME =
TIME =
TIME =

Actually many students will find a disturbance in these first few
measurements, because if the student makes tbe most likely choices,
"% = 0 and + = 0, theorigins, he will encounter a non-zero

disturbance. But we don't want students to miss the action forever

22




so if a student has gotten only zero disturbances in the rope up in
his first five measurements the program offers him some guidance as

to where to look for non—-zero values.

AUET TO COFUTRCE WOLE F‘k!1 THE
1 hu“ L. IF 8 -1
!

D::Tlﬂﬁ!mT

TIME=
TIME=
TIME=
TIHE =

These values are generated partially random within the program,

but in such a way that there is a non-zero disturbance. Incidentally
the pattern of the disturbance is partially the result of random
choices; each student receives a slightly different disturbance.
However, the form of the disturbance has been chosen to make the
aialcg.as profitable as -possible and so the general form stays the
same for all students. We also cue the same wave-velocity for all

students.

Our hypothetical student now continues to make more measurements.

GRAPHE OF SEETCHES

Ity "

TIME = @ 17

TIME = @& el

TIME = & @ 17

TIME = 11 BRCE = M,

THIS PLEELE RS A *FEYOFF® . T Yo

CAF DETERMIME Fodd THIS UTSTUREBAMCE REFFALE S

SO HILL LRDERSTARD A Tk I FRIHCTRLE

TG CET . THE PRIy Pt i

FFTER A FEL MOFE PIFER

TLIRM=-THE-TEHBELE FAHD TR

BEHFLIIOR CF OTHE FOUE.

TIME = § & = i, 0

TIME = £ I Ei I

TZIW 5 =1 ] Y, B

IME = & I KPR
l:ll\}: THME = @ = 1. En i d
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After each group of five measurements he is given some additional
advice about what is happening. He is confronted with the problem
of dealing with a situation with two independent variables. The

complexity of the situation is such that if one simply picks

is unlikely. We expect that some students, but not all, will
develop in these early measurements what we consider to be a
reasonable strategy. The student at this point is still in the

dark as to the full details of what we expect of him. He has been
told that he needs to study the disturbance to understand what is
happening in the rope, but he does not know what kind of information
about the rope we are going to reguest of him. So he may not go

into what we think of as a reasonable strategy.

We define reasonable strategy as meaning one of two things. Either
the student clusters his measurements around certain particular
times, the snapshot point of view in which he looks at the detailed
behavior of the rope at a number of different times, or he clusters
his méasurements around relatively few values of position--the point
of view in which he stands at particular positions and watches what

happens as the disturbance in the rope passes that position.

This particular student has decided to find out what is happening

in the rope at time 0, following the snapshot standby.




After the student has made fifteen measurements we now +turn on a

new set of facilities for him.
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You can see that he can get a list of his wvalues, useful
particularly if the student is running the program on a CRT
terminal, where he has no hard copy. He can also receive a graph
of the data in selected ways. Here is such a request, and the

results.

Furthermore, he can for the first time now determine what it is
that we are going to ask him to do in the program, the measure of
success, by asking tc "turn the tables." Since he can do this over
and over again we expect many students to try this at the earliest

possible moment.




Our student first asks for a list.

SEREURETY LISTT TURMY GREAFHY i

TIME
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Trying everything, he now investigates what graphic facilities are

available to him.
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The dialog will only graph his data when a reasonable amount is

available.
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Our student decides to try a few more measurements:
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He is clearly filling in what appear to be tides in the data, as

shown on the graph. We allow him to specify a block of measurements,
so that he is not queried each time as to what he wants to do. Note
that he has not yet completed the second block of seven measurements;

at this point we are nrepared to assist him.

After the student has reached the "more than 15 measurements"
situation, we pericdically give advice and assistance. The type

of advice depends on whether the student has developed a reasonable
stragegy in the sense already suggested. If he has not developed

a reasonable strategy, taking either the snapshot point of view or
the stand-at-one-point point of view, then we try through a series
of successively strong hints to suggest a strategy. In the end we
practically tell him how to proceed, because we don't want him to

sit forever taking random measurements. After he has a reasonable

- 28
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Strategy, a second set of hints takes over. These hints are
designed to slowly suggest to him the moving pattern idea, the

X - vt dependence that we hope will be his eventual conclusion.

