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CHAPTER I
- - . ) . “0

INTRODUCTION
'Computer-aséisted instruction will .surely come .
into general use in the schools, probably within the
next decade, and possibly before either the schools

or manufacturers of CAI systems can ensure its wise
. use.l - - '

This statement raises two important questions concerning
the field of Computer Assisted Instruction (CAI);

Can it become funiversal in 'its application to teaching,

and how effective will it be? Some autquities feel

, .
that computers in general have been overemphasized and
%

that CAI is just a temporary fad which will not have a

- . P
major effect upon education. Because of this opinion
AN

the computer industry has developed a €autious attitude
about producing CAI hardware.? There 'is no doubt that

an examination of many existing systems will confirm that

A §

. they are much less sophisticated than certain proponents

of CAI would admit. And yet, "Truly riéh and sophistica-

ted environments...are practical and possible with a

lBruce L. Hicks and S. Hunka, The Teacher and
the Computer (Philadelphia: W. B. saunders Co., 1972),
p\. 21. *

2Alleh L. Hammond, "Computer-Assisted Instruction:

Many =fforts, Mixed Results,"” Science 176 (June 1972):1006.

b Z;f




.computer.

- L2
' 4
"1 7o evaluate the potential of CAI an exami-

nation will be made of its development and of some appli-
: ) .

- cations which have been recently‘created.

What is known today as Computer Assisted -

‘Instruction (CAI) is an advancement of rather simple

programmed instruction courses first developed in the )

1960“5. ‘The concept of using automatic learning tools

extends back as far as the 1920%s, and by 1936 nearly |

~

700 teachlng mach1nes had been patented in the Un1ted
States.2 In1t1ally, the technlques used were not very~

sophisticated and the subject material offered covered
N R

only those areas where rote memory or-repetitiou would

be the alternative "1nstruct1ve" methodology Eventually
the devolopers of thls 1nstructlonal technlque began to

use the computer and its programmlnq capablllty to assist
)
not only in™the process of‘haterlalfpresentatlon and feed-‘

\

" back, but more importantly in the expan51on of the

-

-~ ‘\

learning~potential offered the student.

lStuart Milner and A. M. Wildberger, "How Should
Computers Be Used in Learning?," Journal of Computer-Based
Instruction (August 1974):10.

&’i\m\

2Gordon Pask, An Approach to__ybernetlcs (New York:
Harper and Bros., 1961), p. 88.

o
WWhe
-




During the last ten years, many American uﬁiver—.'
sities have sponsored‘the development of CAI programs in-
attempting to discover more of the potential benefits
this technique might offer. The results could alter some
of the most traditional‘ﬁéliefs about educational
methodolbgy.l As a result of these efforts, some
institutions today offer standard courses which become

individually unique as a person interacts with them.

The intellectual challenge offered is far greater than

5

" was imagined even by proponents of automated instruction

B, . B

only’a decade ago.

»

.

‘Rapid technoldgical advancement in two pertinent
fields havq contributed to the increased use of CAI. The
first is-the extensioq of computer pbwer itself, in terms
ofvsize, speéd‘and cost. Vastly increased memory c¢apaci-
ties‘havégénébled'more complex program develOphent. “The

simultaneous advances in circuitry have reduced greatly

“the processing times for these” larger programs. Reduced

cost per operatlon for this bhardware has enabled the

undertaklng of CAI program deVglopment which prev1ously

would have been too COstly to consider.?

-
»

lRoger E. LeV1en, The Emerg;;g Technoloqy (New York:

2Hicks and Hunka, The Teacher and the Computer,.

"p. 20. A .

o .




4
Thé second fiéld, equally‘a§’iﬁportant, is that *
of the rémgte terminal and‘theAassociated‘télecommunicatioh'
hardware and-software technology. Development in tﬁis
‘area has been essential to the successful growth of CAI.
It has enabled a central computer to serve many students
at remote sites sin{ultaneously.l ) | T
These combined technical developments have
. motivated American eduéators to begin to develop a wider

variety of CAI applications. Assisted primarily by the

. endowment of federal funds, the university has been the
5 :

céntérlof research 'in CAI. _
. '”‘Amoﬁé the subjecé areas for which CAIfapplications
have been developed are those associdted with the field of
} business administration and management. The earliest

. courses in this field to use computer assistance .were

business statistic§ andvecohomics. Program logic was
limited to linear ér branching techniques based ﬁpon N
specifié‘factual response to queséions\or problems. 1In
this sense, CAI applications in business,subjects kept
pace with the state of the art.

Aé time passed, the buéine&s field becéme,the\

subject of a new level of computer instruction, so—calledL

"event processing." In this technique, computer symbols

lrbid. ' .

,2Levien, The Emerging Technology, p. 165.

i oo "
. - .
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~are ﬁsed té represent real-world phenpmena and students
then interact with and reépond to’these phenomena to
test out various patterns of éction. This process is

" known as ‘computer éaming.l The use of a simulated
environment~eﬁaﬁles students to deYelop pe:sonalnstrdﬁe—
gies and to test out their business and managerial deci-
sion-making'Sense. |

This gaminé process i§ an.excellent example of a

cybernetic system of cbmmunication, fecedback and control.

In his classic work Cybernetics, Norbert Wiener addresseé
this aspect of mén—machiné ingerféqe and postulates‘that
man-made machines can learn.2 This theory introduces one
of the most _.scinating aspects of CAI development: that
of a@éptiVe computer pro;ram response. In this kind of
‘program the responses are not defined in advance but

rather are developed in accordahce ‘with theiindividual

response patterns of the student.

. Reszarch Question and Subsidiary Questions

The curriculum for university business schools has
) o g .
been greatly expanded in recent years. This expansion

a

has resulted from the increasing complexity of a manager's

N

lrbid., p. 25.
/

zﬁorbé;t Wiener, Cybernetics, revised ed.
(Cambridge, Mass.: M.I.T. Press, 1962), p. 10.

)

s
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role in today's business firm or government agency. It is
essential for students of’managcment énd business to have
a sound busihess education which provides them with a
working knowledge of several fields including human:
behavior, organizational theory, financé, personnel and
electronic data processihg (EDP). This is especially‘ﬂ;
true of graduate business student;)preparing for some
specified professiocnal career field.

,~ Managers who have not had.the benefit of a prior’
formal education could alsQ,benefit from'a career deveiop—
ment plan which woﬁld includé formél courdes 'in the above

subject areas. Such career plans would enable the

businessman and manager to add conceptual knowledge to

their work experience and also to take some‘seleéted
réfrésher»courses even if tliey have had scme prior
educétion. &

It appears that CAI might bg a déeful technique
in the development of courses for business curricula in
universities-and for career developmentpin business and
government. .zépumber of business schools currently use
CAI in their curriculum: e.g., University of California

at Ervine, Stanford, Illinois, Massachusetts Institute

of Technology, Staze University of New York, Harvard and

Texas. Most of the courses currently being offered through
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G 'gAI are those where precise subject-matter definition

"is possible such as business mathematics, statistics,

.economic formula application and computer science.:

i
.

Y Relatively/gewrCAI systems involve the more abstract

-

business curriculum courses of behavioral theory, organi-

zational concepts and decision-making analysis.

-

There has/?eeh more extensive research and

'progress, however,/for CAI development in othgr non-

busingss-relaﬁed fields involving more abstract subjects.
‘These include mgdical.diagnostic doprses using the
dia;ogue methodjin CAI, hguristic games like Chéss and
bfidge, and fine arts‘such as music and poetry. 'These
laét abplicaﬁionS'are_ndt’a part of CAI techhology as

such, but do involwve computer_progfam definition and .

-~ - -

interactive dialogue between human and computer.

.o
. o

o fBecause of such recent developments it seems
+that there is great potential for the use of CAI techniques

- in .business and management; courses. This leads to the
~ -

c N J

basic research question of this thesis: - ‘ /-

To what extent will Computer Assisted Instruction
(CAI) .be used in teaching business and managerial _
dourses at the'univérsity and professional levéi’duriﬁg

t

the next five to ten years?




