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Abstract

Carncgie-Mcllon University is in the midst of installing a
campus-wide network of high-funcuon workstations (0 support
educational compuung. The system. known as Andrew. is the
resuit of a joint project between CMU and IBM. Devclopers of
educational software have now demonstraled several protolype
educational applications running on lhe Andrew system.  This
paper gives some background for these developments and describes
several examples of work in progress.

Background

Over the past threce vears, the Information Technology Center
(ITC) has been constructing a hardware and softwarc base for
educational computing at CMU. A network file system and user
interface software have been in place for about a year now. The
feasibility of educational software devclopment is amply
demonstrated by a number of independent projects carried out by
diverse groups across the campus. The Center for Design of
Educational Computing (CDEC). a sister organization of the ITC.
is supporting these endcavors.

The present computing environment has aspects of both
commonality and diversity. Some commonality was established
when the University made scveral imporiant decisions at the saart
of the project. First, a powerful class of personal workstations
was chosen, having 2 to 4 Mecgabvies of RAM. 1000-by-1000
pixel displays and CPU’s capable of executing & million
instructions per sccond.  The cswblishment of a fairly high
minimum lcvel of capability meant that less cnergy would have to
be invested in accomodaling hardware dependcencies.

Second. the University decided to use the Berkeley 4.2 UNIX
opcraung system.  Thus, work on the nciwork and the user
interface could procced without first having to bwild an cnure
operating system.  Also. UNIX brought with it a larse collection
of powerful tools, and good prospccts for portabiiity.

Third. it was dccided !o buiid a nciwork which supporied a singlc
intcgrated file system. and a common uscr ntertace.  Thus, uscrs
could log 1n at any workstation on campus and the system would
look the same as from any other workstation. From the

beginning, the ITC has set itself the goal of building a user
interface which 1s both powerful for the expericnced computer
uscr and easily accessible 1o the novice.

The. svstem also allows for considerable diversity among different
campus groups. Various programming languages are avarlable. At
present. most deveiopment 1s done in C. the natural language of
UNIX. Pascal. Fortran, and LISP are also availabie. In aadition,
a special authoring language, C-MU Tutor. 1s now being used for
implementation of courscware materials.

Another aspect of diversity slems from (ne University's multi—
vendor policy, in which workstations manufactlured by scveral
different vendors are avaiiable in public clusters and for saic in
the campus computer swore.  Presenuy, the Andrew system runs
on threc diffcrent brands of computers: the Sun 120, the DEC
VAXstation Il. and the iBM RT PC.

Software Base

A window manager program mediates the display of all other
programs (known generically as “client programs‘) in user—
controllable multliple display windows. Several programs may be

runming at the same ume: cach program may usc one or more
than one window.

Several subroutine libraries are available to programmers who are
building cducational apphications.  There are subrouune packages
for displaving muitipic font text and simple graphics. for handl;ng
mousc and keyboard input. for creating and manipulating textual

material. for making pictures and for building data-base oricnted
programs,

If desired. clicnt programs in Andrew may be written using the
wmd9w Manager aione. The window manager subroutine library
has functions for defining and sciccting fonts, for displaying lcxl._
for line drawing and fillmg arcas with pauerns. Al present. the
window manager docs not support color.  Whilc all the basic

loois for displaving  text and  graphics are  available through
funcuon catls 1o the window manager, higher level tools are also
available

!0 a1d 1n the crcation of more sophisticated programs.

.f.\mf)ng these are the basc cditor. the layowt manager and the
Griis” subroutine librarics.



Thcr base cditor library supporis manipulation of documecnts with
cutuing, pasting and copying text within a document and across
documents (inciuding to and from documents in  different
windows), scrolling. and on-screen formatling of text into various
typesctung styles such as ualics, bold. and speciai fonls.

The layout manager partitions real cstate within a window using
"layouts,” scparate rectangles (cither tiled or overlapped) which
may be used for different purposes.  For instance. one lavout
might bc used for a document with a scroll bar, another for a
dialog with the student. another for amimation.  Each lavout has
associated with it procedures for redrawing it. handling mouse
clicks within it. and displaving menus that are specific to that
layout. Layouts may be cleared and redrawn indcpendently.

Grits is a data basc facility availablc at both a command-ilanguage
level and as a subroutine library, It orovides functions for
storing, organizing, retrieving and displaying user data.

Examples of Educational Software

To give some of the flavor of cducational software deveiooment
projects underwav, we describe here a few programs which have
been developed on the Andrew system.

Graphical simulations for Physics'

Three physics programs illustraie the use of graphical simulations
in Andrew (Figure 1). Each of these was written 1in the C
language (a few hundred lines of code). using the window
manager subroutine library.

