COMPUTERS IN PHYSICS EDUCATION

COMPUTER-BASED INSTRUCTION
BRINGS ADVANCED-PLACEMENT PHYSICS

TO GIFTED STUDENTS

Raymond Ravaglia, J. Acacio de Barros,

and Patrick Suppes

In this article, we describe two college-level introductory
courses in physics, with calculus prerequisites, that are
entirely computer-based. These courses have been developed
by the Education Program for Gifted Youth (EPGY) at Stan-
ford,! a research project that provides year-round, accelerated
instruction in mathematics and physics to gifted or advanced
middle- and high-school students via computer-based course-
ware.

Students in EPGY run multimedia courseware at home
or in school on personal computers using the MS-Windows
operating system. Our software, unlike traditional applica-
tions of computers in education, 1s intended to be the primary
means of instruction and not merely a supplement to a regular
class. It is precisely in those settings in which a regular class
cannot be offered, either because of an insufficient number of
students or the absence of a qualified instructor, that our
software is intended to be used. Because we are concerned
with college-level physics courses, which presuppose calcu-
lus, the issue of teacher qualification is a significant one.

We have used our course model over the last four years
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to teach advanced-placement (AP) calculus and physics
courses to gifted middle- and advanced high-school students.
The remainder of this article focuses on the EPGY course
software in the context of the AP physics courses.

Background to EPGY

The EPGY program started in 1985 as a proof-of-concept
project funded by the National Science Foundation to create
a first-year course in calculus that would be entirely com-
puter-based.! Our motivation was the fact that fewer than
25% of U.S. high schools offer AP calculus. If a computer
program were the primary means of instruction, calculus
could be made available to more qualified students.

Because our purpose was to provide access to advanced
courses in situations in which on-site qualified teachers were
unavailable, we have had to concentrate on developing soft-
ware that can play the role of both instructor and demonstra-
tor. We have assumed that our software will be used by
students, and not by instructors, and have therefore endeav-
ored to make it as instructionally self-contained as possible.

The calculus course was complete in 1990 and was used
to teach the AB curriculum of AP calculus (the first two
quarters of college calculus) to 13 students in the 1991 year.
Ofthese 13 students, six scored 5, six scored 4, and one scored
3 (where 5 is the top score and 3 is passing). Because of this
success, we expanded the course during 1991 to cover the BC
curriculum (the third quarter of college calculus). In 1991-92,
we offered the course to four students, all of whom scored 5.

Following these results, we decided to tackle the problem
of using the same technology to teach college physics. Be-
cause our students had already taken calculus, we decided to
develop courses to cover the AP Physics C curriculum in
mechanics as well as electricity and magnetism, courses
corresponding to the first two quarters of college physics with
a calculus prerequisite. The problem of availability is even
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more extreme for these courses: they are

EPGY Lessons in Mechanics

offered by fewer than 10% of U.S. sec-

ondary schools. Lesson | Textbook Subject or
Number | Chapter Title
Courses offered 9010 | 2.1-2 | Motion m one dimension. Velocity.

Since December 1992, we have of- 9020 2.3-4 Motion in one dimension. Acceleration.
fered three sections of our AP mechan- 3828 gé'; gkiﬁgn 11\1/“7{’0 F}é} fhfzepdimﬂ;islimﬁ/sl' :(CCtOTS-
: : .6- elative Velocity and Projectile Motion.
1cs course and one Se(.:tlon of our AP 9050 3.7 Projectile Motion. Examples.
electricity and magnetism course. We 9060 38 Circular Motion.
will classify students who have taken 9070 4.12 Newton’s Law L.
these courses into three groups, based gggg 3?-21 Eewton’s %aw I]IE. .

; .1- ewton’s Law. Examples.
Y ‘l’f.ltwh exam they took and when they 9100 | 45 Forces. So What are They?
00K 1L. ) 9110 4.6 How to solve physics problems.

The first group consists of those 9120 4.6 How to solve physics problems.

who took Physics C: mechanics in the 9130 5.1 Friction. .
1992-93 school year. This course was g%gg gé ‘/S?alylglsr OfSCaf ’s Motion.
. ag Forces.

offered to al 1 stu.dents who had taken 9160 53 Problems with more than one object.
calculus with us in 1991 or 1992. All 9170 54 Pseudoforces.
those from the 1992 class chose to par- 9180 6.1 Work and Energy.
ticipate, and six (three boys and three g;gg gé %orﬁ %ﬂd El%erg};-]EPSagllplg-

; . ork Done by a Variable Force.
gllﬂs) of thet ! d3 tzmqent.st t;r.om t{};’ 199.111 9210 6.3 Work and Energy in Three Dimensions.
class accepted the invitation. We wi 9220 63 The Dot Product.
refer to this group of ten students who 9230 6.4 Work and Potential Energy for Systems of Objects.
took the AP exam in 1993 as Mech93. 9240 6.4 Potential Energy and Work Done by a Conservative Force.

During the 1993-94 academic year, 9250 6.5 Work, Energy and Equilibrium.

: : 9260 6.6 Conservation of Mechanical Energy.
we offered t\yo sectlops of mechanics. 9270 6.6 Conservation of Mechanical Energy—FExamples.
The first section con31st§d of students 9280 6.7-9 Work-Energy Theorem with Non-conservative Forces.
who began the course in September 9290 7.1 Conservation of Momentum.
1993 hoping to complete both the me- 9300 7.2 Subject or Title Motion of the Center of Mass.

