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COMPUTER DIALOGS AT 1RV11,1 - ONE MONTH'S ACTIVITY

_Alfred Oork
Physics Computer DevOopment Project

University of ¶ alifornia
Irvine, California 92717

The Physics Computer Development Project at
the University of California, Irvine, is involved
in the development and use of computer-based
teaching materials, primarily in the sciences,.
Several recent review papers about our activities
have been published.' These papers typically
consider the Project objectives, the types of
dialogs available, and the authoring procedures
for developing dialogs.

The present paper gives a different cross sec-
tion on how computers are used in education at
Irvine-by concentrating on a single month's ac-
tivity,, January, '1976441c considerts both dialog
usage and dialog developmental work during that
period. Naturally any one month will have pecu-
liarities associated with it, but this mode of
presentation'may be -of some interest % viewing
an ongoing project that is developing computer -
based dialogs. Many other class uses, such as
those involving student programming, are not con;
sidered.

Irvine Computer FacilititS

The University of Chiforhia, Irvine, is one
of the three new camuses of.the nine:campus
University of California system, -established
about ten years ago. Ralph Gerard, our first
dean of graduate studies, and Daniel G. Aldrich,
Jr., our Chancellor, became convinced at that
time that computefs were to play an increasingly
important role in the learning process. Hence,

Irvine acquired more facilities for using com-
puters with students, than is typical on univer-
sity campuses. After some rough beginnings we
finally arrived at a stable configuration of com-
puters about seven years ago.

The campus now operates three general purpose
computers in competition with each other. The
computers are a Sigma 7 (the one used in all 4he
activities to be reported in this paper), a
PCP-10, and a PDP-11/45% All three are available
for all types of Work, and the two larger sys-
tems, the Sigma 7 and the PDP-10, support both
batch and timesharing. The Sigma 7 has about

seventy physical ports and the PDP-10 has about
thirty physical ports. Although we have no accur-

ate figures of the numbers of terminals on gam-
pus: it is estimated that perhaps 175 terminals
are on campus, about 100 generally accessible
to students.

The work of the Physics Computer Development
Project, funded by the National Science Founda-
tion and the University of California, is almost
entirely dependent on graphic capabilities, so
graphic terminals are employed in most of the
activities reported in this discussion. We cur-

rently have about thirty Tektronix 4013 terminals
available or student use, about twenty -five on

the Sigma 7. Although some of the dialog activi-
ties can take place'on nongraphic terminals, most
require graphics.

January Classes

Most of the student-computer dialogs developed
n the Physics Computer Development Project have
eon intended for beginning science classes.
ich materials are heavily used in a particular
nth is dependent on which classes are being
ught, and where those classes are in their

s llabi. Most of the use described took place in
t ree classes. One was the Math 1 class, a pre -
paration for beginning calculus. Students take,

h 1 only if they fail an entrance exam in the
ca culus course. A second important class was

th Physics 3B class, the second quarter of a
th ee-quarter general physics survey taken pri-
ma ily by biology majors, mostly premedical stu-
de ts. The third course, Physics SA, is the
fist quarter of a five-quarter introductory
course primarily for science and engineering
majors, also with a good sprinkling of biology
students. In the Physics 3B course the computer

pla's major role in the struceure of the course.

In ithe Physics SA course computer activity is sim-
ply another learning mode among others available

usb if the student desires.

Ma

iIt should not be implied that all the use of
the computer at this time took place in just

elsse classes. Considerable additional access
copes from students not enrolled in ani physics
clOses employing the dialogs.. This nonclass use
tdnds to spread much more throughout the entire
t-fsge of dialogs. (There are perhaps seventy

dialogs for student use available in all areas
at Irvine at the present time.) So this "free"
uSe of dialogs does not show up in the major dia-
lOg usage to be reported here. .

abs
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January Usage

Computer dialogs keep in files accurate usage
figures, so we knoll, just which dialogs are used,

by whot, and how much. About ence a month we

sort this tile; 4nd thl.following data were o6-
tained from that sourc4.

Dialogs were used 4,Uring January, 1976 for

approximately 120,000Zerminal minutes. About

900 individuals, almost all students, were in-
volved in about 8,000 separate sessions. These

'figures fur January are typical of those in re-
Lent months during the current aLadem4 year.

It should be indicated that there is not com-

pletely "free" use at/Irvine, Th* three classes

mentioned share a group of si4gEn "parts." If

a student in one of/the classes tries to sign on
when all sixteen pqrts are busy, he or she will
receive A message xo that effect and will not be

able to gain access to the computer. The avail-

ability of terminals in the busy times of day
might also be another limiting factor; there are
three concentrations of graphic terminals, one
between the computers themselves, one on the

first floor of the Physical Sciencebuilding,.and
one on the ipurth floor of the Physical Science
building, and these terminals are heavily em-

ployed. Although Irvifie provides more student

access to computin.k than many universities, com-
puting is still a viluable commodity, and we do

not have a completely free acceSsmavket. It is

difficult to predict what usage ikuld be without
constraints, but it would be considerably larger.

The following table shows the statistics for
the most widely used dialogs at- Irvine.

SELECTED DIALOG USAGE - JAcUARY, 1576

Terninn , Minutes/

Minute, Student Seogton, Student
Minute,/
Set...ion

CHARGE 3,785 135 257 27 13

'CHEM 4.736 26 430 162 11

DIALOGS 1.103 141 493 6 2

FIELD 31,622 258 1.266 123 25

GUM 644 53 117 12 6

GRAPH 1.26n 43 167 29 6

NOCKEY 602 34 45 t$ 12

INTEGRAL 7,711 137 ,271 56 2$

LUNA 1.217 45 101 24 11

YAM 546 9 15 61 36

MOTION 1 645 61 125 27 13

NEIL 768 4$ 131 16 6

/2E1 18.150 245 635 76 30

0210 .. 174 - 16 , 44 46 20

07.2 5.188 102 214 51 24

Q7-3 596 42 73 24 14

027 4,380 94 23$ 52 16

CaS 2,123 55 137 35 26

025 2,607 28 1 100 35

RAYS 586 16 61 33 7

In the left-hand columns are the names of the

dialogs. The reader should remember that this

does not represent total dialog usage, but only
the dialogs used most heavily, more than 500 min-

utes of terminal time during the month. The head-

ing "Students" is slightly misleading. While

most of this is'student'use, sole developmental
usevto,be describfd below, is also represented;
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aboutPdenty of the "students" were actually de-
velopers of the dialog material.

In the next few sections I will review partic-

ular dialogs, describing them and tellinAti little
bit about the class environment in which they were

used.

I

The Math Quizzes

As indicated above, Math L is a "remedial"
math class taken by students expected to have
difficulty with the calculus courses. It was a

large class, with approxitately 300 students in
the winter quarter. 'filie class is taught in the

PSI or Keller plan strategy, with students moving
--at their own individual paces through the units.
All the exams, needed to show success in each
unit, are.taken directly on-line to the computer.
The'se exams are picked out of a large pOol of

questions, so that students get a different exam
each time they take the quiz. The student at-
tempts the quiz as many times as is needed to
demonstrate that the material has been mastered.

On the chart the math quizzed start with pile

letters "QZ." Thus about seven different quizzes
were used in January, indicating that the stu-
dents were indeed dispersed in different' parts of
the course, typical in a Keller plan. course. The

quizzes have a built-in timing, limit; the dtudent
is not allowed to spend more than one hour in tak-
ing a single quiz. You cad see that they average

about twenty-five minutes per quiz. Statistics

also indicate that for most of the quizzes stu-
dents typically take them about twice before
'succeeding.'

The Math 1 quizzes were developed by John
Grover and Stephen Franklin of the Math Depart-

ment at UCI. Comparisons of their use versus
other imilarly versatile ways of teaching the
course indicate that this mode of teaching is

cost effective.2

FIELD

About one - quarter of the total use of Irvine

dialogs during the month of January came from a
single dialog, FIELD. The subject matter of
FIELD is electrostati'cs. It carries the student
from very simple beginning, considering the di-
rection of the forces between ehtirged particles.,

into the-sophisticated notions of the electric
field and find lines: The student plays an ac-

tive role in the leatning process. FIELD ends A

with a field-plotting facility in which students
splhify arbitrary locations for charges, and then
ask for either electric field lines or equipoten-

; tial lines. The dialog has a tap at the begin-
ning, allowing students to jump into any particu-

lar section. They can return to this map at
some later time, and then move to a different
section of theprogram.

The large use of FIELD represents the Physics
3B course. The second quarter of that course is
concerned with electricity and magnetism, and '

stalls with electrostatics. FIELD was recom-
mended to students as a vinbae alternate to



NOW WE HONE TWO UNLIKE CHARGet
(SUCH AS AN ELECTRON AND A PROTON)
DO THEY ATTRACT OR REPEL? '

?ATTRACT?

GOOD
UNLIKE CHARGES ATTRACT

PRESS RETURN TO CONTINUE

NOW WE WANT TO USE SUPERPOSITION TO FIND
THE NET FORCE ON 'C' DUE TO CHARGES 'A'
AND '13' WHERE SHOULD THE TIP OF THE FORCE
ARROW DE?
CLOSE. RUT DO 4 LITTLE BETTER

:.

)

A

0
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THREE POSITIVE CHARGES ARE ARRANGED IN AN
EQUILATERAL TRIANGLE -

A -TWICE T.HE CHARGE OF 'I'
THE FORCE ON 'C' DUE TO 'A' IS INDICATED
BY THE VECTOR
POINT TO THE CORRESPONDING FORCE VECTOR ON C
DUE TO P1RTICLE 'B'
REMEMBER THAT ALL TIE CHARGES ARE POSITIVE.
SO ALL FORCES ARE REPULSIVE TRY AGAIN

. AGAIN. YOU ARE NOT POINTING IN
DIRECTION HERE IS THE LINE

' THE TIP OF THE FORCE VECTOR IS
POINT AGAIN
IT DOES LIE ON THE LINE THIOUG
YOUR MAGNITUDE IS WRONG POINT

%AC Sawn;

)IM THIS LINE

I AND C.
04010

s.

..

%.

,

.

.

A,
s.

%.

s.

S NT IMPORTANT HERE TO KNOW WERE THE
:4.1qCE.i. ARE

LE- S .:04.JER THE AREA CONTAINING THE CHARGES

WE'VE CHANGED THE CHARGES UNDERMATH

WE CAN CALCULATE THE FORCE ON OUR 'TEST,
PARTICLE NO NATTER WHERE IT IS USE THE POINTER
AGAIN AND AGAIN TYPE '5' TO TEAMMATE

PRESS RETURN TO CONTINUE



VOQ SHOULD BE GETTING THE IDEA THAT, WITH
WiTH OUR TEST CHARGE, WE CAN FIND THE FORCE
lif:TOR AT AMY POINT

WE NEED A NAME FOR A COLLECTION OF ALL THESE
FORCES. ONE AT EACH POINT,

IT'S CALLED THE

learning electrostatics, in addition to the lec-

ture and text material. Clearly many students

employed it In this fashion. Also several
Physics 3B problems were structured around the
field plotting capabilities in the last section
of FIELD, to be sure that the student had exper--
fence with the plotting of field lines; from
this experience they can gain intuitive under-
standing for electric fields due to discrete

charges.

FIELD was begun by a group of University of
California physics faculty members on several
campuses in a workshop sponsored by the Univer-

sity to make physics faculty acquainted with the
"dialog, materials and design approach. Those in-

volved included-Sun-yiu Fung (Riverside). Robert
Eisberg (Santa Barbara), Peter Geissert (Davis),

Bruce ROsenblum (Santa Cruz), Alfred:Bork
(Irvine), Richard Ballard (Irvine). Later adai-

tions to the dialog were made by.Alfred Bork and

Joseph Marasco of Irvine. The student proirbmmer

responsible for FIELD was Thomas Marrs.

INTEGRAL

INTEGRAL was also .a recommended dialog In the

Physics 3B touise, but for a different reason

than for FIELD. One of the problems in teaching
introductory electricity and magnetism, is that

current textbooks tend to make mathematical de-
mands which go beyond those the student has seen

in mathematics courses. Although Physics 3B, as
with similar courses elsewhere, assumes that the ,
students have had calculus, they will in general
not he familiar with the notions of line integral
and surface integral needed for a full exposition

of electromagnetic theor INTEGRAL attempts to

provide this necessary mathematical background,
and eventually concludes with a discussion of
Gauss's law, one of the fundamental laws'of

1,1
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'.electromagnetic theory.

INTEGRAL too is driven from a map, and students
can use sections of it necessary to meet indiv-

idual needs. Viewing the usage of INTEGRAL and

FIELD it can-be seen that only about half the
students in the class used INTEGRAL while almost
everyone used FIELD. 'Furthermore, the average

time in INTEGRAL was only about half the Average

time in FIELD.

INTEGRAL was developed by Bruce Rosenblum of
the University of California, Santa Cruz, in con;

nection with the workshop mentioned above.

DIALOGS

The statistics on DIALOq might appear puz-
zling ugtll one understands 'what is involved.
Although it was used for almost' 700 sessions in
Janu4ry, more than any:other dialog except FIELD,
the average use of DIALOGS for a single'session
was only for two minutes. Thus, if is'employed

often, but briefly.

DIALOGS is an information source, telling the
student which dialogs are available, and will

furnish a brief description ofeach one. Al-

though this same information is also available
in printed form, many.students will not have the
printed form with them, and wild use DIALOGS to
find either theeprogram they want or as a method

of browsing through other dialogs. The students

use it only briefly in seeking information about

dialogs.

Other Comments on Student Dialog Usage

Briefer comments can be made about some of the
other dialogs that played a. major role in classes

in January. CHARGE is an on-line problem dialog

a
e
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, I HELP YOU 7 to

where the student must -query for information
aliout an electrostatic situation to solve Ow

problem.4 It persuades students to think about
what information is necessaryto determine an
answer as opposed to the usual textbook situation
where all necessary information is stated. It

was written by Sun-nu Fung of the University of
California, Riverside:

GLEM and NEIL are both lunar lander programs,

based on simple kinematics. GLEN isgraphic,
while NEIL is not. Most of NEIL'S use typically

comes from nongraphic terminals.

Although MOTION and LUNA do not show Large
usage for the month of January, in a full year
statistic they generally end up higher than
other Irvine dialogs. MOTION was developed by

Richard Ballard and Alfred Bork. It is an

"F ma" simulation, allowing the student great
freedom ifrthe choice of initial conditions;
equation constants, scaling, force laws, and
variables to be plotted. LUNA, a dialog prepared
by Arnold Arons of the University of Washington
and Alfred Bork, iS directed toward understanding
the phases ctf the moon, using this as an example

of a scientific model.,

,GRAPH is a different type from any we have

cpnsidered. ft is a utility program, providing
graphic capability for students who do not neces-

sarily know much about computing. Studen can

type in the functions they want graph The

dialog provides cootrolof scalin: end tither as-

pects of graphing. This program receives less
use now than it did at one time, because we now
have good graphic capabilities available in APL,
taught to almost all students in the beginning

,- physics, courses.
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HOCKEY also follows a different approach from

others 'shown.' It was prepared by Robert Eisberg
of the University of California, Santa Barbara
and Peter Qeissert of the University of

California, Davis. It arrivesint the notions of

pass and momentum and momenturnconsereation,
through computer-simulated experiments of colli-

sions of puckson an air table. Its use in

' 'January was primarily from Physics 5B students.

The use of MAGQ'deserves some Special mention.
'ads program was used quite heavy in February,
1976, where it was a classassignmenI-In the
Physics.38 course. The students using it in
January were presumably those who were somewhat

.ahead, making use of thefact that computer dia-
logs.are always available, to accomplish this work

before the scheduled period. Thus they offer a

flexibility not available for lectures and for

many other media. :w

Finally two of the dialogs In the list repre-
sent primarily developmental work, as opposed to

student access. These two dialogs, CHEM and RAYS,

will therefore bediscussed in the'next section.

Project Activity. in January.

.

The Physics Computer Development Project was
als.91peavily JanUary in the continuing

maintenance and development of compute?-based

dialogs.
.°

The largest amount ofdevelopmental work, as
seen by its presence in the dialoelist above,
went Into the CHEM dialog. This isthe'hrst of
the "new worlds" dialogs; an attempt to produce a
highly interactive form;of dialog.where students
are fre,e.to change the, context of the discussion

at any time. The primary developer is Richard

9



Ballard. February statistics reflect very

heavily the initial use of this program with'the
introductory chemistry course.

RAYS was developed by William Parker at
Irvine, and is an- introduction to the srlbjectof,
geometrical optics. It expects to see its first

student use in the winter quarter.

Major implementation activities centered
aruund dialogs that have been d &veloped with two
visitors in the'last part of December, Arnold

Arons and Richard Extermann. Arons and Alfred

Bork developed four dialogs over a two-week
piriod, three dealing with magnetic fields, and
one concerning the difference between tempera-

ture and heat. Joseph Marasco and Richard
Extermann developed a dialog concerning the
weight of a body on the earth's surface. In

dialog development in our Project the teachers
work in a loose flowchart form, specifying the
pedagogical decisions in complete detail but
doing nine orthe actual coding of the material.
Student. programmers during January were involved

in implementing these dialogs. By the time of

the New York APS-AAPT meeting in early February
it was possible to demonstrate the tlrst of the

magnetic field dialogs; the programmer was

Martin Katz.

OthA dialogs were also under development in

this period: One, SLOPE, is intended for prob-

lem assistance. Another, SPACE, is an ambitious
attempt to provide a detailed learning resource

for relativity. ;

Only one entirely new dialog was prepared by
the Project during the month of January. Thi

was the work of Alfred Bork, Joseph Marasco, and
John Herman. John Herman, a physics professor

at Western Michigan University, is spending the
winter quarter at 16.rine on sabbatical from his

own institution; his primary interest is con-
verting our dialogs to' run on another system, a

DEC System 10. He has also partic'ipated in the

Project in other ways. The dialog that we wrote

is a problem assistance and testing dialog, a
typical electrostatic problem in the first week

of a beginning electricity and magnetism course.
This dialog is as yet unimplemented.

Another major'activity.wiNn the Project was

the r66ision of the course management database,
a part of our process of restructuring the be-
ginning physics course. We had operational a .
database of this kind, to keep track of individ-
ualstudent records, for the first quarter
course, taught by a PSI strategy. The second'

quarter is being taught in a more conventional
pattern, and so it has been necessary to rework

the database. Access is provided, to the data for
,.both the instructor and for individual students.

Finally a major continuing activity of the

Project during recesit months Ras been the
development of an APL worksapce designed to aid
the process of creating graphic aspects of dia-

logs., The aim is to provide a facility which
would he usable by a graphic designer, in the
sc,nse of industrial design, so that dialogs could °

have a more interesting visual'appearance. The

1? 1

10

work is primarily doe to one of our student pro-

grammers, Mark Geisert. The programmer or de-

signer can construct graphic or alphanumeric
image*, can move these around the screen by means

of the built-in graphic pointer, can change the
shape of the objects, can rotate them, can tom-

, bine simple objects into composite Objects, and
can manipulate them in various ways. Control

over text includes the ability to right justify
and left justify, to center it, and to enter sub-

scripts and superscripts. The program will itself`

write the computer code necessary to generate the
graphic and alphanumeric images specified, and
this code can be merged with that generated

directly by programmers. This facility is proving

to be very useful in all our recent dialog de-
velopments, including those mentioned in the

present paper.

It should be stressed again that looking at any

one month will give certain biases. Thus, the

dialogs that received very heavy use were acci-

dents of the particular class activities. But

the general."flavor" would be the same.

The project is happy to send literature about
its activities and to welcome visitors.
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CONTINUE PLOTTING' YES

c'oNTIN6E PLOTTING', YES

NEW PLOTT1G CONDITIONS

,00ERPLOT T KE

CONTINUE PLOTTING', OK

CONTINUE PLOTTING?

,4

U'4 CH OF THE GRAVITATIONAL FORCES
DID YOU HAVE IN MIND'

YOUR OPTIONS INCLUDE,

1> CONSTANT GRAVTATIONAC FORCE
,

2> POUER.LAW CENTRAL FORCE

3> RESTRICTED 3 -WODY PROBLEM IN REST FRAME OF ROTATING STARS

4> 3-BODY MOTION WITH TWO FIXED FORCE CENTERS (X+/-?)

SELECT FORCE ,

4
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TWO CONSUMER VIEWS OF PLATO IV

John W. Robson, Department of Physics

Univeriity of Arizona

Tucson? Arizona 85721

ABSTRACT: Tte Laboratory for Computer Based Instruction at the University of Arizona has operated 12

terminals connected to tne PLATO IV system for approximately a year. Thus we are consumers of a service

prcvide4 ty the,Computer-based Education Research Laboratory.of the University of Illinois. Students in

selec d courses at the University.of Arizona are consumers of instructional material delivered by PLATO.

We to report on a year of experience from the viewpoints of these two conslimer groups.
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DESIGNING CAI PACKAGES FOR COMPUTER SCIENCE

Donna Hutcheson

East Texas State University
Commerce, Texas 75428

ABSTRACT: Computer Assisted Instruction (CAI) is proclaimed by many to be the cure for all educational

ills. Even though that is not an accurate assumption, CAI is an excellent tool to assist instruction if

adequate application packages are available. Research has shown that one of the most neglected areas of

concentration for application packages is computer science: Why? Generally persons proficient in computer
science are not knowledgeable in the techniques for designing an effective.inStructional package. To .

design an effective package the following steps shpuld be employed: J. Select a topic, 2. Define

measureable objectives, 3. Write Pre and-Post Tests, 4. SelectinsTructional strategy, 5. Identify and

prepare additional audio-visual materials to accompany course, 6. Code course material in an author

language, 7. Functionally debug the course, 8. Conduct peer group. tryout and revise, if necessary.,

9. Conduct target population tryout and revise, if objectives were not met, and 10. Periodically review

and maintain package.
4

?

Introduction

For the purpose of this paper, Computer
Assisted Instruction (CAI) will be defined as us-
ing the computer as a tool for helping students
attain the objectives for a module of instruction.
Research in CAI. since the inception of the concept

has produced numerous articles upclaiming the
excellence of CAI as an educatioal toor.4zOne
would think that due to the nature of CAT'; computer °
science education would be the leader in CAI use.
Yet, research conducted by Pati Smith of East
Texas State University during the fall of 1975 f
shows that one of the most neglected areas of con-
centration for CAI application packages is computer
science. It has been stated by some educational
experts that professional educators could not
write efficient CAI packages because they could
not program thetcomputer, and computer programmers
could not write effective packages because they
were tinfamillar with either the course material or
with instructional strategies which could improve
the probability for student attainment of objec-

tives. Computer science teachers are familiar .

with both instructional strategies and,programming
techniques. So why is there not a multitude of

computer science courseware available?

1. Many teachers feel that they do not have
the-hours of time that it takes" to

develop materials.;

2. Most materials that have been written are
not documented, and thus are useless to
anyone other than'the'author.

3. Not all institutions use the dame author
language, or thesame computer equipment,
-making exchange of materials difficult.

4. There are no clear-plt guidelines avail-
able for. writing and implementing CAI

packages.

This paper addresses the last reason--guide-.
lines for developing CAI packages in the area of
computer science. The'following systematic approach
has been successfully used at East Texas State
,University to train prospective computer science
teachers to write effective CAI courseware.

1. Select a topi
2. Define measureablelibjectives
3. Write pre and post tests
4. Select instructional strategy I

5. Identify and prepare additional audio-
visual materials to accompany course

6. Code course material in an author

language
7. Functionally debug the course

8. Conduct peer group tryout and revise, if
necessary ,

9. Conduct target population tryout and
revise, if objectives'were not met

10. .Periodically review and maintain package.

. .

. StepSNI-3 make up' the design phaseysteps 4-7,
the'impjementation-phase; and 8-10, the i4i1Ution

phase. Many_beginoing authors plUrige directly into
the implementation phase and fry to4write an effec-
tiVe course without first considering the steps
involved in the ddsi,gn phase. Experienced CAI

author/programmers generally agree that from 25 to
40 percent of the total time required to produce
an efficient CAI-module is spenton design. Thus,

time spent on the first three steps listed above
will save time and frustration in the long run.

Selept a Topic

The first step, selecting a topic, is more
difficult than first consideration indicates. Any

,teacher may be capable of designing and using
instructional materials; but can the material4be
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well adapted to CAI, and is it worth learning?'
Before investing the hours of work that it takes'
to design an effettive'CAI module, be.sure that
there is a need for the material as evidenced by
students, teacher ;, and lack of similar materials.
Also, will the segment be used once it is written?

Novice author/programmers should beware of
using CAI to teach concepts which are tradition- '

ally boring even when presented by the most
innovative teacher, such as history of computers.
In the past, most courseware for computer science
has concentrated on teaching students the syntax
and semantics of a particular programming language,
thus leaving the teacher free to concentrate on
the refinement. of programming techniques. As the

author/programmer gains, experience, more challeng-
ing topics should be considered.

No Matte which topic is chosen, state IV
scope of eacff module or sub-module in precise terms,
including thi sequence in which the tasks are to '

be presented. Keep in mind that some tasks may
.'`not hive an inherent sequence if they are pre-
requisites to a future task, but not prerequisite
to each other (i.e. I/O devices or storage devices
as prerequisites to evaluation of computer systems).
Such tasks may. be presented so that the student

chodtes the sequence of tasks to be completed.

Define Objectives

Once the topic has been selected and the
scope defined, it is necessary to define measure-

able behavioral objectives. Authors who eliminate
UM' step in the design phase often are frustrated
later when asked "What exactly is a student
supposed to learn from this course?". and "How-do
you know that the course taught anything?" The

worth of CAI is particularly dependent upon well
defined objectives in the face of traditional
educators' criticism.

Write Pre and Post Tests

Now that the objectives have been identified,
writing pretests and post tests is a simple matter.
Many i44ructors and curriculum designers eliminate
pretests if the content of the module is of an
introductory nature and no prerequisite or entry
level knowledge is necessary. However, if pre-
requisite.knowledge is necessary for the student
to succeed in any given module, a pretest is man-
datory. If the student does not successfully pass
the pretest, provisions for remedial materials or
instructions as to what the student is to do next
should be provided. Comparing the 1-esults of pre-

tests and post tests can make learning justifica-
tioq arguments much easier. If the answers to the
pretest questions are not given to the student at
.the time he makes a response, the same questions
toulA be.used in the post test. If the same ques-
tions are used, the measurement of student
learning contributable directly to the CAI module

is much easier. Naturally, different questions

may be usedlin the post test. However, be sure

that all questions are consistent with the
previously stated objectives."
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Select Instructional Strategy

At this point it will be hecessary to deter-
mine the logic of the instructional strategy. The

development of an effective instructional strategy
requires imagination and creativity. Three factors
should be considered:

I. the level of interaction between student
and courseware to be utilized;

2. the teaching logic;
3. the decision algorithm to be used to

select each student's pith through

instruction.

The level of interaction plays an important
part in forming the student's reaction to CAI.
Two primary levels can be identified: free-form,

short-answer constructed responses, and objective-
type responses (i.e. yes-no, true-false, multjple
choice). At the present time most courseware
contains the objective -type, response format

because constructed responses are more difficult
to process. However, it is the opinion of this
author that computer science authors should strive
for constructed responses since it is only by
"doing" that a student truly learns.

The teaching logic is primarily dependent on
the level of interaction chosdn. The following
teaching logistics iq order Of complexity are e!
available:.

1. Drill and practice
2,' Tutorial

3. Problem solving
4. Simulation

5. Inquiry

Tutorial logic is most appropriate for teaching
introductory concepts in computer scienceobut
requiring the student to apply learned concepts
implies the use of either problem solving or
simulation logic. It is suggested that the author/
programmer try to incorporate a combination of
two or three different methods in order to give
the student a variety of experience, thus promoting
a more complete understanding of the topic.

The decision algorithm Controls the sequence
instruction.nstruction. The algorithm used can range from

a simple linear plan to a complex plan involving
branching and numerous paths through instruction.
To take full advantage of CAI's capabilities, a
simple linear plan should be avoided. In the

complex plan, the particular path ,that an individ-
ual student takes is dependent upon his perform-
ance on previous questions. Figure I dllustrates
a simple linear plan; Figure 2, a stmolelirancliing
plan; and Figure 3, a complex plan. Note that the
sequencing plans presented in Figures 1-3 may be
used for both tutorial logical and problem solving
logic. There are infinite variations of strategies,
between the simple linear plan and the complex plan
presented. The particular strategy used should be
based upon the complexity of the material being
presented and the personal teaching style of the
author/programmer. No matter which strategy is
devised, it should be flowcharted for easier
reference when coding the course into a program-,
ming language for the computer.
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Identify and Prepare Ay Materials

Often additional media are required to commu-'
nicate the instructional message to the student.
The author should examine the lesson flow to deter-
mine which learning activities will be used to
attain the objectives. Then the additional media
to be used with those learning activities must be
identified.

/-

Additional materials could include:

1. Supplementary reading to avoid placing ,/^

several sireens of text for the student
to read. 'Too often authors use the
computer to simply present textual
material to students. This practice is
strongly discouraged.

2. Real objects ;like disk, tape, core rings,

card decks, etc. a
3. Audio tapes containing perhaps'the

teacher's explanation of a difficult

concept.

4. A film, filmstrip, or videotapepresenta-
----tion of tutorial material.

However, keep in mind the following points when
selecting additional media:

1. time required to develop audio-visual
materials;

2. compatibility of media selection with the
computer terminal in use;,

3. appropriateness of the selected media to
the activity--Is it better than any other
media?

Due to the time involved in preparing additional
materials, production of these materials should
begin at this point.

Code Course Material

Now the author/programmer should be ready to
write and code the course in an author language.
There are numerous author languages available for
coding instructional materials using the computer

in an interactivemode. Among these are Course-

,- writer III, APL, Basic, Tutor, and Scholar. The

language used at East Texas State University is

IBM Coursewriter III. Coursewriter III, an IBM

author language designed exclusively for CAI,

is easy 'to learn and easy to use. Much of the

processing logic is inherent in the operation
codes (i.e. when the student answers a question
correctly, control is automatically passed to the
next problem unless routed elsewhere by the pro-
grammer.) Also, partial answer processing capabil-

ities allow realistic interaction (eg. when two
words are required as a correct answer, if one
word is correct, the student can be told this fact

and asked to change the other word.). Rather than

expound upon the details of Coursewritee. III,
interested readers are advised to reference the IBM

Coursewriter III Author's Guide.

Note that there is no perfect author language

Each has virtues and faults. If you have not

selected an autho7-Tanguage, some points to keep

in mind are:

4.

'161

1. Is it just a computer language or is it
designed for use in CAI?

2. Is it easy for both students and faculty
to learn and use?

3. Is it transportable? (i.e. Can it be used
on other computers?)

4. Is it supported by your computer vendor?
5. Have other educators used it?
6. What types of terminals are supported by

the language?
% .

No matter which author language is used to
code the material, avoid,the use of pat feedback
,to student responses;, such as right, wrong,

correct, incorrect. These kinds of pat responses

to the student give CAI its, "dehumanizing" reputa-

tion. Give hints, allow for unexpected answer$,
and provide a way to proceed to the next question
other than by giving a correct answer. In other

words, write a flexible program that will truly
individualize instruction.

Nothing that has been written.is perfect 'the
first time. Much rewriting and recoding is
necessa'ry to develop a smoothly flowing program
of instruction. :Always keep the, student in mind.
Present the material in small, logical steps so
that the student can establish closure with
previously discussed points. The purpose and
importance of each point toward the final goal
should be stated. Use numerous break points for
re-entry if the student signs off and review
points if the student demonstrates confusion, or
skip ahead if the student demonstrates complete
mastery of a specific objective.

Debug

Unfortunately, very few compUter_programs
' execute successfully the first time. Therefore,

time must be taken to debug the program; that is.
get all of the programming errors out so that it
will execute successfully., Unique to CAI programs.

is the need to search for misspelled words,
sentence structure, and screen formatting errors,
if cathode ray tube terminals are,used. Often
the answer processihg statements do not function

as- originally anticipated. Thus, many trial
executions must be completed to find all of the
errors.' Try all of the anticipated responses as
well as a few unanticipated responses to test
execution of all student paths through the program.
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Peer Group Tryout

The evaluatiol phase is often overlooked by
author /programmers. They tend to feel that once
a program executes successfully with their test
data, it is complete. For CAI programs, author
testing is not sufficient. If the instructional

package is to have substantial. use by anyone other
than you, [leer group tryout is essential. Ask two

or three fellow teachers in your department to
take the course as students and make suggestions ,

for improvement of the instruction or the answer
processing. Teacher peers are valuable critics.
Analyze their comments and if you feel that the
suggestions are valid, revise the module. If

'additional Coding is. involved, then go back to

step 6--coding'the revisions.
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Target Population Tryout

After the package has the "seal of approval"

from teachers, it is time for the real test- -
students. Test the program with a small group of
students having the characteristics of the target
population. For instance, if the module teaches
syntax of Fortran TV, test it with a section of
Introductory Fortran IV students. Even though the
Wogram statements are syntactically correct,
students very often do not perform as expected.
Weak points in the instructional strategy or the
programming will probably be identified. If the
objectives of any module were not met, as indicated
by student performance, major revisions may be
necessary. If necessary, revise end reoode.

For a true evaluation of the instruction,
compare the competencies of those using CAI with
the competencies of a group of similar students
being taught the same material using other media.

J.
Such an evaluation procedure was conducted at
East TeXes,Statel University by the author of this
paper with respect to learning Coursewriter III.
It was found thai,students who received tutorial
CAI instruction earned the desired concepts as
well as those in4ved in the traditional class-
room environment, but in less time.. An inter-
esting fact was di,icovered with a third group who
were exposed to bdth CAI and traditional instruc-
tion - this group out-performed the other two
single-method groups by an average of 20"..

Review and Maintain
4

Finally, the package has passed all tests.

Don't put it into production and then forget about
it! Periodically review the material;--analyze the
comments made by the students concerning areas
difficult to understand; and analyze students
unexpected wronganswers:. You may,need to continu-
ally revise various part:I of the prdgram to allow
for individual student d)fferences and to keepthe
content consistent withcurrent advancements in
the area of computer leOinology.

Documentation

One final point, documentation is extremely
important not only to conserve time and effort on
the material being developed so that other
instructors may use it, but also as an'aid to
preparing additiohal modular units. When no
documentation exists, the life of the package

is dooMed to be short. All of the following should
belplaced together for documentation:

1. definition of the topic (scope and
sequedced tasks)

2. list pf student characteristics and pre-
skills (entry behaviors)

3. definition of specific objectives (in '

measureable terms)
4. flowchart of 'instructional strategy

5. audio-visqal materials.

Conclusion

When one examines the large number of topics
which are recommended for inclusion in computer
science courses by curriculum committees, it is

obvious that the computer science teacher needs
all the help he or she'can get. This is
especially true wigi the new trends emerging in
programming and design techniques. Thus, computer
assisted instruction may well enable the computer
science teacher to offer a more complete course
if adequate application packages can be developed.
A1-6:1 they can, if master teachers will take the

time to follow each of the steps outlined. The

net result of such effort will be more precise,
yet comprehensive, instruction for the student.
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THE COMPUTER -- A PERSONAL TOUCH

Dennis H. Sorge
Purdue - University

`.0

ABSTRACT: For, many years Purdue University has hand processed a report of studehts
doing unsatisfactory work. In 1969 the Calculus committee of the Department of Mathe-
matics Anted a,more effective system for reporting to academic advisors calculus stu-
dents doing unsatisfactory wqrk on homework, quizzes, or tests or having excessive
absence. The calculus reports in 1969 and 1970 still made too little use of a computer
and too much use of clerical time. It was decided in 1971 that to be effective the

, 'system would have to be largely computerized. From Registrar supplied computer tapes
the initial data base was created: a system for updating records was started; pro-,
grammers began preparing software. With each new feature additional software and
logistic problems had to be solved.. Beginning Fall, 1973 all 12,000 enrollments in
Computer Science, Mathematics, and Statistics were part of the data files. This pro-
gram for monitoring students' progress influenced the deVelopment of a many faceted
administrative computer system. Today the Division of Mathematical Sciences has a 95%
computerized reporting system, an enrollment update system, a teaching assignment update
system and other support operations. In Fall 1975 the University Provost's office
requested that all Freshmen in all courses at the university be included in this delin-
quent student report system. Successful results on a larger scale would suggest'a possi-
ble'replacement for the university hand-prepared reporting system. About 5000 delin-
quendies were reported from a sample of over 40,000 enrollments. This close monitoring
and subsequent personal contact is a reality only because of a computer.

.

is not at all unusual that a col-
lege4or university eadh semester should
prepare a list of students who are
doing unsatisfactory work. This is cer-
tainly the case at Purdue University.
For many years this report of students
floing unsatisfactory work, known as
Delinquent Students Report, or yellow
slips, has been a hand-processed report.
'Instructors were asked to pick up, com-
plete and return the data gathering
forms. To complete this mid - semester
report of unsatisfactory work instruc-
tors were required to supply the stu-
dent's name, social\,security number,
university,identificktion number and
school of enrollment and sign the state-
ment that the student's work was unsa-
tisfactory. Many instructors,felt that
it As too much trouble. Vany academic
advisors felt that it supplied insuffi-
cient information and that the report
arrived too late to be effective. '

The decision to computerize

Partly because of these reactions
the Calculus Committee of the Depart-
ment of Mathematics decided in 1969 to
develop a more effective system for

4
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reporting delinquent calculus students to
their academic advisors. The committee
did not know hoy the system was to be
made operational but they did know that
it should report information about the
student's homework, quizzes, tests and
absence. It was also decided the report
should come out as soon as possible after
the first examination which was about the
fourth week of the,temester.