D e e s St e 2 et

Gt b A 5

'?has thus far been applied? . E

. business and management subjects in the near future.

8

In attémpting to address this primary question,

. %
several subsidiary questions will be raised:

7
{

.1. What have been the major trends in the

‘development of CAI, both- in concept and technid%e?

\

‘2. What are the major. areas to°whicﬁfCAI*

R S !
3. What psychological factors are involved

in the prepavation of.CAI courses, and in their; usage by

students?

L4

T 4, What are some limitationf;encountered in
] ’ “ e -

developing and offering'CAI programs in‘general?

5. What are trends in computer hardware and ]

terminal design, and what effect will these factors have -

2

on CAT usage- in the future? , - - o .
6. To what extént has CAI been effectively

used in business and managerial study to date? _' B
' Purpose and Scope of the Study T

The objective of this thesis is to explore the

feasibility of developing and using CAI techniques for

v

Conclusions and answers to the research quéstions have

v .

been based upon examination of the literature on recent

1deVelopments in CAI, and on the opinions expressed by

. . - ;
authorities in the field about its potential.

-
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. . . .
In performing this study, an examination has
been made of the'history of CAI development and Qf’the

pertinent terhinology unique to this field. Significant

terms are defined in the Appendix to the thesis. Psycho-

loglcal aspects of CAI program design have been#examlned '

since an understandlna of these lenc1ples 15 essential

to successful design of CAI bu51ness courses Considera- "
tions in selecting computer hardware and remotefterminals
were,examined since'they affect ﬁhe costiand'ayailapility

of CAI courses fez both students and practicioners'of

business. Technical details of hardware and terminals.

-

were addressed only to the extent that theyipertain to CAI

. ‘course design or presentation. .

\ ) : . . .
The subjects under consideration include those
which might be contained in the curricullim of a university
bdsiness schodl} such as: accountlng, economics, marketlng,v>M‘

. computer sc1ence, personnel admlnlstratlon, human .

v

behavioral theory, statistics, commerc1al.law, international
“ »o

=

— finance, organizational -theory and managerial decision- -

. -

making.’rCourses included are those designed for university
\\ students preparing themselves for a career, as.well as for )
. . practicing businessmen and managers.
- ' V Methodology -

Y

£ ' - ‘ One part of the research procei§ involved a

review of pertinent literature jin the field.of Computer'
' j i S . T,

3 :EMC ) . . . o ) E Sowsd e
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~activity, and has done considerable research in the field

Lsubmitted by mail to fifty large university buSiness schools

°the scope of the research that has been performed _The key N

\‘and managerial eduCation and CAI appears to have great

R ‘ 10

Assisted Instruction. This included books, recent
periodical articles and selected reports and papers o
available through thezEducational Resources Information
Center (ERIC) in Washington. Most of the other materials
were found in the George Washington Library or in the
personal collection of A. M.‘Wildberger, for whose

assistance I am.grateful Wildberger lS a Navy Commander,

carrently Head of System Development at a local naval EDP

of CAI. Another part of study included a brief questionnaire

*J’
to determine the extent to which CAI is eurrently being used.

Conclusions have been based upon both the literature and L]'

opinions expressed inTthe interviews.

1
- v . I

. Organization
'Chapter:I provides background about the ' field

of CAI and introduces pertinent terminology. The
Significance of the research question lS addressed as is

g

p01nt is that there is an increa51ng need for bu51ness

potential as a technique to help satisfy this, need
; ' CAI and concepts of individualized instruction
are examined in Chapter II. CAI has proven quite’ success-

ful in several curricula asnexemplified by the PLATO IV

P4
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System. Recenthadvances in computer'learning can be !
'attributed mainly to developments in Cl* rogrammingt
languages and in remote terminal technology. Of, the
several types of applicationsyfor CAI‘programs, the
most significant-learning-progressbis made'by'students
'wh; have a greater ahount of control over the'computer

| Chapter IIIX prov1des a discussion of the psycho—

logical aspects of CAI. fmphasiis is given to the

. importance of cdnsidering human factors when designing
systems for computer—aided learning. The limitations of
CAI programs are examined and it appears that educational'
philosophy rather than techn1Cal capability is the
s1gnificant limltation. . ' ;

Recent adbances in computerwterminals and
telecommunications are described in Chapter IV. A
51gn1f1cant development in recent years is the rivaling
philosophies of centralized versus decentralized

_ processing. These two env1ronments haVe been made possible
*,by the advent of minicomputers and the incxeased storage

and process1ng ‘capabilities of powerful large-scale

- COmputers. - Both appear to have a key role in educational

S
“

computing. - v » . ;
In Chapter V an examination has been made of
'applications specifically related to the business and

R " management field. Simulation .and gaming techniques are

discussed. Several business schools currently use some

Py
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CAI courses but more traditional methods still prevail.

Chapter VI summarizes the research findings

+

and presents conclusions.

s 0 ' Coe , : o ay
' | Statement of Hypotheses - Kﬁ ) :
) As the apalysis prg;eeds in attemptingﬂto anéwerv
the research questioﬁ, it is anticipatéd,that several
chclusions will’emérge% Research inté natural langﬁage
theory will ‘enhance the development of moxé flexible and
useable CAI languages; which will help reduce psychéloéical
barfiers to CAI usage by businegg‘stuAents and practi- |
cioners. 1In additioﬁ, increased expOSurevtovCAI should
ovércoge reluttance on the part oflcurriculﬁm pianners
and teachers. As a result mgre concep£ual énd‘ﬁéuriétic
CourSe% will be developed in the buginess and managementf
field. | .%

It is expected that advances in remote terminal

¥

and that ratheY sophisticated

»

technology will coﬁt%nue
cathode ray'tﬁﬁes (CRT's) and multi-media devi¢es will be
availablé at a reasoﬁéble prfée.' This terminal availability,
combined wiﬁh reduced coét per operaéion of central'proces%—A
sing units will allow more business students and.p:acti—
cioners to uée CAI applications once they are deVeloped.

Miniéomputers'Will’be«readily available at the local level

so that business institutions or government agencies can

Al
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| //f/,/{”, . ) o
T provide processing support for CAI courses- developed

et

centrally  or commerqgally. Advances in telecommunica-
.. | , :
tion networks should encourage commercial development

b

. 2 . .
of CAI courses which would be available! to businesses and

1 ' agencies through terminal tie-in at onl& a time-sharing
cost.

. . B

N The research.for the thesis haﬁ been performed : |

®

with these hypotheses in mind in order to evaluate et

AU [

their validity.

&




CHAPTER II

.COMPUTER ASSISTED INSTRUCTiON APPLICATIONS
The purpose of this chapter is to give an
overview of the deVeloping use of ComputeriAssisted
Instruction (CAI), of Fhe'different levels of éAi
instruction modes, and of the cost factors involved in
‘the development of a CAI system. This discussion of

computer- alded learning nnd the theory’Ff individual

instruction introduces a variety of SpeC;allZLd terms 0
which are used later in the study. (See comprehensive

v . ‘ k . . , e
glossary contained in .Appendix A.) ' , //f

Factors Coneerning Coméuter—Aided Learning
"A recnrring theme in American educatienal
thought has been the individualism of instrﬁbtien."l
Partlcularly in recent years the develop;rs of school

currlcula have attempted to enable each student to

progress at his own unique pace. The trend toward

-~

N lF Baker, "Computer- -Based Instructional Management
Systems: A First Look," Review of Educatlonal Research 4l,
no. 1 (1971) :51. -




'ﬁN

" timely.

individualized &urricula raises this fundamental question:
. ' (;.