Graphs and Tracks
W. J. Hansen. ITC
and David Trowbridge, CDEC

Student is shown graphs  of  position. velocity  or
acccierauion ror simpie examples of rectilinear motion. By
adjusting the post heights on an arrangement of sloping
tracks. and sclecting values for initial position and imunal
velocity, the student is challenged to reproduce the given
graphs. The student sees a bali rolling along the tracks as
the corresponding graph is plotted.

Optics Bench
Bruce Sherwood, CDEC, ITC and Physics

The student sclects among a collection of optical c¢lements
such as convex and concave lenscs, mirrors, and aperturcs,
and places them along an optics bench. A screen s aiso
positioned as desired. Using the mouse 10 point. the
student indicates an origin for a spray of light ravs winch
then pass through the ciemenis.  An imaee forms on the
sctcen and is displayed as a circle shaded according 1o the
intensity of the incident light.

Equipotential Lines
David Trowbridge

The student constructs an arbitrary arranecment of chareed
conduclors having various [ixed clectric potenuafs, The
program computes values of the  potenual yn e
intervening regions and draws hines of constant potenya,

Dialog“

The C-MU Tutor language has proved 10 be valuable ror
authoring dialoes {(Figure 2). [t cnables non-expert proerammers
lo dcvelop cducauional programs. In addiion (o the controf
Structures of a  general~purpose  language. Il SUPPOTls manv
Capabilities which arc particularly germanc 10 the creation of

cducational applications. These include picture drawine. zraph
drawing, animation. answer Jjudming and  “fancy text” C-MU
Tutor. as an incrementaily compiled language. makes possiole an
extremely short revision/review cycle.  Even with large programs.
an author nced not wait more than about 10 scconds o sce the
effects of changes just made.

Expressions for Waves
David Trowbridge

The student is engaged in a dialog on concepts of waves,
including ideas of amplitude. frequency and waveiength.
The student is asked (o enter simple mathemaucal
expressions that describe osciilations. The aim is for the
student to develop skills in Wriling expressions for
sinusoidal traveling waves. At the end of the dialog. a
brief quiz is given. Problems are stated in words. with
numerical paramelers generated at random.

Graphing Tool

A gencral purpose graphing tool shows the use of the Andrew
base cditor (Figure 3). This program is somcwhal more compiex
than programs using only the window manager.

Grapher and Calculator
Bruce Sherwood
and Robert Schumacher, Physics

The student may cnter arbitrary parametric equalions in
standard algebraic form. including first-order ordinary
differential  equations. The program plols wnatever
variables the siudent chooses.  Initial values and ranges
may be changed at will. |n calculator mode. the program
computes vaiues of uscr—acfined cxpressions.

Historical Research Tool’

Great American History Machine
David Miller. Hislory

This program will provide a graphical user interface o a
large body of daw from U.S. censuses and clecuion relurns
dating back to the carly nincileenth century. A prototvpe
has bcen crcated using 1850 census data (Figure 4). It
displays maps of states and counlcs with fill patterns
corresponding to values of census varables. The user may
sclect vanables from a large collection. and choose ranges
of variables to best illustrate the rclationships of interest
Thus it is possiblc to generate and lest hypotheses about
historical events interacuvely, [t gives the historian and
the advanced student a convenient, €asy o use ool for
exploring rescarch questions.  In addition. the program will
be used o construct cxerciscs for students in a
sophomorc-icvel introductory American history course.

This program uses the Grits database facility and an
accompanying subroutinc package for sencrating grapmcal
displays of the data. Physical features such as nivers and
mountain ranges witll soon be incorporated into the maps
as well.

Structural Design Tooi™*

Graphical Aid for Structural Design
Mary Lou Maher, Civil Engincering

This program is being developed 1o help  architecture
sludents  understand  structurai cngineering. It provides
students with an cnvironment for synthesizing  structural
systems (Figpure 5). It uscs several windows. The windows
include 3 working. window for combining structural
components, a substructure window for defining new

components. a planc window for displaving any 2D plane



in the building, and a window for viewing the 3D display
of the structure. The program analyzes and judges the
student’'s  proposed  structure for its overail feasibility.
After the structure meets the test of feasibility, the
student chooses specific  structural  clements from a
database of building materiais. The program then gives
additiona} feedback on the integrity of the structure.

Intellicent Tutor for Electrical Engincering®’®

Dr. Thevenin

Sarosh Talukdar and Rostam Joobbani.
Design Research Center

A rescarch project using expert systems technology, Dr.
Thevenin  addresses a common problem cncountered by
scicnce and engineering  students: Given a moderateiy
complex circuit (Figure 6) consisung of a current source, a
voltage source, an arrangement of resistors and two
terminal points (nl.n2). find the Thevenin equivalent from
the viewpoint of the two terminals (nl.n2). In particular.
find the value of the Thevenin resistance between the
terminals and find the open circuit voitage. The tutor has
six components:

® A Problem Generator. capable of producing esscntially
endless strcams of problems Lo fit specifications set by
the student.