To create the reports in 1969 and
1970 instructors were asked to sukply
the names of the studdnts who had turned
in less than'half of their homework, who
had scored less than half on quizzes,
and who had excessive absenc6. The office
responsible for producing the report,
known as the CalculuS Office, already had
test results since it regularly maintained
records on. students' scores. Three cler-
ical people spent almost three' weeks col-
lecting and sorting data'and prdparing
reports that listed students alphabeti-
cally within their school of enrollment. ,

Unfortunately, this procedure, only solved
one of the three problems associated with
yellow Slips% More information was repor-
ted but it was still cumbersome for the
instructors to supply and it still took
,too long to generate.



To simplify the reporting procedure
it was decided that instructors wouldbe
sent preprinted lis
'names of their s
security number
enrollment. How

s containing the
ents, the social -

and the school of
er, to do this required

that the Calculus Office keypunch all the
classlists for the calculus courses and,
using a computer program, sort and print
these lists. This succeeded in simpli-
fying the reporting proc q somewhat for

41k
in ructots but it creat d n almost
impo sible burden on the Calculus Office
sine there are usually 4,000-5,000 cal-
culu students at Purdue.

Investigations into how to elimi-
nate the need to keypunch classlists led
to the discoverythat the Registrar's
Office would supply'computer- tapes con-
taining the information needed. With
this support it was decided in 1971 that
to be effective this system must be
,largely computerized.

'

Building a data base

Initial contacts were made with the
Registrar's Office to ascertain what
types of data tapes could be obtained
from them. -Tape formats and loading
problems were discussed. The, first stage
of developing this reporting system was
to writs programs which/would create
classlists on ,which instructors could
record delinquencies and so that the
Calculus Office would not have to key-
punch this information as they had done
previously.

1'

By the fall of 197-2 we succeeded in
overcoming the problems restating fro
computer incompatibilities. Tapes wire
created on IBM 370 equipment; the Calcp-
lus Office was building. its filei using
Control Data 6600 hardware; tapes an
)6000 character blocks had to be split to
avoid special tape drives; 800 bpi den- Ak

sity was reduced to 556 bpi to eliminate
superious parity errors. Computer soft-
ware extracted names and social security
numbers from one tape and course and
division of enrolldeht from another. It ,

then produced,a punched card containing
this information, Another program pro-
duced lists of student names and column
headings under which instructors.conld
mark if students had turned in less than
half their homework, scored less than ,

half on quizzes or whether they had been
absent excessively from class: When this
information was returned to the Calculus
Office the cards for those students
reported as delinquent were removed from
the initial decks and sorted by school of
enrollment and by course.

These cards then were used to gener-
ate a report to counseling offices. This
report had a lead paragraph, the stu-
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dents'-names and social security numbers
listed by a program. But it was still
necessary to mark 1?1, hand areas in which
the students were reported as being delin-
quent. 'It was now easier for instructors
to report delinquent students. However,
the amount of paperwork far the Calculus
Office was still too great.

The difficulties with this system
,had to be improved. There must be some
Way for instructors to report student
delinquencies that could be mechanically
processed: It should also be possible to-

) produce lists for academic advisors with-
out requiring any hand work.

At this stage a critical assessment
was necessary and major decisions had to
be made. They were as follows: The
entire system must be reassessed and in
fact completely rewritten and redeveloped
The small patchwork FORTRAN programs
would be eliminated. COBOL programming
would be used because its self documen-
tary nature provides for easier transi-
tion from one programmer to the next and
because its file definition and manipula-
tion procedures were appropriate for the
system being developed. A 95% compu-
terized operation would be the goal. A
study of input media and available hard-
ware led to the decision that data would
be collected from instructors by using a
semi-mark sense computer .Card. The uni-
versity had facilities for sensing and
punching the marks into the card. Proce-
dures and equipment that would permit the
use of optical scan sheets were not avail-
able. Computer programs would create
initial data banks and from these data
banks the semi -mark sense cards would be
punched with the student,'s name and class
identification. Appropriate places would
be darkened for any delinquencies to be
reported. The cards were ordered and the
programming began.

As the system was developed and the
programming progressed it became obvious
that there were additional problems that
had to be solved. One of the items
repOrted on delinquent reports is the
student's test scores. For some time the
Calculus Office had been collecting infor-
mation about test results. If this infor-

tion were in a form suitable for compu-,
teriinput, it could be fed into the data
banks so that it would no longer be neces-
sary to ask instructors abbut test
results. Since there are always excep-
tions to this, the option of reporting
test scores using the semi-mark sense
card must be maintained. Also necessary
was the development of a system for grade
changes. It was important that if a stu-
dent drOpped a course, he would not be
reported as delinquent. This brought up
the entire subject of a continuous up-
datingof the data files. All dropping
and adding of courses would have to be



recorded and all changes within courses
would have to be determined.

The system grows

In the spring of 1973 the .first
nearly totally computer generated
report was produced. Howewr,.many, of
the problems already discussed had not
yet been solved. Record updating was
still not functioning. We had dealt
with hardware incompatibilities, with
software problems and now wp had to
handle administrative difficulties.

The system would not be efficient
unless all student enrollment changes
could be recorded and processed in one
location. Since distribution of mark
sense cards required information about J\
instructors the entire area of.computer-
ized record keeping on teaching assign-
ments began to develop.

The spring 1973 report generated for
the calculus courses.was so well received
by academic advisors and instructors that
there were requests to include in the
reporting system cotirses other than the
calculus ones. Because of administrative
responsibilities of personnel involved in
developing the system and because of the
nature of the growth of the system it
was decided that the data banks would .

contain all students enrolled in any
course in Mathematics, Computer Science
or Statistics at Purdue University. This
meant that up-to-date data tapes on
15,000 enrollments.would be maintained.
During the fall semester 1973 two reports
were produced in the first eight weeks
of the semester. Approximately 6,000
students were being monitdred for this
report. Several hundred of these were
reported as delinquencies. Getting this
far, however, had required nearly four
years devoted to the development of
software and logistic patterns condu-
cive to effective operation. This alone
would perhaps not have made the program
succesgful had it not been for adequate
administrative support. This support
encouraged instructors to maintain
accurate and up-to-date records of their
students' progress. With accurate
records it was now possible to reduce
instructor reporting time to not more
than ten seconds per delinquent student.
The Calculus Office had reduced its non-
computer work to the distribution of
cards, the collection of cards, and the
mailing of the final reports.

The administrative system that had
developed out of this request for repor-
ting delinquent students was yet not
full developed. There were still logis-
tic rough spots. The problem of record
updating had to become a smooth, routine,
operation. Enrollment changes. alone

number 3,000. Procedures were established
and printed in a checklist format.

With these problems solved, the 1974-
,75 academic year proved to be a very suc-
cessful reporting year. InstructOrs were
routinely asked twice during the semester
for information about their students. The
number of students involved had now grown

. to approxiditely 7,000. Whereas in 1969
\tt. had taken three clerical people nearly
.hreelweeks to complete this report, the
clerical time now'had been reduced to lit-
tle more than two hours for one person.

The reports were praised by academic
advisors across the campus. They found
them very helpful because they contained
sufficient information and they calve at a
time when changes in enrollment orlstudy
habits could still be brought about.
Likewise irfstructors had no complaints
because reporting delinquent students was
now a very simple procedure., The deper-
sonalizing effect often attributed to the
computer had made it possible for instruc-
tors and advisors to show and successful-
ly communicate a personal concern for
their students' academic success.

Research during theA.973-74 academic
year showed that the report was successful
in getting many students to improve the
quality of their work or in getting many
students to drop courses before receiving
a failing grade. The research also
showed that every student who received a
failing grade in one of the courses for
which delinquent reports were produced
was notified at least once during the
semester that his work was unsatisfactory.

There were several significant side
effects resulting from the development of
this reporting system. Once there were
as many as 700 students out of 15,000 who
were not attending the division of a
course in which they were enrolled and
never located in their specific class.°
With this system and record updating it
was possible within a year's time to
reduce that number to. approximately 25.
Additionally, a data retrieval system was
developed which took the initial tapes
supplied by the Registrar and produced
many, many forme of assorted output.
Research that was once not possible
because of the inability to obtain the
data in a desired form now became routine.

University applications

General university-wide dissatisfac-
tion with the 'yellow-slip) reporting
system Mentioned earlier caused the uni-
versity Provost's office to request that
the Calculus Office, now called the Office
of Undergraduate Services, inclUde in its
reporting system on a trial basis all
students who are freshmen at the

3
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university. delinquent freshmen students during the
fall semester 1975 costs only about 5300.
This cost included cards, computer time
and student help for distribution and col-
lection. Operational costs university-
wide should be in the $2,000-$3,000 range.
Developmental costs spent from 1969 to
the present were about $5,000.

During the fall semester 1975'nearly
40,000 semi-mark sense computer cards
were produced and distributed to facul-
ty across the university. All freshmen
students in all courses were now subjects
for delinquency reports. Nearly 5,000
delinquencies were retArted via these
semi-mark sense cards and at about the
seventh week of the fall semester a
report was generated and sent to aca-
demic advisors. 'The,problems thatpre-
sented thpmselves during this extension
were distribution, collection and defi-
nition of terms -- homework, quizzes,
test. None of the problems were computer-
related.

The total system was not used in
this reporting, only that part of it
related to the reporting of delinquent
students. So, in some cases, students
who had dropped courses may have been'
reported as being delinquent.. Neverthe-
less, this did not detract from the effec-
tiveness of"this program. Many addi-
tional difficulties surfaced at this
time. Among these were that many instruc-

1) tors did not keep accurate and up-to-date
records; many students were not evaluated
until nearly half-way through a semester;
and even with this simplified reporting
system some instructors did not wish to
bother. Nevertheless, the success of the
program was far greater than its faults.

It was apparent th t the logistics
involved in handling nearly 40,000 compu-
ter cards is a greater problem than it
should be. But since the univiz ity
Registrar's office decided that t
would begin experimenting with,this sts,
tem and would use their new facilities
for optical scanning to gather data,
this problem would be solved. Seffiester

grade reporting, already an optical
scan procedure at Purdue, would serve
as an excellent media for the delinquent
student report. Format changes'seemed
to be the only neces'ary variations.

Almost all of the computing problems
in,this system have been solved. The
major concerns now involve administra-
tion and faculty. When additional
cooperation and improvement in record
keeping and evaluation is brought about
the repthrting syst6th will show its great-
est potential. Successful experimenta-
tion with selected classes and optical
scan reporting sheets will result in
university-wide-replacement of the an-
cient yellow slip hand-processed repor-
ting system.

One factor that must always be con-
,

cerned in the development Of any system
is the cost. The computerized system of
reporting delinquent students used for
monitoring and subsequently reporting all
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This is a very small cost when com-
pared to the expense for students and the
university resulting from students unsuc-
cessfully completing a course. Most im-
portant of all, by using a machine to
store and rapidly analyze large quantities
of information, to temporarily remove the
human element, has permitted instructor's,
advisors and.administrators to show more
concern, guidance and consideration for,
students. In this area at a large uni-
versity the computer has contributed to a
personal touch.

I
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THE FUTURE OF COMPUTER ASSISTED INSTRUCTION:

A SUMMARY AND ANALYSIS.OF THE CARNEGIE COMMISSION REPORT -
COMPUTERS AND THE LEARNING PROCESS IN HIGHER EDUCATION

1

C. Edward Streeter
Professor of Information SCiences

Illinois State University

ABSTRACT: The purpose of this'paper is to stimulate thinking and discdSsioa about the misuse and
potential of computer assisted instruction. The central focus of thepaper is an examination of

existing and potential computer support to instruction based on an analysis of the learning process..

A look is taken at the effectiveness of these uses in terms of possible equally effective but less

costly alternatives.
,
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Chi, paper is a'summary and analysis of a
report lecpared for the Carnegie Commission on
Highe,r lduc ition, Computers and the Learning

Fr.c,* Al Higher Education by John Rockart and
Scott Morton of the Sloan School of Management,

Institute of Technology.

Bltir, going into the report itself, let me
give vou same background information that'will
ht 11, u understand the biases from which this
,in4,1r na analysis is done. 1 spent my entire
public ,.boal career 1948-1964 in Iowa as a math
teacher, n u 11, principal, superintendent, cur-

riculum and instructor consultant. I was working
dq curriulum-instructor consultant in Keokuk,
Iowa, when offered an 3DEA Instructional Tech-
nologN I'cllowsrup,,to work on a doctorate at
Mi.higan State University. My reaction was, now
1 will learn what I am supposed to know in my work
a; an In,tructor consultant. After three yeariof
,,tudv Ind eight years.of trying to apply what I

had lokrncd. I have come to one basic conclusion:
(here :s alot we do not know about how people.
learn and how,tO instruct.

Me interests lie in the utilization of all
tcpe, of instructional media, and particularly in
the development of models and schemes for selec-
tion and utilization of instructional media. My

present teaching/research interest is the appro-
priate use of various instructional media in
teaching acomputer literacy course in two formats:
regular classroom and guided independent study.
A, we get into the work of Rockard and Morton, you
will see my interest in preparingthis paper'and
looking foPward to interacting with you about it

Ro and liorton'focus on computer supported
instruction IOC utelAssisted Instrucjion (CAI) in
the broad sense) as opposed to computer managed
instruction or instruction about computers. Their
real concern, however, appears to be the develop-
ment oi a model for the appropriate selection of
all types 'of instructional media; a concept thais
needed for all levels of teaching, not just higher
education. ,

Their report comprises ten chapters and 356
pages, including an appendix. The first part of
the book is introductory and background material.
Three important questions relating to effective '

CAI utilization are prebented, followed by a dis-
cussion of the teachirig and learningtheory, CAI
hardware and courseware, and some descriptions of
CAI projects. Except for the three questiohs,
this background material will 'not be covered in
tbis summary.

The three questions they suggest need answer-
ing -itre:. (I) Can CAI be cost effective?, (2) In

whit spedific ways wild the computer effect the
learning process'in higherMUducatil, and ()) How
should ;.t.faculty member approach th 'selection
of one or more oaf these types of CAI for a,par-
ticuiarourte of study? 4

Chapter sjx is the "heart" of the report,
_development oT a plan to match tilchroalogv to

learning. While Chapter six reports what the
autho'rs:thinkought to be, the next chapter reports
cm what t$, using a 1974' survey of CAI in
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Massachusetts higher education. latter part

of the book examines the environmental and in-
ternal constraints affecting CAI adoption in
higher education, the author's conclusions, and
the appendix.

My summary and analysis deals mainly with the
development and application of Rockart and
Morton's system for selecting the most appro-
priate uses of computers in the learning process.
They start with the general learning model as
shown fn Figure 1.'

T.. , cat o^s
o' c:",cep.s
nS` s S gal Of1

Acqu,e bass: II,*
S,clle facts :4 us

concepts ..?C

Preg.,71,ncs. t sts
ore
a,C v.Pc.;Ihra -. ;

Figure 1

Em5,..irew kiv).,.&nve
reueo.on

pac;:e

In the initial stage, acquisition, the
learner is exposed to basic data, skills, and
concepts. The second stage, inbeddins, has the
student prac4Ce and/or ponder his newly acquired
knowledge or skill. During the integrating
stage, he ass,pilates the new information into
his existing ognitive structure of the world,
and the Huai stage is testing his learning in
new situations: Concrete or simulated.

The other element of the learning matrix,
shown in the left column of Figure 2, is a Cate-
gorization of materials (Course content). These

four categories are described as follows:

1) Facts, including definitions And other
basic information relating to specific ,
single items or ideas. /

2.) Skills, including both procedures and rules

and their Applications.

3) 'Establishetionceits, as well as other
theories, hypotheses, postulates or -

assertions that are well enough established
to be of no interest to 'the current re-

searcher in the field. "Concepts" use

"facts" as basic building blocks.

4) Frontier concepts, including not only
recent development but also long standing
issues which either have not been or can-
not be 'resolved.
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The next major step in the development of

their scheme is a grouping of available learning
mechanisms describedin an earlier chapter; these

are as follows:

Audio: lecture, case study, class discussion,

tape* radio.

Visuals: visual aids, film, video tape,

cable,TV.

Written: textbooks, programmed instruction,

study modules, written assignments.
Computer: tutorial, drill and practice, problem

solving, inquiry, simulation, games.

er: ,laboratory experience, real world ex-

perience.

Sixteen attributes are then identified which
h of the above learning mechanisms contains to

same degree. These attributes are categorized and

slit forth in Figure 3. Both the categories and

the attributes are somewhat self-explanatory, and
time will not permit a detailed discussion here.
A cross-section of MIT faculty were asked to rank
each of the learning mechanisms in terms of the
degree each mechanism possesSes the various attri-

butes.

A Cement related

1 Ability to telescope tune

2 Ability to present stricture

3 Provision of a nch environment

4 Ability to provide il tructured material

5 Flexibility for adding new matersal quickly

Ailtpport for the tearrers' structured, clencal tasks

7 Support for unstruct=ed data manipulation

B User ref.:W

S Degree of learner Co^701

9 Ability to at:1mM to i-diticival learner needs

10 Ease of use

C Conmunnahon, retard

11 Amount of sensory .-pacj.

12,.. Amount of emotiona' Impact

Degree of learner tee load.

14 Ability to access de: or concepts previously learned

D F.conoenes

15 Low cost per data ter- or copcepi

16 Decentralizedavailab (try

Figure 3

Figure 4 shows the average of the professors'

ratings: one (1) being most favorable, and ten

(10) being least favorable. The results Most ger-

mane to this audienceare those listed under the
heading-computer, and this discussion is limited

to that group. To summarize and analyze'the data,
we shall consider a score of three or less as
being positive for effective utilization, a score
of eight or more as negative, and four through

seven as neutral. The results of this analytical
format are set forth below with neutral items not

*--.-.

listed. Under tutorial positive there are only

two items: the degree of learner feedback and

decentralized availability. Under neg'ative,

however, there were eight: ability to telescope

time, provision of rich environment, ability to
provide ill-structured 'material quickly, flexi-
bility for adding net., material quickly, support

for the learner's strut reel and clerical tasks,

support for unstrueture data manipulation,

amount of sensory impac , and amount of emotional

impact.
.,

Drill and practice found five positive itemp.

They were, ability to telescope time, support for
the learner's structured and clerical tasks,
degree of learner control, clegree of learner feed-

back, and decentralized availability. Under-

drill and practice negative there wfre also five

items. These were,*.provisions for rich environ-
ment, flexibility for adding new material quickly,

ability to provide ill-structured material, amount
of sensory impact, And amount of emotional impact.

As we moved into problem solving, there were

eight positive items: ability to telescope time,
support for the learner's structured and clerical
tasks, support for unstructured data manipulation
degree of learner control, ability to adjust to
individual needs, degree of learner feedback,
ability to access data or concepts previously
learned, decentralized al/inability; 'while
problem solving found only five negative .

features: flexibility for adding nem baterials
quickly, ability to provide ill-struebied
material and clerical tasks, amount of sensory
impact, emotional impact, low cost for data items
or content.
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There are six ositive items under inquiry.

here are provisio s for rich environment,
gbility to provide ill-structured material,
degree oflearner control, ability to adjust to
individual learner needs, ability to access

data or concepts previously learned, decen-.4
tralized availability. Under negative there.ftre

six items -- ability to telescope tirla ability to

present structured matericas,,flekihijity for
adding,new materials quickly, support for un-
structured data manipulation, amount of emotional '

impdft, low cost data items or concept. . 40

As wemove into the more sophIsticated uses
oi computers such as simulation games, we find
many more positive aspects as compared to the

negative. Under stpulation, we have eleven

positive aspects. They are ability.to telescope

time, provisions for a rich environment, ability
to provide ill-structured material, support for
learner structured and clerical tasks, support
for unstructured data manipulacion, degree of

. -
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learner control, ability to adjust to individual

learner needs, amount of sensory impact, ability
to access data or concepts previously learned,

and decentralized availability. The negative

features of simulation are limited to two: flexi-

e bility for adding new material quickly and low

cost for data item or concept.

Under simulation, amount of emotional impact
was neutral, while under games it is classified

as a positive aspect. The reverse is true for
learner feedback and ability to access concepts,

previously learned. They are both three's in
simulation, and finder gibe§ th4y are rated five.

Rockart and Morton used the
4
attribute data

tcemhp the mechanisms' attributes on the learn-

ing matrix. To carry out this mapping, the attri-
butes were assigned into new categories with some
attributes put in more than one of the new group-

ings. Figure 5 shows the author's opinion of how,
%these new categories cover certain areas of the

/learning matrix.

In Area I and II, the C-E and FDBK represent

cost effectiveness and feedback. In Area/I,
'L/CTL represents learner control and assistance,
and MANIP represents data control and manipula-

tion. In Area IV, EMUL stands for real world
manipulation, and in Area V, ADAPT stands fer

adaptation.

The next step was to look at the attribute
ratings of each learning mechanism and draw some

conclusions.

The i'nvestigators' analysis of the data from

the mapping is as follows:*
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Emphasizing one mechanism Is a mistake; we

should maintain a smorgasbord of learning

mec lams.

2. On figure reas I and V (cost effective-.

ness and adaptability), traditional learning
mechanisms (books, program texts, lectures,
etc.) appear best suited and should not be
computerized except for remedial learning.

3. In area-iI (feedback), because of decreasing
computer costs we can expect computerized
practice to make major inroads on traditional
pencil and paper methods.

4. In areas III and IV (learner control and:
assistance, real world emulation and data
recall and manipulation), most existing
learning mechanisms are inadequateend we rata
expect to see tremendous growth incomputer-
ized simulation, games, inquiry and problem

solving.

After defining what they thought professors
should be doing with computers, Rockart and
Morton'surveyed Massachusetts higher education

(1974) to see what was being done. This survey

elicited the conclusion that in general computer

power for teaching with and about computers has
and will continue to groW. In addition; they

found that the growth pattern was 'quite similar
to their normative model with most efforts in
areas II and III, and the use of simulation,
gaming, and inquiry less coMmon.

After examining the. environmental conditions
affecting higher education (attitude of society,

economic conditions, funding agencies, student
population, competition for students,'and student
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attitudes), they concluded society will (but not

to the degree of the past decade) continue, to

support higher education, student populations
will grow, competitive outside forces in economics

Will toward more uses of technology, and
a more sophisticated student body will be more

receptive to the use of instructional technology.

The analysis/of the internal constraints was

not as positive. While the.administratOrs atti-
tude may be favorable, the faculties attitudes
will not have the same ppsitiye impact. The
aveia4 faculty member will see many more reasons

not te'work towards the introduction of instruc-

tional"technology than positive factors.

The overall conclusions ofthe Rockart,
Horton report are, first, the change and improve-

ment of instructional technology will have a

pptential.impact on the way we conduct outselves

in high education.

The tree major' influences appear

to be computers (reduction of cost,
minis and networks), television
(voice interaction with.remote
audience) and libraries in their

nonpaper form.

Second, before putting more money and effort

into the utilization of technology, we need to
better undersoand where and why to apply it. To

underscore this statement, they set forth the

following specifics:

We need a robust model of the learning

process.

We need a, "smorgasbord" of learning
mechanisms.

Programmed instructional type CAI has had

too much emphasis.

The opportunities for computers in
high education lie in the "enrichment

activities." 341
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In most cases we will be adding new
learning mechanisms, not replacing

traditional ones.

One case where replacement cal, and
should take place is computerfied
drill and practice replacing tra-
ditional homework and/or written
assignments.

And, finally, the pace of implementation of
CAIwillbe slow because

the favorable forces are not nearly
as powerful as the negative.

In doing my analysis of.this report, it seems
appropriate to stare with the threerquestions
posed by the investigators and the answers they

At the time the questions were set
forth, they indicated that only to the first one- -

Can CAI be cost effective?--was there an unambig-

uous answer. They felt CAI could be cost
effective in some cases, and later conclude that
drill and practice and simulation are cost effec-
tive but tutorial'is not except in unique situa-
'rions such as remedial learning.

In trying to answer the other yitO questions- -

In what ways will computers,aftect higher educa-
tion, and, How should a faculty member-approach
selection of CAI? they certainly made a major
contribution toward an answer with their scheme
for placement of learning mechAisms in various
stages of the learning process. But as we all

know, there are no simple solutions to complex
questions. They did take a major step toward

providing us with tools and background to 0

develop plans for selection and utilization of
computer assisted instruction but, at least in my

judgment, they may not be totally correct.
Rather than deal with whether or not they provided
definitive answers to these rather global
questi6na, I prefer to analyze their specific

overall conclusions.

Let me start with those specific points that

I agree with almost in total: technology will



,continue to have an impact on instruction in
nigher education, the adaptation pace will be
iloi.because of resistance at the faculty
luv,I, we need some theoretical models of

learning upon which to base our adaptation
we will never have a single or eves par:tt..
learning mechanisms.

I agree about 75% that the best oppor-

tunities lie in the enrichment categories, that

A drill and practice can conceivably replace
tialitional written homework assignments, and
t i'rgrainred instruction approach to CAI has

iei.a its day.

"y basic disagreements lie in two areas,

and ouch require some crystal ball gazing. One,

do not see large computer networks such as
praposedlax the PLATO and others as being likely

have long range success but necessary inter-

Tediate steps.'-It appears to me that the develop-

-ents of inNlligent terminals, micro processors,
ind video disc storage are going to provide us

with very sophisticated self-contained individual

teaching stations that will avoid the reliability
and storage problems of a centralized network.

My second and more serious disagreement is
»ith the learning,model and matrix proposed. '4
Although I concede if is better and wore oparp-

tional than anything else I have come across.
The problem may be in what we are trying to
a,complish in higher education. Are we imposing
rural school educational goals and procedures on
students living in a highly sophistitated com-

munication and information processing society'
So far, our utilization of TV and computers in

instruction have been to put old wine in new

bottles. I do not lindW the answer, but maybe we

need an educational "think tank." Just as the
military has changed its goals and procedures in
fighting a war, maybe Isomeof the things we have
held Sacred in education can be bypassed, or at
least learnediin a much different way.

For the interim 'in which you and I will
have to operate on a day-to-day basis, I plan
to operate trom a model and matrix similar to
what Rockart And Morton propose, and try to use

a problem solving approach to tne selection of
learning mechanisms rather than become a pro-

ponent of a 'single technology.
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USING APL FOR DRILL & PRACTICE AND CAI

Richard F. Conklin

IBM Corporation
255 Alhambra Circle

Coral Gables,, FL 33134

ABSTRACT: The APL language is well-known for its problem-solving power in many applications, particu-

larly education. It offers the student a "math laboratory", in which to experimentally define and check

out various computer functions. Additionally, it provides the teacher with a tool for tailoring special

drill & practice and computer-aided instruction routines to reinforce and test material covered in class.

This paper describes a few of these techniques.

At the time this paper was submitted for consid-
eratibn, I had developed several APL "CAI" func-
tions on an IBM System/370 time-sharing system
(APL/CMS running under VM/370). Shortly after-

wards, I joined IBM's 5100 Portable Computer
marketing force and was pleased to discover that
all of the routines could be easily "dumped" on
the 5100 and run with no modification. (There

was one . . . I replaced the word "percent" with

"e ,.a special character not previously pert of

the APL keyboard.) I feel that the combination '

of APL and a full-function desk top computer
ygld a "teaching machine" with endless possibil-

ities.

IBM's Portable Computer

A few simple APL techniques are essential to
writing.CAI-type functions. In this example,

the built-in random number generator is used to
produce two numbers. X and Y, whiCh the student

is asked to add.

-Iptr;

"' OT

if'
a

lid

3(13

On line number 4 the student response is compared '
with the true sum of X .and Y and if not equal (0)
a branch is executed to the line labelled WRONG.
This is the general form for a conditional branch

4n APL:

.4(condition) / LABEL

Trying the function, we

)4

stover that the only way

out is a branch out (-4 in lieu of an answer.

CA11 "0

11

11

"IhHT1

rl

Recent enhancements in the language offer more

possibilities for CAI. Student responses can be
accepted as character input, and analyzed for typos,
special commands or formats before converting the

string to numeric forgrading.

The following function allows.any APL expression

to be used as a model for a drill & practice
session. Each constant in the model equation be-
comes an upper limit for a randomly-generated

number. The word END is used to break the loop,

and a score is printed. Some examples follow, and

the listing of the fUnctioti may be found at the

end of this paper.
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Still another technique for creating CAI drills
involves "packaged" APL functions which require
no programing knowledge of the teacher. One,

called ENTER, asks for each of four key elements:
the question, the correct answer, a correct
answer message, and a hint (wrong answer message).

Nn trs, (.I 1f:1 11! wiLNIIP NrU
(,. 1 WHAT ' rAll: 1,, PHAFNIN, 1 Ni,

of. 6 APT YONA

',CHM P1 .'P v'T-PY (-.0o+' I('t' I r + ! ,I , I l' WO 'I T1 Tirl,INT3 WI III
in ,A"' ,{f,1 i WI

,,e 0: (,I ', WHAT HOT II, ART tr. 1 N2

ALIAM5'
vl p r,(1.H1 ri ,.. f Yrr..t...Loi

1, Hun !JIM 4W', f/IIP ?NI; PPrcl.,111! 111'.'

'Sy nr111'1

11 r`f

,!1!
1"1".
12 '1 (10! ('

T., ,I':1

I I` i)(11^11 t1

1'1

"i '017

The format for performing a conditional branch

in APL can be a bit cumbersome when used repeat-
edly in a CAI or drill & practice routine. A

better way is, to write a small "one-liner" func-
tion which compare a student respdnse with a

canned answer. Called CHECK, it can be used
whenever student responses need to be evaluated.

Shown bplow, it is used within function CAI3:

The APL variable, AIDS, is used to store Ole drill.
Any number of questions and answers can be entered,
and a null (blank) line terminates the function.

Before the first student takes the drill, the
teacher may choose to reset the scorekeeping
function. SETUP AEDS does this.
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. Finally, when the last student has taken the drill,
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OF THE USER....BY THE USER.. .FOR THE USER

Robert L. DeMichiell
Frank Greenwood

United States Coast Guard Academy

ABSTRACT There may have been several unspectacular successes associated with adminis-
trative data processing. Butfor every journalistic expose of good news, there are
multiple exposes of bad news The purpose of this article is to showthat the applica-
tion of the common techniques of users groups and liaison personnel can produce some
tangible benefits, even for the environment with rather unique needs. User involvement
was sought And acquired as an information system was developed and implemented with
limited personnel, equipment and time.

The literature abounds with computer-assisted information systems designed for the
user community. Many of these systems are precedel by expressions of anticipation, such
as

I sure hope that,computer group doesn't try to help me do my job - everything
they've touched so far, they've messed up

I don't like to read computer print-outs--especially the fifth carbon co;'.
Especially when they're always late.

.

_How do I,resist. the movement to automate? I've heard it costs mo and
moreore people. More people, more problems.

I wonder what the boss thinks about inkoralation systems.

Computers have had a bad press, and one reason is-that many Projects toricerned with tae
development of computer-based information systems have failed Some have beekabandoned
with incurred multi-million dollar costs, few benefits and a very hesitant and cautious
future clientele. The reasons usually can be traced to one or more factors: the user
does not know what he needs. the computer technician dogs not know what the user needs.
the communication gap between the two is a wide one, and, perhaps, neither reaaonable
expectations (costs, time lag) nor responsibilities on the part of both user and tech-

.

nician were clarified at the outset,
There have been unspectacular successes. Most of these have remained, as most good

news does, in the background. Some computer industries and service bureaus still' make
money and still,obligate a large share of their resources to research. Some users have
chosen the right tool for use by the right people in all the right ways. Certainly,
some historical knowledge about the successes and failures should shed light on the
decisions of today and tomorrow.

User Involvement: Required

The purpose of this paper is to present an example of a system of the user, by the,
user and for the user. The pitfalls previously mentioned were heeded and some Positive
actions were taken involve the administrative user, or manager, at an early stage of
development of hi information system (perhaps even computer-based). The, dichotomy of
the computing cep er's information systeb and the users of that system was avoided.

The posture was one of establishing realistic goals with progress repeits instead'
of expected completion dates, of promotin& team effort for institutional objectives
rather than parochial interests, of organizing for.institutional benefits rather than
departmental empires, and of recognizing that people make systems work, not machines.
People can make clerical systems work where automated systems.fait. Even if the auto-
mated system is more appropriate.

-But is this so unique? What conditions exist at the educational institution
depicted here, so as to permit a healthy working relationship among the, levels of manage-
ment, the levels of systems development and the levels of dataiprocessing.oprrations? ,
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What are some of these developed systems and how did they evolve?

A Unique Setting With-Unique Systems
I

The educational institution to be used as the example here is one oLthe federally-

sponsored service academies, the. nited States Coast Guard Academy in Ne* London, Con-

necticut. The enrollment is undergradu-ile only, and numbers approximtely 1100. There

are nine major fields of study with a heavy emphasis in the scientific/technicad. areas
(mathematical, pbysical,ocean and engineering sciences). In addition to the mental-

demands placed upon the Cadet Corps by the four-year curriculum, there are requirements

in the military and extra - curricular spheres as well. Physical fitness is encouraged

by mandatory Participation in inter-collegiate and/or intermural athletics.T,dtsctohne

is fostered by restrictions imposed throughout each day of 365 days each yea . All -

cadets go to all classes; during the summer session, they are involved in pr grams
c

oriented to the Coast Guard service (naval operations, cruises, mission area programs

throughout the United States, etc.) \
The objectives of the institution are clearly defined. The self-development of the ,

cadet is primary and focuses on those particular traits and characteristics that merit

the special trust of an officer's commission: a high sense of moral values, personal

honor, integrity and a sense of responsibility. The Academy wants to graduate young

people who have the ability to think clearly, critically and analytically, coupled with

the perseverance to work a problem through to its solution. In addition, the develop-

mental process must include - -with equivalent priority- 'specific maritime and military

skills such as naval operations and tactics and leadership capabilities. The aspect of

leadership and its relationship to administrative skills are important in view of the

normal execution. of future roles in the service, some of which require a high degree of

endurance and resistance to stress (particularly in search and rescue operations).

=There is a five-year obligation in the Coast Guard for the cadets when they grad-

uate. Approximately one-half of those who enter graduate. Approximately 80% remain in

the service'beyond the five-year period. The faculty is composed of civilians, military

officers who are permanently assigned to the Academy, and rotating military officers.

The permanent faculty receive pay, get.promoted an8 aspire to tenure in much the same

way as most college faculty'do. The tnstitution is governed by the minter, contingent.

All of the above means that there is a focus on several aspects of student develop-

ment which is different from the_peer population. The faculty mix is a unique feature,

even with regard to the other academies. There is a sense of dedication to the insti-

tution and to the Coast Guard service--a factor which plays a large part in the purpose

of an Academy to provide career officers
.

This focus on several aspects of cadet development requires a strict monitoring of

all activities. The program'sXares a year. before the entering class arrives in auly.

The Admissions procedures haire to select the most qualified applicants for appointmelt.

Several academic and non-academic factOrs must be considered and, since the process is

a competitive one with neither geographical,quotas nor congressional involvement, it is

quite complex Cadets receive pay and allOwances to defray all ,expenses. Tuition and

roots are free. Financial administration, the;efore, has requirements of accountability

different from a civilian college. The issuance of uniforms, summer cruise budgeting,

and compatability with government procurement policies are examples of these differ-.

ences, Cadets lead, and are led, as part of the training program. The .brigade consists

of four classes of cadets with several levels of responsibility; this occurs during the

academic year as well_as during the stimmer cruise programs. Ratings of cadets by cadets

are collected on several performance criteria. Ratings by the officers corps on non-

academic factors are also collected. Conduct is monitored by the cadets themselves and .,

the faculty (military and civilian) and as such, the demerit systeM requires daily

accounting. . .

There are no computer-based programs "on-the-shelf" for these specific applications.

For example, in the admissions area, what college or university: -

. a. has to rank-order its qualified applicants-sd that it can offef appointments'

to the top 380?
b. holds a special board of officers for each qualified applicant (academically),

so as to include in the overall rank-ordering other non-academic attributes?

C. is accountable for such a selection process to every taxpayer in the U.S.?

d. collebts extensive psychological and demographic data on all entering students
;

for use in research and couoseling?
,

.

e. is required to incotporate rather detailed information on the medical status

of each applicant throughout the qualifying process?
.

, (

Similar examples in the other areas of concern could be cited to, correspond to the

special demands placed upon cadets, and therefore, upon the support ,team: the adminis-

trative of4ces iq their decision-making and accountability roles.
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A Viable Alternative Solution

The applicants have to be kept informed on their status (probable appointment or
not) so that their possible option of attending CGA is kept alive. From an institu-
tional viewpoint, the Academy wants the best qualified candidates to remain in the

competition. The cadets have to be kept informed of their status throughout the four-
year period on all educational and military requirements.