"To what extent does society want to commit itself to

accentuating differences in cognieiVe style by individu-
N\ , ‘ ' )
" alizing techniques of teachiny that cater to these

differences?"l The advent* ol computers and their adapta-

'tion to instructional uses makes this question very

Based upon a review of recent literature, it
. \‘ )
appears many American educatous believe that individualized

instruction is essential and that CAIAcan'become a key

v

. tool in the 1nstrucc1onar proccss.
There are several reasons why CAI is received with

so much enthusiasm:

-

it respltsvin total stu&ent involvement; a person can
prugress at his own pace in accordance with his desire and
ability; feedback to response is stressed, for both the |
teaching and learning process' and,finally, it is easy to
wrlte and edit lessons from student ternlnals.% In
‘addltlon to generating such response, 'CAI has contributed
two thlngs to educational development. -Fxrst CAI has
forced teachers and course designers to spec1fy the J

conditions of learning very precisely. Second, CAI

A

"The Uses of the Computer in

, lPatrlck suppes, 250

Education," Scientific American 215, no. 3 (1966) ¢

2p. Alpert and Donald L. Bitzer, "AdVances in
Computer-Based ! Bducation,” Sc1ence 167 (March 1970) :1585.

b

CAI is a wvery ahsorblng process and ’




problems which have persisted for years.l

16

_causes the identification of many problems suitable for

~

research. Because of this latter contribution it is
possible that CAI may lead us to the solution of
\ e . .
In spite of the claims by the proponeiats of CAI,
thefe is at present only limited success and future

developments are uncertain. Yet the usage of computers

for instructional purposes is increasing each year and

it appears that CAI will in the future become a more
important factor in American education. Lxpenditures

for instructional computer usage have increased more

rapidly than those for administrative and research

purpOses.v By 1967, thirty per cent of the $228 million
expeﬁded‘for university computers went toWard instructional
computer usage. (Figure 1) Only two yearsrearlier the

corresponding expénditures amounted to only twenty per

"cent of total usage.2 In 1969, there were fifty-one

centers producing their own CAI software; by 1973 the -

number  had risen to l76,centers.3 ‘Also by 1973 over

11,. Stolurow, "Some Factors in ‘the Design of
Systems” for Computer Assisted Instruction,” in Gdmputer
Assisted Instruction, eds.  Atkinson and Wilson
(New York: Academic Press, 1969), p. 91. L : |

- |
2Lev1en, The chrglnq Technology, p.‘152.

3Guy Chevalier and Bernard Gateau, Report'on the .
Instructional Use of. the Computer, 3 vols. (Bethesda, Md.:
ERIC Document Reproduction Service, ED 092 086, 1974),
3:1. : , i '

}




FIGURE 1

COMPUTER USES IN HIGHER EDUCATION

o
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eighteen hundred CAIL programs were available from

developing institutions.4

The emergence of computer-aided instructional
techniques has introduced a series of specialized terms.

Computer Assisted Instruction (CAI) is a procéss that

includes any .activities related to using computers in an

instructional‘manner. Computer Managed Ihstruction (CMI)

is, a process which pertains more to administrative
functions and includes such factors as test preparation, -

student response patterning, achievement, level monitoriﬁg
- - I i

and curriculum planning. CAI is often used in conjunctioen

-’

with CMI. The term Programméd Instruction;(PI) refers to: -
~any type of automated learning method. CAI is—one subset

~of PI. All of these terms éré to be contrasted with

.

. .
Traditional Classroom Instruction (TI), in which computers

1

do not. play a role. CAI programs can be described as linear

or branching. Linear programs are those in which the path
~of the program Iogic is fixed, redardless of the response.
"In a branching program, the logic allows Qofﬁalternative

or looping paths depending upon a person's response. HMost

CAI programs use at least some form of branching technique.

L4

libid., p. 4l.
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Computer Assisted Instruction Use in ’ ﬁg
Conjunction with Classroom Instructlon

. The American educational system has been in a
state of development for nearly two hundred years
Particularly during the twentiéta century the public
sohool system has expangéd greatly and American

universities have increased their enrollment tremendously.

Yet it has been only during the last fifteen years that

<

'computer asslsted instructional technology has been used

-
in thé& Anerican classroom, and even today only a small

percentage of classrooms have access to CAI courses.

gicause of this fact, most teachers are relatively
unfamiliar with computer technology used in the classroom
and may have some mlsconceptlons ana even apprehenS1ons
about CAI. Such mlsconceptlons arise fron distortéd |
attitudes about a computer 1tself. It 1s not correct to
imply that a computer is like a model of a teacher's braln
and that CAI can therefors rcpl;%e the teacher. The
computer 1is an instructional resource that cah model one
or mors aspeots of an educational process.l Another
unusual analogy has been dfawn between the‘computer and

a university: "A university is primarily a system for

storing, retrieving, processing, disseminating and

lrpid., p. 67.
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creating information..; and computers do exactly the

"

same thing, evemn creating information... This creation

of information comes through research in higher.

.

‘institutions of learning, and such research potential is
. o= P

‘n

present in computer-based mathematical algorithms which
simulate real events;2

One major difference between the Traditional
Instruction (TI) environment and the CAI‘classrqom.isuin'
the area of curriculum developmenﬁ. Traditionally, the

professional teacher would prepare a unit of instruction

from an outline and, if he is skillful, would adapt his

teaching strategy during class time. In contrdst, a
team of both professionals and non-professionals

participate in CAI design. The design team can build

~into the course the flexibility des$ired for individualized

Progression. Such adaptiveness can be built into the

program in advance.3

Onc hypothesis about the culmination of computer
usage in education has been proposed _as follows:

The most important impact on educatlon of computer
technoloyy...will probably be by supplying a tool for -
finding out what we are doing, for turning anecdotal
impressionistic answers into scicentifically testable ,
ones, and so turning what has been almost purely an art

v

lRalph W. Gerard, ed., Computers and Education
(New York: McGraw-Hill, 1967), p. 15.

3

Hicks and Hunka, The Teacher and the Computer;
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into a respectable science - and without eliminating
the artistic aspects either. Research in education,
advances in educational understanding, education as
a behavioral science will, I think, be. the most
importantsoutcome.;

The significant point;bf_this\hypothesis is that it

suggests that computer-aided learning is more than just

a tecthnique :to improve teaching methods; it has the-

pdtential of reshaping the gyndamental definition of

qducation. " « ) o
, ) o A

Characteristics QT‘CAI Applications
CAI programs have been designed to fulfill a
- R . k a .

[

variety of requirements; They ‘are also written cat

different levels of comple&ity. One way to describe CAI - .

prograhs is to define them as linear or braﬁchihg,‘
depending on their.logic capability. Theré‘&ié several
- . , t .

other ways to categorize CAI applications. One freque%tly

I N . . ' . .
used taxonomy distinguishes three types of CAI systems:

'dfili ahd- practice, tutorial and dialogue. A drill and

practice system supplements the reqular,curriculumf It

offers the .student an orderly way to master various fact

©

or algorithms which educators feel must be practiced to

be learned well. Word recognitiqn, spelling and basic
e 8 . o ’ o
mathématic functions are examples

f material appropriate

for df&il and_ﬁractice prog}ams. In a tutorial system the

computer assumes the main role in the teaching process.

/

Y Gl . ~ 3 "

Gerard, Computers and -Education, p. 14.
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Frequently extensive-branching techniques are usedkso-that

a student can complete the course work at his own pace.fJ

Technical training courses have used tutorial CAI systems

-with success. A d1alogue system 1s more advanced than ,f

e1ther drlll or tutorial in‘that the response pattern of

the program is controlled by the student. In such a svsteﬁ

it appears t“at the student and computer are engagdd 1n,

2

a question and answer sess1on. (Figure 2) One major;/a

~
orobltm in deslgnlng a dialogue’ or Socratlc system 1s

for the” computer to recogniz recisely what questions or
. , P :

responses have*been entered | lf .‘ | '
“ Anotheriway to class1fy CAI sys stems 1s by the
type of requireﬁent or. need they satisfy. First, there
are systems designed for problem solving in which the
student attempts to solve a spec1f1c set of computatlonal
rroblems u51ng a procedural language llke FORTRAN. ThlS

implies either that FORTRAN routines must be defined in

...advance and stored, or that.they are to‘beideveloped by

the student as specific problems arise. A second need

’

’ g
.is for the familiarization with and mastery of various

¢

.
facts or; patterns. Drill and practice systems are designed

to helpﬁé student athieve such mastery. A third type of

CAI system can be called inquiry or data retrieval as’

\

il
I

lSuppes‘, "The Uses of the Computer in Eduoation,"
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FIGURE 2:

PHYSICAL l\m"(ﬁme”?
Fine, What in particular would you like
to hnow? GMPUTER )
. CUEST FNAM?Y
It is common practice’ in the medical
profession to begin an examination by
cheeking the patient’s general appear-
ance. .
GENFRAL APPEARANCE?
Acutely prostrated, lying in ped on his
right side. Looks acutely il sweaty, ap-

“prehensive, but alere. Parovysmal cough,

bringing up a little rusty  streaked
sputum. Breathing with difliculty,
EENT EXAM?