: o . 9310 7.3 Conservation of Momentum.
f:hamcs and the.electrl(:lty and magnet 9320 7.4-5 The Center of Mass Reference Frame.
ism courses dupng the year. The second 9330 7.6 Collisions in One Dimension.
section began in January 1994 and con- 9340 7.6 Completely Inelastic Collisions.
sisted of students who planned to take 9350 7.7 Collisions in Three Dimensions.
only the mechanics AP exam. These 3368 7-313'9 gnplﬂse aill%/l Average Force.
students were all required either to have 9% go g'z Tgl;zggm otion.
completed a calculus course during the 9390 82 A Rotating Pulley—Example.
previous year or to be enrolled in a 9400 8.3-4 Rotational Kinetic Energy.
calculus course concurrently with the 9410 8.5 Angular Momentum.
physics. Because these eight students all 9420 8.5.8.7 | Conservation of Angular Momentum.
took the AP exam together, for the pur- o130 8.6 Rolling Objects.

00 . 1 tog > p 9440 8.8 Precession of A Gyroscope.
poses of this article we treat these two 9450 8.9, 9.1-5 | Static Equilibrium.
sections as one group, which we will 9460 10.1 Gravitation.
call Mech94. 9470 10.2-3 Newton’s Law of Gravity.
. : 9480 10.5 Moon Falling Towards the Earth.

The electricity and magqetlsm 9490 10.6 Gravitational Potential Energy.
course was offered for the first time in 9500 10.7,10.4 | Gravitational Field of a Spherical Shell.
December 1993. The group of students 9510 12.1 Oscillations.
that took this course, which we will call 9520 12.2-8 Examples for Simple Harmonic Motion.

EM94, comprised nine of the ten stu-
dents who had been in Mech93, together
with four students from Mech94. All 13 of these students took
the Physics C: electricity and magnetism exam in May 1994.

The main prerequisite for taking the physics courses with
EPGY was having the appropriate mathematical background
for the course taken. We did not require that students first
complete a conceptual-physics course such as AP Physics B,
and in fact only two from Mech93 and five from Mech94 had
taken any physics before.

All these students ran the physics course at home on
personal computers. They were in contact with Stanford

instructors primarily by phone and electronic mail, though
monthly review sessions at Stanford were open to them as well.

System requirements

The EPGY courseware consists of a course driver com-
mon to all courses, together with course-specific files contain-
ing lesson and lecture material. The course driver is
necessarily dependent on a particular architecture and oper-
ating system. However, the lessons and lectures are machine-
independent, and in principle can be used on any machine to
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which the course-driving system has been ported.

The EPGY course-driving system was developed on
IBM RS6000s using the ACPA sound card and the X-Win-
dows display system. During 1991 such a system cost well
over $10,000. The course driver was ported to personal com-
puters using MS-Windows in the summer of 1992. At that
point personal multimedia computers were available for less
than $3000. While we were running on RS6000s, the number
of students was limited to the number of computers we could

[l L]

g52¢ |Continue J

put in schools. After we ported the program to personal com-
puters, we required students to supply their own machines to
run the course. However, students participating in EPGY who
qualify for financial aid are exempt from this requirement; we
supply them with computers belonging to EPGY.

Under the MS-Windows operating system, the following
is the minimal configuration necessary to run the course soft-
ware: a 386-compatible computer with 4 Mbytes of RAM and
MS-Windows 3.1; a hard drive with 20 Mbytes of free space

and a 1.44-Mbytes floppy drive; a VGA mon-
itor; a 2400-baud modem; and an 8-bit sound
=I5} card with a compatible CD-ROM drive.
% Because we make extensive use of sym-

bolic algebra in processing student input, a
computer faster than a 386 is desirable. For
some of the problems in the physics course,
even a fast 386 can take over 1 min to process
a student answer. Certain optional features
built into our lecture-delivery system require

SX o 4= 'j considerable digital signal processing and do
»=u 1 =1- > not operate correctly on slower machines. For
e 4' s these reasons we recommend that students
ox who do not have a computer buy at least a
z 486DX33.
‘%; x o "L %r'z X

ox Course design: lessons and lectures

4% 3 b >(L The EPGY courses are completely com-

puter-based, with the computer delivering the
vast majority of the instructional material.
Onlme course components include a com-
plete, interactive, multimedia exposition of
the curriculum material involving digitized

Figure 1. Handwritten blackboard from mechanics lesson 9050 preserves the informality of

the classroom.

[«f

9353 |Continue

sound and graphics, an interactive problem-
solving environment, mastery quizzes, prob-
lem sets, and databases of off-line problems.
Additionally, a derivation system using the
Maple symbolic computation system is avail-
able to students for doing computations. The

X= Vgt =2 T—g.
'ox Vox

1 Yo 1
¥ = vyt - FBt2 =y - fixz
oxX

of the form: y=ax + bx2 (general form of a parabola)

fundamentals of this derivation system are
also used 1 processing student answers so
that a wide variety of equivalent mathemati-
cal expressions can all be counted as correct.

Similar to their classroom counterparts,
our courses are divided into several lessons,
each of which corresponds to a topic in the
course being taught. These lessons have been
designed to mirror the form of the standard
university presentation of the material (see
"EPGY lessons in Mechanics," p. 381; a list
of the EPGY lessons in electricity and mag-
netism 1s available from the authors on re-
quest.)

A computer lesson usually begins with a
lecture, in which a student listens to digitized
sound recordings while graphics tablet-writ-
ing (or formatted text and graphics) appears
on the computer screen in real time, synchro-

Figure 2. Formatted blackboard from mechanics lesson 9050 has more of the appearance of a

textbook.

382 COMPUTERS IN PHYSICS, VOL 9,NO. 4, JUL/AUG 1995

nized to the voice, so that the net effect
closely resembles that of a teacher writing on