The Academy also wants to make sure that the requirements, and tasks are specified,

then. performance can be evaluated according to some established standards A quick
look at the uniqueness of the overall program suggests that the manual method of data

gatheing and information dissemination is not appropriate. How then, can the problems

be identified and any appropriat computer solutions be realized for such a given

situation?
Put the analysis and programing teams to work, the user might say. Design a data

base and evaluate the outputs so that reports for all the administrative offices can
be derived from centralized file structures. Establish the procedures for automation
and document them according to standards, so that the next person who has my job can

understand it. All of these are reasonable solutions in our computerized society, even
in spite of the fears and declarations of doom mentioned at the outset. The important

question.is: To whom are these questions addressed? More than likely the recipient' is

the computer/information group
In this particular case, the group has been a ratherliiodest staff of computer

science faculty; ,,,unit-record personnel, and cadets. The equipment is second-generation
batch and in the irr2cess of being updated. The high-level managers pledge support, and

the users anticipate some involvement. The key issue was identified earlier as'"user

involvement^ But how does one get the user involved?

User Involvement: Sought

The success of any information system development and implementation rests on the

expectations. attitudes and performance's of people. People provide organizational
structures., establish the roles and responsibilities for everyone within those struc-

tures and, thereforeo have control over the degree of involvement of each element. The

computer people have to be involved. because they push the buttons, initiate the inter-

views and document all that is said and done. But data are not information. Without

information, there is no institution. Without the interviews and dialogue between the
opposing camps (the users and the computer technicians), there is no coordination The

necessary mediating environment (users groups in,this case) was created try -the college

president to provide an open forum of discussion.of the issues by top:level, managers

So the immediate imagdof computing activities was one of applicability of the present

and projected resources to all .users. It was also obviou's that the computing resources
and the "information system" were to be as meaningful as they Wanted them to be. In

other words, it is their system- and each academician, administrator or researcher must

be involved'if they desire to.cotppete for services, Their outputs, or summary informa-

tion reports; will.depend on their inputs, or contributions of time and resources
This Computing Center Advisory Board of top-level managers establishes the pOlicies

,on computing activities. computer personnel 'bear the burden of completing the staff
work necessary for the evaluation process and for the reporting of progress. The major-

ity opinion has a focus, and the opportunity exists for the defended minority opinion

The president assesses the situations and acts on the documented issues. Another users

group of middle managers also was formed to face and resolve the day-to-day processing

..problems. The organizational, alignment of the Cpmputing Center, with such an arrange-

ment as this, does not become the issue. User' involvement is sought, and for those

users who do their homework and are alert to the capabilities of 'automation, they can

be rewarded.
A policy statement then was issued,from the president. This document removed some

of the fuzziness from the objectives of the institution with regard to computer appli-

cations. Long-range and short-term directions were stated. There was no guesswork
concerning.the opinion ,of *top-level management.

Theisyttems were developed from the "bottom-up" rather than the "top-down". One

system at a time was analyzed for pdssiblp automation. The present resources had to.

be efficient, because they were limited. The faculty in computtr science became the
development.team, because it was recognized by'the institution as professional growth

The cadets helped'in deyelopment, because it was done as computer laboratory work for

regular courses fot credit. All student participation was screened thoroughly so that

, the pbpjects were necessary to the institution and apPropriaeg learning experiences for

the cadet. This program certainly has been well receiyed,by the cadets.oier the years.

lit order to fopus even more .Pn the user - technician interface, computing development

personnel were assigned to certain users. In this manner, the' "liaison" persolin61

cquld be knowledgeable about the real requirements and needs of the user with the added

aaantage thateach user Would have. to learn something about &ate processing as it
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pertains to his/her jobK Thus, the realization of large amounts of expended time by

both user and technician surfaced.
To suppose that such an enironment was created and has existed for the past few

years without its moments,fif frustration, arguments and personality clashes would be

quite idealistic and incorrect. However, some things were done right with the help of

those who failed in the past. Favorable results can result from unfavorable odds
There a're tradeoffs, as long as one recognizes them.

a. The payoff is not immediate; one has to wait perhaps years tolpchievg,the

defined reasonable expectations.
b. It costsqkime and money to automate.
c. It requires frequent melitoring; it may detract from other operational commit-

ments.
d. Students graduate; it renuires detailed documentation.
e. Faculty applicants are limited; not all faculty are interested in combining

computer science instruction with practicum.

Results and Conclusions

Approximately three hundred computer programs, most of which are 'quite long, werl

written to place "on-line" the systems for the registrar, admissions, commandant of.

cadets (cadet brigade matters), comptroller and other, administrative elements in direct

support of cadet activities, The unique requirements for each of these elements, as
described in an earlier section, coupled with the fact that military officers serve

four tours of duty in key positions in the organization, have required a dependence on

documentation and cooperation.
*The cooperative aspect was given'impetus by high-level support. More important

. than a'stated instututional policy, however, was the rec6ghition of the efforts by the

various staff elements. Several performance awards were delivered to personnel in the

administrative officds as well as the computer group. Realizable goals were fOrmulated\
and the milestones were accentuated with tangible monetary rewards.

The Admissions Office now can monitor over 10,000 inquiries for cadptship and

keep track of the status of each of these young people throughout the formal applica-

tion process. The resultant appointee would have been screened quite thoroughly for

his medical, academic and non - academic credentials so that he could receive.fair treat-

ment in competition for one of the 380 poSitions in the entering class,
The cadets are scheduled and sectioned in a very constrained program, with little

time available for any make-up,work (there is no summer academic program and two-thirds

of the coursework is required of all cadets, regardless of major field). Grades are

reported in timely fashion. They are in the mail within two weeks of the end of the

term. The academic grade point averages are important in other-ways, military perfu:m-

ance is meshed with academic performance to providd information on the "whole man" for

constant evaluation for retention Programs haye been written to searchithe student 4,

files for , cases to be evaluated.
Cadet pay and accounts operate from a developed credit card system, where the

paper transactions monitor all the debits and,credits, and are reported:to the cadets

on a monthly basis. The frequent leadership ratings by officers` and cadets on cadets

are .automated. This data and other militaryperformance ratings are considered when

brigade.and regimental positions are assigned.
Someone once said that if an institution ha§6ad management, a computer will make

it worse.'1thers have said that computerization could even Make good management worse,

For better qr worse, this institution has pursued the goal of User involvement with
dedication and direction,and has produced some tangible benefits.

(1 4
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EVALUATION 'OF THE USE OF CAI MATERIALS 0

IN AN INTRODUCTORY COMPUTER SCIENCE COURSE,
1

Richard G. Montanelli, Jr.
Department of Computer Science

University of Illinois at Urbana-Champaign .

,
Urbana, Illinois

ABSTRACT: A total of about 480 students in an introductory computer programming course were randomly

assigned to PLATO (one hour per week using PLATO CAI lessens to learn FORTRAN replaced an ordinary lecture)

and.nan-PLATO nections at 9:00 and 10:00 am. Results indicated that PLATO students Could strongly recommend

that their fellow, students choose PLATO sections in the future, while students in the regular lectures

were neutral. There were no differences between groups on exam or-machine problem scores. There was an

"' higher drop rate in the PLATO-sections, but this was quite possibly due to factors cther than the PLATO

materials themselves,
h

t INTRODUCTION
'4

For the past three and one-half years the
Department of Comput*r Science'at thaiUniversity
of Illinois at Urbana-Champaignalas been working
toward automating a fraction of its teaching load
iabout 2,000 students per semester) in introductory
computer programming courses, by using CAI materials

Mievergelt, 19751. Although separate courses are

taught for-different groups of students (engineers;
architects, business majqrs, and.socj..al sciehtistsp

for example), almost all students learn FORTRAler'
so CAI materials to teach FORTRAN could be

beneficial to almost all students. All of these

courses are taughein the same format, with two

large lgctures and one discussion section (15-25
students with a teaching assiAtint) per week.
So, initially it'was decided td replace one lecture
per'week with one hour Of instruction in FORTRAN
(or related programMing topics' using PLATO
(Alpert and Bitzar, 1970) an extremely' flexible

' CAI system with graphibs terminals:

The overall design oilthe PhATD materials
was accomplished by the author, although most
individual lessons (units oNmaterial, each
designed to take 25-50 minutes of student time
at the terminal)\were initially written by gradua%e
anduundergraduate studnts as course and

study projects under the author's

supervision, and later revised and improved by

. members of the staff Wontanelli,11975).7 Thus,

overall the lessons do not follow a particular

1This research was supported in part by the
National Science Foundation under Grant Nu. us-w-

SC-41511. The author would like to thank Richard

Anderson for help with the data analysis.

The author would especially like to thank Dr. H.
G. Friedman, Jr.,,SandraLeach, and Jeffrey Barber
for thtir,invaluable help in this area.
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teaching method or style, but each covers its

assigned material in its own way. (An advantage

of this strategy for lesson development is that
various teaching methods are attempted, and
students essentially choose the better lessons.
On the other hand, an entire lesson might have
to be rewritten, if students disliked it ,or

r learned little from it.) The lessons include

,displays of all types: simulations, graphs,
diagrams, animations, interactive exercises, and

text. The students interact with the lessons,

taking the material at their own pace, reviewing
'Illihenever'necessary and are typically quizzed

during the lesson s6 that they can assess their

level, of understanding.

After several rounds` of debuggingtand
testing with individual students, and after
voluntary use by 10 studhts'durg the summer
of 1974 (gollowed by more taodificdtions), it was

felt that many of the lessons were ready for
actual classroom use thatfall. Accordingly,
one-half of the approximirtely 50 students in
CS 103 (an introdlictory computer programming class
for students, in ttia social sciences) were randomly'
assigned to use PLATO to replace one, of their

lectures. The major results bf thid experiment
were that although students, enjoyed ,usingsPLATa,
there was some indication that they did notlearn,
as much as the nontPLATO group. More specificall,
the non-P,LATO group had higher means eel all three

exams, although there were no differenCes in scores,

on cbmputer programming assignments, The

multivariate test for' differences between group
means was not significant (F 1.54 With 4 and 39 ,

degrees of Iregdom) at the .05 level. However'

since all the differences were in,the same
direction, and since two of the univartate Fs were
nearly significant, the possibility does exist
that the PLATO lessons were less effective than 0
the lectures. An additional finding was that there
were no differences in drop rate between the two

.4 groups. (For more details, gee Mqptanelli, 1975).
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Two possible major reasons for the above
re:aat were obvious to those involved in the
-curse. First, FCS (swapping tiemoryl for th._,

PLATO system was at such a, premium during the.
see, star that students could .only he guarantcl
access to their PLATO lessons at the assigned
time earn week. Thus one major advantage of

the ability for students to work at their
tires and to review whenever necessary, vas

(31bw students probably could not even
at their own pace, because they only hack the one

hour period to finish.) Secondly, many lesson

inadequacies and errors were discovered.
Apparently, a developer of CAI material can ,et
useful feedback from Students only if they are
required to learn the material from the lessons

they are studying. Otherwise, one neer discover;

leFson faults.

The first problem was essentially solved in

,,annatv, I 17',, when the amount of ECS was doubled.
Additionally, during the fall and between semesters,
m-rc less,n improvements were made. This extra

prorammin, effort essentially destroyed all this
author's a priori notions about how much time and

effort would have o 05 into lessondevelopment
and improvement, before lessons would be in rood

'In-me for rout' e classroom use.

Thu-, sprinr 197, the system was ready .

a inn. ,ca/c test. Accordingly, the )

,pliroximat y r00 students in CS 10 (the required.

,ntroduct r:,r course for business majors) were ,4

scheduled to use PLATO twice a week. One of

these sessions was a 50 minute period replacing e
lecture (as in CS 103). In the second session

(40 minutes), students i.',Trote small FORTRAN programs

using a specially designed, interactive compiler
with excellent and extensive error diagnostics at
compile.and execution time (Davis, Tindall, and

Wilcox, 1975). Thesie programming' sessions

replaced some of he time students had previously
,Tent doing computeroprograts in batch mode on
an ISM *0, in the pre-PLATO version of. CS, 195.

ones (e.g;:; finding the minimum instead of the

maximum),. etc. It was felt that students would

not have Any advantage over the previous semester's
non-PLATO C3 10',,.students for seyeral reasons;

a' no one in the Computer Science'Department,had
ever (to this author's knowlAge) constructed a '.'.

parallertort of;an old lima exam, for use in,n
current course; b) final exams are not returned,

and the 1:Irevious semester's exams were safely
atored awaY$10c) 'only the three professors'involve3
in the course knew Of these plans; and d) virtually

every answer was different,from the earlier exam.

The final exam results showed no large or
statistically significant. differences between
/"3 105 student's final exam scores for the two

semesters, an indication that the problems with'
PLATO in CS 10i the previous semester had been

overcome- However, a firm conclusiOn /could not be

drawn from these results because students were not
randomly assigned, some of the professors in:CS 105
were different from the,previous semest, and
informatium on the finnl'exam could havd'leaked

'

Unfortunately, the adbitional.ECS which

was to be installed between semesters arrrived

late. It was iilsfalled just before the semester

began and hardwire problems caused PLATO to be up

an'd' down like a yo-yo during the first 10-12-

vdays of the semester. The result this pro

was irate students, many orwhom were unable
to successfully complete a single session on

PLATO in the first two weeks, even though' they

were scheduled for four sessions, and many-of the

students attempted several makeups.

II. PROCEDURE

In order to allow for testing some hypotheses
about the ure of PLATO in bur introductory computer
scienee,courses; h controlled experiment was
designed f(r CS.105, for fall, 1975. FiVe lecture

. sections were offi'red, with foUn4nf'them

arranged in'the followidg way. ;Professor A tclught.:e

PLATO section (oneliour'im PLATO replacing one
lecture) at 9:00 am, and a non-PLATO sedtton.(two

' lectures, no access to PLATQ) at 10:00 am.
Profeaso,11 taught a non -PLATO section, 9:00'am

and a PMTO' sectXon4W10:00,. Professor C,, rho
'was in charde:4"the course, taught a 1)Ifth +

(PLATO) sect* ip the afternoon butrt was not
involved in the experiment.. It should be npted
that this author did not teach any sections, and' ti

that neither professor A n'or B had evef used PLATO ' - 7.

before the semester. ,An additional minor differenee,

between the two type's of Sections vas that the

.. PLATO studdnts did thtir first two maqhi66,prol;lems
using.onite PLATO,.FORTRAN compilers ibstead of'

'the TO 36'0. 4

,

'4 .
7efOre the semester began, students' registra-

tionspfor the tiVe sections were equalized(by the '

,AomputerprogrAm which makds up ztlIdent-Pschedules),

sa:that there were'equal nuMberskof'students,in

each, section. Then students in the T:00 and 10:00
-sections wer 'randomly reap iped to,either'a PLATO

.or n'on7PLAT is were kept separate'

lw using e following mec Students'
were not allowed to,,kransf r sections, unless it

could donewithout.affecting the pxperiment.

or e le, a student could not
student

At the sake

and.chAng'e sections. If a student wanted to, '

change ffom 9:00,tob:00 (on vice - versa), he/she

had,to keep the same type of Seetion (PLATO,or' now.
Pf a Student wanted to switch frot the

afternoon section to a morning section, he/she was
randdthly assignedto.a PLATO or non - PLATO section.:
40dents werehdt allowed to transfer to the.after-

noon Section. Any student wholfelt she/he could not
abide Wttese rules was sent to )the author whb

Although there was an unusually high'
.percentace of drops during the first weeks of the
.semeste, by the end there was evidence that the
remaining students were satiaffitd with TII&O

(541 of those completing a survey strong),
recommended thdt a friend take a PLATO/section/

while only 16.1 recommended avoiding PLATO.

Steinberg, 19751: Thus it was decided'to attempt
Ito assess student learning by administering a
final exam. which was constructed as a parallel
form to the one used duritgthe previous semester's

CS 105' class, The exarri, was Constructed'by taking

miner changes (but In every part of every problem)
in the old exam, such as.changing aonStants,.
variable names, p!ogrammng problems to similar

'
attemptd to convince her/him' of the value of

,

educatinal experiments and bf PLATO (There were
.about ten such.etudents, and, most .wanted opt of

PLATO, peestimabiy due to having heard ab4iut
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`the problems from the previous semester). The result
of these' discussions was that two students Nbo
protested violently against PLATO and machines in

- genUral were-allowed to transfer outof PLATO
Section.l. %) 'Students in non-PLATO sections
were not given access to PLATO, as a student
record with associated name and bode had to be

created for each PLATO student:m this was not
done for nob-PLATO students; 3)* Individual
attendance was taken in the lectures intended for
non-PLATO students only, insuring that no.PLATO
students could enter. In order to assess- the

. effect of these precautions, students were asked

(via a quetionnaire given to all students
immediately after completing their CS 105 final
elms) if they had looked et materials for the
other group (they were assured that there Would be

pi/natty'. A few non-PLATO students had seen
svne of.the PLATO materials through friends or
through having access through other courses,. and

a few PLATO students attended lectures, either
throug1 using the name of a friend who was not
attending or through slipups inour records. It

wee felt that none #f these minor disturbances'.
would ha -e any major effect on results.

The three hypotheses of this study were:

i. PLATO students would enjoy the course more, and
,:die It a s-tronger,recommendation to their

-

11.AT" and non-PLATO students would perform
equally yell trirs homeworks in the

course.
I'he drop rate's in the two types'Of sections
w=ould be similar.

RESULTS .4" -

4,
In answer to the..qUestion (from the

questionnaire administered with the final-exam):

'If a'friend were-takibgp 105 next springAand%.
PLATO and non-PLATb'sections were offered, what
would you recommend he take?' PLATO students

strongly recormended PLATO (112 circled
'de tiinitely PLATO', 88 'PLATO if convenient',
14 had 'no recosmendation', 15said 'ledture if
con..eniebt', and said.'definitely lecture'. On

the other hand; hon-PLATO students were neutral.
(their responses, in order, were 29, X!,, 91, 26,

_19:,,,or.41ren onowede slight. preference for OLATO.

' In :order to compare learning across groups,

a 2x2 uni..4iate analysis of variance was computed
.

for easlexam end for total*points on comPbter . ?%1

programs: No sign4Icant'differences were found, -

e.gd,means were nearly identiAl fd4the -various
groups (Tabled).

-I

t

:Tkte thifdlypOthesis bOncernift,drozrities.
"'UJepted, however: -ProfeSpor.A 110:19 (9%). '

ar44-freti his PLATO, settion,kand onlYN OM from
Pr:ofes-561'13 had 28 (25%) dr6P's4om .

' PLATO, and.S.,V(14%),t0:11,non-PLATO. 4'

,
I . .

-

iTable 1

l Average Scores on EXams
and Machine Problems

(a) Machine Problems
PLATO' noM-PLATO

ti Professor " 143
142

B - 14070! a .146

A 92 91

B 91 .

(b) Hour Exam 1

Professor

Hour Exam 2

Professor

'(o)

(d ) Finial -tazil' A .65 62
B 62 . 62

A
Professor

140 13b

B 135 134

Students in the PLATO groups would strongly
recommend that their friends choose PLATO sections,
thus confirming the first hypothesis. Even if the

'extra: 25 drops in the PLATO sections were strongly
negative, they would have a small effect on the
totals of 200 PLATO students recommending PLATO,
and only 36 of.them recommending lectures. It

should be remarked that when the PLATO students
were asked to indicate-what they thought were the ,

worst features of PLATO, 78 checked 'The distance
to COL' (Unfortunate1:0 the terminals are located
on the north edge of campus in CERL, about a rile
'from most commerce courtes.), while 37 checked
'Lack of human contact', and 31 checked 'PLATO,
goihg.down', -the nexttwo most frequently checked
responsei. Thup the major problem was unfortunately

. Out of .our control.
1,

The's.eOnd hypothesis was. not rejected. The

nearly Adenticel,soores on exams and machine ptOblems
are evidUnce of thectl.vrithoUt reference

to statistic.t.. There lo,no reason'to suspect that
the PLATO drops, were pOor,,Atudente,.. However, if the
dropptd PLATO students were below averaiv,..,_they

could not have"had a rge enougb,effect on the
results to alter the obvibUs conClUsi This -

result, is certainly in agreemeat with mq t-. studies

of the effets of.CA1;. In fact, when Jam s4n,
SUppes, and .VUlls (1974)%surveyed'ilie eff ctiveness

of alternatiVe-instructional tmedia, they ated:
-

'...,the'equal-effectiveness conclusion seems to be .'

'broadly correct for 11TostIelternate i41)Ws

.instruction at-the collSge'14701 ffYi V- *

and,auggestedltudying,costs ot'vatious methOds%oil,
delivery14*47../ever, a major advant"aee%of'CA1 is that

use, itis riot set inistone like a' textbook
or movie.. As.s.resui.t.of this ;experiment, the two

, Iesson which students liked the'least are tieing re-,
written-from soraieh. Secondly, qutz,gystem,hns

, ,\
1.
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been begun. When completed, it will present a quiz
to each student at th tomplet14 of %act lesson.
The quizzes are not written by . e authors of the
lessons, and its fact quiz authors are discouraged

from looking at the letsons. However, the quizzes

are written from the same objectives that were
used to .rite the lessons. The rcsultinj quiz
score.; will not only tell the students how well
they understand the natel'ial which the lesson is
subbosed to coveri.but will tell instructors and
lesson authors how well the lesson is working.
Thus, continual improvement is possible, and perhaps
eventually CAI materials will4beas,good as the best
lecturer, and therefore better than many.

On the other hand, the hypothesis about equal

drop rates was'rejected. This was a surprising
result, espec ally when the smaller experiment a

year earlier under worse conditions) showed no
differences. However, the earlier course may have

been a soeci case. It was a relatively small,
elective cour.e with .mainly juniors and seniors in

osycaolo,y an similar fields. These students were
more involved and interested in the experiment (a

the author wa teaching the course), and 'they ma
have stayed for that reason. On the other hand,

CS 105 is a req fired course for freshmen in the I

college of co rce, and the students were
presumably les, interested in long term educational
goals (for the, elves as well as for.the PLATO

.

materials'. -ever, although this drop.rate Was

.disturbing, re were a few, likely reasons Tor

it, all of wh h could be fixed. For one thing,

the first thr -weeks were confusing for the

,
students becat4se they had pre-enrolled in a course

which they expected would consist of two lectures
and a discussion each week. Instead, three-fifths

of them had a lecture cancelled and''had to sign up
for a PLATb section instead. These sectionp caused

a lot of trouble, as some were scheduled for week-
ends, an many students complained that they were
unable to meet any of the remaining available PLATO
times. Although most of this confusion was
necessary due to the nature of the experiment,_in
the future students will preregister for PLATO
sections just as for any other class. A second
possible cause for the different drop rates was that
for the first .few weeks, PLATO students were required
to do:their programming problems in one of the
online, interactive compilers. Although it was
thought that this would be fun for the students, the
compiler gave very poor response time because of the
amount of processing going on to check for errors

aftereach student keypress. Finally, drops might

have been due in part to student dinntisfection
with the two poor lessons which were later rewritten.
gtucents had not been systematically polled about '

the lessons before, and the relatively negative
reaction to two of them was 'quite surprising.

Another posible explanation for the higher
'drop rate on PLATO, is that-some students (< 10)
are anti-machine anti that CAI will always have this

problem. The author does not feel that the large
differences fOund'here could be attributed to this

reasbn. However, this is being checked during the
current semester, because the problems mentioned in
the preceding paragraph have.beeh fixer, and
although no experixtent is being run during the
current semester (all five sections of CS 105 are
using.PLATO), the current drop rate could be

Ay.

I
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compared with past drop rates, in order to see if

thi PLATO drop rate ris as high as was found here.

SUMMARY

PLATO lessons can be used to replace one
lecture a week in an introductory computer
programming course. Students learn as much and
prefer-PLATO to large lecture sections. The
remaining problems are: 1) Is there a higher

drop rate on PLATO? and 2) Can instruction be
improved through continued development of the

CAI materials?
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74 VIDEO-DISC IN AN EDUCATIONAL ENVIRONMENT

By

Demetrios A. Michalopoulos
Computer Science Programs

California State University, Fullerton

1. Introduction

One of the challenging fields of computer science
is the computer graphics field which, because of its
relatively high cost, has not been used extensively
for ed cational purposes. Recent hardware deve op-
ments n,the graphics technology and price brea -
throuo s'in digital equipment are beginning td
influence the educational uses of computer graphics.
If "a picture is worth a thousand words" and if the

cost is not at this ratio, one can provide the,
student, not necessarily of computer sciences, ith I

the possibility of a 'continuous interaction i
which the student can see the results of his deciiion
and thus allows him to experiment and practice with
ideas not completely understood yet.

I f

This paper presents a design for an interactive
educational system incorporat4ng the recent develop-

ment of the vided-disc.

2. Background

Computer, graphics is fairly recent addition to
computer systems and an ev n more recent addition
toeducational type syst s. Ten years ago the idea
of a computer contro 0 interactive graphics system
in education was a evolutionary one. However,

today with the exi ting progress in hardware and
the continuing pri e break-through in computer
'systems one realiz that the idea has come a long
way but it still has a long way to go. It appears

at this time that computers will be as indispensable
in education as they have been in practically every
other field., The typical computer educatiOnal system
comprises of a display unit, local storage of sorts,.
a controller for the display, a means of interaction
with the system usually a keyboard, and an intelli-
gent part which could be either a local processor

or a time sharing computer.

Differen syskems approach the above from diverse

points of-view. The Plato terminal, for example, is
comprised o a plasma ditplay unit with a computer,

controlled ear projection microfisce unit. The

terminal c unicates typically over the telephone

with thc c puter. The Mccit system, comprises of

a small col r television set modified, to display

computer gc crated characters with hiOrresolution,
plus a spec tfl typewriter keyboard: Audio and video

for the ter final ls generated by a local

.

a

Mayer unit interfaced to a local processor and a
means of interaction with the system. The local

processor approach is not an exclusive one, con=
ceivably one could go over the telephone.

In order t at

be more clearly
iii short the pri

he advantages of the Video D
derstood. the next section de

Oles of its operation.

3. Princi les of eration

ides I

The video-dis is being developed prAently Ely

at least half a oxen companies with another half
a dozen doing some work On it. The major target
market being the home entertainment one. Their

projected price, for theWayerfis less than $500
and less than $10 for a 30-60 minute disc. These
pricesare within economic reach*b% practically

. everyone owning a color television set and thus
the market is 9.very wide one. Because of the above
reason the educational applications (especially
with digital interactive and storage capabilities)
are sort of pushed down the stack.

Conceptually, the players are split into two
major categories: (a) Contact Video Disc systems,
(b) Contactless Video Disc systems; for the passive
i.e., narrative,'lecturelike type of educational

system both types are well suited.- Mowever, for
the interactive type oreducation the contact video-
disc is fairly useless. This is because the contact
type uses a stylus to track the disc and therefore
wear is introduced like the conventional audio
records.

The contactless type of video-disc player, on
the other hand, uses some type of light to track
the disc, laser light in some, to conceivably white
flood light to others. At 'any rate, there is no

physical contact with the disc and,thereforeno
wear. However, the biggest advantage is that tie
can introducenow, very desirable features like
single f- ramemovement at variable speed, freeze-

frame, as well as slow motl'on add, fast motion
both in forward or reverse. The-player delivers.
a US-NTeC 525 line compatible color signal vjcleo\
format modulated on a low rf carrier td any stan=,
dardtelevision receivers

The contactless video -disc players are basicall)\
two different systems.. 'Firstly described Is the
Phillips-MCA system which is comprised of a low

The typical proposed Video-disc player oriented per laser light focused into varying sized oblong
system is composed of a.compprcially available . depressions. The light beam's reflected light is
television set (preferably a color one,l, a video-dlsc lost because It is diffracted over angles

minicomputer.

a.

'1

'
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largerthan the Microscope objective i capable -

' of accepting. This type of modulatio Is detected

//.. by a photodiode and is electronically processed

Into sound and picture. The second type is beJng

developed by i/o metrics. Thedisc is basically a

photograph of direct analog recording of the video

signal on a track of varying width and transparency,

omitting any carrier frequency.

The basic advantages of the videodisc are sum-

marized as follows: (a) High Information Density

(b) Random Accessibility (contactless type).

4. Description of Operation of the System

.

This section describes the principles of

operation for the proposed video-disc based i ter-

active educational system, Two designs are e-

sented, one that assumes a number f feature not

presently available and one that uld be im lemented

ith the advertised (existing fea ores.)

2

The first type of design assum s certain features
hick although not avallabie toda on existing

players are certainly withip the each of existing

technology. One envisibn the video-disc being

separated into two types of "files" or "frames".

One type for audio and video type (TV) signals and

the other for digital type data. With the above

assumOtion, not au unreasonable one, the operation ,

of the system follows:

The digital information storage "frames" are
containing code, in ready to execute format, for the

local processor preferably a microprocessor dr a

minicomputer. 'On command by the'system this code '

is read into thelocal storage, control As-then

passed by the local operating system to the program'

just read in which in turn controls the follbwing

sequence of video ftames according-to the answers

for given- questions asked by the system (written on

the TV screen, or 1/0 device). When the sectionof

the code in the system has been executed it causes s

the video-disc player to position itself over the

digitally encoded frame containing the, Text part of

the control program-or-the-previous part -depending

on the validity of the returned answers. The

interaction could 'be either through,a key rd or

through a cursor or a "touch pane1"2

Due to the built-in capability of the play- of

fast forward, fast reverse and random actessiiii it?,

of the frames a student could start' at the, begin ing

or from a particular section of the,programmed

material. This 'Process could be acComplishid eith r

by selecting the "frame" through a menu or'b,i,

manually overt41g the system by selecting t e'corres

ponding frame ihrough the player directly: e

software strucfure required in order to accom ash
the proposed met \od' is fairly straight forward. '

52Block Design

\\ This section describes two possible configur tils

f r the video-disc educational system incorpora ing

a Tocli mini or micro. The basic configuration is

preSen\ted in figure 1 and Consists of the video

disc player and controller, the host computer, ome

local memory, a color monitor apd a keyboard input-

)utillut device.
1 ,

i

iL 1!
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VIDEO-DISC
rum
coma=

LOCAL

cCHIPOILD

ELIDOARD

Figure 1. BasiciSystem

COLOR
TV
SET

0 0

The basic system could be expanded t become a more

"human factor" oriented system with he addition of)

thefollowing capabilities. The exp nded system is

presented in figure 2 and it,consist of the followi-

ing additions, a graphics co mile with local
memory, thus, enabling the u 'er to roduce computet:

generated displays (overlays, text diting and

'drawing compositions and in,general enhance the
man/machine communication. 'A "touc panel" couldi'

also enhance the educational potent al of such a

system.
t

VIDEO DISC
PLAYER

COVTDOLLER

Figure 2. System with graphics capability..

6. An Alternate Design

An alternate design that is viable with the

existing form of the video-disc is presented in this

section, i.e., no digital storage only TV audio. and

video information.
a. Software Structure.The control program for

each-part the programmed material resides-1n
some mass s"tetage-devlie,I.A" floppy disc or-

cassotte. -Resident In the Wedry there is a

table with the correspondence between frames
being displayed andycontrol code. Assuming

that the local memoryOahnbt contain the
plete control program some algorithm Could be.

deveteped-that could be used to load from the

mass storage device the control code in conjunc-

tion with the correspondence .table and the
answers given by the user.

b. Hardware Structure. This section shows the '

hardware configuration for a video -disc based



wt.

ethic tional system incorporating only existing
vid o-disc features (as advertised) in conjunction
wi a local processor, the video-disc player, a TV
co dr monitor, a keyboar4 input-output device, and a
lo al mass storage device. The loca,1 storage could
be either a cassette system-or a floppy disc system.

VIDEO DISC

PLAYER

COTTROLLER

KEPIORY

LOCAL

ef101117

I/O *

KEYBOARD

COLOR
TV

SET

LOCAL

MSI.:A
PT19914

CE. 11
or

CalIsette,

ICONTRILLE

Figure 3. Alternate Block Design.

7. Conclusions

This paper has presented possible ways of incor-
' ; porAing a fairly new deVelopment, the video-disc, °

in an educational environment: The principles

\involved are that of the state of the art and the
advantages are great both educationally and economi:
e,"ellyr With announced prices of less than $500 \
f8 the player for the home entertainment model one

° coy expect a computer controlled version to be in \

othe rket soon. The digital storage feature is

\
people \sing. fixed data bases (let's notiorget

.
suchsuch'i important part to all data processing

that th \video-disc in its digital storage version \
is. sullin -but a giant- ROM of 1010 bits)' that is

boStil.to b available soon. The announced price for

the disc less than $10 which, if one keeps in 4

mind that the last forever (almost), makes a very
cost-effective\approach to storage of fixed data4

\
bases (or at le st ones that do not require constant
update). Final] the system in its expanded form
lets the student \user) and the'computer operate

in a way that is optimum forboth. '
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SIPS - A STATISTICAL INTERACTIVE PROGRAMMING SYSTEM

Edwin 14, Anderson
A,

School of Education, Oregon State University

tABSTRACT: SIPS, an interactive command processing system, was developed at brego State University
to provide interactive program library support for statistical instruction and for data an lYsis. The uses

of the various subsystems of SIPS (REGRESS, ANOVA, MOIJIWE CARLO, MANOVA, MULTIVARIATE,
ENUMERATE) range from simple computations to the teaching of elementary methods of data- xploration

..s. and model building in the style that is possible with interactive 'computing. This paper presents a bi-ief t
.non-technical overview of SIPS. ..:. -,

- e '
1. INTRODUaTION

T Stalistical Interactive Programming System,
(S1 S) was developed for a time-sharing environ-
men at Oregon State University in a cooperative
effort on the part of the Department of Statistics
and the OSU Computer Center. SIPS was specifi-
cally de igned to provide' interactive program
library s pport for statistics instructioo n. The
development of the system started \n 1969 and
has been continually revised and added to during
the past 6 years.
During this time period, SIPS has been increas-
ingly used by faculty members for statistical

4 instruction in various disciplines. As more fac-
ulty members have become acquainted with SIPS
and its potential, the trend has been_towards
using SIPS as a major tool, for data analysis of
individual research projects. At this point in
time, there are as many calls per month for
research purposes (1500) as for instructional'
purposes (1500). Faculty mertibers and grad-
uate students have expressed satisfaction with,
the rapid interactive response:time and the
convenience and flexibility of tfesyseem.' in
addition, the elimination of numerous and/or
intermediate output has been. plqa\ing and less

iconfusing to the majority of the users. As such,
it has detra ted from the use.of an 4cellent col-
lection of cciliversattOnal and-batch-ma.de single -
purpose programs in the Computer Center
Library.
A short statement front the SIPS User's M #nual
(1) is quoted to inform the reader of the ue

of an interactive system. I i

Interactive use grants the computer user
a unique freedom--he need not completely
specify the entire sequence of steps his
analysis is to consist of; he may examine

intermediate results, then decide to modify
his future steps or his data. To a statis-
tician Ts freedom is especially important,
for to truly understand a data collection' he
must be permitted to examine it readily in
a variety of ways. Often the exact steps
his analysis should take ca of be predicted
'n advance. In that case he ay either
emand excessive computatio s or leave

solve aspects of his problem u examined.

2. OSU COMPUTING ENVIR MENT ,

SIPS was developed under and operates most ef-
fectively under the 05-3 (Oregon State Open Shop
Operating System)- system. Development of the
OS -3 system was accomplished primarily by a
group of undergraduate students during the mid
and late 00's while working on a generalized com-
mand processing systems project. OS -3 runs on
a.CDC 3300 computer equipped with executive
hardware and virtual memory,paging capability:
The executive program is written in the assem-
bler and is therdfore tied to the .CD_C 3300 and
not easily transportable.
Development of SIPS on th 0S-3 system has vir-
tually stopped at this point eeause computer
center personnel are now al ost totally involved
with. the new CYBER 70 - Mod 1 73 and its
KRONOS operating system. S and BMD are
available on'the CYBER 'but not \n an interactive
mode. Consideration is being gitr4 to a new and
transportable system of SIPS on a sdedicated mini-
computer or the CYBER. The .lattpr.would prob-
ably begin by complementing SIPS through the
development of a rudimentary executive to work
with large storage requirements and the heavier,.
computing of regression and multivariate analy-
sis.

407
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Under OSs73, user programs (such as SIPS) are
allocated a maximum of b5, 000 24-b Words of
memory and accesto the central.processor in
one hundred millisecond time slices. OS-3,
like other virtual memory time-sharing systems,
employs demand-paging techniques to effectively
utilize computer memory space. Demand-paging
allows a portion of the user's pr6gram area to be
absent from computer memory and, instead,4
stored on some external mass storage device.
When the computer detects a reference to a non-
resident area of the user's program an interrup-
tion is generated to notify the operating system
to transfer that section into computer memory
for execati?n. Much of the SIPS internal design
concepts, w` re emp oyed functilin in coopera-
tion with t e dema d-paging algorithm.