Check all of the vital signs first!
TEMPERATURED .
103. -7

B1 OOD PRFESSURL?
150 34.
PULSE?

* 1006 2 minute. Oceasicual extra syStole.

RESPIRATORY RATE?
20 o minute and shullow.
[Several requests and responses have
been deleted from the divlogue at thiy
point for the sake of frevity, including
uuut'h(umes abouts abdeminal, «hest,,
mul eye-var-nose-throat exarinations. |

‘couGn? .

Yes, developed yesterday.

BACKACHE?

No.

HEART EXAM?

Not enlurged to pcuu‘mon but low-
- grade systolic mirmur 1\1 apex. Other-
wise nornxil.

ABDOMINAL EXAM? .

Diffusely tender, some splinting noticed
in lower right quadrant and occasionally
radiating to right flank arca.

THE GRIPPE.

" There's insuflicient information for any
conclusive diagnosis at this time. You're
not being careful!

MUSCULO-SKELETAL SYSTEM?
Essentially negative, eacept for general-
ized weakness and aching.

EXTREMITIES?

Normal, except nail beds are question-

SOURCE: John A. Swets "and W. Feurz-.g,
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ably cywnom. but difficult ta determine
hecause of patient's skin color,
RECTAL EXAM?
You're not being carcful! The p.ulcnt
is too ucutely il for a rectal examina-
tion.
LABORATORY REPORTS?
Fine, Which lab tests would -you like
to have done? : '
RrBC?
A red count will be done. Results will
be sent 1o you nis soon as possible.
wiac? .
The WBC wil be taken.
[l)(*fvlvd: reqitests for laboratory, tests
such as wrine, v-rays, and blood culs
ture, and the resulrs ol these rests proime-

2

iscd by the computer.}
NOSLAND FHROMT SMEAVR AND Clf-
TURLY -

They! B, be ordered now: " When you've
: ru]uutcd all the tab reports you want,

Iet me know thiit vou're ready to pro-
seeed,

PROCEED,

You may want repeats op some of the

fah work, Would vou-like 1a alert the

wight nurse to set up the Iab tests you'll

Want 1o see AGmorrow !

Yis.

Goad, That will speed things.up. flaw-

ever.-there’s nothing turther that can be
done tonight to hetp the pRient. Let's

call i quits tor now. Perhaps you'll be

in o Lictter position to diagnose the case

tomdarrow  ulier the tirst tab reports
comé in and. vou hase reevamined the

patient. Have a geod nizht's sleep and

whee vou're back on duty tell me 1o
“proceed.”

PROCEED
ir's merning and you're making \m.r
rounds. You've come 1o our patient an,|

e niven the night vurse's report:’ Tems.
peratire ©remained  high  but  patient
spent_ g reasomably comportable right.
Cough diminished but persist-. Oceae

sional traces of blood in sputum.” Patient
still dyspoeic and>still has pain’ in abdo-
nen. The seeoad series of fab tesls was
initi. |lcd

[

‘"Computer-Alded Instruc—

CAI DIALOGUE SYSTEM

Some  of  the - lirst ot fab
seports e Just conwe g unme exam,
wetticent taid Tor analvsis: RBC, §
mnllion; WHBC, 1550 dilhluui.al <hift
1o el When the ather tepeits are in
you'lll be notiticd. Betore proceeding
with the reexamination it might be in-

series

struciive 1o pause und consider the diag-,
nostic implications of “the information”

at hail, Perhaps you think it too carly
to dreive at  any Jelinitive conclusion.
On the other hand, you may be pre-
pared o make the diagnosis now, Arg
you?

NO. .

“Fine. Nevertheless, we've got a fair

amount  of information — at least

enough to raise some, perhaps severl, -

diagnostic possibilitics. Have you any
in mind?
YES. S
Name one. i
PULMONARY INFARCTION,
Fine. Pleural pain, dyspaca, fever uml
the physical exam signs and symptoms
are certainly consistent with pulmenary

. infarction.* Do you- think that shakin

chills and the presence of rusty sputum
further support this diugnosis?
NoO.

Right. Though the white count is con-

sistent, isn't i?

No. .
Wrong. The white count is consistent.
This should further support your diag-
nosis, We've considered one possibility,

Do you have another diagnosis in mind? -

NO,

s In that ¢nse Fd like to talk about viral
.“pneumonia. The tachycardia, high WBC,

clevated respiratory rate, shaking chills,

hloody sputum. and severe pleural pain -

all Jend weight to lhal dl.lgnosxs—ngh!?
YES,

You're way off base. There's pot an iota
of truth 10 any part-of what I just said;
in fact, the opposite of what 1 said is
true. You'd better review some cle-
mentary medicine, doctor. .
[Deleted: the results of some laboratory
reports reque sted the prc\wur day.}’

tion," Science 150 (October 1965):574.

“
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exemplified by'library éelleetions_aveilable'from-n
‘é. term@nal_or the New York Times Index system. This type
E pf CAI usage provides the student with research‘capability
. to supplement other tethopk or lecture materials. Finally,
the‘computer may be used for sinulation and‘gaming
techniques in thch"some real-world phenomenon or-prbcess
is represented symbdlically in the COnputer, usuyally hy
a series of mathematical alcorithms. The intent in this
type of CAI system is to prov1de an opportunity for the
student to test out- theories of problem solving in ;
simulated environment.l .
In yet anotherﬁtaxenomy of the types of CAI
systems, a. close correlation has been measured between the
1ncreas1ng student control of the program and the capab111ty
- of the computer that is being- used. (Flgure 3) The
significance of this correlation'is'twofold: firsti that
CAI systems will be enriehed if they are designed to use
a word and event pfoeessor, rather

l

than merely as a calculator and brancher; and second, that

the computer's power as

the CAI\technique itself becomes much more powerful as the
student participates in specifying themcontent‘andi
dl*ectxon of the prograﬁs.zc This emphasis-on student

'1nvolvement in the de51gn and presentation of CAT systems

o

lStolurow, "Some Faétors in the Des1gn of Systems
. for Computer Assisted Instruction,” p. 81

2Mllner and Wlldberger, "How Should Computers ‘be
‘ ~ e Used/ln Learning?,"” p. 8.
O ‘ ' . S :@ ’ " ’ N
‘ o EN’C . < . } ‘ k )

K
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FIGURE 3

) CONTINUUM OF INSTRUCTIONAL{USES oF COMPUTEﬁS

T

STUDENT DESIGNED AUTOMATION : /\;
STUDENT DEVELOPED SIMULATIONS
OF REAL SYSQFMS ORr PRQGESSES
. "Information | OPEN-ENDED PROBLEM SOLVING
; Structure / (Student Solution of
.Oriented" / Student-Posed Problems)
- or / .
, , Student- % STUDENT OPERATED AUTOMATA
= ~ Controlled ) .
Learning STUDENT DEVELOPED TUTORIALS
EXPLORATION OF SIMULATED ' = - i
SYSTEMS OR ENVIRONMENTS Increasing o
(Computer Simulated Fxveriments) Student
, ' , - Control
N : \ENTERACTIVE INFORMATION RETRIEVAL
COMPUTERIZED INDiVIDUALLY o o

PRESCRIBED .INSTRUCTION

CALCULATION .
\ "Frame ' (Electronic Sliderule)
‘\ Oriented” ' _ '
. or , TUTORIAL
Computer Computerized Programmed
\  Monitored Instruction)
ustruction : '

'TESTING AND RECORD FILING

DRILL AND PRACTICE

SOURCE: Stuart Milner and A. M., Wildberger, "How . A
‘Should Computers Be Used in Learning?," -
Journal of Computer-Based Instruction .