® A Problem Solver capable of solving ail the problems
the generator can produce with all the methods that the
student must learn.

® An Intertace that  allows casy and natural
communications between the compuler and the studenL

e A Monitor capable of tracking a student's attempts 1o
solve a problem. idenuifying any ecrrors. assessing  Lheir
severity and assigning a numerical grade 1o the student's
efforts.

e A Teacher who will be responsible for developing
modeis of the student. diagnosing student necas.
devising tutoring strategies and making explanations.

® A Supervisor o coordinate the other components.

The tutor is writlen in OPSS — a language for expert
systems -— and has about 850 rules. The user interface,
written in LISP and C, uses the Andrew window manager.

Futurc Dircctions

The present programming cnvironment, while extremely powerful
for expert programmers, 1 not well suited to the non-expert. To
generatc large large amounts of cducational materials. some
diffcrent kinds of tools are nceded. The current asenda has the
devclopment of authoring lools as onc of the top prioritics.

Onc approach. being taken by Bruce Sherwood of CDEC. is the
devclopment of an  authoring languase, C-MU Tutor. This
language has a number of commands which arc otien nceded in
tutorials and dialogs {(facilitics for paging forward and backward.
utilities for analyzing string. aumenic and ponung device Innul,
commands for drawing hnes and circles. filling remions. drawing
graphs. ctc.) It is an incrementaily compticd language. so there 1s
practically no dclay bctween rcvising 2 program and  sccing  the
effect of that revision.

Another approach is the development of on-iine desien 'ools -
which mav eventually make it possible for non-programmers 10
specify the requirements and detalled design of a lesson. without
being concerned  with  problems  of implcmentation. Then,
implemeniauon can be done by skilled programmers, wino nced
not have any background in the subject matter. In addiuon.
efforts are underway to cxplorc the possibilities of making
implcmentation  partly  automauc, using sufficiently powerful
sof tware tools.

The high-function workstation provides many new opportunitics
for building authoring tools. on-linc design aids  and
impiementation tools.  Alrcady, it is clear that a 1000-bv~1000
pixel display can greatly cnhance productivity: it allows the
programmer to see the source code. the last version of the
running program. run-time and compiler diagnostics, debugger
information. and documentation on the scrcen. all at the same
time. The large-scale network cnabies widely scparated
individuals 1o review cach other's work. both as source code and
as running programs. The combination of powerful workstations
and a high-performance network seems to have the elements
necessary for cducationai computing to come of age.
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Suppose that at t=0,

the displacement is zero:
Write a function y(t),
intermsof A,wandt

that describes the subsequent motion.

y(t) = Asinwt

The vertical displacement, y
will equal the radius, A times
the sine of the angle, wt.

That's the right idea.
In the future, please use parentheses,
like this: Asin{wt).

fitclitc/det/cmututoriwaves.t

More

displacement (cm)
amplitude {cm)
angular velocity (rad/s)
time since t=0 (s)

Contents

-)>
Introduction
Reference Circle
Oscillations
Traveling Waves
Quiz

mttebanon |

Figure 2. Expressions for Waves: a dialog



{Typescript det mtiebanon]

Programmed in part by Eric Shulman.

EditText —_lemuiphyirtsipublicigraphheip.d intlebanon | Write S
. Search | |
| graph: A Grapher, Calculator, and Differential ):’ B Edit i
Equation Solver. ungixy.sy Boundaries | } i
Bruce ame Sherwood and Robert T. Schumacher ‘
CTEC and Physics ® '
Camegie- Mellon Unuversiry 198§ Run
[~ ]

Haitikrase Graph
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Xit

In Program Mode 5ou can wrire equations 1o produce 2 graph, Calculator Mode J

or solve a system of first order CDE's. Help

In Calcwlator Mode you have 2 fexible desk calculator. 6 =

Program Mode

e

Here is a sunple program 1o piot a cosine:

Xex+.1
=de0siix)

1* Use the mouse to copy this program into graph.
2% Choose the Run menu opnon {middle mouse butten).

graph evaluates the statements and plots the resulang values
sfxand ;. Itrepeats the process over and over unnl you

21 Choese the Halt menu opdon.

4) Vou can change the program and nun it again. To uy a different ¥y
Program yeu can cut out the old program. or you can scroll 2 program up
cut of the way and remeve it later. Run starts with the first ~sible
program starement.
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s the Erase Graph menu opnon 10 clear the screen, then Run 2gam.

Note that =" has a special programming meaning here. It means
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garamerer v

rats.]
X=34d5n{20
y=dcos{Stiexpi- 011) -0

n

o

»
>
]

ri¢ not wntable, read only mode ~etting imnal values: e -15. 1781, y=- 1553051

Figure 3. Grapher and Calculator: a graphing tool
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