CDC 3300,Configuratio
Core memory 98,304 24 BIT words

(1.6 rSV.ose nd cycle time)
Tape drives (4) 150 in es/Se end

(200,556, or 0 BITS/inch
dens ity)

Disk drives (5) 8,192, 000 ch ratters /drive
Mass storage 268, 435, 45t, haracters

disk file (100 milliseconds max 'seek
time)

CRT displays(16) 200line screen, 50 charac-
ters /line

Remote termi- teletypes and Tektronix
nals (150) graphics 2

CYBER Configuration
Core memory , 65, 060 60-BIT words

(1 microsecond cycle time)
75 inches/second
(200, 556, or 800 BITS/inch

density)
Disk drives (2) 117, 000, 000 characters/

drive
Remote teletypes (64)

nals

model building., .As su ch, i has-taken over a
-large part of the entire sta istical computing load
of the university. Within t e School of Education,
SIPS isused.for several c urses such as Educa-
tional Measurement, Res akch Procedures, Ap-
plied Statistical Design, pplied Statistical Pro-
cedures, and Introductio to Computers for
Teachers.
As more students have ecome involved through
instruction, faculty members have been exposed
to SIPS and its applications in data analysis. Af-
ter initial in olvernent with the system, faculty
members hay been using SIPS more oftenfor
their own pers al use in analyzing data. To as-
s:st faculty members in becoming familiar with
the system, the Computer Center and the Depart-.`

ment of Statistics sponsor numerous workshops
ancrshort courses\ Within the School of Edifta-
tion, several faculty groups have become, familiar
with SIPS and its`poiential through'in-service
meetings. Manuals ha e been developed, to in-
struct the uninformed b t interested parties.

Tape drives (4)

s

Each systeiri has its own card reader, card punch
and line-printer. Two X-Y plotters are shared
via mag tape - CALCOMP and GERBER flatbed.
A PDP-8 serves as a satellite to the CDC 3300.
A PLATO terminal is available for demonstra-
tions only. On the average there are 39,346 jobs

monthmonth on the 3300 and 6,387, jobs per month
on the CYBER. The average number of users at
any one time is approximately 40.any

USE OF SIPS

he instructional use,of SIPS his progressed
fr m one class in statistical methods within the

. St tistics Department to every class (except.
Operations Research and Advanced-Mathematical
Statistics),within that department. Within many
schools of the university some use is made of
SIPS.in an instructional mode. The use runs
from a purely computational tool to the teaching
of elementary mahods of data exploration and
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There is a great variety i the level of statistical
complexity at which SIPS i applied by users.
Since SIPS originated as a t aching tool, it re-
tains much of the charatter f that origin. ,All

use starts by learning to man ge data (read data,
modify data, enter data, etc. . . ). Learning
progresses, through various levels of statistical
training from graphical and arithmetic desCrip-
tion'to simple testing of one and two variables,k
and on to Chi-square, regression, and multi-
variate analysis, depending on the course objec-
tives. The level of knowledge of the course in-
structor becomes an exceedingly important fac-
torin determining whether the interactive capa-
bilikty is really used or SIPS is used only Xs a
computational device.

1,

Those beginning to use SIPS Vs 4 research tool
must also learn the rudimentary,elements of the
system ancklata management techniques. In
most instances, the interactive capabilities of
SIPS will not be utilized to a great extent until
the user becomes quite faniiliar with the system
and is encouraged to take-advantage of one or
more of the major subsystems.

4. GENERAL COMMAND FORMAT

As a terminal-oriented, interactive command
processing system designed to support instruc-
tion andeducational research, SIPS commands

,are simple, brief,--and of a logical nature to the
user. The commands are in the fOrm of a key-
word and, if needed, parametric information to
define specific variables, observations, or op-
tional procedures. The keyword lOgically re-
flects the function to be performed. Abbrevia-
tions may be used in some cases but are gener-
ally-discouraged. Basically, the user enters a
command to the. system through a terminal key-
board (batch-processing is also available) and

gt*
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A

receives st
in response
normally b
of the resp
aly 515 req
outputs ar
when outp

istical results or other information
Responses from the system are

ief and highly readable. The length
nse is dependent on the ,type of an-
sted. Extraneous and voluminous
usually not necessary nor desirable
is being produced at a terminal.

However, the user may give all commands from
a terminal and hale the responses printed on the
line - printer. This procedure is effective in
some instances but does'limit the interactive
capability of SIPS. I '

SIPS curredtly offers over two hundred opera-
tional commands to the user. The general
'form of a command is shown below. The corn-
/mand is in the form of ,a keyword which requests
a specific 'function to e performed. As indicated
above, additional info ation (e. g.. variables to
be considered) is requi d with many commands,
and optionaI features are vailable for some.
These take e fa/1.m of a p ameter string.

" KEYWOR
or

KEYWORD. PARAMET STRING

Examples:

LIST

GENTiAS..,

CENTRAL, I, 2, 4

CENTRAL, 1 to 5

CORRELATION,I;4

CORRELATION, 1-4

SCATTER, 2,7

SCATTER, 2, 7, ( )

REGRESS,5, I -4

6'
5. sips

OS-3 is the contrbl mode monitor for the CDC330Q

lists alt obse vations for.
all variables i current
data file
requests several ieasures
of central tendenc or
variable 3 (arithm
geometric, and ha mo is
meansVmedian; qu

maximum an
minimum values)
same as above for variable;
I, 2`and 4,
same as above for variables
I to 5
Pearson product-moment
correlation cciefficientbe-
tween variables 1 and 4
same as above except gives
Pearson r for all Pairs of
variables from 1 to 4
requests scattergram for
variables 2 and 7. Variable'
2 on horizontal axis versus
the values of variable 7 on
vertical axis.
parameter string permits
user.eo define-lower and
uppe-i bowls:1s for each vari-
able
-control is transferred to the
REGRESS subsystem with the

-first variable (5) identified
as the dependent variable.

AND SUBSYSTEMS
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There are a number of systems available throe
1 OS-3, but the most important for the SIPS user

are SIPS and EDIT. EDIT, the OS-3 text edito
is used to ,file new data, modify existing data,
replace old data. .Data may be entered for SIPS
in free-form or formatted as desired. In the

'latter case, the appropriate format 'statement
must be given when entering SIPS. It is also OS .6

sible to enter data directly to SIPS from a to
nal. This procedure shoiild be used only if t e
number of variables and the number of obser a-
tions per, variable are limited in size.- Mne -
ally, it is more efficient to create a data file in
the EDIT mode and have the d'ata read directly

int;ywords

SIPS.

A BORTOFF

APPEND

AVERAGE

CENTRAL
COMMENT
COMARESS

1-

VAR NCE

DO
EJECT,

EQUIP,

EXIT
FORMAT
FORMOUT
F REQH1ST

GEOM EA N

HISTO GRAM
Ir<STR UCT

1.1:DLC

KFORM IN
K RUS KA L-WA LLIS

LIST
MANN-WHI TNEY
MEAN
MIDRANGE-
2.10NTE- CA R LO

N
NAMELIST
Nh1ISSING

NOMI NAL
NUMERIC:

ORDER

PA I REDT

RANCE

RANKCORR

READ

REPLAC E

RIM D

SAk1PSIZE

SERIAL
SIGNEDRANK

SUE

SKEWNESS

STANDARDIZE
STDERRM
STOPLOG

SUMSQRS

TALLY .
TRAFFIC
TS S

TTEST .

RIB

ABORTION
IAUTOCORR

C0E:EVA R

COMPARE

. COMPUTE
CORRELATION
C ROSSP ROD

DLC

DURBIN-WA TSON

ENUMERATE
- ERASE

FAULTS
PORMIN '
FREQ

F TEST

G RA NDMEAN

IF

IQRANGE
KFORI.IA T

KrORMOUT
KURTOSIS
LOG

MAX
MEDIAN

MULTIVARIATE
NAME
NFWS

NOFAULTS

NORMA LPLOT
ONEWA YAV

OUT
POOLVA R

RANK

RC ROS SPROD

REGRESS

REWIND

RSUMSQPS

SCATTER
SHIFT

SI GNTEST

SET`
SPACE

STATUS .
STDEV
SUM

.T1ME

T-59
TSUM
TTYOFF

6-
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TTYON
V

VARIANCE
ZEROALLOW
PROTECT

In addition to t
are pre-progra
root, natural a
onometric func
ing operations.

UNEQUIP

VA R

WI LCOXON
ZERODELETE

UNPROTECT

'keywords listed above, tilre
med functions to compute square

d common logs, anti - logs,, trig7
ions, absolute values, and round-

The SIPS user has access
' tems described below.

to six major subsys-
.

REGRESS. ThC REGRESS subsystem Is uses to
.perform Multiple regre lion analyses. Computa
tions in this subsystem are centered around co _
struction of a model-- c least squkres appro -
mation of the dependen variable by a linear f nc-
tion of one or several ndependent variAles.
Simple commands all t user to add variables
or drop variables from the odel and at eac
stage to request infoXmatish bout the curre t
model." These.comm ds ncl e 'requests for an
analysis of variance t e, a ultiple coriela-
tion coefficient, the part tion matrix,
residuals, t-values and of nate data for

\ 'model building. h is throug th us. of these
' commands that the full intera pot ntial of

SIPS is, realized. Most .of the regular PS corn-
m rids, as listed above, arealso avarlab e to the
-user in the REGRESS and other subsystem . In
addition, each subsystemhas 14, own set
unique commands. . ;
In using REGR S, the ability to routinely ex-
amine residual eentYibuted much to the func-
tional uidan of variable selection and to use-
ful coils' oration of model adequacy. The user
makes the final choice of the model based on the
functional logic of_the included variables and the
behavior of thednodel for reasonable ranges of
combinations of the variables.

4
Keywords

2
ADD

.ADDyAR
AVTABLE
BACK STEP

DEP "
DROP

DROPVAR
END

In addition, when parameter strings and optional
features are added to these keywords, over 40
commands are available under the REGRESS
system. As an example, the keyword ADD may

_hays the following format: -

7.

i
f

user at each step in the computation, and the
user may revise his approach to' analysis at any
time. Once again,:the user may call for any of
the SIPS commands to assist in the analysis.
Since most techniques of multivariate analysis
are based on computations involving the covari-
ance or correlatibn structure of the datas the
system first compfutes and stores a complete co-
variance matrix for the variables designated by
the user.

Keywoccis
PRINCOMP
CANCORR
ROTATE

ANOVA. This subsystem provides SIPS users
with a convenient and easy method of obtaining
specific analysis of variance tables. The compu-
tations are b sed on completely balanced factor-
ial designs. his,tgituationi¢ not a serious limi-
tation because ost familial designs can be spe-
cificci in this wa Using ANOVkc mmands one
can combine setts 1 main effects d interaction
mean squares (and eir correspond g degrees
f freedom) to yield a analysis appro riate for,

a plit plot 11esig\n, a n ted.design or \choice
of ally other speial de igns. Specific ulti-
way lassification means are available fr a
single command.

VECTOR

AXIS
END

ESTIMATE
`INVERSE

MODEL'
NOMODEL

NORMEQ
PRECISION

PREDICT

R-SQ
RCOEFSE

RESIDUAL

ATRI X.
STEPWISE'

TRANSFORM

YHAT

ADD, (LIST)
ADD, ALL, F
ADD, BEST, (LIST)

ADD, (LIST), F
ADD, BEST

ADD, ALL
ADD, BEST, F

(tI ST), F

MULTIVARIATE. As a subsystem of SIPS,
MULTIVARIATE handles the computations of
multivariate. analysis. Like REGRESS, this sys-
tem 'allows interaction between "computer and

.410 s
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lieywor. s
AVTAB CLASSMEANS DESIGN

EXCLUDE \ F INTERNS EANS

POOL \ RESET END

MANOVA. The MANOVA subsystem may be
thought of as an extension of the REGRESS sys-
tem to the multivariate case. It is not currently
operational at this date. When contrdl is trans-
farred to MANOVA, the first response is a print-
ing of the residual su -of-squares matrix of the

dependent variables a er egressing-on the-q- -
independent variables. ords, such as
START, AD)) and ROTAT are then supplied by
the user to eitamine the discriminant functions
and the linear combination of the dependent vari-
ables which provides the greatest associatio
with the independent variables. At each stag of .

the analysis, the significance of the model itrre-
menCis tested and statistics displayed.

MONTE-CARLO. The MONTE-CARLO -subsysi
tem is'designed to simulate repeatedsampling
from certain populations and to accumulate as
SIPS variables the observations in the samples
and/or designa'eed statistics of the samples. ht
user need only specify the population fromyhich
fie,wishos to sample, parameters of the.distribu-
tion, thenumber bf samples desired'and the
-s'ampre size. Having generated this data, the
user may use-SIPS statistical infortnation re-
quests, or commands from other subsystetns,
to perform the computations to analyze, the data
and to gain insight into the behayior of the sam-
pling distribution, Thus,---MONTE=CARLO is,



, used primarily as an instructional aid.

Populations currently available '
BETA

DISCRETE

F

INTEGER
POISSON

Keywords
GENERATE

POP

PRINT

BINOMIAL

ERLAND

GAMMA
NEGBINOMIAL
T

.CHISQUA RE

EXP

GEOMETRIC

NORM Al.
UNIFORM

INSTRUCT EFFP

POPULATIONS SPRINT
STATISTICS SUBTRACT

ENUME A7 . The ENUMERATE subsystem
provide th ability to do tabufations and com-
pute th Cli -square statistic. It is designed to
handle onl discrete (counting or enumerative)
variables n nUtnerical or nominal form. Tabula-
tion is possible for' selected values only or by
combining specified sets of values. Tabulations as
percentages are also possible. Chi-square tests
are possible for "goodness of fit" and tests of
independence in two and three dirnensionalarrays:i

.There are three stages to. the use of ENUMER-
ATE.

(1) Data value grouping
(2) Tabulation
(3) Summary information '\\Keywords
CIIISQUA RE COM BII)F EXCLUDE

:4. PERCENTAGES RESET \ SLICE

"i\,1/4 TABULATE END

tA, PROGRAM AND DATA STRUCTURES

SIPS consists of about 10:000 lines of Machine
language coding and over 20,000 fides of FOR-
TRAN coding. The architqc-ural design is that
of a resident executive with support package and
a group of over one hundred overla% and:iriforma-
tiOn files. The program coding levels are ersily
dichotorniztd

ma
asthe residentsection comprises.

, all of the chine language coding while all the
overlay sections are coded in FORTRAN.*

The resident executive is the primarycontrol
sectiOn. of,the SIPS system. It initializes the user
memory area, performs input and output of all.
data observations, 'ha'ndles all terminal commun-
stations, performs commandaed parameter'
processing, and executes all non-overlai.and .
non-major subsystem comma nets. It is Coded in
re-entrant format which allAs it to-be shared
arrong many OS-3 user's:at once. In this way tbe`..-.
demands upon,,theOS-:3 memory resources
SIPS.users are primarily for,hurnerical data
storage and 'functional overlays to servivethe,
individual user's.neep. II ;

Transtent,routines (overlays) perform almost all
major statistical and transfeorrnationalfunctions.
These FORTRAN programs a;e stored,as OS -3
core-image overlay ides. ,To perform'the above
functions the overlay routines actress the
COMMON Storage area and communicate With

ft

the executive program for data observation
access and input/output functions. $

. 0 ,
.

Major subsystems are groups of programs which.
perform interrelated processing. Most have a
matrix or data seructure on which pertinent
processing is 'dope. All of them have their own /
executive section and.Ccimmon,'storage area. The
majo subsystem executive acts in cooperation
with the SIPS main executive in the function of . .

command processing. The SIPS executive per-
forms its'command processing functions normally
for'all command's except those relevant to the 4 '
major subsystem. These commands" are trans-

Pred to the major subsystem executive for
further processing. The execution of these Come
mands may involve only sdciated routines in .

'.the subsystem executive rea, or may require an
overlay to be loaded- fro external mass storage.
In this, manner, a comp, ratively small amo nt nt of

large number of differ, nt programs.,,While t e
fed memory*space ca be used ,execute.execte a

transient overlay technique cart-be thought of as
''swapping" in programs for intlependenttexecu-
tion, major subsystemi can be considered as
"mitT command proc2ssing systems which are
swapped into memory in similar concept to the
Overlay programs., Major subsystems allow for,
r&re complex and flexible analysis of data. .,

The major data sections include (14 the clat obt.
saiations, (2) a COMMON area for samma y
storage and communications, and (S) a cornn4rad
table for command recognition, program initia-
tion, and parameter string processtng,dire,ctiyes.
As-any OS-3 program can at most referncetw.,..
banks of 32K words in each, the programs anti .
summary information'ire placed in one auk Clow- '.

.
7' .
erimbmory), and all data"obseyvations are olaced'
in the other bank tapper rnemow,). ' .1

The datit'obsetvattone are arranged go that all
variables -tor a single,observation are in consecu-

, tive memory' locations. 'since 11 variables may.

.not have,thse same numbeF of olvetwarionk, pro-.,
vision is made to allOWs for missing observations.
The data observation area is used only for storing

. the user's,clota , - ,"
i

*Summary information for data variables, system
status information, linkages between prokams,
variable identification, and userrentered 'parnmo-_,

- ter information are all availableil. COMMON.,
The summary information con istsiof simple

N

statistical information for eac variable. The
system status,information denotes sucli conditions
as major stibsOtem opeiation, successful data
entry, activity logging, control of.Output inforrre-
tiort, and other pertinent system- cohditionS. *Theo

link4ge; between major sultsyttkams are contained
in COMMON to altow, irviirnet.acciss fq the ex- 14

ecuttVe. hi s maintains the re-entrat finjnat 0
the 'executive program and also alloW,0 the execu- PO'

:tien to be changed without requiring re-creation
la all al3Plicatino overlays. Daia,.v.afiable

'
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identifications, input /output buffer areas, and
parameter string' decoding4reas are-aIso found
in the COMMON area. -

' ,
' The' bommand table contains a sequence of com-
.mand definitions cqnsistirli of a keywordproto-
- type, status indicators, And functional informa-

tion. The command table employs two eparateo.
"units: the internal table sectipn and the extern,
table section. Theinternal table coded, as'pat
of the "SIPS cxecutivep.cograrn and is partitialied*

_ .as to character length of keyword and,may con-
tain commands with keywords from one to _six-
teen characters in length. By partitioning the
comniands in this manner,. only the subset of
commands eNithkeyword length equal to tkat en-

, iered by the user need be searched. The external
table is initially stored,on a random access file
and consists of a directory ancke list of command
/definitions. This list of commandss divided in-
to partitions of variable 'length ad

is

groups for each major subsystem. ,\During the
initialization of the SIPS syttem, the first gro p

. in the external table is transferred by e random
intp a.memory storage area... The s ondl

. group will not b,e a essed unless a major 'dal-
system or a cornrii nd definition isi,call,ed foil by
the user.

4

s,

All of she features of SIPS (in:tempt strdctural
design, `r.itnmands, interactive capabilities, sub-:

systems, ease of entering data and response time)
:all combine to make SIPS av-ery useable and ef-
ficient system. ` .

7. SUMMARY

Although SIPS fiegan as a tool to assist with sta-.tisticitTpstruction, the trenil has been'(or more
users 0 interact with SIPS for the purpose ot.an-qo
alyzing data. .Designed apd developed by a jsiint
effort-betwelln the Computer Centei7and the De- -
p, of Sta 'tistics.at Oregon State University,
SIPS has continued to grow anci beeomel more ,

,sophisticated durihg the lasf six years. . The in-
ternal design and the program and data struc-
'tu'res were developed to use a limited amount of
fixed themory space; The short and precise
commands, consisting of keywords and.parame:
WI' strings, were designed for the convenience
of the user. The addition of major subsYstems,
such as REGRESS' has permitted the 1,1ber` to
truly interact wi4 the computer and to control
the pattern or sequen-Ce the analysis of data.
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GNOSIS - A SWEDISH /ENGLISH PACKAGE FOR
COMPUTER ASSISTED ItISTRUCTION

Shirley Chann, Susan Finch, & Clare Hamlet

Pima Community 'col 1 ege,. Tucson, Arizona,

ABSTRACT. GNOSIS 4s a system fha helps an instructo write a computeri,zd lesson for student use on an

interactive ermiriA). It lesson, as designed by the instructor, composed of text, questions

and answers (,exp%pted and unexpected). .It allows a resp se to student answers with hints and reinforce-

ment suggestions:* Unexpected answers, et dent suggestion and comments are saved for aid in improVing

the lesq;m:- Extepsive branching capabilities are included and can beincorporated into a lesson to ad

vance, skip,. orjo repeat sections. These branches can be optional or conditional (the result of a

rect answer or tie result of "50." correct answers). .The lessons produced become object code which

.
executes fasterrogA with less core than some other systems. GNOSIS is written in ALGOL for the DEC

System-10 compt*by Jacob Palme of theResearch Institute of National Defense, Stockholm, Sweden. It

js available thri0Agh the DECUS Program Library.
.

For the rcist few years, some of the faculty involves several activities:

-members at Pika tommunity College have been using
the computer as a tool to teach various subjects;
including PhysiFs, Chemistry., Sociology, Music,

Math, Art, and Computer Science. The computer

.
uled is a DEC System -10 which supports many termi-
nals on a time - sharing basis.

The Computer Science faculty members decided
to augment the classroom experience with student/
computer interaction. Because of the large num-

, -' ber of students and the number of different in .

stYuctors offering Introduction to Computers, it

: was important to develop a delivery system to
insure that a common set of objectives would

be learned by all students. The Computer Assis-

ted Instruction apOrOach,provides standards fol.-
a specific level of learning, without hindering

the freedom of the instructor's style of teach-

' ihg in the clIssroom. It lends itself to the

' open-entry, open-exit concept of education.

* .Students may proceed as,rapidly as desired, or
they may repeat a set of objectives as often

.as needed. lt,also frees the instructors for

.more individailized teaching on a one-to-one

' basis.' The CAI lessons are designed to rein-
* force the subject after review of the text

materials and'classrponi lectures. .

.

A grant for a.pilot project was gNen during
the summer.ot 197.5 to investigate the available
CAI packages, select one of them, and implement

'several.. The GNOSIS padicage was select;,

because:it met the intent of the project and

, required minimum software modification for-the

computer gystem. The lessons' developed during ..
the eummer were tested and modified duringathe

F'alj semester. This pilot project, can see4e:as

a model for future development ofAI lessons
at Pima'Cop794PColle9q.

4. Preparing a lesson for CAI, using GNOSIS,

""-
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1 .
I

I. Planning the lesson.

II. Writing the legSon using GNOSIS

commands.

III. Directing the computer to generate .

and execute the lesson.

` I. Planning the lesson:

To plan a lesson, the instructor should sel-

ect the the topics to be covered, and', ganize

them into a logical order. Usually the student

has a reference text or hag attended a lecture'
on the topics, So text type explanations are

normally short summaries. This-, 'however, can

vary by topic or by the emphasis the instructor'

wishes. to` place upon it. A problem_cqn arise
in that the number of topics selected produces too

(much lesson'for a reasonable-time. This can-be -

/resolved by eliminating some topics, or by split-

ting the lesson into two lessons. It is import-

ant to know how'the compianis of the GNOSIS
package work, as this will 'affect the format of

the lesson..
.

.
-

Planning the questions and answers to test .
the students' mastery of' a topic presents the

greatest.challenge. Subjective questions with a

-relatively high number of "free form" answers are

possible,'but VERY DIFFICULT toexecute. What is

easy to compose on paper does noticoffe out as it

was planned when it is tested. The subject mat-

ter may not be precise enough to limit the "free
forrii" answe'rs,tó.theprogram can check them.

Spelling, matheffatiCs,_and-liiiguage offer good
possibilities 14.--thf-S type of question and -

),
answers (see exhibit 11) Objective questions

with'mu \ tiple choice or true -false type answers

are
... ---

a much asier to handle. Since the instructor'
. .

controls, the format of all possible answers,'those

answers are all'the prograiiimust check. (exhibit #) 't,

- .

0 .
J.
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The evaluation of the answer providesa supple-
n ry r 4nforcement for studellt motivation and

s.

men nd all

the r tructo

e correct answer brings out a compli-
s the student to proceed or skip (at-
's Option) to another section. A

wrong wer causes a response pointing out the
incorret -ss, giying a word of encouragement, and

. noturnin he student to either the related text -

or question or another try. Responses vary and

are part a ''OSIS. If the instructor wishes to
put in add tio .1 comments, these are easy to
include. A neu al answer (neither right nor
wrong) also an b included(with appropriate
instructor r .rks. t is important to allow

for the "unex ected" a el", or else the program

will give a "w ong" but just go on to the next
section. These nexpected answers-Will be listed

-on the teacher rePort, and may be useful in lesson

modification..

Branching is easy with GNOSIS. The instruqtot

can ask a question and, as a result of the stu-

dent's answer:

1. Terminate-the leison and tell the student

to read the textbook.
2. Branch back to the beginning.

' 3. Return to a previous text or question.
4. Skip to a new section.

Thorough planning of the lessonr, combine

with a good understanding of the GNOSIS com6nds
and how they operate, will lead to a good lesson
Which is easy to write and run.

II. Writing the lesson using GNOSIS commands:

Each GNOSIS command is preceded by a percent

:sign (%). The next % will act as the terminator

for the current command. AW

OPTIONAli COMMANDS:

tLAGUAGE -- Allows English or Swedish to be

used and defaults toEnglish if omitted.

%TEACHER -- Produces,n report for the instruct-
or which analyzes and summarzes the students' re -.

.sponses. The name and address of the instructor

-are the only entries for the command.

MAIN COMMANDS: (.see exhibit #3),

5,rt %TEXT :One or more lines of text are writ-

,ten after this,command.

.- %QUESTION, .0ne or more lines are entered

.
to state the questiop to be answered by the stu-

.

- dent'.
. ,

r ,
%RIGHT -- The correct answer is incluclpd

- after this command.... If more than one, answer

. is correct, d''seppate.%RIGHT command must be
used for each correct, answer the instructor

wi l,l accept.
.

.

< %WRONG -- TherOuthor writes thd ant(cipated

.
incorrect answers after' this command. A sepe-

4,rate %WONG command must be used for,each incor-
rect answer that is expected. A %WRONG command

,
fotloved.by blanksshould be used for any unex-.,,

`

\
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pected wrong answers in addition to the antici-

pated ones stated in the previous %WRONG commands

GNOSIS automaticall gives th student n

appropriate indication athe a wer is ri rt

o wrong. If further co nts are o be made

(e g. addit on -reinforceme or clue. , they

sh ld be in luded on the ne link(s) fter the

%RI HT or %W NG command. If entical mments
appl 6 seve 1 successive rig to wron om-

mand the %SA command can be u c,by ins ting

the % ME comman instead of repeat' 'tg the

commen s. -

%END -- This command must end every lesson.

r,

MODE COMMANDS:

The following commands provide flexibiltytn
how the students' responses will be compared to .

the expected right or wrong answers. This flexi-,

bility is provided in tworareas:

.

1. Words in the student response may or may
not have to be in the exact order of the answer:
(see exhibit #4)

WADER -- After this command, student answers
-will be accepted only if the words are in the
same 'order as the expected pattern.

%NOORDER -- After this command, student
.answers will be accepted even if the words are
',not in the same order as the expected patteeh..

2. Extra words in the student answer, whiCh
are notPfound in the expected response, may be
allowed or prohibited. (see exhibit #5)

%EXTRA -- Student answer will be accepted
even if.it contains extra words which are not

part of the expected answer pattern.

%NOEXTRA --Student answers will not be
allowed to contain any extra words which are not

' part of -the answer pattern.

The default combination is EXTRA ajd %NOORDEk.

A mode command nemains,in effect until it is

changed.':

BRANCHING COMMANDS:'

. , TOadjust the lesson to the students' iChieile-
.

ments, a student may Be allowed t6 skip parts of
the lesson, and another who needs remedial work

'can branch to i-.

A label, is required to branch to a different

pdint within the lesson. Labels can be assigned

to either %TEXToor %QUESTION commands by includ-
ing themlmmediately after the command and follow
ing the label kith a colon. Preassigned standard

labels can also* used to:

.1. Repeat the last question.
2. Go to the next -text or question. ,

3. Go to the beginning of the lesson" ,

4: Go to the end of the lesson.

, .



1
. ,

. ';' --. i

. %GOTO -- The label given in thit ommipd indi-

cates where to continue in the lei ronfthis .i

poidt. (,see exhibit II6) .

.
P , ''''

. 4

An e)&bple of GNOSIS ledSon incorporating f
-th previous-commands can be found in exhibit 7.

- .

III irectirig the compuyr to generate and execute

leSso

After the lesson has been written On paper, it

can be converted- iota computer'eadah,16 form by
punching the leskon,statements on o punched

cards, or typing rectlyinto the omputer using'

an interactive erminal\and ar*,:tex editor, avail-

able on the system. The-s.lesson show d be verified',

o catch keypunchi,ng or Wing errors.

Qnce the lesson it.stored on a secondary stor-

age vice, following steps are needed to trans -.

form t e lesson into executable form for the

( student:\ (see exhibit #8) "- *9
:

1. The GNOSIS program Will read the lessonh.
edit the lesson to'catch syntai errori,and if
any, print out appropriate error_gessages ,

the user can correctitteles5oh. When, the lesson

Noes not contain_synteRerrOrs, GNOSIS generates
ALGOL source program as output. .-

2. The ALGOL compiler is .caljed in to trans-

'late the ALGOL source program into a machine lan-

guage program.
Z. The machine language program is loaded

into the memory of the computer and saved on disk.,
. .

At this point, the students can use a term-
inal to call for the lesson desired. The compu-

ter follows the logic of thelessdn, prints the

texts anecluestions, accepts answers, analyzes
the answers and gives appropriate right or wrong
reinforcements, until the logical gnd of the

lesson, or interrupted by,the student.

Upon.completion, a tevher r rt may be

printed showing-thenumber of quests num-,

ber of right and wrong answers, a list o -the
unexpected answers, along with comments from

the student to the instructor.

One approach to learning how to write a

GNOSIS lesson is:

.

. 'Alan a whole lesson on papeN
2. Nanale one topic, with it's questions

and answiWore going onto the next.
, 3., land teit.the first topic thoroughly

(tt may'be.Wssary to restructure the questions

and ansWeal?::
4. Bersure all possible,answers are covered.

5. Have someone eloe.use.the lesson to catch

any errors or ambiguous questions.

After the first lesson is implemented, the

next will be much easier: Knowledge of the

text,.guestion and answer patterns help in 1

planningand writing a second lesson.
v

Advantage ,o GNOSIS lessons,' as with other

CAI methods can :

encourages motivation and learning.

2. Immediate reinforcement for right answers,'

and guidance to correct wrong responses help the

student erluate hjs performance, \\ r-

;3. can be adjusted tb\the stud t

to allow for individual diffe ericet an compe e

cies"., -,. r , ,..-

.. . ,

At Pitha ommunity%College, e.Computer

A.

Sci:.

\r\

'ence'facqty is continuing. to sie\ op4NOSIS:'
mate ials and to eValtate their O. tiveness as

a sup lement to classroom instruc As the

.school grows, and more faculty be me terested

i CAI, a workshop to .assist other facu , mem-

b implement lbeir OwnoGNOSIS 1esvn an

i diat goal of the Computer Scien0 Depa

st
. ..

1. The active participation of the-siudent

' . ,

A
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EXHIBIT 11

XGUESTION
WHICH DAYS COKE B6:71341EDUEtDAY IN A WIZEK?
XRIGHT MUNDAY TUESDAY '

7:WRONC...KONBAY . '

.

YOU UOLY GAVE'ONEIIF TUEITO.DAYS BEFORE WE
. ukar.o :Tg.SDAYy .-

ZSAME- I. . \
XWRONO I -'. . ~.

.

. t

HINT: THERE ARC TWO DAYS' Bq:ORE.WEDNESDA
WttONG .

FURTHER' HINT: TKZ

."
ATURDAY4MD §UNDAY.

taIND

. .

. :.

0

1.2AYB AFTER WEDNESDAY A

IN.

N'E3DAY.

.

THURSDAY FRIDAY
s,

r

\r

WHiCIVAYS COME BEFORE wwiEsroy.m. A WEEK?...
....?MUNI.Y.TOSDAY .

.

Wrung! .

i
_ . .

7 ( N HINTL Tlif.RE ARE TUd.:BAY BEFORE WEDNESaY. ,:,

Tru. adain. .

G.

.

URXCHeDAYS COME BEFORE WE 4ESDAY IN A WtEp
'. ?MONDAY '

YOU ONLY GAVE ONE OF THE TWO- DAYS BEFORE WEDNESDAY.'

_,..
Try bdain.

A

WHICH PAYS-DOME BEFOKt.NEDADAY A A WEEK?
?THURSDAY .

Nul . .

se*,

A FURTHER HINT:`' 1HE "DAYG;AFTER WEDNESDAY ARE TAURSDAY:fRIDAY
SATURDAY ANDGUNUAY.

adain. '

WHICH D4YS COME BEFORE WEDNESDAY IN A WEEK?
'ThOh6AY'AND TUESDAY 4'

,Well. there's hope!
The teacher was .not exeecAlAn this part of sour answer:

'/AND . .

. . -

t

0.

/
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EXHIBIT912

ALL RIGHT THEN - LET'S REVIEW A LITTLE.
THE FLAIORES OF A rIRECT ACCESS-FILE INCLUDE:
A. THE ABILITY TO LiO 4,IRECTLY T3 HE RLLORD WANTED

WITHOUT GOING 1HROU3H THE ENTI!RE FI.E.
'B. svLial IN FINDING AND UPleiTING A,SMALL AMOUNT

OF RiCOF,DS Ill A LARGE FILm.
C. 1HE ABILITY 10 kLWRIIE AN UPDATED RECORD IN PLACE,

RATHER THAN WRITING IT IN A NEW PLACE
AND kLmnvirlo THE OLD' RECORD.

D. IHE PASSIBILITY OCUSINu A FILE SCQUENTIALLY.OR
DIRECTLY, BY ORGANIZING IT WI 1H INDEXES.

lo contiriu2 Push RETURN.

%NICE! OF THE ABOVE FEATURES IS bIrEEREN FROM
THE FEATURES OF A TAPE FILE? PLEASE ANSWER A. 13, CI DI
E (ALL OF THE ABOVE) OR F (NONE OF THE ABOVE).

Wr ;SI -
NOI TOO BAD, BUT HOW ABOUT A BETTER ONE?
Tvw asain.

WHICH OF ThE ABOVE FEATURES IS DIFFERENT FROu -

THE FEA.ORES OF A TAPE FILE? PLEASE ANSWER Br Cr Dr
E (ALL OF THE ABOVE, OR F (NONE OF THE AJ1OVE).

Wronti'
COME. ON NO 'HAVE YOU REALLY STUDIED THIS aiAPTER?
REMEABLR TAPE FILES ARE SEQUENTIAL Aht MUST BE USED
SEWENTIA L 'THIS MEANS NOTHING CAN -BE DONE: ,

WITH DIRECT ACCESS, THE WHOLE FILE MUST BE PROCESSED,
AND IT IS DANGEROUS TO TRYsTa UPDATE IN PLACE.

WHICH OF THE ABOVE FEATURES IS.BIFFERENT FRO14

THE FEATURES or A TAPE FILE'? PLEASE ANSWER Av 13, CI D,

E (ALL OF I.HE ABOVE) OR F (NONE OF THE ABOVE).

No!
COME ON' ANSWER ONE DF THE LETTERS YOU ARE ASKED FOR.

To continue push RETURN.

WHICh,OF THE ABOVE FEATURES IS DIFFERENT FROM
THE FUTURES OF A TAPE FILE? PLEASE ANSWER Al Bp C,. Dr

E HALL OF THE OR F (NONE OF THE ABOVE).
iE
'Ver*s soOd.

'a.

8

.0"

JG

4
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0 .13 ,

%leXT
THERE IS A RIW-R WHICH RIVIDES THEMNI7ED STATES INTO EAST AND WEST SECT

IONS. THLRE IS ( STATE BY THE SAME NAME.
%QUESTION
WHAT' IS THE NA6E OF'THIS RIVER AND/OR STATE?
%RUM!' MISSTSSI:71=1
%RIGHT MIHISSIFyI ./

hISSISIPPI
-7.1(16H1 (}I 3SI6SIPI

ZWRONO COLORADO
ZWNONG MISSOUNI

EXHIBIT 03

'1

%WRONG OHIO
%WRONG
%END

a

a

THERE IS A RIVER WHICH DIVIDES THE UNITED STATES INTO EAST AND WEST SECT

IONS. IHERE IS A STATE BY THE SAME NadE.
10 continue push RETURN.

WHAT IS THE NAME OF THIS RIVER AND/OR STATE?
?COLORADO
Wrong! :
Iry anin.

WHAT IS THE NAME OF THIS RIVER Alp/OR STATE ?,
?OHIO
No!
Tru again.

WHAT IS THE NAME CF THIS RIVER AND/OR,STATET
?MISISSIPPI
Now uou're catching on!

r

418
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XTLX1
SOME. PHRASES MARE SENfi IN ANY ORDER THE WORDS M Y BE ARRANGED
ZOUEsfION
WHAT IS A COMMON ITALIAN DISH THAT MOST CHI:AMEN/LOVE
%RIGHT SPAG!4ETTI AND MEATBALLS
XWROUG
%TEXT
01HLR PHRASES NEED TO BE IN AN EXACT ORDER TO MAKE SENSE
%QUESTION
WHAT PHRASE IS OFTEN 6SED TO 'REFER TO ..OVELY COMPLEXION
%ORDER
%RIGHT PEACHES AND CREAM
XVRONG
%END

a

4o

SOME PHRASES MAKE SENSE 'IN Ai4Y ORDER TIDE WORDS MAY BE ARRANGED
To continue push RETURN.