(August 1974):10. '

v
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bas Brought fortn'the classification called dual and

solo modes. Thesevmodes ara analogous to tne situation
 of an airplanc pilot who needs an“instructor present at
first (aual), but who later makes his first flight by uim—
self (solo). There are four levels of CAI progression,“
two in éach mode. They are:

: : : :
a. Category I - The student receives information from
the computer, responds appropriately, and then branches
to the program logic corresponding to 'his responses (Dual)
b. Category II -~ There are only general constraints

on the subject matter,by~the computer} Within’the'overall

framework, the student controls the specific application.

'This mode has been called learner - directed CAI (Dual).

c. Category IITI - The student'deyelops his own programp'
to assist him in the learning process. This is learning-
devised processingf‘Soio). |

d. Category IV' - This is a serendipitous mode wherein
_the studentfs program creates knowledge in the sense that
it illuminates others. ‘This mode has beenylabeiledﬁ

learner-organized learning (Solo).l-

_lThomas A, Dwyer, "Sonme princ1ples for the Human
Use of Computers in Education," International Journal of
Man-Machine Studies no. 3, (1971):225-26.

]. sboe
. .
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Recent Advances in CAI Technology
" The extension of CAl‘to new subject matter and
.Wider eduoational use has produced a series of advances
in the last few years. One of the most important
developments has oome in programming languages for CAIL
usage. Programming languages tailored for'use ind
inhstructional systems are‘auailable in ever-in;reasing
-nunbers. Durlngjthe late 1960's scholars and systeﬁ
designers developed several languages which were adabted
froﬁ existing compiler languages.» For example,'FORTﬁAﬁ
was used as a starting.ooint for developing aalanguage
simpler to use withoutza great deal of experience.
The reSultinguproduct was calléd QUICKTRAN and this
language is suitable for both CAI and conventional EDP
systems. Approximately twenty such-adapted languages
have been developed (Table 1) More recently another
group of programmlng languages have been spe01f1cally
designed to be CAI,author languages. At least a dozen
such languages belong to this category.l ~These"CAI
author program languages provide several features not
afforded by the earlier adapted compller languages.

First, they aregmuch more sensltlve to potential users

‘who may not be knowledgeable in EDP programming teohniques.

<

lCharles H. Frye, ."CAI Languages' Their
Capabilities and Applications,” Datamatlon, September 1970,
pp. 318-19.

sbne ' .
1 . Y

P Yw!]
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EXAMPLES OF CAI LANGUAGES

k4

,Languége Developer Language - Developer
ADEPT International FOIL University
Business Mach. of Michigan
APL ' Science Re- INFORM Philco-Ford
search Assoc. ~
BASIC Dartmouth JOSS  RAND Corp.
College :
CAL(UCI) | Univ. calif- LYRIC Computer Ass-
ornia/Ervine isted Sys, Inc.
- CAL (SDS) Scientific MAD University of
' Data Systems. ‘ Michigan
CATO ‘University of || MENTOR | Bolt Beranek
Illinois ' and Newman
COMPUTEST University of OPL M.I.T.
o Cal./San Fran. o .
| COURSEWRITER | International PLANIT Systems Devel-
Business Mach., o opment Corp.
‘ o . B T -
.DIALOG Technomics, - QUICKTRAN | International.
Inc. Business Mach.
ELIZA M.I.T. “TELCOMP |, Bolt Beranek
and Newman
* CAN Ontario Inst. TINT ' Systems Devel-
in Education opment- Corp.

)

SOURCE: Charles H. Frye, "CAI Languages: Their Capabilities

and Application
pp. 323-24.

',-}
ar=t .

s," Datamation, September 1970,
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Both the author and student can learn thém more quickly

-and more feedback is provided_during course development.,

These CAI author languages offer much bettér lesson
handling capability, in that they automatically structure

output data‘'and specify clearly the conditiqns for.input.

Most of theSe languages“pfovide several record handling »

.features_inclﬁding the compilation of historical and

statistical data and presentation.of pertinent information

to both the student and teacher based-upon the stored data.

Conditional branching techniques - are much rore sophisticated

—— 8

because no£ nly.do they -adapt to' the alteration of.

“instruction sequence by the use of various counters, but

they also-are sensitive to the student's prewvious set of

responses. Finally, the- newer CAI author languages have

K

complex answer matching service routines. _This factor

is significant in that such routines provide for : <.k

| e G -
résponse recognitioen by the computer. Techniques™used for

oy,

response matching include key word, partial, .phonetic and

¢character string.

Another major factor 'in recent CAI development is

in remote terminal technology. Advances in this field

_have enabled CAI systems to take advantage of the larger

and faster central protessing capability. One recently- .

developed systém which has used a variety of remote

l1pid., pp. 320-22,

e
LYY
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terminal media is TICCIT (Time-shared Interactive,

Computeerontrolled Information TeLeVision).’ This

system, a combined effort of MITRE Corporation, the

University of Texas and Brigham Young University, uses

a Sony CoIor T. V. Display. This_terminal can present

'dlgltally generated characters and graphrc displays in

a multltude of colors. Also, pre- recorded audio and
7 _
video tapes can be switched to the terniinals.l
Another system to explore the use of new techniques with

remotertermlnals is PLATO IV (Programmed Logic for

Automatic Teaching Operations). Developed by

Donald L. Bitzer at the UniVersity of Illinois, PLATO IV -

is the most widely known CAI system. PLATO IV has

achieved this distinction for several reasons. Now in
its fourth level of development, the PLATO'system will

ultlmately prov1de CAI access to four thousand termlnal
- N

users simultaneousl The system is centralized in that,

. all computing power and services are provided by one

-

central facility. The hardware and software combination

is so well integrated that response time to any remote
requestfaverages less than one second. The PLATO IV

-
-

lC Victor Bunderson, "Team Production of Learner-

Controlled Courseware: A Progress Report," Proceedings of

the International School on Computers in Education,
(Proyo, Utah: n.p., 1973), p. 3.
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nctwérk of services provides céhrses for many_qcadémic‘
levels (pre-school td g%éghaég university) in a‘wide
array of subjetts, including businqu courses. One
unique feature deVeloped‘specificaﬂly for PLATO IV is

the plasma display panel. This papel, which serves as

the primary terminal screen for the student, contains

ionized gaé imbeddéd between Fwo glass sheets. Extensive
color graphic deéiction is pé;sibié on the plasm; display
panels. 1In additién, PLATO possessé5>tquindependent
capabilities called the electronic book and the electronic
blackboard. The book gbntains;hundreds'of slides or

pages instantly available on the plasma panel; The

Lo

student can depict certain characters and plot straight

line segments on the blackboard, for computer analysis

or retention.l" ;

Application by Subject Matter and Educational Level
The earliest CAI courses were developed for

those subject areas susceptible to the primary drill and.

practice routines. These include arithmetic and algebraic

. mathematics, spelling and word recognition, and technical

training fields.> But CAI course developnent has spread

rapidly into many other subject areas. In the field of

lI\llen L. Hammond, "Computer-Assisted Instruction:
Two Major.Demonstrations," Science 176 (June 1972):1112,.