In some of the later hints we actually give him additional values,
showing him what would happen if he followed a consistent strategy.
Feor example in oﬁe place we plot a picture of the curve for t = 0,
rgiving values that he may not have asked for. Thus we show him the
disturbance at one time, and hope that will be eﬁcugh to get him

going in a reasonable direction.
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Our prototype student has been making meaningful measurements, so
he gets a hint from the second set, and a suggestion that he "turn
the tables." Then measurements continue. and he asks for a more

complete graph.
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The disturbance at t = 0 clearly has two humps. Each student using
the dialog receives a disturbance of this type, but with parameters

chosen randomly within limits.

The student next follows the suggestion to try turn the tables.
PIERSURE™T LISTY TURM? CREFPRHT? T
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Y T o= g 7
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This student clearly realizes that he doesn't have enough information

¢ TOLIE RESPUMSE AS CORREDT,

TLEM WHET
STIOMS LIRE THIS.

to make the prediction, so he types only zeros. Note that he works
partially with data already obtained, and partially with randomly

generated new data.

This student fails for a variety of reasons. He does not understand
how to make the calculation and furthermore he is not in a positicﬁ
to make it even if he does understand, because his measurement has
not been in enough detail to tell him the velocity of the disturbance.
You can see, although the student will not see it yet, that his
ability to answer the questions is based on an understanding that

the displacement function, giving this disturbance in the rope as a

function of position and time, depends on position and time always
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in the combination of x - vt. The student has given several tries.
We know from observing students, that initially he may make a
cruder calculation, so we advise him with regard to accuracy if he

gives us a wrong answer.
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Our hypothetical student, guicker than most, now goes after the

velocity of the disturbance.
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Here the choice of pattern we have made, a double baussio with
unequal peaks, assist him in identifying the form that he is dealing
with. In particular if he has found the maximum, he can try to find
how the maximum moves in order to determine the wave velocity. His
graph suggests that he is dealing with a moving pattern, keeping the
same shape in time, and moving with a velocity of 4 meters/second.

So now he returns, with confidence, to turn the tables! Most students

will not succeed this quickly, so this chap must be bright.

FERSURE? L ISTY TURMHT GFAFHTY T

UL EMOM BLEFEADY THAT AT T = B FRD BT W o= i
THE DISTLURFERAMNCE 1 :

AT 7 = SLnE THE T
MHAT UALLE OF FOSITI

TEOTO BEDOTRIED ERME.
s THED DRSET

LET S TREY FRHOTHER OF THE

By OTHRT ORT T o= B BHD O HT W oem LL il
LIEEBAMCE = 2, 1

AT T = 3
LIHET Lit i LIE

L FCEHE T

. COEFIME
TICH MREK

TRY CPCE PORE., PCCURPCY o 1.
1T

FIME. .. FIOW WE?LL PLEY THE GRFE FOSLIGHTLY
DIFFEREMT BIFrY .

34

17



HEFE FFE TR
FiifR Kt eI

FHD FOR =

S I 2 S

130 s T THEZ SFl 1F
FECLIE 5

TIFE LR

Ao EBEOTHE
PERT T
SMEHT

THET 0F THE

SIUE DT AMGOTHEERE TREY. . . THIFE FBOLT AT
FAEFFPERS BITH THE STRING DM TIMF.

VOLIMITED ARILLTY
(G TE
FLTORE THRT BE BHFUE
L TF R RUE s Rl

FLEFSE . TYFE AOUEREBFAI
l!"'":, EI‘HNII iiT Tl"x it
FOR MULTIFLE LIM
HHE,H F i TEHE: 1I IF

CETHE TR T B
A TR
THE  THSTE 2

LT
CTDF HRGE

FFSY CORMPMEHTS AEQUT . THE FFHIFHH FRE LSO FELCORE.

GOLCIRE THE STETHE
EMFIFE

CEHGRERTULATIOMS #Lb G LimEYE

18



4 19

If the student is successful we ask him to comment on the dialog

which might help us to improve it, and we congradulate him on his

Clearly we do not want the students to spend forever at this game.
It méy be that it will be too difficult and that the student needs
other ways of learning the x - vt dependence. At the moment we
have an arbitrary cutoff of 100 measurements. If the student has
not succeeded, we first check to see if he has tried to "turn the
tables." If he has not we send him in to try that. But if he has
already turned the tables, we ask him for comments, express our
sorrow that we have not succeeded in accomplishing Qur‘cbjectivei
and suggest that he might want to talk directly with the teacher.
As in similar situations with dialogs the comments are stored in a

file for future evaluation.

[Add comments about usage]
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