. wnni IS A CQMMON ITALIAN DISH THAT MOST CHILDRE:NL LOVE
?MEATBALL:. AND SPAGHETTI
Good for t:01.J!

OTHER PHRASES NEEL 11.VIE 1N'AN EXACT ORDER TO MAKE SENSE
10 continue Push RETURN.

WHAT PHRASE IS OFTEN USED TO REFER TO LOVELY COMPLEXION
?CREAM ANU PEACHLti
No!
Try agttin.

WHAT PHRASE IS OFTEN USED TO REFER TOILOVELY COMPLEXIONI
?!PEACMES AND CREAM
Now sou're catching on!'
TKEi teacher was not expecting this part of uour answer:

5 6

419
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%TEXT
EXTRA WORD- ARE ALLOWED IN rH STUDENT ANSWERS,IN SOME CASES
%QUESTION
IN WHATC0 TINENT DO WE LIVE
:EXTRA
nicor, NORTH AMERICA
%WRONG 1

%TEXT
(

SOME OHISFONS DO NOT ALLOW THE STUDENT TO11151SEEYTWA WORDS
%QHFSTI90
COMPLETE THE FOLLOWING ADDRESS WITH I NAME or A STATE
1560 S. ELM? TUCSON?
ZNOEXTRA
%k/UNT ARIZONA
%WRONG
%END \, ti

EXHIBIT ,15

1

C>JRA WOWIS AKE ALL 1u4. t IN Ti:, sTunfqn 'AN:00;FRC IM 50W. MSE.
ro rontel.ue :.ush.?:ETURN.

a.

IN W-;.')T CONTMENT DO OF LIVE
Tr,M1F-ICA.

Wron-..1

TIv

IN V: , +1 CnNTINET:1
lL,1 IIVE (N tiORTH ANFOCPI.

c.Achins on!
The tV:.e:Wr W3S not o xectuag this Pert of our answer:
OF LIVE 1-N

SC,ME QUESTIONS DO NOT ALLOW THE STUD:NT TO USF LYTRA woRDs
To contlq-uo Futh F:EIURN.

.

c6vv1lry Trr FOILCOTN6ADMESS WITH THE Ni%NEhr A STATE -,
..:100 1. TUCSON?

:Jo! \.
I1 A!,.17.0.Nt.

Trs 0:11,(1.61

COAPLEIE THE FOLLOWING ADUESS WITH THE NAME OF A SLATE
ItICO S. ELM? TUCSON?
l'ARI4ONA
UeIrt'ihere'

:4 20

59
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EXHIBIT V;

ADO. 1141:
7.1:V11 Si I !J y;

#511LLOWS16?

7:sola ,

Wri61 1.7I.1. cws 3?

%mIGHI

011A. rtilGo.5 %GI?

%END

VW,

s..

WEI:J reJ0Pr.:1: Fotows a7
?s

Wolfs(
ir,4 aga9n.

MAT NUMV.'23 ii,-LLOWS 6'

No!
Correct an,:wr:
7

WHAT NUMBER FOLLOWS 3?
c- ..

?...
-,-1

.Nol
...

1.r.A.V7 NUAT1CR FOLLOWS 6? . ti

NOt gou'e wrong thi,.
Trg again.

WHT B7R FA NUM M 6?
79

Not Quite.
. CorreeL OhiWUP:.
7

WI AT NUIER FOLLOWS 37
sq ;
You're doing finc.

To continue Pubh,RETURN4
._

WHAT NUMBER FOLLOWS 101?
7102
EI:at.tlg right!

1.4

. GO
O

421 '
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EXHIBIT 47 (page 1)

;LW'. PAM-.
t Cl -a- I CSL.1R- 1

in;
k! S,.)11.;:r.- hi A .4; F`i.qt :4'10 CeViW, pieFi TO

!,"o. F`ri tr:01 141 ` Ver.-11'17-:( ,t1'n rr, eramt6rt:c

I hfr.t.; - THIS D.) `. 1%.1`! iit. t.L.X. U, I, .Li : e!;

....di S1 114r1
WWI WO TICc: ct 1..r! uw-ii t ...file D 71' 1:0CEA-4S

IC- T4:7 AN ;1;i1),1.4 i, ,r CtUS 11

c TI (,1 IMIDt i ruf.. `OW. ,

I i 107 7 1 F:O.S No I. (WIND I RiNt4

2 RE E T VE r . 1 It ; : A .AN!1 1.TLR:.:4' I N WORE, .4 !h.; WITH HAC:-i 1 te.

ro IF (LIZ:: i I E.?4TS 1;17' HOLI E-F, Fi CONE
SEPET.IIV1 USE. OF DATA AND 0A..kir:

IGHT 4 _ _

..1O;0
TS ror A ENTMAN't tOVANTAGE- rtruclico C'APeii DATA

vrArALI ii 'UM" AND THIAN HARMR,

! 7" IOC It! II. ;. ';,2,4Ii!FS IS ::07, AN ii.p../AeeTi-,(A: OF TET.
! ; 11.?. C,1 3SJi 1J4,T4t,

TALI.NTS WOULD NF_CEFSAH .11:" I.:E la
APO/WI, 1:4 TE-1T- i-`1.1hCHE..o CAVD :ICI HOD Or D,,TA P.;*0(7,:-

d ...MAT AIWA:4 I
:WPOW4
711:,-UST CIIt1u. pN AN3iLR l 14243 uR 4

.)-T TON OA
HOw OANY kCOS AWE -MERE ON A STAND4W.0 P,..%tCHEU
;.:RIGHT 1P C

ror.,LvE`
....1,1ra-,No 3
CLOS1:7 DUI iHiNI OF THE ROWS CAREFULLY AND T)Y AOJI:d

it
%410;W- (
HO. THAI IT NIL NWIDER .CCILI10115

T 4 0:i
WE:11J: C.OLt IN T14.1: LARD, C USED AS EITHER A, ZONI: CR iifiT CODE?
%RIGHT 0

''ZRIGHT 7E60
7,:l41-`9NO
MINI\ OF THE Z3NES ( 124 ;1 -A-ND 0) Orr THE DIG1' IS, (.0 -1)
LuOrsrloo
WHAT WOUI ric ;101il3 INF!) WrfP .1 0 ZONE TO CONSTRUC1 1HE
LF.T1ER W IC HL HOU ER1 11.; CODING .1;CHEti?
zRrr,Hr 6
-4.W1salt-X 5
YOu i ORGO1 THAT THE S-Z oRnur OF LErirRs' STARTS' WITH THE .0-2
T t LAD OF 0-1 ZONE/DION" COMDINATION
).1470114C:

REWO6ER THAT THE GROUP Ci LZTTERS A-I HAS A raLLIERITH
0-ZOK.; J-R HAS AN ii-o': Ei 5-2 HAS A 0 ZONE

422
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EXHIBIT #7 (page-2)

7.001 :1110N
1:en t k f 1 E t 1 i Cf.i. SF N ft: It FY (HE 100L.:. 13 it Er 4

.

.

1 :1 F7 duo iff3FAE-1- ,Ct.s EW ..014 -!GLL.Z. ki FIC.RE I. min HER
col; ;3110,-
.1 V.: t11:
';ttr (I:11%A( UR 1% Ilk 11 -ZONE 6.,:11 Ti1C 8

...t.11N10.
...Jo hi I Fr.crr

:41J;

14;.J it T.11 0",:a 00-1N 4 Min.:Jr COLUMNS UN )
K417:1 '.3 ii 141-',11 IF t'.7

i c I 1' 11 '(0111'i ANSWr V: TAF.si.P

:1 -. ;rt. ofb 11i'..H: II 114 nATA,
ti S of_ .,H,9,1rt*., r.ni THEY t.rti

t [ON . .

1 l r 6' JEWANL 'MERL THE 'F'UNCH r [ON Or 1 T.OLUNN CARD?
X. 1, .5

1.1 ; _1,r% C.A'a. HAS 32 1-'0S t i TONS km ,;;),L11 Roo

r
1:tjt-tphMU A INC) TiCHTIVIC PF 6 1-:014,3

,. '.T V.1.1.1.1UM A 7 8 74 72,1-

rurt!!Lor,r4 ?6-,:t.;11.1t114 CAF:TI r,y THE -ZONL.

I 1.. bit :

f rl

'71r I. uvr TM- 6- IQ 1 Of. MC CL.

ITC TiOR0q;!i, ( ,t Dr'

,r1 0
16.1 ri: o T.ITrAlf OF WI: ALP:16 .J FM UK

,`,",i,V
_

1.1.1 13EfilN C MARACTES 11:Ut
14.,".1( I Irli, 6-it IT CODINU SCAINE FSN' T CIF ',I:C.:ALLY ,C6VIIVt,

H

I,

1 TON tiO, t, i )0
a t' 1 Ntniatti FITLCI IN C:111...I.PRIS 1-20 USIN A 1301;11.16 LJH iCH

0:1_ lir,: WOW u 11 .30RA ris<31

61! z,q
WI .

HI 1' C.E.. )1\11T.T. Or ANY SURF F01',,8^, iti`CHTN2 TS IT:CM LEAST S1 LiN1F I - -

CANI 1(1 riiv r IF _WONT
3:FWFCliON
TO -CORI A .11EC.T CARIIS CITY- WITHIN CCUNTY WITHIN STA T-E, WHICH
ilk 1.1E FIti I FS WOULD BE 1 HE -AST 1 tt F*. SOR I ED?
"/..- V: 6TE

ist tiOSI ..3T131, TCANT FIELD MST ur. sop-1-u' LAST
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EXHIBIT 47 (page 3)

1 I, 114 ;1 Oh:. 4 Gulf;
1.40 (ttU 1Ei L. 1I!.=11 $ ,.0 531.01:1_11 RILf EAT ILE.30V- Lift NO )

YCi.
fi T, .rd"

7.Nt. LI ; !1;t.
:6010

'KJ Ii1M1 til. 1 o'- 10.r C. I t fit:: Fit,e,T A I :I II, 'T
I ;Id 5E N:i Fir j''..11,T iN
r) CI M 1(JUE. i:t rulat.

2.6(1 ro .3 TA.; r
xTEx TXTA

F: twit, sft.y:E yot ANsuicl iI :tif EI-JEST IONS W--1 C

%END
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HUN GNOSISC600,6114

'

tEXHIBIT i8 (page 1)

GNOSIS verskon 1.1 M6reh 1974.
IrPut name of ,lesson file with e;:tension or push return to stop.
NIT4.CNO /
Tranlation of the lesson 'UNIT4.GNO' has begun...:'
...and is ready.
lnput name of lesson file with or push return to st.611

0

MINS 28,33 SECS.

EXECUTION TIME: 22.05 SECS.

ELAPSED TIME:

.COMPILE UNIT_
ALGOL: UNIT4-

END OF. EXECUTION -.1.0I< CORE

uir

LOAD-LINIT4
LINN: Loading

EXI1

:SAVE UNC74
Job saved

.RUN'UNIT4'

I

/- ._
This is the lesson 'UNIT4' Orodu-ced bu the GNOSIS sy:.tem
for corputer aided instructien(CA1) from the Research_
Institute ot National Defence, Stockholm, Sweden. w

The teacher who wrote this lesson its: ft ,

\ CSC100, UNIT 4 *,..
s

. .'

IMPORTANT: You ,con interrupt: the essdn wherever you wane b9 t.GPing
the single charaettr "X.'
.on uour te.Iminal and then Pushing the RETURN,butten.

T Thereafter, :Jou car; .

ledv trio whole lesson or ;'

skip Just one auestion,or .
-.back uP toqp previous part- of the lesson.

:4 ... ;
,

. ,.
\

C0

4

. 1
I '

6 4 0

1

?
s

1 e

' e
c,
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EXHIBIT #a. (page 2)
v` 4

THE BASIC PHILOSOPHY OF UNCHU-CARET DATA PROCESSING IS
toREcoka SOURCE. DATA AS:HOLLS-PUNCHED INTO CARDS AND TO
?ROCESS THIS DATA WITH THE USE OF tIACH1ND.S.

To continue' push RETURN. -

p' e
bit:AT TWO CHAACTISTICt ALLOW PUNCNED-CARE. DATA PROCEqING
Ti) BE AN ADVANTAGEOUS METH011 OF' PROCESSING D0TAf t

(GIVE THE CORRFCT'NUMBER FOT'i YOU1+ ANSWER.) -

'1 MACHINE sr Efts AND REPLACING CLERKS
2 REPETITIVE' USE OF DATA AND INTEREST. IN DORKING WITH MACH NES
3 TO UTILIZE KEOUNCH TALENTgAND THE HOLLtRITH COLE 1

REPETITIVE USE:OF DATA AND MACHINE SqEDS
?. .., .,o. , -

......
.

Wrcngl ,
'

.

.1INTEREST 0 WORD,ING.WITH MACHINES IS NOT AN ADVANTAGE oF.file . -. .

PUNCtiEll'ARD METHOD FOR F.:ROCE3SING DATA. ' .. - , i 0.
4e

4
Try ati.ain. . .

,,

-
. ... ° ... ,..

WHAT :1140,CHARACTISTICt ALLOW PUNCHED-CARD DATA- ROCEgSING. ,
'( '"

TO DE AN 'ADVAN4ApFOGS mEllipri er PRTICESSiNG DA-M? . 4

(GIVE THE CORRECT NUMBER FOR ?SU ANSWER.)
. .

1 MACHINE SPEMS AND xEPLACIWC (KS .. . a '
..

2 TcarEripv,c,usr. OF DATA AND Pt .."ST ..IN.WORKING WiTilMACHINES °

. 'a-3 TO U7IAZE'NEYPUNCR,IALENTS AND THE Hq.LERftH GODEI .
.

4' REFITITVE.PSE OF DATAAND MACHINE SPEEPg

Now you're catchiong dn! 4

4(

._ . .

6 o ue. . "To cdntir, push RETURN.% NI
. . 0

O .

4

o.Answer "40' if clii want to lqavi, this less.on,
'sm.r. if'ssou.wantto skip 0.11s ouestion, '

. .

cl.
I

7 - BACK ' if vou want .t'o go back- to ;in earlier part of the lesson.;
I

:CCX:TINUE*. if. V 0 1.1 ..rant t. t: CY continue.'
y, ,..

, ' . .,
gSTOP , , '

.. ''

.
.

-.
, a

.

I

,
A

. "lEnd.of,le5son 4UNITy. .4
. /

a' You have answered. 1 soestions. and -gou',gave the righC,ans4er. 1,tMmes
... .

:
..; ..,' ' . .. .2 t ft ... ,'

7. ! On 0 aufXt.ions our answer was, isx'ght the first time gou
,

igqt the ouest
. e

, 4 w 4.
,,le

a

e

Tbis lesson has F1'udueedareport sheet forcthe te&Cher.' .1°
This sheet will by rrinted on the 119pAprinter.'

:Flease send the line -"Tinter listing that th4 listing
. ..atUtrconversAional termina;!'l totpe teacher.

He, needs the lisi.ing to improve the'reSsonl, ) 0

You cap send it anoriumously the teacher will
"nat'Pnow which studenL'seWit.to him. ',.

.

:"
4

Th6 name and address of the teacher is:
,

-

O

Y

' CSC1001 UNIT 4 '' -

.,.,°
8

''. '''
'T

,

.. , -

To continue Push RETURN. .

.
.

° If You have and message for the,` eachera then, write it now.
Finish with anextrePush on the RETURN key.

Exiting from lesson 'UNIT4'.
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ABSTRACT. On the basis of improved performance vita the.use,of tutorial CBI,lesson a g3aiy flexible

and' mw.hine-independent systtp for an individualized CHI course is being developed. In addition to

optional lessons, the system will,include a router. to access lesson, test,aproblem application, and
record, files. A unique feature is,ihe, application.packnge with diagnostic feedback. .N.

' ' .:
0 ' . c,

The project to beA iesevibed n this session * #ctive learning environment where learning an be

'represents the furiper development 4vf a4ndivid:r .individualized (Bell, 19/4; Educational Technolr,
ualized computer-based instructiousystem aIreadA az, Nov., 1974, entire issue).
ih operation at the Univet.r.si.tya of Arizdna; cal.led. ', ., ,

.-

.
.

LERN. One appliCation has, 1pfn pseplawith 70 tuto- : Even thoUgh the computer has been found to be

rial statistics lessons developed tP Knief, which,:-,, ''',effeetiye for learning in,a context of indillid-

have markedly improved student perfumance in vary' 'ualized instruction,, those educatqrs most in need

ious classes in several departments..
i

.. brits assistance often are. the leAt prepared and

. . .
r

- able,in terms of time and skill, to develop large
A multiple regression analy'sil of Educational . amounts of computer:Paged instruction. These edu-.

Psychology statistics students using and not using... cators.also tend to-gttively fear computer tech-

the legsons was calcUlated. Results revealed a ' nology, which adds to eheir disinclination to use
diffetenee between meats, significant at the .01 thf tomputer'S carbility in their own'instructiOn.
level, in favor of those using the 17ssons, with

..
.

neither sex nor clasS' standing (i.e., whether - What is needed 1s a 'Managed indiyidualized in.-

'student was junior, genior, or graduate) having' struction system fooheip solve these problems on a

any eftect. Furthermore, the semester grade disi- widespread basis.and.at reasonable coat in keep-
vribution in-classes using the lessons has changed, ing with today's hudgetary constraints. This sys-

-# from the typical normdi shape to a skewerdistri- tem would provide for pre- and pOet-testing of

bution with more A's awl B'eTs. Along with the students, presentation of assignients, administra-
markedlydimprol.performance has been a very' tion of individtalized application problems with

. favorable accent nee and appreciation of the les- a unique step-0-step diagnostic and'remediation
1 , sons by the students.

.a,
capability; with the option of adding Computer-

# .

- based instruction lessons if desired.. The system

The LF.RN orftem, however, lacks 3 a1 desiFt should bb as easy as possible for instructors to

able features to make it even more w appli- use, to' overcome their fears and help insure
adbption. At

,,

,

\ .

,,,

..-

, 4

Computer-manage& intruction'(CHI) appears .(:)

be one of the lt solutions for.ehe following\
reasons (Baker, 71; Belt WSkubal, 1974; Lippey,
1975; Spuck E. Owen, 1974; Young, 1974):

1. It uses conventional materials and operates
weU. within the traditional classroom set-
ting, reducing costs and major educational
program alterations.,

2: It solves the most serious problem of indi-
vidualization for large.numbers of students,

41 ,
i.e., management., ,

3. Itis nonthreatening to instructors who fear
computers, since it.is a "tool" for their
assistance in managing individualized
classes.

`

gdff .WITH A NEW TWIST

Iawrence P. Nueliman,Lotui M. Knief, and John Luiten
. e 6,

.

Uni4ersity sk Arizona, Tucson, Arizona 85721

moo.

cable: (1) a system for completely ind dual-
izing instruction for large numbers of, students;

(2) an individualized problem application and
feed6ack package,; and, (3) an aid for prospect-

ive instructors. In the past, attetpts to Indi-
o
vidualize learning have inclUded such,efforts as
creating multiple, smaller-sized sections of a
large class; hiring numerous instructors to teach
these sections; making use of tutors, help ses-
sions, hand-out sheets.of problems; and other such
devices--all of which have not solved two major
problems: 1) individualization of large numbers,
of students'ona widespread'hasis; 2) achieving
such individualizationin.the face of currently
severe hiring and budget restrictions.

ar

There is a general agreement that the use of
computers i education can enhance the effi-

ciencrand ffectiveness of learning. The rea-

son apparently, is the provision of improved
learning conditions, especially in relation to
the comppthr s.ability to create a highlycinter-

a
'

,'t I

4\27

6 6
I

4. Since it is controlled by the teacher, it
has greater probability of being used.

5. It helps ease the staffing and budgetary
difficulties in education, because one or
two instrucAors with an assistant or two

6
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could handle large numb rs of students in

0101.
an individualized tours using CMI.

The goal then'is to develop universally
transferable system (written in FORTRAN) for.indi=
vidualizing,instructiekfor large numbers of:Stu-
dents with minimal costNae offew faculty, and
use of Iirdinary instructional materials.

Basically, the system would consistOf four '

parts:

1. A Router; '

, 2. Computer-based instruction Lessons;

3. An inqovative step-by-step individualized
e Problem Application and Feedback Package;

t 4. A Moni.tor.

The Router would access and manage test item,
feedback, assignment, problem, .and per mance
files for student interaction. The inte action
would be of the following type:

1. A pre-test..

2. If criterion is. met, the post -tesj could

be taken immediately. for grade.

3. If the criterion is not met, the learner.
would be given an assignthent, possibly
computer lessons, and application problems
for study and feedbacirfore the post-
test 'could be taken fo grade.

4. The system would randomly generate items
for the pre- and post-tests and for the
application problems.

The Lessons provide .a tutorial mode. A com-
plete set of such lessons already are available
for statistics students; their success was des-

cribed.earlier.

The Biligblem Applicatibn and Feedback Package
. truly is unique and is described below.

The interactive course preparation Monitor
would be used by instructors at a terminal. The

monitor would lead an instructor' painlessly
through the steps necessary (entering items, as -,
signments,,answer decision rules, problems and
feedback) tciUsethe system. '

. .

Such a complete system as outlined could be
used in any course at any educational le'el.

ejh

The completeness of,the s stem and relative ease

of .use should make adopti more probable and

the potential cost-ben t ratio quite attrac-

tive.

Development of the Problem Application and
Feedback Package is a truly unique innovation
in that it would:"

1. generate an individualized data set for
each student to use with problems agialy-

- ing the concepts he'has'Nuired in his N

lessons, Each student's data set would.
be different from the.dath set provided
for any other.

2. increase the development of the student's

problem solving ability by diagnosing hi's
results on a step -by -step basis and by

gi.ving feedback and providing remedial
learning as necessary at each step.

.3. record the progress of each student, cor-
recting his work as

A
necessary, and provi-
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ft

ding him with additional assignments as in-
dicated on the basis of performance. -

The adva ages of providing'such a.step -by-step
capability augment the learning provided bps the

system are tny. Some of the most si nifican/ ones ,

are

1. the gdent would'be able to g t immediate

assi ante when he encounters difficulty

in h s problem solying efforts, , Further
this ads tance would be available at any

time, day or night, without:being constrain)
ed to the ivailabilttyof an instructor.

2. tha help /hat would le available for the
student would be on a personal basis simi-
lar to a one-to-one relationshipphich'is
note the case in the 'typical crass. -

. .3. the student's work would be evaluated and
graded immediately after submission, since
he would receive immediate fegdback on the
correctness.Of-his work, and, ifnecessary2
be given remedial learning to correct. is
errors.

4. the student would be compelled tc,work7in-
dividually since his data set would be dif-
ferent from that of any other student.

5. since each student wduld need to apply what
he has learned, it would make that learning
relevant. This means that each ifidividual.

student would transfer, somettiing_that has
been extremely difficult to insure inordi-,
nary instruction.

.

As may be seen, this project has a go od lesson

basis'already developed and being used actively.
Further documentstiOn of the use of the lessons '4'

will become available as a result of research be.."

/ng conducted currently. A nuMber'ef time sends
and regression.studies are being done on use ta.c-

tors such ae computer time per lesson and its 4g4.-
ation, and lesson use relative to time of day, '

week, and month. These factors are being zelated.

to lesson performance and course performance.

It may be seen that,we are attemtinEfto make
significant additions to an ongoing, successful
systeffi to,establish it as a completely viable
system with the distinctive features described:

_ The additions promise to be of direct practical
value, to be widely applicable, and to result in
more effective and cost-efficient instruction for
each student. The savings inmultiple faculty
salaips, extra help.sessiods, tutoring, anahours
of time for both faculty and students are incalcu-

.

.'lable but considerable. urthermore,this system
makes he typically exorbitant costs of'materials

. development unnecessary, since,an instructor's own
exercises, test items, assignments, and so on may
be utilized. We believe that the proposed system
translates into an increase in student-teacher
ratios and a decrease in learning time, all with
improved lgarning,,andthus into lower over-all

'costs.
1
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COMRUTER AIDED INSTRUCTION IN .

SIERRA VISTA (ARIZONA) ELEMENTARY SCHOOL'S,

I

Julia T. Feujate

-Title I Math Consultant..

Sierripista PubliC Schools, Sierra Vista,

.

Arizona 85615
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.
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ABSTIIICT: A commercially available Computer ;ivied Instruction (CAI) system is briefly. desCribed. Its'. I'

application in the elementary grades of a small sohool,system\ (Sierra Vista Public Schools) is discussed.

Student performance before and after introduction of CAI is. analyzed to assess tmpact of the sydteh:

Some of the factors to be weighed in selecting CAI systbms are presented. Suggestions are given for

establishing a tuccessfu.1 CAI program. .
.

,

4
4

This afternoon I'm going to disdUss several
aspects of the Computer Aided Instruction System
used in the Sierra Vista Elementary Schools.'"The
funding for this CAI system was provided under

ESEA Title I. It's appropriate, therefore, to

spend-a few minutes reviewing the Title I grant.

system.

The federal government has,establistfsd a pro-

gram of additional instruction for children who

are "educationally disadvanta§ed". Examples. of

such children are those who have missed large
amounts of school due t illness, those who have

changed sdApols frequen 1y and those whose native
language is not English. children who have

these problems are able to maintain their class-
room work but those who fall hehind are ctnsider-

ed to bb eligjblilhior Title I assistance..) This

program is not a part of theSpecial Education
program which provides extensive work with the

child who is'handicapped. Funds for Title

programs.are determined Oy the number of loci

income families in the school district. This

number IS calculated from. the results of several

siStewide syrveys. However,.eligibility for the

program,is-not determined by income;. it is based

on tile child's school iehie0ement. .Therefore, a
child from the area's wealthiest family could be
considered' lducatierfal ly disadvantaged" while

fraithe state identified "low income
rfamilies" arrnot necessarily eligible for Title

I aid. The funds for. programs in Arizona are

t administered Py;a.,TiXle I Divison Director who

is located in Phoenix.

.

The- 1975-70 Title I program in Sierra Vista

c 'Sits of ninectutofts to work with first,

sec° and third grade students in reading and

ten c uter terminals to be Used by students,

grades. -6, in reading and language and by
students, grades 1-6, in mathematics. Three

computer "monitocs" were .hired to staff the

'..Computer rooms in each of the elementary

schools. Additional staff included a. reading

spectalisttand a math consultant who 'Were to

coordinate classroom and Title 1 efforts.

-** 14

.4

4

e .
430

Figure illustrates Sierr3°Vista's organizational

relationship of:Title ( and other elements of toe
district./.A totat of $132,090.00 wds allotted for

this school year's Title Iactivities.
mately $40,000.00 of this money was used tooleaie
the computer Sided instruction system from Compii-

ter.Cucriculum Corporation. This is the Hest

Title I CAI system in the state. Indications are

that we will be fundid to continue next year in
order to better evaluate the results. : '

Sierra Vista is located in the southeastern

part of Arizona, a i 80 miles from Tucson. The

population is 20,000 Ich includes 8,000 perspns

living on Ft. Huach \The major employer in

the area is the federa goyernnent. A majority
of the Sierra Vista working pdpulation is connect-
ed with Ft. Huachuca as active duty military,

Civil Service or support personnel. There is also

a growing community4of retired military persons.
' The Sierra Vista School Dis0At has nearly 5,000

students. Children living on Ft. Huadhuca, attend
county run'accombodaticin Sheols until ninth grade
at-which-time they enter the'Sierra Vista; system.
The district itself has three elementary schools,
one junior high school.(grades 7-9) and-bne,Anior
high school. 4.

111

One problem facing. 'the 'school district fs a

high student turnover. Department 'of Defense

enployees, bdth Civil ervice and military, may

slayfor only srxvonthsu `In addition there is

a large amount of building in the area, many
Children of conitruOtitin workers,follow their
parents ftom job to job: As in any rapidly

developing community, school facilities are not
quite keeping pace with the increasing school
popu'kation. It watrecogniied that there were
students the district who, although not eligi-
blefothe Special-Education p'6gram needed
instruction in addition.to that which they.were
receiving in the clasroom. A decision was made )

tb begin to remedy his situation at the elemen-
tary level first. The result was the Title I

,proposal' for both a tutoring and a CAI system.

69.
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The computer aided instriltion will now be discuss-

ed in more'detail.. u

All the hahlware (that is, the computer'and

''its associated el-ectromeehanical.equipmegi) was
'furnished by Computer CurriculUmCoPporaPron (CCC)

under/a package agreement. The computer itself is
i"*ideP,P16 menlcompUter, bu-qt by Cincinnati
Miladron, tKe pgi-ent. corporation of CCC. One sk

dri*provideso@sS Memory. Student nter-

faccAs viaten ASR-33 teletype terminals. Fodr

of these terminals are located nith the computer
.at Carmichael Elementary School; three each, are
remotelsxkpca,ted at Bella Vista and Village
MeadooftvElethentary Schools, The remote terminals aw
are linked to the computer by dedicated telephone
lines leased'fron Mountain Bell. figure 2 it a

bloc11ediagram of#the compiler system. All required.

maintenance is performed by Computer Curriculum
Corporation as part 4f its contract.

All system and apOication computer pcogtams
.: (that is', the software) plus curriculum materials

. are also,providedby CCC. Details concerning

program structure are considered proprietary by

CCC and cannot be discussed here. , :

Tne elementary curriculum packages 'Used by

.
Siorra Vista Public Schools provide users with

three services:

, A. Student Information Entry and Updatirig

B. Student Prouess Evaluation and Reporting
C. Student Drill and Practice. 4

Each/Ilse:Nice wild be described in-detail..

A. Student InfOrmation Entry,and Updating
After child has been selected for the

.CAI pr4gaq, he is assigned an identify-
ing number. No other student in the

110
.*systeM will have this'number. The

" following infotmation is'then entered:.
1. Child's first and last name

2. The primary classroom teacher's
identifying number (A second
teacher't number is optional;
this feature allows more than
one.teacher to receive the
child's weekly report.)

3.' The CA1 course in'which he/she
is tobe enrolled (reading,
language arts or mathemotics)

4. The starting grade level in the
course (The level is determined

by scores from two achlevement
tests which thuChild took before
he /she entered the Title I pro-

gram. The beginning level is.
approximately six months lower
than the test scores would indi--

rate. This guarantees that the'
student will -have a high initial
success'tate and will build the
confidence often lacking in poor'

students.)

5. If the student is being enrolled
in mathematics, the rength.of

431

r,

each session must be determined.
This length may varigrom five
to ten minutes. All reading,and
language arts sessions are.ten
minutes long. The math course
also has a variable timeout
feature (the amount of time a
student'has,to answer each
question). Reading and language
arts have a fixed timeout of 60 -
seconds, while the math course
timeout may range from 30 to 60
seconds. We usA the 30 second
timeout for all students except
children working on a fitst or
second grade level. They are
given a 60 second timeout.

6. If a student is being enrolled
in, more than one course, return

to step '3 and continue. ;

An example of a student's enrollment is
AO, Figure 3.

If the entered information needs to be
updated (for example, a child changes
classrooms or addS.a course), a similiar
routine is followed. The old information
is displayed; the new typed in to replace
the putdated.information.

All entry data must be done using a pass-
word. In our system, this password is
available only to the math consultant
and'the ebthputer monitors. No one else
is able to enroll students

The 'computer system itself' updates a
student's grade level; DUring.the
fiqst ten sessions in a course, a
student's grade level may change a V
half year per session. .If he/She
answers less th;r1 50%ecoriectly, .they

grade levecis decreased by six months.
If the score is mote than 954 corredt,
the grade level is increased by,Siot.

months. After,the,initia) ten sessions,
students advance and decline it a,slower
rate. Each course is divided into differ-
ent strands; the child moves in each
strand at his/her own pace. for
example, the mathematics course Has 14
strands. A child in the first geade
might be working, on five' of themt. The

grade levels might be: .

1.5 Numerical Concepts
1.2 11orizontal Addition
1.4Horizontal Subtraotron'

, .4 Vertical' Addition

2.0 Vertical Subtraction

,1

The average score for a course is:a
weighted average of the strand scores.
A child enrolled at the fourth grade
level in mathematics wouldbe working
in 13 strands. In reading there are
six different strands while in lan- /
guage arts there areseven strands.
In a coursethe child progresses in
each Strand according to his/her, .

performance in that particular sub-
ject area.

to



B. Progress Evaluotion'and Reporting
The classroom teachers receive as a
weekly report'a printout of their ,

students' current grade levels. This

report can becrun at any time interval
since the students' Tevel is updated by
the computer, systerg following each

session completed by that student. A

day by day report, however, generally
shows little changerand simly in-
creases the amount of paperwork handled
by'the teacher. The computer monitor
also keeps a copy of this weekly report
with her in the computer room to be
available if the principal or other
official would like a quick report of
the students' progress. The math con-

sultant and the'reading spec alist
keep_cumulative reports of aN CAI

students.' wetklY progress. Tliese

recordi' will be used in evaluations

of the Title I program this summer.

, Reports can bekeyed by student, by
class and course, by class or for the

total Title I enrollment. Figute 4

is an example of a class report. The

report routine does not requite a pass-
' word; in our practice, no one runs the
report routine except the math consul-

tant and the three computer monitors.

C. Student Drill and-Practice
A student accesses the system by turn:-
ing the teletype to on-line and push-
ing the space bar. The computer
responds "Number and Name, Pledsth.
The child types in his/her identifying
number and first name. If the computer

'recognizes the student as a valid user,
the child's last name is printed along
wits the date, time apd a "Hallo"
message: The'child must then type in

-- the initial of the course in which he,'

she is goilig to work. The entering

'__routine was readily mastered by our
only first grader using the system in
less than one week; it is not difficult

to handle. The computer then types a
question for the student to answer.. *-
The reading and language arts lesson
require either a one word answer or a
number response. If the wrong answer

isentered, the result is "//////The
answer is " A "timeout" (a
delay of over 60 seconds) is considered

an incorrect response. Figure'5 is an

example.of a reading lesson. 'The math
lessons respond to a wrong answer with
"Tryagain". If a second incorrect
response is made, the system returns
with "Type .# " (the correct digit),

,so that the student eventually sees the
correct answer. Responses t6 problems

written horizontally are made left to
right... Vertical problems require right

tp lift entry for the answers. This

allows students to.answer the problems
in the order that thoy are calculated.
Scratch paper and pencils are available

if they arc needed. Figure 6 is an

example of -a math lesson.

At the end of the allotted time for
the lesson, the number of correct
answers is listed and thestfident
is invited to continue. If the

student indicates (by striking the
space bar) that he/she wants no
more lessons at that timec,a "Good-
bye" messageis,printed. The student
takes the leircin printout, to his/her

classroom where, ideally, \the class-

room teacher goes over thettproblems
with the student. Children often
take the papers home to discuss them
with his/her parents%

Students were siA-cted for the CAI program

mainly by teacher r ndations. The criteria

used by'the teachert were: 1) thechild could not
be on the official rostel'ef Special Education
students; and 2) the child must be performing
below classroom level in4reading, mathematics or
language arts. Scores from the Iowa Test of Basic
Skills (ITBS), administered in early September,
were,suggested as guidelines for selection. Orig-

inally, the teachers were told to refer only three

students. Later, as the program was better estab-

lished, more students were added. Currently we

have 210 students in the CAI system. Thirty of

them are enrolled in more than one course.

The terminals arrived at the elemen tary

schools at least one week before they were in-

stalled. Therefore, many students were awarenqf
them and were asking questions about the terminals.
Children who were to be in the CAI program were
introduced to the computer over a two day period
and were allotted about twenty minutes for a brief
general description of the system and their first
"hands-on" experience. The reaction to this

exposure was almost unanimously astonishment,
especially when the computer. "knew" their last

name. The monitors sat with the students for the
first three days to encourage them and remind them

of what action was required next. After that, the

children were ready to work on their own. The

monitors still remain in the 'room but students are
encouraged to do all their own work. The monitors'

are instructed not to give answers to the children.
However, they often will review the questions with
a child after the lesson is complete, p large num-

ber of students have experienced difficulty with
the measurement problems (money, weights, lengths,

etc.). The monitor's have made special aids to

help in th4.area. There are either posters with
various measuring relations or handouts with
similar inTbrmation on them. In most instances

there is a warm relationship between the monilgi.
and their students.''

After five months the initial bubbling crithu-
siasm,for the computers is still evident in at

least ten percent of the children. llhile the

great majority 9f students enjoy their CAI 1Cssons,
it has become droutine feature of their regular
school day. One sixth grader could not tolerate
her computer lessons; the pressure she felt left riher near tears after every session. Her teacher

talked to the girl and found- at she wished to
discontinue her CAI time. We e e agreeable and

she was removed from the enrol t. After sever-

al months some students appeare to be bored. In

4
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order to counteract this we dit several things. '

its an incentive toward higher scores, a plan
was set-up to recognize the students who missed
no problems on a day's lesson. At Carmichael
School, there is a chart in the computer room
listing each child in the CAI program. A red
square is placed after a student's name each
time he/she received 100A on the lesson just com-
pleted.- At Bella Vista and Village Meadows'

Schools, "Happy Grams" are given when a child
has a perfect lesson. These "Happy Grams" are
telegram sized papers with smiling faces printed
along the edges. A message is wfitten by the
monitor congratulating the child on his/her
achievement. "Happy Grams" are also given to
those students who, although they didn't make 100,
did much better than their usual score. Another
methodthat is effettive in rekindling,a dying
interest in CAI, is to allow the child to work on
fixed strands or topics. Fixed strands is an
option of the mathematics course which allows the
child to work on only one,strand per Session.
Most of the sixth graders spent two or three weeks
on the fractions strand. Fourth graders may bene-
fit from and enjoy spending a few weeks on multi-
plication drill. Topics is a feature similar to
fixed strands but it works in the area of lahguage
arts. A child can be enrolled in contractions or
noun-verb agreement for example. It seems that a
student's interest increases with a week or two of
concentration in one specific area. However, the
interest continues at the higher level even after
they are returned to their regular program. We
are working into other means of motivdting and
continuing to motivate the CAI students.