2Hicks, The Teacher and;the Compu£er, pp. 36-37.
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mathen;tics, coufsewdrk”prepéred for compuﬁer assistance
includes gecmetric graphic)displays, compiex matrix
algebra anadsef theory of the "modern math."l Applica-
tions in_the sciences have provén extremely useful. In
chémistry, programs are nused for~simple'equation balancing
as well as”for tﬁé complexities of qualitative analysis.
Simulation of phenomena in‘the.world of physics allows
students to test out theories’on a screen which would
oiherwise'be statichpictures and words ip a text booﬁ.
Medical diagnosis has lent itself Well té interesting
dailogue-type CAI applications. Both video and audio

‘-

techniques-have accompanied such programs to recreate .

more vividly medical symptoms that are under the student's

analysis.2 -The Los Angeles County General Hospital has

had very successful resuLtg,uéing a computer—-controlled

mannéquin called "Sim One" to téach anesthesiology.3
The applications developed for CAI course work
have spread into less well-structured fields as well.
Subjects include éddcaEion, law, social SCiences;‘
architec;gre, psthology and business administration.

There were over seventeen separate fields in which CAI

-

lbid. A
21bid.

3Chevalier and Gateau, Report on the Instructional
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courses have been used. Some 13,400 programs were’ -

/'/‘ ’ {

available”in American universities as of 1967. As of

that time three academic fields stand out .as the major

CAI usefs. These are englneerlng, computer science, and
bu51ness and,commerce. Together they comprise over
three—fourths of studentvparticipatgon and expenditures.l
CAI courses have been useo at all levels of
education, from»early'primary grades to uniﬁersity
graduate programs. When computer-aided learniné lias been
introduced into primary and even secondary schools, it
, 1s usually a result of a unlver51ty or federally quded
research project. For example, the Massachusetts
Institute of Technology (MIT) hesﬂoevelopeé a computeri
: driven mechanical device called a’tﬁrtie. (Figure 4) The

turtle can perform three basic functions: advance a

specified number of units, rotate a set number of degrees, "

and leaveé a penharked trace of its path. The researchers
at "IT have used the turtle to let grade school children
experiment with concepts about geometry and numbers in

general. These scientists are attempting "...to put

children in a better position to do mathematics rather

lLevien, The Emerging Technology, pp. 178-79.

“ »
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FIGURE 4: PAPERT'S "TURTLE"

| "'“;:%»‘vd L e ) Dusunsl i

3
%

&‘.S.. RN LB e

e The picture shows one of -our turtles . ... so-called in honor
of a famgus species of cybernctic animal made by Grev Walter, an English

‘neurophysﬁo]og1st Grey Walter's turtles had life-like behavior patterns

built. into its w1r1ng diaqram. Ours have no behavior except the ability . ~
to ob.y a few simple ‘commands from a computer to wh1ch they ae attached
by a wire that plugs into a control-box’ that connectr to a telephone
line that speaks to the computer, which thinks it is talking to a
te]etype SO that no special system programming is necessary to make
the computen talk to the turtle. (If you'd like to make a fancier
turtle you might use a radio link. But we 'd like turtles to be cheap
enough for every -kid to play with one.)
The turtle can send signals hact to the computer. These
signals appear Lo the computer just ]ikev;he signals from a teletype -- so,

..again, no special system oro.-amming is necessary to make a turtle talk

to a computer. whcrc do the signals comc.from?' They are generated by -
sense organs atlached to the turtle. Our turtles do not have a fixed
set of sense organs. Rather, they have inlets into which one ‘can plug
wires to attach any sense organs one is clever enough to make. Touch

sensors, 1ight sensitive cells and sound detectors are obvious examples
that require viry little cleverness. Accelerom:ters and t\lt”detectors
lead to more sophisticated fun.

Turtles can have effecctor organs as well. The activitics
descrIbed here use only a simplc one -- a pen located at the turtle's
center, which can be lowered to lecave a trace of the turtle s path, thus
turning 1t into a remarkable geometric instrument.

SOURCE: Seymour Papert, "Teaching Children,Thinking,“

Programmed Learning and Educational Technology
9. (September 1972) :248 passim LS
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thaﬁ merely'to learn about it "l IA another example,
the Mon?@omory County Public Schools embarked ugon a

" researdh project in Y968 to 1ntroduce CAI courses .

into all‘Teveis of.the county curricula on a limited
, _

hasis. And finally, thelUniversity of .Pittsburgh

developed%several courses for the local puhlic“schoolu

A{\

| ' system.3 Some of the research findings will ‘be

discussed in Chapter 'III.

A - A much greater proportion of CAI systems were
~ - available on the university campusq‘mostly.because of
the increase in the numher of computers and the

emphas1s upon educatlonal research in recent years. As
13

" of 1967 nearly,400,000 American un1vers1ty:and .
A ' i ) » ~ ,ﬁ

graduate students were enrolled in CAI courses.4 &

& _ | An Assessment of CAI Costs

®

. In order for a CAI system to be successful, it

§

mist be oarefully desioned to fulfill specific requirements.

<

Also the presentation methods.must be well-conceived sc

. .
- . “
. >

,1Seymour Papert, "Teachlng Chlldren To Be
‘Mathematicians vs. Teaching about Mathematlcs,' Internatlonal
~ - Journal of Mathematical Education on Science and Technologx
e 3(1972) 249, . . -

- " R
- R »p

2alex Dunn and Jean Wastler, Computer Assis:ed:
Instruction Project: Final Report, Pro1ect Reflect Tltle III,
ESEA of 1965 (1969 71). “\

. 3DWyer, "Some Prlnclples for the Human Uses of -
" « 2 Computers in Education,” po\ 216- 39 passim.

4Levlen, The Emerglng Technology, p. 178.
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that-the design considerations can be implementéd

'y

properly. Another aspect of CAI that ‘has a'significant

effect upon its development and usage is the associated

- cost. If costs are too high, sponsorship of 'CAI develop-

ment -will not'be enthusiastic and widespread usage will
" . ::' [ .
be difficult to, achieve. S

-

" Therefare tour major costs factors to be
considered in the désign 5f'a CAI system: system\deveiopf
ment itself, inciuding’%%asibilityﬂand planning time;

. lesson preparetion;ilesson presentation techniqdes;

and termlnal operatlon and malntenance 1 As the develop-
ment of - CAI systems approaches the p01nt where they are
available to a number of users’ through aktlme sharing
service, the cost factors can be v1cwed from .a dlfrerent
viewpoint. The viewpoint is that of a potentlal user

h Who will heve to consider how qostly Car systems er

programs will be to use. Ore cost factor to be considered

° ¢ v

B, 3 oot - " .
is the computational requirement which includes the amount
of primary and secondary storage needed as well as the

cost per operation of the central processor; Although

v

-

storage requlremonts and computatlons in CAI programs

-

“have tendeqrtg;lncrea se 1n recent years, pro;ected

e

declines in cost by a factor of one hundred for these

\

features wili more than offset the increased require-

ments. Another cost factor is the telecommunication
. : - : 3

L%

N ’
‘ R. Simonsen and K. Renshaw, "CAI...Boon or
Boondoggle?," Datamation: March 1974,/p.-90.'

1
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R

and transmission facilities that will be needed. Geographic
location is an important aspect of this factor. Costs

will be minimized if the‘host computing center is located

on the university campus, or within the commercial or

N - government facility. The most costly factor of- a CAI
o v ) ' ? .

Lo

system is still €.t developing the instructionald?

7

software. The cMkcept ahticipateé in the future is to

LY

develop CAI systems and store them on a library for
widespread use, Although course preparation costs will
rise slightly,zexpected usade expansion will reduce the .
cost&pe: student hou;; " This development cost will'become
proportionately higher és hardware-related costs céntinue
to decrease. A final cost factor.to be"coﬁSideréd is that
of supporting serviqes} These include costs associated
withzinstqllétion fécility management and rel&ted
supervision. Such costs could increase as more specialized
materials are required in CAI applications.l In summary,
it is 1likely that the costs to use CAI will deérease during
the coming years. Early.courses éost as much as fifteen
dollars per studené contact hour, PLATO IV has been

- estimated ét‘ﬁwo dollars per hour, ahd ", ..1t appears' that
costs of fifty cenia,ber student hour will be availgble

-

to institutions of higher education..."2

S { -

4

v lpevien, The Emerging Technology, pp. 485-87.