Although only the students who are below
classroom level are working in the program,
there'& been no problem with children being embJr-
rassed or feeling inadequate because of this
special attention. In fact, the opposite seems\
to be occurring. The children are proud at the
are chosen to work on the terminals and are often
the envy of their classmates because of their
opportunitylto do sm.

Most parents learned of the CAI program
through their child. There has also been aAocal \
tejevision interview on the system and articles
in the Sierra Vista and Tucson newspapers. The
iAi program Hes been discussed at PTA meetings.
At one Carmichael Schdol PTA meeting, the parents \-
were allowed to cdrplete a lessdh themselves. At
Bella Vista and Village Meadows Schools, letters
were sent to the parents of therCAI students in-
viting them to visit the school at their child's
scheduled computer time and see the program in
action. We had a good response (better than 50%
at Village Meadows) with many parents taking
time off frOm'work in order to see this new
method of doing lessons. The children-enjoyed
having a chance to teach their mothers and
fathers how to use the terminal. Most of the
paient1 said that they were pleased that their
child had an opportyn4ty to worts with the com-

puter. There is a standing invitation to.
paredls to visit the computer room at anytime

-.during the school day. s.

Although the program is still young, we al-
ready havd several success stories, for examples

Troy H., a second grader, was unable
to master even the simplest addition or
subtraction facts. He was placed in the
CAI program. After six weeks, he had not
only caught up, but was ahead of most of
his class. Since he had accompllghed his
goals, he received a "Happy Gram" from
his monitor stating he had completed his
computer course and was "graduated" back
to his regular classroom.

Annalisa B., a-third grader, 'Scored
at a grade level of 2. in the arithmetic
section of the Wide Range Achievement.
Test (WRAT). That was ten months below
grade level. She spent 43 sessions in
the math programand increased her arithe-
metic WRAT score to 3.6 which put her one
month above grade level.

Our most notable successes have been our Viet-
namese students. Most were in the area'for only a
few months and were unable to be pre or post test-
ea because they understood English so poorly.

Quang Ho, a sixth grader, who worked
in the program from'November 25 to Janu-,.
ary 30 increased his course grade level
from APP to 5.0.

The official teacher orientation was through
a one day seminar conducted by CCC. Our Title I

program was funded and operational by late Septem-
ber, more-than a month after school had started. '

It would be an impossible task to get substitutes
for all of Sierra Vista's elementary teachers.
Therefore, a decision was made to have the seminar
presented to the grade chairmen from each of the
elementary schools, a total of 18 teachers. The
pregentatioh consisted of,a slide presentation of
CCC's results in other school districts, an ex-
planation of the Title I program as it was to be
run in Sierra Vista, and some "handszon" experi-
ence for the group. The idea behind choosing the
grade chairman to view this program was that they
would present the material to the other teachers
in their grade. ';dme did an excellent job, some
did nothing and moit were somewhere in between.
Therefore, the classroom teachers received-a wide
range of information or misinformation. This, 1

believe,.explains in part, the variety. of responses_
by the teacher to the CAI system. I feel that the
teacher's use of the program is the single most
important factor in affecting the child's progress.
If the lessons are used as they-should be, as a
teaching aid, the student can make great strides.
By reviewing each day's lesson, it may be seen
that the child has a specific problem, such as
being unable to borrow. Then that particuiar area
can be reinforced by the teacher. Our CAI system
is not interiffa to teach concepts; it is to be. -

used for drill,apd review. Alone. the CAI lessons
are of more benefit than a page of arithmetic pro-
blems or a language ,assignment. Mere is immediate
feedback after a child's response. The difficulty
of the Aessons is adjusted as the student pro-
grasses. This can, 4e used by the teacher to dis-
cover the child's gaps in 'knowledge,

Most of the- teachers collect the.pfiritouts as

the child returns to class and go over them as
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time allows. One.second grade,classroom incorpo-
rates the work of its three CAI students into its
regular mathematics lesibil7--

The eekly reports are used mainly as general

indicati .of the students progress. Many teach-
ers have aid that the reports indicated their
students ere working on a lower level than they
realized. this is often caused by gaps in a
child's khowledge which can be hidden when work-
ing in the classroom. If scores in one or two
strands are noticeably lower than, the others,
perhaps extra drill in those areas is indicated.

Academic progress made by the CAI students
can be measured by three different means: 1) the
grade level as computed by the CCC system; 2) pre
and post Iowa Test of Basic Skills (ITBS) scores
and 3) pre and post Wide Range Achievement Test
scores (WRAT). Usually the ITBS is given in early
fall, however, the Sierra Vista Schools are chang-
ing to spring testing. Therefore, this school

year we will have two ITBS results. The Iowa
tests are given schoolwide; there is no makeup
date. The WRAT test is given as a child enters

and leaves the Title I program. The only excep-
.tions are if a child speaks no English or if he/
she moves without giving us notice. The grade
level calculated by the CAC system as based on the
students performance is available every week.

The.establishment of the Title I program.for
the elementary schools has had an additional

The math consultant and reading special-
ist are available to the classroom teachers who
have problems or questions in which they would
like an outside opinion. There is now a group
responsible and able to work with those students
that seem to fit nowhere, they are not handicapped
and therefore could not be helped by the Special
Education program, 114t they are not performing"
adequately in the classroom.

Now that the Sierra Vista Schools are on their
way to becoming veterans .in CA1 usage, we feel we
have conquered some problems and are better able
to cope with others. There was, for nearly six
weeks, almost continuous difficulty with th
modems (th elecItonic devices connecting t:e ??..

mind's and the compufdr to phone lines). The two

remote location schools, Bella Vista and Village
, Meadows, suffered a lot'of downtime. This was

discouraging-to both monitors and students. The
children were reluctant to come to the computer
room'because so often when they did one or more
of the terminals were inoperable and they would
have to return to clask without working on their
lesson. Fortunately, the problem was solved by
acquiring a new type of modem. The referral
system will go more smoothly now that lines .of
communication have been established. Next year
we hope to be able to fill at least If of the

computer slots by the second week 1

Attendance has been a problem for a few students.
It is.important,that'the child do a computer
lesson each sehoc4 day, if at all possible. 1.0f

course, during special times such as the week,
before Christmas vacation and Valentine's D(y,
there may be schedule conflicts. But as a
general rule a child in. the CAI program should

N\ complete a lesson each day heishe is in ,school.

The best motivating factor seems to be teach r
support. If the classroom teacher thinks tha it

is important that the child "go to the computer"
each day, chances are that the child will go.
However, when fhe teacher really doesn't care, the
child tends to "forget" two or three times a week.
We feel that the attendance problem will be re-
solved when a better system of informing teachers
of CAI capabilities and applications are developed.
There is no wdrkshop week previous to the dpening
day of the school year in Sierra Vista. The

teachers are in school only one day before the
students return. Therefore the CAI orientation
will need to be during the first week of school.,
A meeting in the computer room with Jhe teachers
of each grade while their classes are atImuitc or
physical education (30 to 45 minutes) shoulcebe_
sufficient for a brief information session plus
some "hands-on" time. The importance df teacher
follow-up will be stressed.' They will then be in
a better position to decide if they wish to use .
the CAI system as a teaching aid. It should be
made clear that our CAI is in no way going to
supplant /he teacher or be responsible for higher
student/teacher ratios. It is a method of en-
abling a student to have additional drill and
practice in the spedific areas in which he/she
needs help.'

A school system establishing a computer aid-
ed instruction system must consider a number of

. questions and make some rather difficult decisions.
As always, costs will be an important component.
First and foremW, it must be established that
the CAI programs will meet the school's needs and
that the CAI philosophy iscompatible with the
school's traditional materials. Here, for once,
cost should not be the ruling factor. An expen-
sive program that meets your needs is probably
worth the extra money. Next, it must be deter-
mined that th4 associated documentation and support
materials are adequate. Finally, flexibility and
usefulness of.system generated reports shouldbe
considered. The school system should insist that
the software vendor provide continued dbpsultation
and expanded documentation as required. Schools
which anticipate unusual requirements should consi-
der contacting for custom modifications to standard
software. I strongly recommend that only extremely
prosperous and well qualified school systems
attempt internal development of computer aided
instruction programs. Development of all typeS of
software is notoriously difficult and time consum-
ing and can be staggeringly expensive.
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Once a eurrigiulum has been selected, atten-
tion must be gi4en to hardware. The quickest and
simplest solution is to contract for a package, as
Sierra Vista Public Schools od with CCC. Our

vendor.provideda.complete system, hardware, soft-
ware; maintenance support, and staff training.
Standard packages, however, are,never quite what
the user would like. An experienced school s)rsiem
might do well to tailor the hardware somewhat. The
first choice is whether to use an existing computer
or to acquire a new machine to be dedicated to CAl.
This is a very difficult question; depending on
host of matters such as how easily the software can
be adapted to the existing computer. The decision
should be madeby experts after careful study. If

the experts aren',t available or time doesn't allow

1
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a thorough study, follow the software vendor'
recommendation.

The other important hardware consideration is
terminals. CAl terminals is between a keyboard
printer combination Pike a teletype) or a key-

, board cathode ray tule (CRT) combination. The CRT

units have the advantages of being silent, not
requiring paper, and being essentially nonmechani-
cal. Furthermore, they look something like tele-
vision sets and may be more attractive to TV condi-
tioned children. A considerable disadvantage is
that no permanent record ("hard-copy") of the
student's work is produced. Keyboard printer

units, of course, produce hard-copy. Standard

ASR-33 type units are very cheap and quite reliable.
They are somewhat noisy and require messy chores
like changing paper and ink ribbons. Some of the
more expensive units, using thermal printers, are
fairly quiet and'clOn't need ribbons. While good
cases can be made for almost any type of terminal,
plain 33-type units are probably best to start
with. Whatever type of terdminal is selected, the
terminals should be located in a special room,

apart from ordinary classrooms. This relieves

the clastroom teacher from the added responsibi-
lity for the machine and makes for more efficient

r scheduling of terminal usage.

Finally, maintnance must by provided for all
hardware. Again, a package agreement is simplest.
In smaller centers like Sierra Vista, there may
be no other way of obtaining qualified maintenance
personnel. However maintenance is provided, in-
sist that rapid response be a condition of the

contract.

The size and type of staff required to admini-
ster a CAI program will, of course, vary from
district to district. The amount of paperwork is .
large--remember thaie I is a federally funded
grant program. ,Therefor , we need a full time

secretary. A CAI, program funded. by a different

method mighteot. A monitor -is necessary at each

terminal siM. Someone needs to handle changing
paper and ribbons, reminding students of what to
do next and fielding the little unexpected pro-

blems that always occur. In addition, our,moni-
tors give the WRATs as children enter and leave
the CAI system. There must be a person who is

in chal-geof the.CA1 program. If this should be
his/her sole job,would depend on the size of the
CAI system. Ou-Title'l Director is also a .School
psychologist and an administrator in charge of
school nursq, counselors and special education
teachers. Therefore, the math consultant serves

as the acting CAI Director althougn that-is not
her title. Curriculum specialists v.10401c1 again

depend on the size and e4tent of yoa CAI pro-
gram. Ah advantage of stIch specialist*,is that
there is a central person to turn to.with
cial problems.' if such a person is already
available in your district, perhaps it would not
be necessary to duplicate the position for the

CAI program. In Sierra Vista we have a Title 1

psychologist who gives psychological evaluations
to many of our CAl students. We have found this

to be a very helpful and informative service.
Adequate lines of. communication between CAI and
existing school district staff are most impor-

tant. Person-to-person communication with
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additional memoranda bn important points seem most

effective. Principal and teacher orientation is
most important and should be carefully planned.
All teachers and administrators should be included
in this area. Student selection will be deter-
mined by the purpose of your program. Our guide-

lineslines were set yp by Title I. Perhaps'another

CAI system would be geared toward the gifted child
or made available for drill for al) students.
Here it is necessary to have your objectives well
in mind before student selection begins. Parents

should be .strongly encouraged to become acquainted
with the program. The best method to reach as
many persons as possible is to have both daytime
and evening opportunities to view the terminals.

Data derived from the CAI system may provide in-
formation which could.be used to strengthen the
existing curr'iculunf in the subject, school or

district. There will be a wealth of material
available; it should not be ignored.

I

.4,

In summary, Sierra Vista Public Schools,, with
federal financial help, has found that computer
aidedxinstruction is a valuable educational tool.
A straightforeard.program with modest goals has
provided neany 300 students with drill and
encouragement not available in traditional envirob-

ments. As a bonus, the CAI support staff has been
able to provide consultation and analysis services
previously lacking. Successful CAI, we have
found,-calls for, careful planning and pirogram

selectiop, followed by extensive orientatiorvot
teachers" parents and particip

\
tion of students.
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TITLE I

, PSYCHOLOGIST

SUPERINTENDENT

ASSISTANT
SUPERINTENDENT

ELEMENTARY
SCHOOL PRINCIPALS

DIRECTOR OF
PUPIL.PERSONNEL

SERVICES

CLASSROOM

TEACHERS

TITLE I

MATH CONSULTANT
TITLE I

READING SPECIALIST

THREE

COMPUTER
MONITORS

.N1NE
TUTORS

FIGURE 1 The organiztion chart of Title I and other school personnel,

Sierra Vista, Arizona.
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E 2. . The Computer Ai ded Instruction network in use at Sierra Vi sta.
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NUMBER AND NAME, PLEASE: MICE
WHICH ROUTINE? STUDENT
STUDENT NUMBER: 1222
NAME: NORMAN CHESTNUT
CLASS: 2-3
CbURSE: R
GRADE LEVEL : 3.5 - 40
COURSE: M
GRADE LEVEL: 10 38

SESSION: 7

TIMEOUT: 30
COURSE:
STUDENT NUMBER:

25 MAR 76 11:12 1

Figure 3. An-example of a student enrollment.

".
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NUMBER AND NAME, PLEASE:
REPORT TYPE CS/C/T)r C
REPORT NUMBER: 12
COURSE: X

REPORT

12 SYWASSINK 5

4
25 MAR 76 11t14
MATH
ID# FIXED SES TIME AVG NC HA HS,VA VS EQ MS HM LW VM DV FR DC NG

27+ VM36% 76 1;114 20 20 20 20 20 20 20 20 --
DEBBIE BABUCA

28+ VM36 75 1:18 at 20 21 2-0 20 2,0 20 20 -- --"--
DON KANAWAH

25.MAR 76 IkJI? 1

,-READING t .

HROIN TO BS WA VOC LC IC WS AVG ID
.1:26 1 4.0 4.0 4.0 4.0 4.0 40 -2 ALEXANDRA LENTZ

1:43 0

1:38 1

2.6 2.6 LARRY TOWNSEND
3.5 3.5 3.5 3.5 3.5 'DANNY CHANDLER

25 MAR 76 11:15 1

LANGUAGE STRANDS
NUMBER A B C. D ,E F G AVG j HR:MN,'

-,-,

25 MAR 76 1

TOPICS *

ID TCL TOPIC 1 2 3 4 5 6 47 8 ,AVG

REPORT TYPE CS/C/T):

25 MAR 7ei '11:16 1

4

Figui-e 4. An example of a Weekly Class,Report.

I
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NUMBER AND NAME, PLEASE: 1530 AN.ITA FEUGATE
HELLO, ANITA.

25 MAR 76 11:23 's 1

COURSES R

THE OLD MAN LIVES NEXT TO A CEMETERY.
THE OLD MAN LIVES NEXT TO A ----.

SCHOOL GRAVEYARD GARAGE
GRAVEYARD

THE FROG IS HOPPING DOWN THE STREET. THE FROG BELONGS TO RUDY.
THE' FROG DOWN THE STREET BELONGS TO RUDY.
HOPPING

A BERRY THAT IS BLUE IS A ----.
BLUEBERRY ELDERBERRY BLUEBIRD

BLUEBIRD
//// THE ANSWER IS BLUEBERRY

LINDA WAS LOOKING THE OTHER WAY. LINDA RAN INTO A 41LBOX.
---- THE OTHER WAY, LINDA RAN INTO A MAILBOX.
-LOOKING

THE GROCER MADE A MISTAKE AND DAVE ME TOO MUCH CHANGE:,
THE GROCER MADE AN ----.

. OCTOBER ERROR APPLE
EROR
//// THE ANSWER IS ERROR a

'A BODYGUARD IS A GUARD FOR SOMEONE'S ----.
BODY MONEY POODLE ,

5 PROBLEMS WITH 3 CORRECT. 60Z
CTRLZ

.COPYRIGHT (C) im COMPUTER CURRICULUM CORPORATION
COURSE:

GOODBYE, ANITA.

25 MAR 76

figure 5.

.

11:25. 1

V

A sixth grade level reading lesson.
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NUM ER AND \NAME, PLEASE: 1515 JOELLF.N FEUGATE

HEL OA JOZLLEN.

25 MAR 76
CO RSE: M

S S S I O N 3

PE 9

HOW MANY A ' S7.

A A 2

1+ 1 = 2

IOW MANY A'S?

A A A 5

RY AGAIN

AAA A 3
,.....7PE a

AAA A A

.40W MANY A'S?

AAA,

AAA I

3 ROBLEMS WITH 2 CORRECT. 67%
. CTRL

e

-I'

I

a

..,

COPYRIGHT C C) .1975 COMPUTER /'CURRICULUM CORPORATION.
COURSE:

GOODBYE JOELLEV.

25 HA 7 11 : 22
II

,
*op

.
, Figure j5. A first grade level mathematics lesson.
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Paul lurnas
Sperry Univac Lducational Data Systems, St. Paul, MN 55165

'13:Mt I: Lurriculum development represents a substantial step in the operational and

nomik. costs of a CAI system. Sperry Univac dirbctly addressed the problem by creat-
.1,, a logical and simple Lnglish-based author language. The \uthor language for
laUcation and Training iASLT) uses several innovative techniques to make it both
ea,.-to-use for the Inexperienced t \I author and flexible and powerful for the exper-
ient,e,1 author. The language transforms teachers and instructors into CAI authors
from c\isting faculty without speLialized pre-training in computers or programming.

Inty2du(.:tion

Lrom the moment of its birth In the
1950's, ComputerwAided Instruction (CAI)
ha, promised great potential for progress
in this key social activity. .Somehow,
realization of its potential fell short
,)f the vision cast by the sum of its
parts. One of the persistent roadblocks

. to full ?rtailtion has.been alOoperational
and economic one: curriculum development,

Sperry.Univac directly'addressed
thiti problem in their new \uthor $ystem
for Idticztoron.and Training; (ASEF). As

the name implies, ASST revolves around
the.central ingredient in any vduca-
tidal. system, the curriculum author.
\SFT begins with an author language-
that transforms -teachers and instructors

faeltilty into authors with-
out specialized- training in computers
or programming. Sperry Univac achieved
this breakthrough by building into the .

'language alogical and simple, English-
based syn14x. For example, the language
contains a two level' structure: one
for beginners rind a second commend
repertoire hitlh a full, powerfyl CAI
'.tructure for experienced authors that
is an extension of the first level.
the beginner's level enables a faculty

, member to render his or her specialty
into a complete Socratic dialog lesson
suitable for presentation to a Student
with just 3 commands. .

.\ few words "further explain the
\SLT project groupV concept of simpli-
city. Simplicity was not chosen as a
key design objective arbitrarily but'
because of its impact on the human
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factors engineering of the externals of
fhe author language. The exigencies of
training users in a.higher level language
soon teaches the basic premise that sim-
plicity is the outstanding factor -that
one can select among several hdffian factor
features. Others include congruency
with existing language systems familiar
lato the expected population of users,
appropriateness in terminology to"the,
educational profession, minimdzation bf
the explicit signals requiredFfrom the
user to implement the functions firm.
the system that. the user wanis,.an -

maximizing the number of functionJthek
system selects automatically by 'default
to provide tlie option used by the high-
est frequency user, capable of override
in the unusual case.

The following sections trace in
greater detail the varied Kays the con-
cept of simplicity threads' throughout
the.ASET System. These include;

1) Hierarchial structure in two
leVels for beginner and experienced

_user. On'y 3 commnadi initiate the
beginner.

. 21t1Inglish based,` classroom oriented
sydtax.

3) Fill-in:the-blanks organization
forgesson development.

4) Lesson' structure analogous to
writing;.textbooks.

5) Conversational dialog option for
lesson development.

-,41-
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6) Autolted functions with author
Overrides.

7) Transparency of computer imposed
'constraints such as memory alloca-'
tion, word size, etc.,.

8) User oriented documenta ion.

Two Level Hierarchial Structure'

The difficult aspect of learning_a
language is the problem of getting, start
Once started, each level learned becomes
a springboard to the next and more ad-
'vented level. ASET solved the initial
inertia problem by designing the complete
system with the basic simplicity that an,
author could begin with a knowledge of
no more than three commands. With these 1

three commands, an author's usual
ing skills, and a simple pre-printed
form; the.author renders his or her spec-
ialty into a complete Socratic dialog* .

that will appear on the student's termi-
nal. The three commands are:

IF

, PRINT

GOTO
Ai,

4 These three selected commands are the
backbone of all, the ASET commands and
are powerful enough in tRemselves to
guarantee the author a simple but ade-

-quote lesson on his or her first att-
'empt. The,three commands accomplish
one pasi ,CAI clez, presentation of

.concept r information Ito be learned,
stat

lemen of question to,test student's
percepts n of c ncept, evaluation Of
:student's respo se, and the sumily of
,reinforcement,t the student (negative
if incorrect an positive if success-
ful) e-anddirect on to the next logi-
cal step in the,learning sequence
depending on the results of the eval-
uation,of the studentig response.

0
The IF command instructs the com-

puter to evaluate the,student's res-
ponse to the author's testing of the
student'sverdeption. In ASET the 54,

author need not command the computer's
display pf the author's concept, the
,related quesiion in,the Socratic style,
nor the reception of the-student's
answer. These operationi arq all
performed automatically by the computer
without author command. The author's
'IF statement .sets up the criteria.
for acceptance or rejeqpion of.the
student's answer. J. e

The PRINT command allows the
-author to reinforce the response by
the student. ,The author provides two ,

'PRINT commands for eath C cle at
least, one if the answer s he answer

%anticipated and one for a cdreect
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response. fn,ASET, the author may even
'.have these two commands automated for him
or her and allow the computerto reinforte
the student's, answer without any explicit
instructions:,

-T
Finally, the GO TO *command Allows the

author to individualiie his or 'her instruc:-
tion by directing thejflow of the esson
ter one of any number of alternatfve next
steps ip the lesson according to ho4 the
author sees the instructional needs of
this, particular student. -.In otper words,
it the student needs some practice before
the student attempts the question again,

GO TO commands request,the necessary
sequence from the computer. If'the
author,judges that a pertain"-response
requires remedial or,supplementary' instruc-
tion,

mmands
tion, a GO TO command directs the lesson
flow accordingly.
determine the paihthatas.,The

GO TO
udenttakes.

as he or she proceeds through a lesson.
Each, student proceeds throughthe lesson
in a unique manner. When executed by
the computer, the GO TO command Oireots
the student to the most efficient and
effective learning for that student.

The GO TO command also provides two
paths from each question,. If the stu-
dent answers the' queation correctly, the
author provides' a GO TO command that
branches the student to the next unit .
'within the lesson sequence. The correct
response path or sprime"path,.provides'
the most direct route through a lesson. P

oft

If a student answers incorrectly, ihti
author provides a second GO TO that
branches the student backwards to re-
peat part of the lesson or to execute
a remedial sequence;

,4

In summary, JaigrGe TO comr&nds.enable
the author to control, the flow of the
lesson. Occassional uses branch a stu-,

Ilk dent to,practide.sessions, pre-test
exams, and final examination.

English based, 'Classroom Oriented Syntax

Any, higher level language must satis-
fy the needs of the computer for precise-
nese and,direction. The temptation or
tendency, is that the language becomes

. More oriented inward to the realities of
such computer operations or characteris-
tits as word size, registers, memory
'allocation, memory addressing, and
memory transfer, ASET avoids these ten-

" dencies.! ASET looks outward to the -

author user and ,couches,its terminology.-
irrterms of ajanguage system familiar
to the classroom teacher.,

An alphabetical list, of' coMmands
demonstrates bot'h' the simplicity of the
language and its.basic English language
system orientation:

4.



s
7

/ ANSWER i
I AUTC -11

BACK -,

DELETE '

DO ,

END SESSION
ERASE

.4 EXIT
END HELP

.

, TAe options
a similar

4

I-

4

ir
HEIA,

PROJECT
RESPONSE TIME
RETRY
RETURN.
SET
SKIP
TAB
UPPER
RANDOM

0

4

selected by an author sHow
erecter; ,

COMMENT ON
ae

SESSION TIME
ANSWEA ON . ITEM ANALYSIS

4 BACK ON . PHONETIC ON
RESPONSE TYNE FORMAT
UPPER ON MICROFICHE
UTO NO ON ,AUTHOR
AUTO YES ON ARRAYS
TRY ANT,;CIPATED RESPONSES '

. The ametee'strings associated 4th
,the ands and options, show a c res-
pon g attention to sImsiAgity. Mok
ar4 limited to no more than.one para-.
meter. The parameters consist of OFil
o ;,ON,,an integA number, or.a simple-
label.v . ,

3

Fill-In-Thelglanks Structure.
4 s

. Each SOcratiC dialog cycle 1.4 the
ASET systemodnsist4 of4tp framework of
three elements. The three blements
appear explicity.on a line by themseiVbs'
in 4:tech lesson unitl-thus, serftas
prompts 'to the authot. When the author
ha, filled in the thtee elementgeall of
thle required elements of conceptnivesen-
tation, follow-up.question, response
evaluation, reinforcement, gnd guidance
tdo'the next logical step needed.for one
toMpletenleidutic .cycle ptesent.

The three elements are:, %.
40.: , A

,_Initiartext
'COMMANDS,

(reinforcement message)

The-initi aL tent may be.ftdm 1 to ,12
line in frep form of the authorls
choi e. The COMMANDS element consists'
o s rings of commands the -auttibe sel-
e6t from the list of available commands
to ntrol 3Asson flow, to handle siu-,
de tirespOhses, to delete portions of
th student response, to manipulate
va iables, t:),give or withhold studapt
ex rctse of optional activity, to re-
st rt, to se.bct amounts of records-to

kept, and to evelunte responses by,
student. The V'EXT element contains
of the reinforcing replies the
hor antio:patese both negative and
itive.1% , '

,

A

10- I

I
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T e fill-in-the-blanks character of '

the sic lesson unit structure, besides
, havi the-virtue of assisting beginning

`authors,
also ensures that experienced

authors ConststentlY take adVantagemf
the potentials of sound CAI principles
vof instruction.

Analogies 'to Writing textbooks o

' The textbook author developsehe
teohnique of iodentifyihg,andcommunicat-*
ing a.spbject in 'bis ot-her ate of spec-
ialization in terms dt readily explain-

:able discrete steps. This salve skill
readily transferable to segmentation
the"authotlia ..subj6Ct lirto the basic
unita.of an ABET lesgpne.acyCle
Maieutic.dialog.
several units fits naturally into oth ".

an authors feel for the flow of hits-
subject and the flow of the computers
execution of an ASET lesson.

In the final analysis, theHritin of
an ASET lesson looks to tine prospectiye 4
author.as-a task that is very -similar to
writing a:conventional text book. In a
faculty that Contemplates extending their
eduoationel offerings to CAI or ehriching
their existing curriculum with CAI., the
Likely eandidaies for authoesare those
who have already written textbooks or are
likely to.

p
A paragraph of a conventional text-

book looks very much like ttie initial
text of as ASET lesson. The question a
textbook author would iodate at the end
of a chapter or in a section onexercises
at the 'end of tAt 'textbook: is located
immediately following the presentation
of the concept of fact in the ASET.lesson.

-A set of,ASET udits cbrnbine.t13 form
p iSET lesson analogous to a chapter in
a conventional textbook. A set of les-
sons go together to make an ASErcourse.
completing the analogy to the convention=
al course textbook. .

Development of Lessons Through d6nVer..
sational Dialog.

The per save practicality orthe
'ocratic methoorna,-.6.WIS effect of alert-
g thoeb who work with it 'of the fre-
ent,bpportunities to use it in.contexts
thgE than the conventional teacher-

' talent dialog. Such an opportunity
carne very obvious early in the ASST
roject effort. The idea was to ,use the
ethos to assist new authors in the use
f Am, The result was a conveTsatiOnal
det4st an Author could use to1create

n AS lesson.

The Conversational Mir e proceeds bye
displayinga series of qu.stions on the

. fiuthorts terminal. The a thor t s in
Ingwerl'to the qiiesti s On

. .

- 4
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..terminalkeyboard system does the
rest. The q4estions 'simple and brief.
so that. they can also serve as promiats
for,further lessons after the author's
first.' Besides the feature of teaching
a prospective author:the use of AST, t

, the Conversational Mode has the advan-
tage of methodically ensUriag the%.the'
potentials of the GAI approach tevlearn-,.
Ing at built into the author's lesson.

11.13

'
-To illustrate the simplicity end

A

bievity as a constructive adjunct to sys-
tem design, the following are the Conver-
t' tional Mode proApts. They also give

alarger sense the author's progressive
development of an_ASEitlesson.

LESSON OPTIONS? ,

# RETRIES ALLOWED: /
RESPONSE TIME (SEC)
SESSION TIME (MIN)
ALLOW CALC?

4

ALLOW COMMENT?
ALLOW ANSWER?
**UNIT LABEL:
WIT OPTIONS.?
# RETRIES ALLOWED:
RESPONSE TIME (SEC)
TEXT: -

QUESTION:
ITEM ANALYSIS?
ANTICIPATED RESyONSE:
ANALYSIS TYPE:0.
TOLERANCE ALLOWED:
REPLY:
BRANCH:
REPLY TO diEXPECTEDANSWER:
BRANCH:
EDITING?
DISPLAY SYMAXT
OK?
BUILD UNIT?
ASSEMBLE SON? ,6

LISTING? ,

SNIE FILE, LEMENT NAMES?
FILE, ELEMENT NAME:

Readers may see that the following
prompts from the above .set represent one
cycle"of a.,Socratic dialog:

TEXT:
QUESTION:
ANTICIPATED RESPONSE:
ANALYSIS' TYPE:
TOLERANCE ALLOTTED:.
RE1PLY:-*
BRANCH:
REPLY TO 1:1EXPECTED ANSWER,

* BRA jj:

4'11; prompts related . o a le 'ye-

t
- e

. iha a hor con-
' cludes ai,lesson. lagt eigh prompts

allow the author t revs the essdn, -

74

make.any changes desired And t specify .

thefdodumentatiOnZor th autho 's record. $,0
Finally, the syst aut ticali supplies
ell the comma tha4.47authIllrs answers
to the promptehave implied. can be

'.. 1 - I,

.

%

:1.

4g s,

seen; to develop Oesson using the ?Il-

1
s no special zed. versational Mode'requige

computer knowledge at fall, not even he
. three basic ASET commands noted earlier

o'
. as the minimum needed. The author only

needs Trhe usual skills Of written commun-,
ication and the knowledge of the author's
area of specialization.

. k

AutoMated Functions with Author Overrides

Os a deliberate objective of design,
policy, the ASET System minimizes the .

number of explicit signals required from
the user to implement the functions the
User wants. Td.give this amount of
automation to the author and still give.
the author control, the automatic func-

-, ions are generally accompanied by anWu
override for the exceptional Case. The
high frequency options execute automati-
cally; the less frequent option requires
the explicit commanO, directive, or,

' parameter.1 This approach assists the
beginner authbr particularly. As the

't author gains experiencirwith the system,
she or she may callon more and more of
the customizing power of ielecting
options that meet the specialized needs
of the authlr's own concept. .

A few give the thruat of
show thidesigri-goal effected the ease

of use of-the\ASET System: ''

1) Initial .text and authdr's follow;
up question do not require commands-

: for their display to the "Btu:dent.

) The reception of the student's, -

answer, its processing, and the con-
., trol of the frame advance are all

. performed automatically withqut
-...-

specification by the authors,. All__
s spmputer buffers; memory allocation;

.* memory addressing, register setting,
word sizes, etc., are all trans..
parent to the user In-the input--
output required, by the sequence) Of

,_
-..

computer events. .
.

3) The system autdmatiCally.initiat
the next lesson unity ih the lesson
sequence unless theinithor dpecifies
otherwis

,

e.
t

,
4 .

4) fi the author doe no specify a .

.,

parameter; the syst sets antaVer-
age value in default'. For - example,,

the system' gets the limit .for a
student to respond to a question:at?'
90 se-Conde, an a''erage va lue. If ''.

is not satisfactory to the ;
or, he or she may spirdify.ani

from 10 seconds to 999 seconds..
The system automatically sends a !.

lassage.to the student when the time
. limit expires.

. -, i

: ,

el A
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5) The author may's ify functions
for the lesson as a w ole,rather
than reiterate them f r each unit.
For-exceptions the a thor may specify
an override command do a unit-by-unit
basis. For example, the author may
specify the number of allowable retry
attempts to \answer a question. The
author specifies'this once in a.
Header Directive rather than as many.
as 512 times if this is the number
of units in the lesson: ,

9) Some services that a computer can
uniquely provide are available that
would take,a great deal of ingenuity
on the author's part andihours of
time. An example is a random number
generator. -Another example is a

.---, phonetic match generator. ,

.. Transpai-encv of Computer Imposed
.

Restraints .

-. ...
-t

, .

- The ASET author'A language,is conr
.--4rulipt, not with computer science langs :

u
1

u ge systems` but with.an English based
language system. A good example of
t s orientation is the absehce of any
computer imposed limitationaln the

i?

e pressiOns that the author uses. The .
'i net wor1i4ngs of the hystom acdomodate

44
e0. of these restrictions such t at the
a thor i completely ,unaware of hem;

t. e iuth r4 .

,lb other; words they,are transpar nt to
f 1

6) An author may initiate a full
record keeping and report generation
system with only two steps: selecting
the type and amounts of records to be
kept on-line while the student takes
the lesson and the cohtent and extent
of analyzation of the data fromhese
records for the final report.

7) 'The system automatically erases
the Informatien left over from the
previous lessoqunit before disniayr
ing the4initial text for a new Sisson
unit. the author may override this
feature if the circumstances require
it.

t
aP

7) Register assig ent
8) Register saves
9) Character mappip

All of the above are set or maniou-

.
laied on a common sense basis of ex-
pected average values, adjusted by
operating experience, With provision
for overflow when needed.

User Oriented Documehtation

Much software aodumentatioA is
written from the viewpoint located at
the center of the systed looking.out-
ward. FOr example, the prinbiple sub-
divisions of the software system become
.the principle subsections of the user's
guide. The ASET user's documentation
is written from the viewpoint of the
user looking in from the outside of the
system. For example, the principle sub
sections ofthgeuserls guide are the
questions in theuser,'s mind as they
occur to the user in a logical order
to accomplish the CAI function. The
subsections become a step-by-step
guide for writing a lessoh.

'Another example of user orientation
of the documentation is the continual
visual correlation maintained between
what the author writes in the fill-in-
the-blanks development of the lesson
and what the student sees as a result.
Complete examples exist with graphics
that in a sequence of frames show a '

complete lesson in a cinematic style.

The ASET documentation gives fe-
'peated overviews or of the
author language. In of ect, an author
-cal take short courses or review the

quentztables orgaNethe relevant
language.in two or ee pages. Fre-

information in'such a' a-way that an author
may detadhthem/from the parent document
and keep theM,for, handy reference.
A pboket vide, of shirt or vest pocket
mensions, s rves as a reminder'of

th _details o the system for the
ienced a thor that he or she can

to to'the c mp ter console or terminal
for convenient, ick look-ups when
.fun tioning on-1 ne- ith the system.

8) The system automatically processes
most student key-ins on the terminal
keyboard of an administrdtive nature.
The author is relieved providing
allowance for this type f eventual-
ity.

txalp
trj

1

es include: ''

Word size
2 Byte size

' 3 Input ...output buffers
k 4) Memory allocation

p F= 5) Emory addresSing
6) Memory medium

(core, 'disk, tape)

4 .

\

5

Vtb.

Co lusions

The simplicity of the ASET Author
L guageAs deceptive. Behind a simple-
to use, dlasproom-orientea, external
d ign there:As:eats a very powerful tool
fo theAttilization of receneAscoveries
in cathe science of the process df
learning. The 20th Century witnessed ,

a 'rigorous application of the seawall-
of the explarimental method to

learning theory. Built into the *1ST
systed balled into play by this terse,
direct language,*lies -many of the fruits
of this innbvative reseirclr. Examples are:

r
z.
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1) ASET automates the positive rein-
forcement requirement postulated by
B. F. Skinn r ads a key ingredient in
learning.' einforcement is indivi-
dualized i edately and order syn-
chronized with each student's attempt
to learn.

. ,

2) ASET realizes,
,

in practice, the
time constraints for association .

through the simultaneity of stim-D
ulus and response as measured

'Pavloy and Galton. The quicket the
reply, the stronger the association.

3) ASET established rewards that are
contingent on the behavior desired
as proposed by Bloom.

4) ASET improves learhing rates by
incorporating actiite student parti- '
cipltion as .correlated by Witasek
and Gates.

5).ASET gives an auto the oppor-
tunity to repeat student practice
based on correct', responses rather,
than incorrect ones, a strategy
suggested by Ebbinghouse.

6) ASET ensures a pre-planned,
uninterrupted implementation of
Bloom's, Krathwohl's, Simpson's,
and/or Gagne's taxonomic behavioral
objectives at each'step in the
instruction.

7) ASET includes a large proportion'
of psychomotor taxonomies as sug-
gested by Simpson by the student
muscular responses required to

A - operate the terminal keyboard.
. I

8) ASET,multiplies the number of
different individual skills, apti,-
tudes, and experience of students
that can be anticipated with a
separate response to each. ASET
accomodates allhhn individual
basis even though, any one stu-

,$ dent takewonly one)) anch.

9) .ASET's fleXibi4ity provides new
opportunities to conbiguously pre-
sen a concept,all operant, rules

.

alt that concept, concrete
examples; and -examination as a 174A

strategy to. enhance learning'
through discovery techniques as

. proposed by-Gagne.
4

,

10) ASET lessons incorporate-both
the linear program method of-Skinner 0'
and the variable program of Crowder:
The author is free to select one
or both for`the learning method
appropriate to the learning otd6c-
tive.

,
11) ASET increases student motiva-
tion through the deliberate

,
.

arrangement of learning materials
such that the frequencies of posi-
tiVe reinforcement are maximized
and the frequencies of negative
reinforcement are minimized.: -.

12) ASET avoids Ae.inftfficiencies
of overlearning and minimizes for-

0
getting stimuli as defined by
Ebbihghouse.

13) In ASET, learning progresses by
developing the performance skill of
overlapping operationstin increasing
order of complexity so that the
total requires less time,as suggested
by Cattell.

A4) ASET emphasizes-the internali-
Zation of inner groWth as the
Ultimate objective. Of education,
the operant learninicas Skinners
theorized.

The educational innovations'made by
ASET, And the skill of the authorc:',com-'

. bine to provide the potential for sta,
dents to learh faster and achieve higher
test scores than they might achieve by
conventional instruction.' ASET offers
new thresholds for building quality into
educational programs, quality in terms
of the enhanced skills of the students
trained.
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DISCOURSE ANALYSIS FOR CAI

Sally Yatese Sedelow
National Science Foundation

and

University of Kansas (on leave)

ABSTRACT:

What is DiscoursPinalysis?
Who does it?
How is lit done?

What will Discourse Analysis do for CAI?

In answering the above questions, thig presentation,win provide
an introduction to discourse analytic techniques for latural language.
ComputeY scientists, linguists, 0.'4 literary scholars are. all very
much involved in research which has both short -term and long-term
implications for the teaching of English and other natural languages
through computer-aided instruction in educational instruction.
Highlights of current research and its relevance for CAI will be
stressed.

0
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THE TYRANNY OF THE TERMINAL

by

.E.O.c. Davies

Algonquin College, Ottawa, Canada

ABSTRACT: The t'me has come when, the quali y of coursewa'
thought. Hardwa e experts lead the thinking, and teachers
ware that exists rather than for the best educational meth
made for more co trol on quality; and a few possibilities
demonstrated.

must be giien serious
end to write for the hard-
ology. Somproposals are
f first-language training are

It.has become apparent to me, over the years, that c mputeriz education has be-I
come, unintentionally perhaps,-a by-product4of the compu rization f education.

0
Computers were used for educational administrative purposes before the possibility

of their being applied to educational processes was realised. The hardware, then,
Existed, and the demand that cate to be heard was "Where's the courseware?" Teacherr

began to comply. .

. .
-

But many teachers found they were in opposition to, rather than in co-operation

with, the hardware experts: I was challenged: "What I want to know is,what can your
rrogr

-Thams

do for my computerscomputers?" ,

I

i

,
.

e enormity of such llogicalitg-from intelligent people is so mind-boggling that
am afraid that on that occasion I lost the opportunity to make a suitable riposte.

An insLtution "for studies in education" is on record as saying that it discour-
red.the planning of software that could not be used on existing hardware. It is not
difficult to see the problems of an infant many regarded (and maw still do regard) as a
bastard, if it could not show that it had a right to exintence. ut'one can see also
the long-term implications,for educational software.

.

A leader in reseapph into/the educational computer field told me,that he had no
philosonhical;concern for education: that was unto the academics. His particular
approach to learning was so far ahead ef'much,academic thinking that one can Only shed

a tear for the loss to education. T.4

. ;. .

Further, he held so unswervirig1), to his tenets that hundreds of teachers were riven

the opportunity to computerize bad teaching. One recognises that-such an approach
avoids the'cOhIronfations.thalt would be so tiresome and so dangerous.

But surely the time hai"cdme to challenge what is being- allowed on to the computer.
Weare tired of seeing the same brilliant programs by the same brilliant teachers. .1t
,is time to lookiat all the,others, and to recognise that there has to be some kind of
control over the quality of. programs, to acknowledge, despite aIrth theoiltes, that

i
some meth4s, some approaches, work better than others, and that qui e simply, some do

not work. computerized education has grown up but hat not yet mdtur d. It is time, in
the ilpeeests of our students - all students - to challenge, to confront. It is time
to challenge the teachers - to aarienge them to use the computelf. as the best of all
learning tools, anduot.as just another visual aid - and it is time to. challenge the
hardware experts to produpe hardware that will enable the student to learn in an en-
vironment that he cannot obtain in any other way; the terminal ehouldcreate the educa-
tional environment. It should no longer be acceptable that software succumb to existing
hardware, resulting So, often in blinkered,thinking, and eventually in another deadening

.

process for the learner. -* '

, . " i

.

The need is for courseware that teaches as no teacher can, and for hardware.that
. can enableicourseware to teach as no teacher can. -

There have been, I suggest, too many unwanted births, and there may have been too
many abortions..?' )1.,

)1'
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If the possibilities are greater than teacher, -however brilliant, the dangers
are also greater thamthe danger posed by any teacher, however dangerous. One of the
most dangerous of teachers, if not necessarily the mos$ dangerous, is the one who,'

)

wittingly or unwittingly, attempts to, roduce t ing and acting copies of himself.

Am I proposing the settingeup of some educ tional dictator? Resoundingly no; of
t

even if it were to be myself.-'lerhap especially if it were,to be myself.' Educati ri";---......
it seems to me, has an opportunity to,become the servant of the learner in a way t t,

to the best of my knowledge, it never'has been. The master has, in more senses th n
one, been the schoolmaster. But I am not railing at the grossly overworked and us lly
grdssly underpaid teacher (overworked and underpaid if he attempts to handle hia j b .

,with, any seriousness and professionalism). He has been attempting to do an imposs ble
task. Forithe first time - and here s the answer to that glib line "There is not ing

hf
new in education" - it is possible to help every individual student; it is possibl not
only to tend his needs, but to help im overcome his problems. We can be free at ast
of that psychological trap - "the class".

But how are we to respond? ,

-

One of the most exciting educational experiments I have taken part in Was team
teaching. Team teaching has everything - almost., It can cross the boundaries of
aCaAemic subjects, and show how related many disciplines are (surely e process long .

overdue); it makes use of a variety of minds and expertise, and not necessarily of one
person per discipline (unless you organise it that way); it can and should use a multi-
media approach: and with Several people combining in a team, it has the chance of some
-professional critical input, which theiteacher in the classroom rarely has an opportu-
nity of receiving, even if he wants it. We can have all that, and the indiVidual stu-
dent catered for.

r

It is a team approach that should enable us to becoine aware of our own problems as
teachers. to alert us perhaps to a better. approach, to question our occasional Intel -
lectual flabbiness, even at times to question our grasp of our own material or even
subject. Above all, it enables us as teachers to continue to learg: .--,

But such tipm-teaching involves enormous effort and vast amoUdtsof preparation
time. Television has made even out of the youngest pupils verg sophisticated critics ' "'

(at least to the point of expecting the slickness of a good production).. It involVes.
also the timetabling necessary to prepare as a team and to teach as a team, As a
result, after one such experiment it tends to remain an experiment - however successful
it was. .

. , .

I am convinced that the cross - discipline team approach is just round the corner"for
computeriz,ed education. Once the work is done it is done, and it is always available

° (which is not to say it can't be updated). But such an approach will make great demands
on hardware. .

,

.
. .

Meanwhile, I am working with a team that is not multidisciplinary, but is attempt-
ng to cope with learning in that most important of disciplines - communications. A
student's success .n all his studies depends.on the development of his communications
skills; as does his own personal development. 4

4 The demandsleing made on people are showing up their "weaknesses" in communica-
tions skills that were not apparent before because they were not needed. What was
functional literacy and oracy is no longer'so.

.

s' wn ability. But
As teadhers, .we know that our aim must be to place the student in a position

he is less and less reliant on us, and more and-more reliant on hi
the methods used to achieve functional oracy and literacy, at any level, are important.
Methodology bas, i some quarters, become a.dirty word; but it is Vital that we use re-
search findings and our experience in learning/teaching to produce courseware that does'
what we claim we are trying to do. .

Research indicates,that.most adults,assume that they are able to read, but in fact
they tail to understand what the author is saying to'them: their own opinions con-

, stantly gat in the way; and the author is credited with views for which there is no
suppopting Some*hat surprisingly, this a plies also to adults.

al
, \,

,

We are buildi g a course of computerized Engl.' h language t fining

4

that includes
411 the skills of Communication - listening, speaking, g, reading, writing, and thinking.

-,,

, i

I.

We see them as interdependent skills, and the student is helped to understand d - --.

to perform. He learns througl the process how to0.4arn;:and I stress that it is a
process that he is undergoing, ' ,

We believe that a stUdeni'ls growth must be rooted in his'eXperience' and we attempt 1

to involve the student both i tellectuallytand emotionally, and to move hie to'intui-
tions and conceptualising, 6 make imaginative projections, to read not only between the .

.

% . .
. .

,
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'lines but beyond
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One of the most important principles of teaching, and, the least possible under nor-
mal classroom conditions, immediate feedback, is gi en in such a way that th student
is not only made fully aware of w at he says but is help d to arrive at an a ceptftble

answe . -"Right" ariswers, inciden ally,- are-not wh is post important. What is bost.

ant is the process the stud nt is engaged in

he task of building progr of this kind forces tins continually to define and

ede ne what good teaching is, d what the aims of edimation should be. ObvioUsly,

-e.are led to question our own t aching - a painful liptInecessary process.
.....,

I would like to discuss bra. flN the approac4. We see language training as being
not a handling of problems of re edihl work, but essentially as developmental. We

isolate an area in this process, and discuss how it is best handled i.e., how it can be
best taught - how is it best lea t. If it is-decided to use written material we search
for something suitable.

;

The questions we pose on the mater4,1,.(incidentally, as will be seen, questioning
on the material is only a part of the process) are validated by a- class at the level for

which the material is chosen. Two or three students are taken out of the class and they
answer, inolj,vidnally, the questions orally - s dialogue en41tes between themend the

teacher, which is tape - recorded. The class as a whole meets' the team and discusses the
passage, the questions and the answers, and that also is tape-recorded.

With this experience, theteam decides to drop some questions,"introduce others,
and mi.ter the wording in some (Mere it can be seen the wording - not the concept - is

at fault"):...

The validation prOcess is gond through again witha different class at the same

level. And so on nntil-ws'are sure the material is doing the job we want it to, d our
questions are handling the aspects of communication we want them to, and are'also han-

dling the problems the students

sifted into Acceptable Answers, Partially Accep-

ve revealed.

-The
1written answers arh carefr

A table Answers, and Not Acceptable answers. The an aanswers in the last two categories re

then examined for patterns. ,

1

We'are ready,to.stari writing uralgorithms for the computer. The patterns of

answers do, of course', give us our ranching (we add extras to cover logical possibili-
ties and to cover any other not-acc ptable answer),4and the tape-recorded sessions are

a considerable help here, especiall the onerto -one teaching which gives is the neces-

sarysary break-down for individual teach ng.

Some of the student's' problems urprised us '... as, for instance,when we dis-'
roVered that they did not understand 'yet" to be a qualification of a previous state-
ment rather than a continuation, Whe we followed this up we wore told by high school
teachers that amajority hadreal dif icultyinldifferentiating between "and" and "but".

One process at the terminal is as follows: the' Student is given the passage and

is asked to read it out 1 ud on tape a often as he likes, until e is satisfied that

that is the best he can do. He can,.o course, isten to his own recording(s). In our

experience, students'work very hard at this.; WhenWhen is reedy to 'proceed, he soindi-
dates and we play him a recording made by ourselves. We stress thaf,this is a reading,

not the reading. He listens to our recbrding, and then re-listens to his owh-final

__taping. Hp can re-record and listen to\anylpart of the whole at he w t ahes.

The questions. are put to him when he ib ready, and he engages in a dialogueon,
questions and answers. He is not only eXpelcted to have_a response, but to articulate it.,

Yinally he takes part in a seminar., t is unusual for someone not.to say something
,,-like."The master tape read such-and-such 6 part like this .1.1 I still think it should

be read like this ...' At once one is int the whole 'procesa-of meaning - context,
vocabulary, stress, r hmic-patterns, gr ar,,syntax, punctuation:

We find a stude
the {, ar is a vital p

We are engaged

a

with a mind's ear, as opposed to a mind's eye, a rarity.
of language training. .-

research to use, along ith a CRT, or teletype,
-audio disc, a cassette tapewirecorder, a voice - intonation pr
Super-8 movie film, 35 mm. srides, and a43 interactive graphs

random-access
int-out, a tlouch panel.,_
c terminal (3-D capability).

But at all times our concern iswith what is the best p
Ipaltibular stage; ndthing is used bdcause it is there. And

think we need it we take steps toprobe the2possibilities.;

We fincl,that students are motivat to learn through i
erstanding is blocked by a problem, lis prepared tota

r.

ossible Way of teaching that
if it isn't there and we

erest. If he finds his
kle his'problem, even if it

.
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it one of grammar. It.is, of course, only when we fail to understand that we need .o
examine the symbols and the structures.

Perhaps I can illustrate parts of the process with a pasiage from "Or I'll Dres
You_in Mourning', a blographyof El Cofclobess the Spanish torero The passage is a
exerqise in implication. Apart from the factual information given,, the reader is co
stantly being,asked to anticipate - something an alert reader, and any listener, doe
by habit. It is, of course, good habits that we should be trying to help the studel
acquire.

.
.

Las Ventas, as it had been for'I.Moments, was a roaring cavern
of noise. Yet, in that wildly howlitig mob, a sense of concern

"began to rise in a few seasoned minds.
Trying to accomplish the impossible feat of licking the paper

of one of his han lled. cigarettes without taking his eyes from
the an in the cen of the ring, Don Juan Espinosa? armona, the
chaplain of the bul ring, had the same thought. For several mo-
ments his anxious Mind 'had turned over' a nonstop invocation to the
Virgin for the impetuoue youth who'had this afternoon stirred his
feelings as-no matador had done for two decades.

Thirty ranks below him, unnoticed in the yelling crowd. a an
slipped from a stool pet alongside the rim of the'callejon. While
the crowd went Crazy, Dr. Maximo de la Torre hobbled anxiously to-
ward his infirmaiy. ,

Theirs`, however, were only a few warning voices in a sea of
exultation. All Las Ventas, it seemed, was on its feet yelling,
shouting. So was half of Spain, pulled into the bullring by a
television. cable.' Cafés, bars and restaurants all over the
oountry were in a pandemonium. Everywhere - in clubs, schools,

k stores, homes - people pushed and shoved, fighting for a glimpse
of the screen, demanding, "What's he doing? What's he doinr?"

Those instants were the fulfilMent of everything El Cordobes 4

had ever wanted, the solace for every beating he had ever taken,/
the balm for every hunger pain he had ever known. He was, in the
center of that bullring, the very quintessence of a "somebody."
Twenty million people were calling his name, andet he - he -
was alone in a world of his own with a bull spinning arouSd him.

[After passage had been read, tape-recording played
. I

The first question we ask, is "What is Las Ventas?" and the second is "How do yOu
know?" This is part of a dialogue that ensued between the computer and a student.

Computer:,Whatis Las Ventas?

Student: Las Ventas is the V.131rinT or arena
11

Computer: lhlt's righv, Wayne.
How do you know: quote the first piece of evidence that tells-,
you without doubt what Las Ventas is, and then say what
paragraph it appears in.
The-order is important and both parts must be in the answer.

Student: A roaringchvern of noise paragraph one

Computer: Once you have reed the passage you.know what the "roaring
cavern" is. But: at this point in your reading you do net
know, although you may auspeCt. This is part of the art of ,
reading. You pick up elites and hold theta in your mind until,
yoU are certain.
What tal :ca you certainand in whit paragraph,is it?

Student: The centre of the ring, paragraph 2

'2. Computer: "Ring" is not definite enough - it could Ilp any kind of ring .'

Try agpin.

;ty.don: The chaplain of the bullring, paragraph 2 `'

/By Larry Collins and Dominique Lapi4rre;
Simon and Schuster, New York, 196B.
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Computer: .0.K., that's fine.
!

r
In Funk & Wagnall's 'Standard College Dictionary' the word
"caviiin" is,given is: ,

c

cavprm(kav4)rn) n. A cave, especially one that
is large or extensive. -v.t. 1. To shut in or as -

;in a cavern. 2. To hollow out. .(MF caverns,
' L caverna, CaVus - hollow) '

. . ......
,

,

If you do not understand'the heaning ot n., v.t MF, oz L
press the "H" key for helps Otherwise press the "Return" kcy:( %.

aticie4e: Eicturn presseg
Computer: Why do the authors describe Las Ventas as a "roaring cavern

of. noise "? ,

. Is it becalW:

A) They want you to see Las VentasAn your, mind's eye?
OR

e' 73) They want you to ear the sound in your mind's ear,

Type in either the letter A or Ss

StWent: B I
,

Computer: Yes, gOod.
They.are attempting to create the impression of noise. "Noise"
is.a key word, reinforced by "roaring ". "Cavern" ddes, of
course, give us.the same visual sense but in agreeing that tnc
image is esscntially,auditory4 can you tell me how thi word.
"cavern" can help us to understand better the 'noise' that was
produced? . 4

Student:i Noises ;lade in a cavern will echo and rebound off the walls
.

Computer: Very good.
The sound would be increased by its reverberation, as the.
authors are saying is happening in the bullring.

Nowtell me what "v.t." in the dictionary definition)
stands, for.

,
Student: I don't !moss .

Computer: Oh! I though you knew!
.. s.

t.

1r

"figure

that of guessing rather than working from)

gure I is one of-two algorithms that enabled:the dialogs a to take place.

A student's problem - even if it
understanding, as he should be doing - is handled. He is ablA to apply imtediately
what he has learned, and hp iS helped tobecOMe aware of the raiding process. If he

has no problems he is.not held up. . .. .
.

The next question is concerned thEkp the student is'nwdre.of the iTportanee"of
sound, of his ear in reading, the auditory imaging ion. The question is deliberateW9
drawing attention to the dictionary deOnition, to familiarize students with Alm way -'

`dictionaries present definitions, tcwehinbuvage5.the use 6! dictiopariesoand'to Show
that one -still ha tcr.use intelligently the ,meaning.of the word' the,ctntext.

(Figure II),. '' ' " ; -'

, ,

.-- r

We ask why the use 9f "mob" reili:rthanr",orewdi',.what "tessonsd" means, why' dr
Oarmpna-attehpts an impossible feat, the wordO that indicate excitement, and a phrase
that suggests, something different; and all 'the questions read eventually to "Prom your'
understanding of the'passege,-do you think El Cordobet will kill the bull', or do you

think he'will be gored.'by.thd,b1r11?"' The ansWer,is not just,gdesswOrkt %al the clues
are there,and the student-has been made aware of them. 1%-7-,- . - ..,-.:

, . .

, . - %

. Theattention is.,focused on impOrtance of smind'in understanding by such passages
as the one we. take -from '",g Ghristmss,Cara."-k It -is not-Amt. a matter of theatbaniw

of wqrds: 4 . ., 4 '_-''' :

. -Dhatape-recordingds",played tirdt; then the passage is giVen] ,-. *
.

OW But ,he was te tight-fisted hand' at the. grindstone: SzrobgeL

.- . a squeezing, wrendhing, grasping,,,Scraping, clutching, covetous., old

,sinne0 ,Hard and sharp as a flint, from Which_no.steel had ever struck
- - , '

out generous fire; secret; and. serf-contained and solitary as an oyster.
The cold within him frozb hit:Cold feattirtis, nipped his pointe4 node,
shrivelled his cheek,.stif.fened his gait; made As eystIsed, s.thin

t%
, , lips blue;- and spokA out shrewdly in his grating voice.. A frosty

4

,0
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rime was on his wiry thin. He carried his own row temperature always

, about with him; he iced, his office inc-th dogdays; and didn't.thavdt

one degree at Christmas.

. r _
the tape-recording is played again. after ref;dild.3,

. .1'

' o

,,
,

..4
6:

1

. de reverse odr earlier procedure not, just to make a change: quite simply, we have

found that that is the best-approach here, and it is vital not to fall,into patterns

and stereotypes. We are concerned with rhythms of the written word: students expect

rhythms in poetry but seem not to expect them, and certoinly fail to respond to them,

in prose. ,

, .

,

2alling and rising rhythms are reasonably basic; but we meet the inevitable prob-

lems by using music. A spin-off here is that some students, who have never listened to

-onythinr other than "rock", find that there do 'exist other;kinds. Oh yes, we'll use

rock as well. All edimation is manipulation - but we are grare of some of the dangers;
A n3 I have pointed out. We found that after the passage on El Cordobes, many students

wanted to know more about bullfighting - not unnaturalft - but they were also asking

questions on Spain, its people, its music, its architecture. We used discs, tapes.
...

SAdes, to satisfy their curiosity (and to further stimulate, of cburse). ],t suggests

exciting possibilities for the team approach to computer education: ull should be there,'

tEe hardware should be able. to handle it, and the student should be able to pursue- an

Interest by pushing ebutton. Many people have had life-long interests triggered by

similar accidents, and have had opportunities for following them up. flow many have had

aft interest stimulated and no opportunity to pursue it? How many more have failed to

he stimulated: (Figure III) ,
.

Figure IV shows an algorit that handles sound somewhat 'differcntly,'

7Here are a couple of othe 1 passAes,.we use ,- - .

(a) I give a sideways glance at the 'ndrror, and see a puffed face purpled

.-
with veins as though eOmedhe had scribbled over the skin with ail indelible

pencil. The skin itself is the silverish white of the creatures one ,

fancies must live uneter the ha where the sun never reaches. Below the

eyes the shadows bldom as though two soft black petals had been t;tuck

' there; The hair which should by rights be black is yellowed white, like

damask stored too long in a damp basement. _ . 2
Well, Hagar,ShipleSr, you are a sight for sore eyes, all right.

. " . .

(b) Upon theAcCetatic diving board the diver,
poised for parabolas, lets go ,

lets go his manshape to become a bird,
Is bird, and topsy-turvy o , .

the pool floats oyerhead, and the/white tiles. snow
their crazy hexagons. Is dolphin. Then ' 3

is plant with lilies bursting from his heels.
1

.

The questions we ask ,on the first are: ),

. _
.

(1) Quote-any pne sentence _from the'firstparag)raph and tell me what 1

. you Sind good about it. (We accept any answeA. . ,

. .' / ,

(9) What does one usually mean when one se's that "something is a sight 1-
far sore eyes'? , , '

/.

Do you think that is.wAat is meant here? Answer ;YesAor No.
..

iGive. Me a word that is given to estatempteof that wind.
o

. , .

Iam not prepared to run these passages to. death. The student should begin to

uftdelorstand that good reeding is for enjoymeht,,pot for asking questions about, by pesky.

schoolteachers Or crudely computers. o

,
We offer a student who has enjoyed a piece of W riting.

.

the opportunity...too' hear sole ',

. more. We don't force it on him'.' And we rive hit just sosauth, in the hope that, if a

novel, he, will get ht book and read it, or, if poetry, he will look up same more poetry "

by, the same author, or even just read some poetry.
.

"
.

.., Remember also I stressed that, we Considered all the comMunications skillb as inter-

.
dependent. We look forward to the student writing - it is surPeising'(althoughI suppose

.'
`The Stone -An gpi'by Mazgaret Laurence. ' .

McClelland -and Stewart Limited; Torohtd; 1968. , -'y

-

..,
. .

-LisesfrOJiThe Lone Bather,The Rocking Chhir mid. Otther
,

Poems bY'A.I.P. Klein; : In.

Ryerson Prespi' 1948. ' . : o -. z,i .
.

. *
,

. %

***
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it really shou,1 n t be what they are capable of producing under the right stimulus.

We do, of Course, havb some idea of a framework for -all this - narrative, descrip-

tive, and so to expositdry prose. A fair number'or students, using their textbooks,
fail to remember what the first part of the sentence said when they reach the last part.

Many-,cannot link sentenqe to sentence. By the\time our students reach expository
writing, they have alfeady had many of their problems handled = the story line being

a valuable connecting link.

Loricelly, it may seem scosip?e to start wibh the narts aod.huild to the whole,

But in practicd the parts do not moti'ate the student (only the teacher.knows tab rela-
tionships), they tend to become exercises (and therefore "gxercisy") and. bogging down

on,the mechanics, etudents rarely reach the ggpdies. Our students work hard to under-.
Standtne nicetieS involved in descriptive writing because of the areness created by

descriptive touches in narrative. At this level of expository wri ing - the giving of
information - students have nothing but their interest in the subj ct and their rending

ability to carry them along.

. With the paAsage bel w, we do not ask the student to-listen: if the training has

meant anything he should e able to read and understnpd.

With narrative, the t fining of, the ear t6 catch correctphras , the modulation

of the author's words, are portant. The author helps the'reader by Ading words that.

give the reader information , bout the way the character spoke, what the speakdr intended,

, the effectwhat he said had o the person he Was speaking to, and so on. The writer of

.
scientific prose does not use this complex signalling apparatus; he relies on an unam-

biguous order of words, the me ring; of which As kept as simple as posaple, and punctu-

ation. But even here the r ade almost alwaYs gains something, in understanding if -he

reads it as if the author. re saying something to him. It is not u:.ually just a case

of' notinc data and of follo;ing logic. .

In the leg there are two boRps, the tibia and fibUla. The tibia or
cnin-bone is long and strong and bears the weignt of the body. The

fibula or 1-plint/ bone is an equally long but much sLenderer bone, and

he tibia as pin is to a brooch. At the top, the tibia,

smooth s ace, which articulates with the lowerend4
ing a hinge-'oint at the knee. In front of the krieb is a

. bone, the patella or knee-cap: Here, again, the boner

are fpstened together by strong Check ligaments which 14mIt movement and

displacement. Both the tibia and fibula expand below into.pro-
minenceA of-bone which can be felt on either side of the ankle-joint.
Between-these there is an articulating surface into which the top of a

foot-bone called the astragalus fits, thus foi4Ming the ankle -joint: At

the prominences are placed On either side of the joint they prevent the

displacement of the astragalus. The ankle-joint is a hinge. joint, and

is surrounded n secured by strong ligaments..
4

Space does not allow e to go f into this program in ddt
point out that the student in Made aware that the writing o
art (involving considerable skill) and can be (by some "hest:), be") learned. He Under-.

stands not only how it is done the way it is, but why. /

We do. ask q9lestions on grammar; but they are qued'itionsithat lead to more important"-

questions. And if he has forgotten his grammar, or is not too burn, we bradch .111m for'

revision.(Figures V and VI). The dialogue here now is critical'. This, it seems to me,

is the place for grammar. It is'not taught in h vacuum, with all the alienation we are

familiar with; re,searche$ have long agb shown that the study of grammar in isolation is

a waste of time. But unfortunately too many teachers, assume thatthe,stUdy of grammar

. .

mote important,' skills in communication than spelling.
gnise iiteraty only asp problem of spelling, so be
uctive basic spelling program: and, of course it is true

earned as one is learn ; to:read, many students can be
asic spelling.raes.

-is attachekl. to
4 Present's a' bro

the femur, fo
small separat

il. But I. would like to .

good scientific prose is an

is waste of time:

Spellin0 There are vastly
But if a literate public canorec
it. We have built a complete in
that, whereas spelling is best

. helped by a knowledge of a few

One exanple of our approac must suffice. We want
,wheTethe final syllable of a w rd is (a) ctreqsed, and
single consonant (e.g. bat, re ret), that consonant is

vowel '(e.g. -ed, -ing). We, first revise tfqwels,

We then teach compound words, root words: prefixe , su

9

-Manual of Human
war -Arno

siolo
n on,

by,Leo ard rill;
gland.

the student to'bbcome atare that
(b) has a single vowel before la
oubled refore a suffix beginning
And shott and long vowel sounds.
ixes, plurals, with btanching
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where necessary. The algorithm (Figure VII) shows what the student does after this'preL
liminary work. The exceptions are handled, and he is tested on his ability to apply
what he has learned.

I have tried to dllustrate some ways that we are using the computer to Overcome

classroom learning problems. We haIe,in hand other programs that, with the co-
operation of the National Research Council of'Canada, are pushing the hardware to pro-
vide the, as we see it, necessary learning environment.

g

I have not been suggesting that we'hav all the answers. I have been posing come
of the problems, and some solutions that y have found to work..

.

There has-to be a developmental struct i e, but it must leave teachers free to use
their initiatives to build their own programs, handling their students4 probldMs. The
teacher's function is bound to change, and the computer can release him to do things
that are-necessary and that he can do better than the.computer...But it is to be hopqd
that he will accept the challenge not only of the computer bUt.of his whole teaching
methodology.
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In Funk and Waknolle 'CtlteardSollefe Dtctlensfe. the word 'covers'

isofiven IS -

CoVera (kovern)n. 4. cavo, espociaLly ono t"st is lorao or -

ostensive. - v.t. 1) to .-ut In or MB in n cavern.
t 2) to hollow out. (r' Cavern w. Cueerna. cavus hollow.)

if you do not understand 64 ulles of n., or L press 0
Vhy de the authbro des-rite Los Yentas as 1 "scsiinm Ivorn of sotto"'

Is is bisuae a) 2"ey want you to see Las tenths in your mist's eye.

10 :Cry Want you to bear ch sound to your mind's ear,

Tyne in 0' n-t`.

a

Yes: good.' .

Choy are attemscire to Crate an
lnor.color'of r,se.
'Voisnf is keyword. reinforced
tY 'rot:Inc.
"Maseru' Vbs. oicoine. Elva cat
syn. tiousl sense. hit it wee-

t"at the iv.** is Ossesti1ly
auditory. owe 70J tdi1 me how ore
wOreCIVerr ,13 °els ,s to n-
dorstono t.t.tar t'e4-tise cost ,

was helot

.1 If :2t p C54 re
intIe the author, 0/ e 5,77I.I.0 to
Create here. Co toot,. troy must lo
attospting to create an Inpre5Sion
of notes.
"Volso. Is a key word, refkforeed by
"roirina'.
"Cove= doer, of .*case. five us
Tone visual sent, Dat in afros:tin
that the !some Is essetiolly sdltory.
can you toll me I0d y..3 word 'cavern"
ran help us to scderstand potter she
snit. thlt ass hel:r Produced.
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.A COMPUTER MANAGEMENT SUPPORT SYSTEM, FOR

INDIVIDUALLY GUIDED EDUCATION

4

Mary K. Cooper and Gary'R. 1obey

PORTLAND PUBLIC SCHOOLS

.

ABSTRAC"? J

a'

./ ,

In 1173, Llewellyn El.gmeniary. Schoolin Portland, Oregore:hecame a pilot school for IndiyidualV Guided
Education (IGE)o. The management of the system was originally via a manual process. As the teachers

added more subject areas to their individualized program,. it became apparent that the management system
puld have to be improved if IGE was to continugpto be viable. A computer-based management support

sstem was deyeloped and implemented early in 1475. This hps resultgd, in a savings of .approximatel
331 hours of manual, 'cl:erical effort each year: In addition to satisfying all of the reporting require-
ments of the.prior manual system, the computer system provides many new managenlent reports which assist
the cchool staff in planning, evaluation, and control of the IGE program.' The development cost, to
date, for theicomputerized 'system is...approximately $113,poo.

INTRODUCTION

In recent' years, much has been said and written
renaeding Computer Managed Instruction (CMI).
This pacer describes a relatively simple but
effective computer-based system that was devel-
oped'to assist with the instructional manage-
ment needs of a particular elementary school.
The computer system operates in a "batch" mode
on the School District's central computer. The

sstem was expanded to include one more school
in the fail of 1975. The Schcol (Llewellyn
Elementary) and the Individually Guided Educa-
tion (IGE) program will be described. along with
the computer -based support system.

BACKGROUND'

Llewellyn Elementary School is located in the
Southeast part of the city. Long a traditional

elemental"), school of approximately 450 students.
ih nrades j(-8, Llewellyn is now in its third
year of IGt implementation.

Several things necessitated this change. Once

a stable middle class community, many.families
began the move out of.the city-- their homes ,

rented.to other families of widely varying
socioeconomic backgrounds. Teachers found a
wide difference in educational needs of the
children now in their classes, For example,
there would be several children of high achievpv
ment levels and many more atxtrerfely'lew....
levels. Grade level materials' and traditional
approaches no longer.,worked.- No one teachec
could meet the needs of all., '

462
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In a search for an instructional program to
meet these needs, administrators read bf a
program under development,by the Wisconsin
Research and Development Genter for Cognitive

. Learning at,the University 'of Wisconsih
(Madison), called IGE -- INDIVIDUALLY GUIDED
EDUCATION. They visited Madison, observed
the program in operation, 4nd returned confi-
dent that it would work for LleWellyn as well.

Wh4t is WE?

First, it is a PHILOSQPHY '-- a philbsophy that
holds that each child is uniqubtand develops
at hi's own rate. Likewise, children learn at
different rates and through different methods.
All Children can and will learn when provided
with the proper instruction at the propgr time.l
Basic to IGE is a PATTERN of ORGANIZATION fbr
.instruction Multiunit school. At the

tiassroom level, the non- graded unit replaces
the age-graded, self-contained classroom, Each

unit includes a unit leader, two to four other
teachers, an aide, and 80-130 students. Chil-
dren in a unit have a three to four-year age
span.

At- the-heart of -IGE is a model of instructional,

' PROGRAMMING for the individual student. Ideally,
each child's,program is based on how and at
what pace he learns best and where he stands on
mastering specific skills. Attempting to
achieve this ideal involves a series of steps

et.

e%
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which are auttlined in Figure 1.

The instruct onal program begrins with.the ident-

ification of specific instructional objectives
that are appropriate ford the children of a given

unit. 'A criterion-referenced. test is then used

to assess each child's level, of mastery for each
skill. The children are thert placed into small

instructional groups based on a skill that they

need. Instruction is,provided for a 2 to 3 week
period which is followed by a postltasting to .

determine attainment of the objective.. If a

child has reached the mastery level (usually
an 80 parcent criterion is se). on the post-test,
he is placed, in another skill grouping. If he

does not master the skill, he will be grouped 6

again in the_ skill at another time and.with
.another member of the instructional staff.

The Llewellyn began its use of the in-

structional mode with a reading management

program develop at the Wisconsin Research and
Development Center -- The Wisconsin Design for
Readin, Skills Development. The Design is

4' organized -into six skill areas: Word Attack,

Study Skills, Comprehension. Self-Directed ,

Reading, Interpretive Reading, and Creative .

Reading (See Figure 2). Materials for the first

three areas include lists of skills with related

behavioral objgctiVes and criterion-referenced
tests for assessing children's Mastery of these
skills, Resource and management procedures for
teachess are supplied. Grouping-of children in
instructional'groups and the.record keeping of

skills mastered is by means of an edge punched
card-sorting system in which the data for a

given ski/ area is kept-on a profile card for

each chi . To identify pupils with common
skill needs, the teacher selects a given skill,
'passes a needle through the appropriate hale

.i n a stack of cards and shakes off:the loose

cards. The cards remaining on the needle
belong"to pupils who need to work on that

.skill.

This method works effic ntly when only one
skill area (i.e., Word Mack) is involved.
But as a teaching team egins providing in-

struction in Study Skills aid Comprehension
and adapt% the model to an objective based
mathematics program -- many hours are spent
in card sorting and in record keeping. '

.

It was et this point in the, program that it
became apparent that some improved methockof
overall record keeping, and of selecting and'

grouping students was-mandatory Ttte School

District's Data Processing Department was-,con-

tacted and the problem was related to them.
The.idea of managing instructional grouping
and-record keeping was intriguing, and together,

Unit Leaders and Data Processing personnel
designed the system.