. 21Ipid., p. 487.
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- ©'CAL is relatively new as a technique® in American
educatiqn. "Its introduction has ;éised significant

questions about the conceptvof indiGiddalized insgructiop

E

e e T e . I Y o Ceee et
since CAI is<potentially useful for this purpose. Most
users have been very énthsiastic about CAI and, in spite
of limit?d use - to date, its applicétion is increasing.

- CAI can be a powerful instructional fesou?&e in the
cducational process and some propohents believe,itfcan
significantly affect E;adjtional inﬁtfuction methods.

CAI can be devéloped at severa}-levéls of

3

complexity including"drill and practice, t'torial.and

dialogue. CAI systems also are designed to satisfy such

. , ' |
requirements as problem solution, fact rétention or mastery, =
‘data retrieval ‘and research using simulation techniques.

It appears that CAI has a more significant effect upon ' .

L] +

s ) St e i A b . S8 ot o Al

- students who have a greater amount of control over the

[N

; _ computer and program routines to be developed.
Recent advances in CAI center around prograrming
. ' ) N . ﬁ Iy
languages and remote tgrminal technology. Newly £ :

developed author languages specifically tailored for CAI

Il

i ‘ “usage are user oriented, provide extensive lesson handling

‘capability, compile statistics, offer sophisticated ]

~

'branching and havevcompiex'answer matching routines. A

- - . . ‘ B N
: .“‘T: . N

2laae ate
. . .
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variety of advanced remote terminal features are available
in many systems, including TICCIT and PLATO Iv.

e

Most existing CAI applications are used for drill

“and practice routines, engineering, mathematics and

science but some research has been péngrméd in less well=-
. o ' ) -

“structured subjects such as education, law, social éciences

and business theory. CAI programs are available at all

levels of education, from primary grades to the university

graduate level. v . : .

°

Cost factors to be considered in CAI systems
include computation, communication, ‘courseware devehbp—
ment and suppéftinq services. As CAI programs are stor%i/;/

in libraries that are available for~widespread usage, ‘4ﬁ\

-

Rl

the cost per student hour is likely to decrease

considerably.

7
°
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PSYCHOLOGICAL ASPECTS OF THE CHARACTERICTICS OF
‘ COMPUTER ASS;STED INSTRUCTION

”‘Authorities generaliy agree‘that many -people have

.; _ a distorted idea of yhat functions a\computer>can perform.
% The‘ayerage person's exposure to a computer includes snch‘

; _ experiences as credit and billing systems, annual voting

tabulatlons, and automated tax returns. When such opera—

tions run smoothly, people pay. very llttle attention to
them. When a malfunction occurs,.however, people tend to>
ascr1be nearly human attributes to coﬁputers, seemlngly
unaware that the computer ‘only responds unemotlonally to
loglcal instruction sets prepared by human belngsg’ It is
mostlcommon for~people without some exposure to a computer

‘environﬁent to misinterpret the statement'“The‘compnter
broke down." They fail to reallze that this usually means
a systems analyst .or programmer has. 1mproperly defined a
.procedure or miscoded an 1nstructlon or that incorrect .

'data has been 1ntroduced into the system Such miscon-

- ceptions  are prevalent enongh that they may affect the
zattitude'of persons encountering a computer terminal for
the'first time. _University bnsiness students and
practicing managers and businessmen should_be able to

<
£

Y . Lo
v . N
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2 . have Computer Assléted Instruction (CAI)“programs'that
have been designed with concern for human.psychological

N  factors. Pertinent to.this'Subject are basic considerae'

tions of the man-machine interface, including problems

associated w1thlcommun1catlon patterns. These aspects
are all'related to{the_science of cyhernetics‘which deals

’ - 4

with the study.of. communications and control in complex.

systems. ‘ ) !

1
\

Hnman Factors of Man-Machine Interface
Today, there are two major approaches ﬁo educatlonal \
' innovataon. The flrst may be ‘considered a humaplstlc ap-
proach in which the teacher etrlves to make theisubject
matter‘relevant~to the student; The content of)the -
material to be presented'motivates’the student:to learn if
this technlque is successfully employed The second |
approach 1nvolves the use of computer technology where pro-‘
ponents strive to motlvate students by u51ng the capability
of the computer to enhance more tradltlonal methods of
instruction. At flrst these,two themes seem to contradict
one another. &et if educators can properly combine~the tWO;
the common goal of‘an‘effective'teaching/learningbenvironment
.can he'achieved,'tThe educational process must be‘based
upon general prlnclples which can accommodate the humanistig

goals. In turn, the principles can be imbedded in- speclflc

.applications presented in various modes of lnstructlon to




4those us1ng computer’ technology.

One factor that will play a s1gnificant role in

_the influence of CAI on”American'education is that of -

man-machine communications. Effective communication is an
essential element in any smooth functioning, human ‘process.
Communications problems which arise in interpersonal

relations are difficult enough to solve, but such problems,

- become even more complex in the human-computer interface,
TheﬁfilmA"ZOOl: A Space‘odyssey" introduced to
'the viewing public a very unusual computer named»HAL, and
: at the same'time_pdrtfayed some strange effects of
‘miscommunication between man and computer. HAﬁ assists
its human astronaut in a space flight, performing many
complex functions.l As thé(itory develops, the communi- ' »%
cation between HAL and the astronaut breaks. down and HAL ' ;
begins to display human-like emotions. Eventually HAL
becomes malevolent and tries to destroy its human companion.
‘Certain real computers haye performed many of the command
~and controlyfunctions which HAL executes in the film, but
one basic difference is the way HAL receives its commands.
Atlfirst the communication mode is oral, then by facial
‘expression, and,ultimately through.basic human.emotional

pérception. The bizarre saga of HAL highlighted a fact

which‘is still true today, that human-computer communication

[

? 1

DWYGr,’"Some Principles for the Human Use of ;

. ' Computers in Education," pp. 219-20. o, |
v ) N 1
A ) . }" i

. i
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is ...unnatural and 1nefflclent.

In spite of this fact there ‘has. boen llttle %ﬂ/
publlshed research to date dealing -with man;machlne
communications. One eXCeptlon is the study that Alphonse

W

Chapanis of the Johns,Hopklns Unlvers1ty has undertaken.
He has experimentéd/@ith all modes of oomminicationslamong
various groups of people and has concluded that the voice
.channel is much fester than any other means. Aas he began
to apply‘his.eXperiments-to a computer, he highlightedﬁand

described the machine's intolerance~%f human error or

variance. . Although voice response has been available as

output from computers for some time (for exihple in the'?ell

Telephone System which uses audio formats for new customer :
listings), computer recognition of human voice input has

been more limited. - IBM has reoently developed a specialized
\

'computer that can respond to over - th1rty spoken ‘commands .

ThlS example of voice recognltlon is prlmltlve when

‘compared to what will follow in the future.?2

The element.of man-machine communication.is a key
factor 1n the development of CAI appllcatlons. The follow=-

ing two examples demonstrate the value of effectlve student

3 i
§ E

lugow to Talk to a Computer...and How to Listen
When It Talks Back," Johns Hopkins Journal (Winter 1974):3.

2

Ibid.
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computer interaction. In- one case, the studént is‘totglly
-absorbed as he perfbrms a chemical synthesis'experimenti
He is' in complete control of thé‘command procedures and
feels almost aé if he is dealing with a laboratory
technician who will execute his commands. Pefforming the
same chemical exXperiment, another student shows‘a_maximﬁm
consciousness of the mechanics of the process. He is
continually séarching through manuéls to find‘the proper
insﬁruction commands to execute requésts. “His attenﬁign
is not on the priﬁary task of the chemical syntheéis, Sﬁt
on the -secondary task ofﬁéurrpunding mechanics and
techniques. The latter, example seems to be mofe repre-
sentative of‘existing CAI applications. CAI designers

L RN .
must cégefully study the communication procéedures so

‘ L2 : :

that the primary learning task does not become subser-

vient to the computer itsélf.1

Cybernetics and'It%sgelationship to 'CAI

Cybernetics is the science that deals with the
study of compléx systems and comﬁuniéations with an
emphasis on thé action - feedback i adaption cycle.