THE COMPUTER MANAGEMENT SYSTEM

Di4nn the System Survey stage of the project,

it was decided that the system would be.cle-
veloped by the Data Processing Department as a%
"pilot project". This' meant a relatively low
level of resources would be expended on the

project - certain steps in tbeistandard "System,

Approachi' normally followed,'could be'elimiria-
tell, and the system would. be designed primarily

to fit the,needs of the specific schoo+ as
opposed to developing ageneralized system for
many. It also meant that Data Processing could
geta basic system up quickly, and then continde
to improve, refine, and tailor it as needed
during,the early implementation stages. Several

key point§ that were to be followed in the sys-
tem development were identified. Among them ,''

'were:

1. The school personnel would dictate the needs
of the system, and it, woruld be designed.
sadifically for them. The existing manual
process would be changed only when absolutely

necessary.

2., The system was to bp.kept simple with a mini-

/ mum of resource expenditure. Yet, it was

recognized that the Llewellyn system might
be expended to other schools at S later time,
and thus, this would be considered in the

design.,

3. The computer was to assist the'Teacher or
Unit Leader, not take aver.

4. Computer assistance was to be,provided only
where the benefits Were greatest as opposed
'to developing an overall system. For exam-.

ple,jt was decided not to score the tests,
but merely to input the test 4cOres to the

computer. Some factors which resulted in
the decision -to not score tests were:

(a) Testing ban be written, oral or by
observation.

(b) ,Tests are short, easy to score, and
the teachercen detect special prob-
lem areas.

(c) Test scoring by gomputer would have
required faster turnaround than could
be easily, providAl bya "batob" system.

(d) The Da-pa,trrecessing Department did

not ,ti ye a scanner capable of 'scoring

5. The main decision processes were to be left
to the Teachers and Unit Leaders. The,sys-

tem was only to suggest and provide pertin,
.

`ent idformation.

The Wisconsin Research and Developmeni Center
was contacted 'early in the study to see if they

were Planning a computer-based support system.
It was found that they were, bdt it was in the

early stams of development And would need '

be modifieU to Meet our speiific needs and corriL

puter hardware. They did, however, provide
some excellent information related to their

planned system.

463
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The basic system can best be described by re-
ferring to the general flow model (See Figure 3).
There are several special reports and input



el
I. r ,

a'

e documant'S in additionto those indicated in eig-
1.

uri 3., They are required' primarily for system'
and file initiapzation and-maintenance, and
will not

v
be described iA detail Ogre. .

'rt

The normal process begins witth a Determination
by, the UnitleadErs ofwhich skill groups they
want to teach in the nexegreeping cycle. They
make this determination based on Unit Per.form-

ance Profile reports ($ee Figure 4) and a know-
ledge of what resources (rooms, teachers,
matarials) will be available. The Untt Per-
formance Profile shows pertinent information.
regarding the performance of each student, and
of the unit as a whole for eactisk4,11 objective.

A Grouping Request Form is then prepared an
sent'to Data Processing. The desired skill
groups; along with any special prerequisitbs
or forced groupings, are noted on the form.
The Grouping Requests are input to the computer.,
The computer produces Specific Grouping Reports''
(See Figure 5) beterminipg each student's
eligibility base on previous history of skills
mastered, prerequisites and dumber of previous

attempts. ',The Specific Grouping Report is a
list of those students that are eligible .?'i
for the specific skill. The studpnts'are listed
on the report in sequence by need. Students
that hove made prior unsuccessful attempts and
are not eligible fqp'many, or any other-skill
groups, appean first on the report. The Unit
Leaders modify the report as they see fit, draw-
ing lines through those students that they do
not wish to have, taught in a'given 'group. The
resultant report prpvide a "class list" or
"roster" for the teacher that is in charge of
the group. A report Is also provided that shows
students that are not eligiblelor any of the
skill groupings.

The learning process, usually of two or three
weeks, then takes place. Students are tested-
and marksense score cards, which have been
prepunched by the computer and printed by a
card interpreter, are marked' with the students'
scores, and submitted to Data Process*. The

computer then updates the students' records.
New Unit Profile Reports are then Oovided'for
use by the Unit Leaders in determining, the,
next set of potential .skills to be taught.

Upon tequeq, individual Student Profile re- .

ports are printed (See Figure 6). They pro,:

vide the teacher with a complete list of all ,

skills that have ,been attempted by the student.
It is useful in evaluating aneraporting indi-
vidual student progress. It is especially use-
ful for parent /teacher' and student/teacher
conferences, and thus it often requetted Rear
the end of a grading period.

T'

CONCLUSION
.. .

The Computer Based - Instructional Manag

Support sy$tem, as briefly described
paper, has been successfully implement n

the pilot schdol au' is being,usdd on a limited
#4%s.basis:at one ethersfhool. The project has

demonstrated.tb School District management`that .

thecomputer,j1perating in a'batch mode, can. ,

provide.a significapt and cost.effedtiwe contri-
bution tb.the insirqptioW procest$. .,.:The door,

has been,Opened for'additional.futuredevelop-
vnts iii :the area o'f direct instructional,
support

v
by the computer. , .

..,

.." ,
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Stat the educational objectives to be attained by the student
population of the building after a'year,oagd longer time per-
ods in terms of level of achievethent and other performance
skated to each curriculum area and in terms of other values
and action pattefns.

.

.1.

I._ 1

A;

-
Estimate the range of objectives that may be attainable for
sdbgroups of the student population.

'Assess the level of, achievement, learning style, and motiva-
tion level of each student bruse of.critetion2referenced
tests, observatiOn schedules, and work samples with appropriate-
sized subgroups.

Set specific instructional-objectives for each child to attain
over a shor.t period of time.

Plan and implement an instructional'program suitable itr each
student by varying (a).the 'amount of attention and guidance

by the teacher, (b) the,anount of time spent in intetaction
among students, (c) the use of printed.matdrialt, audiovisual
.materials, and direct experiencing of phenomena, (d) the use
of space and equipment (media) and (e) the *amount of time
spent by.each student in one-to-gne interactions with'the' I
teacheror media, independent- study, adult- or student-led
small group activities,.and adult-led largo group activities.

Assess students for attainment of initial objecti've and for'
setting next set of instructional objectivel.

:

Objectives
not attained

Reassess the student'q
characteristics

2
Feedback 1091

'

Objectives
Attained

Implement next
sequence in program -0-

I
41

t

FIGURE 1, 'Idstructional Programing Model in IGE
.
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LLEWELLYN PRIMARY SCHOOL.

(Sample Objectives)

'READINeSKILL,SEWENCE
,

Word-Attack Skills:. (K-4) 45 Objectives (lineen.sequedee)
r,

1. Shapes; tatters and%NUMbers
. ,

2, Rhyming Words'and *rases
. I3 Words and Phrases ,

4. Beginning and Ending Consonant pounds; Consonant Blends
5. Plurals; Possessive

6. Long Vowel Sounds e`

7. Consent Digraphs/
8. Vowel + r, a + 1, a+w etc,
9. Dipthongs
10. Base Words .

11. Homonym's

12. Mdltiple Meinings
13. Silent Letters*

.14. Syllabication

. ,

'Comprehension Skills; (1-6) 34 Objectives (linear sequence and toncept strands)
. .

1. Main Idea , .

, .

...

2. Sequence , ' '

3. Reasonibg - 1

. : a. Synthesizes. nformation
;, ; I, , b. Predicts outcomes I t.

.c. Cause and effect relationships
.

de Syllogisms 4

4. Det:ail,.' .
.

$

5. Context Clues
, 6. Affixes

. .

1'

.. .4 Objectives (linear sequppcs and cStudy Skills: 71 Obti lioncept, strands) -
,- % -,, _

. .I ' .
.r.77.-.', 1. Maps -
l

: . e, :a. Representatiefri-,,
'be OrientatiOn ..

,c.,Measurement
,2. Graphs andTables
3. References

.
a, Utilization

. .b. Location' 1 ,
. .

.
c. 'Organization and .evaluation

,

.

,

.
N., :

or ,
,

4. . .

_,___:
._ __ . _

OTAER ASPE3TS C) PROGRAM: Basal Readtfig S9qg
. . ..., 4.__.,_ ..._..--

-....-. ,...,

_ .. ...,.,_ ...
., ,,

1. Self-Directed Rees:ling / #
* fkk

. , ,

2. Interpretive Redim
,

g
e. Creati.ve Reading . :

;

':r

..e

.

I

FIGURE 2
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IGE/CMI R ILOT PROJECT
1

GENERAL FLOW MODEL
.

.

SCHOOL COMPUTER

41,

DETERMINE
NEW GROUPS

PREPARE GROUPING
REQUESTS

I MODIFY AS

REQUIRED

REVIEW
STUDENT HISTORY

'LEARNING
PROCESS

TESTING

SCORE
CARDS

A

GROUPING
REPORT

EVALUATE .

UPDATE
STUDENT HISTORY

. "4'

Every
2-3

weeks

perunit
foi each
subject

UNIT
PROFILES

FIGURE 3

467
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THE INTEGRATED USE OF PR RAMMED INSTRUCTION AND CAI
TO TEACH THE APPLICA ON OF LOGIC AS A MEANS FOR

DETERMINING THE VAI,t E OFMANAGEMENT INFORMATION
- AN EX.00PLE OF THE USE OF CAI

WITHIN THE DEPARTi*NT OF DEFENSE COMPUTER INSTITUTE

by Ro.i;ert H. Orr and Judith A. Watson
Depatement of Defense Computer Institute

Washington Navy Yard, Washington, D. C. -203/1

Pa,

ABSTRACT. The.Departin
3,/-tiL'inetionai managers and

incorporates Program
Assisted InstruLtiontN) Techniques. Specifically, thc PI text instructs tht stodentimi.the . fundarrientais of symbolic
tog+, .rvphabainetfie notions ofLonjunction, disjunction and negation. Additionally, it serveg as a fround.stion for
a CAI lesson 40.h presents the application of Boolean and Tri-state Logic concepts to aid m determining the value.'
of management information.

&

e Department of Defansi: Computer

of-Defense CoMputer Instttuteihas developed an integrated approach to teaching
iers how to ;,rerinbieeut of,their Computer Based Information Systemt. This approach
Instructiorr(PI), Standard Lectures, Seminar, Laborato,ry Sessions and Computer

Instee (Dt)DCI) was established in 196-cfor thc
purpose of teaching both military and' Avilran managers.. within the Department of Defense,

how-to bettef-use the computer as a management_
tool. All of the Institute's courses rang: in length

,frr . from two to ten days. and deal with such subjects as,
computer system security and privaLy, computer
performance evaluatiqn, spcifications for
selection, systems altlysis snnd de.solgn, informs:-
tion management. requiremeks for teleprocessing
and a.basic introduction to computer technology .
It is in the latter course that the use of Computer
Assisted instruction'(CAI) appears the, most
promising.

In considermg how to best incorporate
CAI techniques into DODCFs*I'program of Instruc-
tion. the following facts and circumstances were
considered: .

.141

a. For a variety of reasons not germane
to this discdssion, the present instructional
format consisting of lecture, time sharing labora-
tory and seminar techniques must be maintained.

b. DODCrktime sharing system consists .

of the Hewlett-Packard POOC' computer,system
and twenty remote terminals seiviLing a normal
Course enrollment of forty students.

4

c. A+maximum of two ctassroohi hours
Lan be devoted to CAI, although students mtv use
the time sharing system during lurich and Eiger
tha normal academic day. A ,

tr
Coitsequently.,the philosophy tItt students shouid
be able to

Ne
eo

ve er
mplete.all CALy.ssOim"within twentis".

1111.7

de

472

minutes has been adopted. This will maximize the
students' oppOrtrinities to make use of the CA, lessons
both dunned allotted course tin* and the students'
free cirna;-.,

*"".".

The remainder of this paper %/VIII be organized
into two sections, the first describes/the specific
approach taken to adapt CAI principles to DODCI's
needs, while the second destribes an actual lesson \

Each CAI lesson is organized intathree ,
phases. an introductory phase, a reinforcem)riE phase
consisting of review sessions (i.e.: revie quizzes
and remedial units), and a phase prese mg new

Ipaterial consisting of learning units`and a final test
(See Figure 1). The total package provides learning
and reiniorcemCnt to the student, as well as informa-
tion to educators on the effectiveness of prior ins4uc-.
t ion.

,

The introductory phase gives the student an
overview of the total lesson. This phase serves to
place the student as much at easeas possible by
explaining the interacTive capabilities of computer
terminals and familiarizing the student with thc
forthcoming lesson.

The reinforcement phase is deeigried to insure
th t thc student, hat mastered thc material previously
to t through ibcture, upon which the new subject
matter Is based. Therefore, each lesson author first
determines the specific lectures to serve, as foilnda-
tlons for the CAI/esson., T ee authorlhen
those specific t ching points which should be
master The uddhrsimastery Is ascertained by
adminiSt

-

Ing a cotputer as4seed test,the afore- <
mentioned imv quiz, bear in mind That the .subject
matteovered In each review KleentAllns to.a ) . ti

1 1 1 .
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single course lecture. Ilse quiz usually consists of
five to seven questions. For each question, the
student has one trial in which to answer eorrectlys,
he progresses until he renders an incorrect
response, at which time the student is branched to
a remedial unit. The remedial unit, activated\ contingent to prior student responses, is designed
to reteach the material covered in the review quiz,

. Upon 1. ompletion of the rerAilal unit, the student\
retakes the quiz to reassess his mastery . Correct

\rusponses on any re-test would still indicate mastery
since the review quiz is confined to single word or
nthitipiel.hoice formats, and an incorrect response
is not explained during the qtuz: In the event a
student again renders an incorrect answer, he is
immediately returned to the remedial unit for further
.work. The possibility of this cycle proceeding
indefinitely is not anticipated as the quiz has been
designed to realize a high percentage of correct
responses. Dub to self-imposed limitationh, ,the
reinforcement phase is constrained to a Maximum of
two review quizzes, along with their associated
remedial units. Once the student successfully
completes these review sessions, he is branched to
the new material portion of the lesson.

The new material phase: reverses the suguence
of events which transpire in the reinforcement phase.
New subject matter, is presented to the student in an
interactive rashion. When completed, the student is
teSted to determine his mastery if the new subject.
Any incorrect response will automatically resell in
the student's return to the beginning

4of this.last phase. Correspondingly-, all correct
responses reflect Aufficidnr comprehension of the
,material and thus, constitute successful re on

,

. completion, t

Consider an actual lesson illustrating the
design philosophy'described aboye. This lesson is
based on tho students' mastery of three concepts:
elementary logic. mathematical modeling, apdtite
value of management inforhation. .

student is ready to attempt the new subject matter
that comprises the final phase of the CAI lesson. A
part of an overall Student Progress Review examina-
tion tests the students' comprehension of logic. The
master of the other topics is ascertained as part of
the reinforcement phase of the CAI lesson.

.
After completing the introductory phase, the

student enters the first review session arid reccivesa
quiz on modeling. As described earlier, any
incorrect response will cause the student to be
branched to a remedial unit designed`to teach/review
the types of models, their purposes, and the signifi-
cant advantages and disadvantages of modeling.

Likewise, the next review session begins with
a quiz on the notion of information values, this quiz
is also supported by a remedial unit designed to
guarantee the student's mastery of this vital subject.
(NOTE: For the benefit of those not familiar with this
topic, a brief explanation is presented below).

A quantitative approach for determining the
value of management information in a manner similar
to that of a production shop is generally not feasible,1
The production shop determines a retail value for a
service or commodity baiedon the fixed and variable
costs of produeciag..;hat service or cominod*. The
retail cast-is e*T-i6ienio enhance profit margins.
Eigure 2 graphically Portrays why this technique is
inappropriate for assigning a value to management
information. .

Cost

, The student learns the fundamentals or logic
. byeornpleting a Progr'amincdInstructeon (PI) rext.

Theuse of tills PI text serves two purposes. First,
it exposes' he student to a differentarechniqup for

.the teAhing of new material: th'N technique
* capitti4as on the benefits of self:paced instroc 4

tion as a realistic and highly successful forniof
, education. Seeond, if introduces the .studerit to
. some fundernental(EA1 techniques (e.g. lesson

' tripes, student dialogue, immediate reinforce?
! meet). This preliminary exposure shouldminit

reilz; Any "sulture shock:; which might otherwise
1. 'be experiente& No 'student encounter edI fd,r.....

. tho first time., ' A ' 1A-r:,ha
.10.-

The ojs,concepts arc inticiduced and first
et tatightusing the nor al classtam lecture farittat.$The three concepts i be roasfered before the IV br

7 ,

.f
-%; I

I

Figure 2 1

; ^ 4'

Information

Variable Cdst

,." Ab44
14411.4COSV

",
-4 . .1-

II, P.

While the fixed cost,for gperattng a management
information system cimbe determined; and.while
the actual cost for producing information,(v,ariable
Last) can be calculated, it is f/ppossible to quantify
the net worth )of the information produced in order to
justify its cost of production. Rather, managers .rust \make a more subjective appraisal of information

CordeqUently, students are taught a compos&,,,_
of various management theories referred to here. as
the "Value Added" approach. Essen,tially, informa
tion has its value enhanced as one or more of the
following states' tire' realize4.

.

VALUE ADOE'b FACTORS ;

I. AdmlK
to ma t
for wh

1'. A!
o s ate.givenicno

scope' of the Prot
they are responilble,

V

II
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2. .Decistonstare made that otherwise
would nl be made.

.
3. Decisions by analysis prove betdr

than decisions by insight,

4. The scarce commodity of managerial
Insight is freed from lower-level
decisions and can be applied to
higher-level problems.

5. Decisions are made sooner because
of increased confLdence.

Once the student has demonstrated his
mastery of the aforementioned material, he is ready
to begin the itnal phase of the CAI lesson. Here, the
student Is taught how to apply Boolean and tn.-state
logic functions to build a mathematical model which
can be used,Ln producing a relative measure of the
value of management information. The solution of
this model would providethe manager with a means
for assessing the utility and effectiveness of his
Information system.

For example, tw'o of the most Important
managerial resources are time and mo ey. A series
of information Value Linda-Tres can be efined by
ilescribLng them first g functions of me and each
of the five Value Add factors, and then, as
functions of cost an the Value Added factors. As
an- illustration:

Let T, the tt e a manager.. spends reading and h
understandin some piece of information, bt
defined:

0 if time spent
= .

is 'excessive", else/

/

. o
Let D, representing Value Added factor 5,
badefined: '...

ts.
0 if decision is (not made Soonar, else,

D=

Next, define the first
. lbeagure, IVi as a furled

0

.

VI

T

ormation Value
of'T anti'D:

0 0

1

3 ,

41 ,

T

1

= IVi

C

t.

V

""

Here, the IV1 values can be interpreted as
follows:

i if Information is of "significant value ",
IV = else ,

14'

4 .

where i =, 2, ....II
and n defines the number of Ihformation
Value measures td be modeled.

#

Repeating the above process,' substitute time, T,
with a variable representing coati

Let C,, the cost of preparing apiece of
information, be defined:

c
1 if economical, else,"

0
3

Then IV
2

is defined as a function of C and D:

-G
a. , 0

1 0

D

1

0.
. = IV

2
1

- .
Each of the 'other Value Added factors could be
similarly defined, giving a tdtal of ten different

'Information Value measures:

thevalue of the jth piece of information is.
defiled as:

1

/

t 4,r
For j =. 1, 2, . pleces,of information

= 1;2, Informatioti.411:0..
measures . : ti

Finally, a measure of Total Information"
Effectiveness, M,11" defined:

M
E v.,
JS

In
t ,

'114
. ,

'4 .4tr?S' ; '

A

,

,

7 pleZ



I

, Note that in the above two matrices, the logical
ANtilunctron has been duplicated. This need not -
have been the case. The CAI lesson emphasizes
that each modeler- must. provide hid-own interpre-
tation and must define each function in a way suitable
to the modeler's analysis. The above definitions are
the writers' interpretation, Recognize, also, that
the-I Al lesgm emphasizes approach and technique
rather than,a detailed development of the entire
model,- Most of the function definitions are

.reserved for the atudonr as exercises. Further-
more, the teaching philosophy is far less rigorous
tharithe above definitions imply, This is because
the students do noCall possess the mathematical.
sophistication necossaiy to comprehend a formal
description of the model. Hence, the teaching of
this to* follows more intuitive lines.

Because the student may haver some reserve- ..
tions concerning the preciiion provided by the
Boolean functions,aa a final teaching paint, the use of
tri-state variables is suggested. To illustrate, the
functions T, D, and Wore redefined below:

-1 if time is excessive
T = 0 if time is average, else

+1

4.
-1 if not made sooner

,D = 0 if made slightly sooner, else
+l '

D

0 4-1

:-1 -1 0 ' 0

T 0 -1 = IV 1 7

+1' +1 +1

The Information Value measure implies that the
information itseff is either Irrelevant (11),
"nice-to-have" (0), or relevant (+1). The
statistical measures previously defined are still
valid.

Once these ideas have' been presented,
each,student:takes a final test to ascertain his
mastery of the new diaterlal, Again, the studeFft
Isktutouultically branched to thenbeginnIng of this
finaliihaae whehe*er an Incorrecransweris '
given, Perfect completion °Mile test constitutes
)CAI lemon completion 6-

s

. In summary, the Departmentrof'DefenaZ
dpiniuter Institute iB developing an Integrated
approach Co its t ouzsgq.of instruction by
ctibiningthpbest featuies of lecturp,Program-
m, Instruction, seminar/laboratory', and ,

-- .4 4

,

Computer Assisted Instruction to produce a well-
balanced, highly effective curricUlum.'

Acknowledgements: All CAI programming was done
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Facility (IDF). "The authors wish tolthank our
Director, Captain J. W. Riehl, USN for his many-
helpful suggestions. We also extend our thanks to
Captain Clifton O. Reynolds, USA who programmed.
the bulk of this project.
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ABSTRACT. Rt4.ent literature indicates (fiat the CAI discipline is beginning to impact studgnts at all levels of
education, rather than remaining strictly as a research device. its CAI begins to impact students, the problem
of communicating CAI principles andlanguages to the "average" teacher develops. An alternativelnethod to the
traditional approat-h of classroom instruction is to have the computer teach its own CAI language. In other words,
to have a CAI hitonial created to teach 4,CAI language. An attempt to fulfill this goal has been accomplished by the
development of a 4\I tutocial to teach the CAI author language 1DF. The main purptise of the. tutorial was fo pro:,
vide instruction in

pro-
` so as to effectively eliminate the initial teaching of IDF in the classroom. The main 14truc-

tion,il goal of the tutiitial was that thy user, would be able to create a CAI PrygraM using IDF with the author's man-
ualiunctioning as d t fe ren ce ., The tutorial discussed eight major areas of IDF and followed a linear instructional
strategy. A pre-testt post-test ey elution procedure was used to determine the effectiveness of the tutorial. Re-
sults. were significant,] the .05 level, however, they also indicated some revision was necessary. It wasdeter-
mined that the major instructional goal had been achieved with relative success. In developing, tutorials like the
one indicated -above, teachers need only go to the computer in their own school environment to learn its CAI lan-
guage. In this manner, we can effectively eliminate the teaching of CAI languages in the classroom, and thus
convey the principles of CAI more 'readily. .

sa

Introduction and Rationale

Large amounts of money and time have been
spent in order to place computers in education,
"... but the average teacher refrains uninformed
as to what it is and how it works." (9) The "aver-
age" teacher of whom Porter speaks needs to be-
come knowledgeable about computers since the
computer is becoming a part of everyday, life in the
school. Wallace has said, "Degpite the surge of in-
terest ip CAI, there is a clear shortage of CAI ma-
terial ... A key reason for this shortioge is what
might be called the teache'r/programmer gap." (14)
in order that this shortage may be leSstned, .a
method or methods of training for the average
teacher must bdeveloped. Material must be.de-
veloped to helOiliaticators learn procedures fer or-
ganizing, the content of a CAI program and under-
standing the-basVeronc..e.pts of CAI and the com-
puter in general. This is accomplished to some
degree in-the CAI and codputers-In education
courses offered On many campuses. These courses
are excellent methods of acquainting the teacher

v.vitli`general computing concepts and the dsfferent
aspects of CAI. however, many times they'd° not
prOyide a firm foundatiOn of programming tech-
niques the teacher will need lo itse to,"input" their,
iitedules onto the computer. It is essential that this
be expanded tp include the programming tech-
niques and concepts so educators may become mote
aware of the capabilities of the particular computer
available to them in their own school environment.

One of the possible vehicles for accomplislidg
this is to have The computer teach its own CIA Ian-
,gtiage, that is. to have a CAI tutonial written to ,

teach a'CAI language. Thus, these modules could;
be included as a' part of the basic software package
gtven with each computer. This would then esVeli
Wily elitimiate theresponSibility ofottathing the
programming concepts in the classroom. .

.

The thajor ptIrpose o( this
toward the above objective by
torial designed to teach a CM
ject. arealoEtlie tutorial was t

e
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tudy was to work-
eveloping

anguagel, The sup
fundamentals

O

Hewlett-Packard (HP) CAI language called Instruc-
. tional Dialogue Facility (IDF).

The tutorial this paper discusses is the first in
a series of three. The second tutorial will deal
with the utiliyation of the IDF Editor-Documentor
(EDDOC) program, aitd the third, the use of the IDF
Utility Program (IDFUTI). The second and third
modules are currently in the pre-computer stages
of aeveltipment,

,s l ' 't ,

There are several reasons,for the development
of the tutorial. It is hoped that the tutorial will
help the "average" teacher keep pace with the 're-
pid deyelOpment ef corn/Alter technoh36*. Also, it
is hoped the tutorial will help ch overcoming the
"teacher/programmer gap" (14) amid thus, as a,
consequence, help to eliminate the shortage of CAI
material. The tutorial is also an attempt to howI
the computer illiterate teacher that, when,u &I
properly?, it can be an extremely valuable toot,

. giving him/her mo.re time to ijeZfelop one-tot-we re-
lationships with each student. It is fprtherlhoped
that the tutorial will be a "stepping stone" /or

, teachers to gain insight into the print ples f CM
.., .

and oregenerally the application of omputers in
educ tion. ..
.. e -t ,-. na.main purpose.of the tutorial Is to proviue

instrucriin'IDF so as to effectively iminate the ....,

et
ini cal teaching of IDF ulthe'tlassro Vtf din .

pi ling the tutorial, the,uster, may then attend a
cl ss or several classes or seek a consuttaat tc.):"1.-

. s ,er questions and learn some advanced tech' *

ques of IDF not-disnusied in-the...tutorial.
r-

The target Population for which this tutorial
/was developechs-that 1,4olip of educators that have .

had little or no.previntis computer programming
experience. It can,,be"llsed for both,pm-service
and in-servt-cetraining.

THe majoi instru onal goal of,theliitorialts to
provide the basic.un standin neetad tali-cite a
CAI program susingIDF,40ith the author's manual

;t;

I

e
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functioning as a reference. In addition, the module
should give the user an 'appreciation" of the 'Hai-

1 tations and enhancements a computer can offer edu-
cation. Finally; It should give the user an under-

. standing of the process involved in the creation of
computer based in'itructional material on the HP
computer.

Design

In order for the major instructional goal to be
accomplished, it was determined that ,the user

would need to study eight major areas within IDF.
These are:

A. Preparatory Operation!or Activities
B. IDF Lesion Options
C. General Guidelines of Sections
D. IDF section Options
E. IDF Units',
F . IDF Intralesson Branches
G. IDF Selective Branches
H. General Procedures of IDAF

Behavioral objectives werwritten for ch of
the areas and test.items werevdeveloped for e ch
objective. The module was then prepared accord-
ing to the specifications established by these objec:-,
tives acnd test items.

As with most computer languages, IDF is
learned by a process of "building" on the previtu,s
information given, As a consequence and based on
the behavioral objectives, the module was arranged
such that the instructional strategy lbas linear and
non-learner controlled. By using this type of in
structional strategy, it was felt the "building"
process would occur more efficiently than with
adaptive or learner controlled strategy.

Based ptrthe given instructional strategy and
the eight major areas of study; the specific module
structure was developed so that the information in
area A lseepreviods list),w'asprese'rjted before the

*-,. information in area B, the information'in area B
. was presented before the information in area C,
etc.- After area H was presented, a post-test was
admitiist cl to determine how well the student had
learned an give the student an indication of
thoseconcepts that he/she needed to review.

41 ' file testingProcedure used to determine the
effectivhness of leardin'ethat.had taken place dur-

*ing the use of the module was' the pre-test/post-test
A control group wit not used because it

was asaunied to be very unlikely that post-test per-- formance would be significantly affected by having
taken the pre-test or by incidental learning during
the time between pre- 'and;post-test and because a
comparison with another mode of learning was not
to be. made.

In developing the test,' each behavioral ()Wee-
', ci
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tive was examined to determine precisely what was
to be. tested. A test question was then written for
than particular objective. The purpose in writing
only one test qUestion per objective was to facilitate
the revision process. Thus, based onlhe item sta-
tistics and the objective, the test question and/or
related module material could be revised. Howev-
er, in two out of the forty-three objectives two
questions were written because it was felt that the
objective could be tested more adequately,

The pre-test and post-test contained, the same '
questions with one exception,. The last question in
th,e pre -test was an inquiry as to the previous com-
puter programming experience the user may have
had. If the user answered affirm'atively to this
question, he/she was then askbd to list the com-
puter languages in which the experience had oc-
cured. The last 'question on the post-test provided
an opportunity for the user to make any, comments,
ciziticisms, or remarlts about the modUle he/she
desired to give.

All testing was,done on the computer. One
trial was given for each qUestion in therertest.
Since the pre-test was the same as the post-test,
no feedback was given in the pre-test as to the cor-,

'rectness or incorrectness of answers given. The
.post-tAst had, two trials on each question to allow
for typingikrrors. HovAver, when the results
were compiled, only the first trial answer was
used. The tv4o trials for the post-test questions
was primarily a device to enable the user to correct
and/or learn from his/her errors. Feedback was .
given on each question in the post-test indicating
to the student correctness or incorrectness of the
answer. In the cage of two incorrect answers, the

answer was displayed to the student.

!Two separate testing 2eriods'were used, an'in-
Waif, testing Rkase and a final large group fArd test-
ing phase. The purpose,on the initial testing was
to determine problem areas in the module so revi-
sion could be accomplished before the large group
fiekd testing occured. .

After the'large group field testing, the scores
from the pre-test group and Worn the post-Cest
group were compared:.A t-test for related samples

,,c.1was used to test focthe di erence between the two.
Also, using the K. W:: (0, t e reliability of each
test was computed. --1,.4 I

\
t

, ' Results
4

The reliability of'the pre-test s fou
0.88 and the reliability of the post-4st was
Forty -six students completed the p4test'an
these, thirty-one:also completed the p st-test.
I

The means, 4rariances,,and s andar deviations
for each test are shown in Table I : \
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Table 1._

`Test Results

s Pre-test (N=46) . Post-test ( =31)...

I

x = 9.391 x '-, 294.581
q?.= 44.803 s2= _63.856
s = 6.694 ' . s = 7.991

The null' hypothesis te's'ted was that the dif-
ference between .the means, on the pre-test and
posttest is zero.' A tlo-tailed test with a .05

was used. The test statstic
wasefou d to be 11.837. The null hypothesis
was, therefore. rejected.

There were six items 'in the post-test haVing
lesS Than 60% of, the users answering the question
correctly . Also, there were eight items in 60,-
69.9% range. The-'temaining thirty-one items
had success rates ol.'70% or better.

The last question byhe,post-test, as dis-
cussed earlier, was an iliquiry or invitation to
the use to make comments, criticisms, or re
marks. The question was not structured in any
<manner so as to allow for the greatest possible
range of, resfonses. :

The responses obtained can be classified to
, tour general. categories::

I. Unfavbrable re4ction
2. Indifferent reaeAon,
3. Indiffrentt,..to faVbrable react on
4. Favorable4roaction

fte
The responses in categary one were those con-

- sidered to contain negative reactions to the tuto;
rial,. Category two responseswereof a nature
such that no- 'criticisms. either favorable or un-
'favorable, were made. The basiC.sfibstance of
each response in this categu'ry As, ,suggestion
or a note about a specific answer he/she felt
should ,be checked. Also include'd *in this caw-

.. gory were ideas about possible evpions Re-
sponses In catep,ry three were those that usu-
ally contained a favorable reaction to the module
and offered suggestions for possible i-esvistons.
This category contained more responses than any
other category. The responses in category four
were those regarded as having a fayonablte .

.

action to. the module. In a-fdw Ofthese re;
sponses, minor suggestions andAs- comments
absiut a particular question were ffered,
eroynost of thefe,did not con(ain any particularly
usefurideas. ." \

;\..One'idea that was found to be,consistent
througtioul all categories' basically related to the
mechanical natUre of the terminal, This was that
typing in general on a teletype is a,aiffictilt ex- . t

)
a I

g+.

z
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%

perience
ing skills
tion.
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Many also added that t eir poor typ-
was a source of considerable frustra-

Revision
1

.The data from both the"spec'fic questions and
i the last gene al question on the po -4-test provide

the informati n and the basis by w ich the module
is to be revi ed. 'It was,determin from the data
that reyisio in both the tests and e module was

L. .

necessary. .....
4

. I

If the s ccess rate was muqh eater than
chance for t e item, in the pre-hes , it was rev-
sessed . In he post-test. if .the su cess rate was,
below 60%. he item, objective an related module
material wa also reviewed . F 14a ly, if the success
rate on any, material in them ul not reIat d to
ehose examined as a corpequesise f the abo crite-
ria was lest than 85%, it was era fned. Woctunate-
ly, no items were in the case oft e latter.

In theipre -'test. two iteme ha a success rate
much greater than the chance su cess ote. These
two particular questions were e mined and will be
rewritten In one case, the4c1b4ctive was consid-
ered to b faulty and thus will iso be rewritten.

.
I

In th post-test, items 14/ere classified as Type ',

I, Type I , or Type III revls onI Type I revision.,,
occured hen an item had a acceptable success
rate (ab ve60%), but was entioned by a user or "'

users in the tomments. Ty e 11 revision was baked_ '.
on low ccess rate (equal to or+ less than 60%).
TypelW basedwas, on both low s ccess

..

and user comments.
-

" 1

rate .

OS

, In the Type I revision category, It ap'foutid
that most user comments dealt with the roblem of
typing an answer and having it rejecte by the tom.
puter. This was primarily the author' fault for not
an'ticipating' all possible,ansWers. Th s, these
questions will contain a new, larger.s of answers
to help rectify the pr,oblem. :*

The Type.il revision group, cont ned six items
that neckled.examination. Each was, und 'Co have a .

unique prbblem, not necessarily rel ed to me.chani-
cal difficulties, but more th actual learning- difticul-.
ties, Thus; each item,was examined and will be re-
written in an attempt to 414.e each particular prob-
lem .

There was only one item in the Type IIi gtO,Up.
This item h.ad'a very low success rated (41..7%) and
many comihnts. It was determined frchn tho Com- .,
ments:that the user did riot know what ,he/she was

.sUpPosed to do. A's" a consequence,**an hotructiOn
for the userwill be included with that item so that
the user may dici8rstlatid,the correct procedure for.ans),vering the item.

,

'
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Those items in the 60% - 69.9% range were con-
sidered to be of marginal succeds and thus should
be reviewed, but not classified. There were eight -
items falling within this grodp!..3nd when therespon-
lses were examin6d it was.discove'eed that one of two
errors 'had occured. The'first wSs the situation dis-
cussed in the Type I revision. The other was typing
errors that occured when the user attentpted to enter
his/her answer. Thus, to increase the success rate
cif these items, a more effective answer-processing
technique will need to be developed.

Other -revision included ideas And suggestions
given by the users. These responses.; in most
cases, dealt with the desire to have more information
in certain areas of'IDF or to modify, the manner in
w.hich the infOrmation was Presented. For example',
a-number of users desired to know more about.
EDDOC and IDPUT1. Also, some felt a greater num-
ber of diSgrams and illustrations wbuld have helped

te their learning

Summary

The major instructional goaLof the tutorial is -

that the user will be able to create a CAI program,
Using IDrwiththe author's reantAl functioning as a
refererice. This goal was almOst impOssible to meas-
ure during the testing-procedure., The measurement
of the major goal Came, in fact, aftei: the actual test-
ing was completbd. any of) the users that com-
plered the module had 'actual assignments in their
,respective classes of crating a CM mo'clule.uting
any riAerage available. Upon completion of the
module, a great number of these users otiose IDF,'' the language used for their projects. The author
talkedswi.th many of the ustreafter they had begun `,
the prograillming and after they has Tmplete'd the
modules. He-received ppsitive reaction-from almost
everyone about the IDF tutorial.. They said that it
gave considerable insight into some of the small
problems and ideas folluse during the programming.
They alsb related OW many aspects which they felt.
would not be remembered after taking the tutorial
were, in fact , recalled Aen (he actual programming
process for each began. These verbal comments to
the author gave an indication that the major instruc-
tional goal was achieved with relatiVe sucCess.. e

Even thoug h them ajor attainmelit\was
considered successful, the testing-revision CycW ,
will not be teminated. It is hoped revision
in thespreyious section will add more' oWer and

'yield better results on those portibns of the module
needing it. Thus, all subsequent Testing-reviSan
cycles will then produce only minorproblems to'be
eliminated. .' 1N-,-.._
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