-

Norbert Wiener's clasic work Cybernetics written in 1948

introduced this science to the publié.;vIt was a prophetic

~
1

'lE. N. Adams, "Technical Considerations in the

Design of a CAI System," Programmed Learning and
Educational Technology 9 (September 1972) :263.

0
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book in that it dlscussed at .length the potential o
£
complex mechanlzed systems at a time when the flrséaiomputer

was just bexng tested. Since that time many 'scientists and

'psychologists have performed ektensive studies comparing

computing systems to the human nervous system, in an attempt

o0 better unaerstand the brain. A cybernetic.modgl

apply to many types of systems or processes, including
both mechanlcal/electronlc and human/soc1al systems. A
generallzed cyberpetlc model is depicted in Figure 5.

Every cybernetic system has some control point at the

[»]

_ center of the process. This may be a person, an organi-

zation, a machlne or a component part. As this control

K o
o

functlons, it acts or moves based upon stimdii it rececives-
from various external sources. The process iterates
continuously as long as the control point exists in terms
of the cybernetlc system deflned.

1
Cnapter 1I aiscussed tne’Y?rlous instructional cate-

gorles of CAI systems,'lncludlng the dialogue or Socratlc

-mode .+ It is this dialogue mode that offers the greatest

4

learning potential by use of the computer technology. A
dialogue CAI appllcat;on is an example of a cybernetic _
.;4"',"3

system. In this type of application both the student and

the computer can be considered alternative control p01nts.;

lThe term computer here is used to include both
the hardware itself and the program routines that control
it. ' :

v A
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FIGURE 5
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The student is by intent thé center ofAthe system. It is
for his or her benefit that CAI exists. The student
evaluates the c0mputer'é-é§atements and questionsxand
.responds as is appropriate. The dialogue continues in
‘this manner with repeatéd feedback‘and‘respohse. (Figure Gf
During the course of the dialogue the‘adaptiVe‘program
thiuates outside stimuii (stﬁdent responses) and alters
its logic corresponding?y.’ In a sense, then, the computer
can also be described a% a control point since it also
functions in response to external stimuli. (Figure 7)

A CAI system whiéh can formulate questions and
respbnses based upon general principles rathe¥ than on priox
complete specifications is calied a generativé sfstem. The
more highly generative a system is, the more independent
it can be from specific subject matter. There are four
baéic,elements to é generative CAI prdgram: memory,  which
consists of predefined facts or data immediately available
for recall: reasoning, based‘upon related mathematical~6r
logical algorithms; inpu€ or student responses; and finally,

3

i v output or feedback to the student in terms of statements,

¢ interpretations or questions.l
. » .

The unique part of the '
generative program is the reasoning process. The algorithms |

enable the program to handle a great variety of data input

‘ : l ’ , [ )
- J. M. Perry and E. ‘B. Koffman, "Problem Generation

and Solution," Proceedings of the 1973 International Conference
on Cybernetics and Society (Boston: n.p., November 1973),

_ pp. 330-35 .
\‘1“ i i \
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FIGURE 6
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FIGURE 7
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by the studcnt and prov1de the capablllty for the

£ computer to "learn . The computer learnlng process .

cons1sts of contlhuously updatlng the model of the student,

LY

acquiring new 1nformatlon about the student through his
responses; and modifying old information. 1In th1s.way
. N "o . .

. the computer program may proceed in directions not specifi-
“cally defined in -advance. .rr ‘ , .

- C =+ One unusual analogy has been made about the computer

‘when it is belng uSed during a man-machlne 1nteract1ve

i
&

T : learnlng session. There are four phases@of progression

in the-analogy. _First, the computer acts as a benevolent

) mentor by acquainting the ‘'student with-a problem or situaz
&

.tion. to be analyzed and solved. Next, the computer is

compared to a COgnizant assistant that greatly enhances

”»

. the problem -solving ability of the studenit, Third, the

N

computer acts as a discerning partner by enabling a genuine

man-machine collaboration to solve problems. Finally,‘at the
@ highest intellectual phase of progress1on, the computer is a
learner ‘and can be taught to approach new problems

metho,d1cally.l

Behavioral Factors in CAI Program Design .

A CAT program‘consists of three.separate elements:

RN

content includes the body of knowledge and specific subject

H. Peele and E. Riseman, "Four Faces of HAL A
: . © Framework for Using Artificial Intelligence Techniques in
‘ Computer Assisted Instruction," Cgmputer and Information
Science, Technical Report 73c-4, (University of Massachusetts,
Amherst, Mass. [1974]), p. 348. -

1 "ﬁ
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matter to be;studied This'element also incorporates the

desired behav1oral objectlves and the detalled system defln—
ition, including the sequence of the learnlng tasks. The
Second element, communication, includes the terminal hard-
waffvand teleprocessing netWork. In adaitien, conmunication
pertains to the capabilities the tef%inal offers to the
student in Eerms of a user control language, message

transmission features and stimulus generation. Finally,

the\ébntrol‘element refers to the methods of scoring and

classifying sFudent responses, and setting indexes for
evaluation of the state of learning.l When designing a CAI
program each of these elements should be considered

separately; -and yet the most effective courses will be

those which integrate the content, communication and
o "

control features effectively into“a smooth—running»operation;

Aside from the technical and procedural considera-

-tlons of CAI program des1gn, certain more, humanistic and

psychological principles have been developed by
University of Pittsburgh researchers. For example,
instruCtional applicarions that use computer technology
must always support the essential social characteristics a
of human learning. This principle refers to the emphas1s

upon defining the learnlng behav1or flrst and then des1gn-

ing the technical application. Aas’ the development of CAI

lAdams, "Technlcal Considerations in the Design
of a CAI System," p. 264.
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programs is ‘a complex proéess,;a sound supportive struc-.
ture including educational theory, curriculum objectives,
teachers and technicians must accompany the'computer hard-

ware and‘CAi software.r It has already been noted that the

effect of computer'technology in education becomes much

“ more profound when the student begins to exercise d{rect
‘control over the machine and its functions. This theory

arises frequently in current llterature. CAI systems °/

designers should avoid settlng 1nflex1ble goals to accompany

- a set of rigid predefined objectives. The most serend1p1tousf

“benefits of CAI are derived from those programs where new

insights and experimentation are‘encouraged. Finally,

these researchers have proposed that CAI desagners preserve

at all costs the 1ntr1ns1c fun of engaging in dialogue with
,‘\'

a computer. .The techn1que.w1ll stlmulate rnterest_for other

learning tasks if given a chance.’ S

Limigations of CAI Programs
It appears that there may be some -limitations’
inherent in the nature of CAI-programs'or in the~human -
computer confrontation. After ‘an evaluation ol the research
presented in the literature,: three significant llmltatlons

'

have been noted. -

“

lDwyer, "Some Principles for the Human Use of

Computer s," pp. 221-24. - o . g
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The first limitationﬁdeals with ﬁhe concept of the
individualism of inst;ucﬁion. CAI programs havé besnk
successful in‘eﬁablingAeach student,tobprOgress at his or'hérs
© own pace;'in providing s'common starting-point'to é class of
students' who will then advancé uniquéiy“tbwafd course
”complétion. Yet this attempt to ;ntrodus; 1nd1v1dua11sm
poses certain problems. One authorlty suggests that, "...the
pfincipal obstaéles torComputer Assisted Iqstruct;on are not
technical but pedagoglcal. how to design ways of -
1nd1v1dua1121ng 1nstruct10n and designing a currlculum that
are suited to individuals instead of groups." nl Thus, it

is not CAI that is the problem but rather trsditibnaI'
concepts about group education. Teachers ahd school admin--
istrstors must‘be much'mOré erxible'in CAI-based curricula,
inasmuch ss specificwajectives“are.mofe difficult to set
and‘asﬁievement is harder to measure. The traditional use :

- of standard:tests‘fsr sllystﬁdents.iﬁ a éroup-is not always
valid in computer-based courses,w New metho&s must be |
developed to‘overcomewsuéh obstacles. .

A second limitation of CAI.programswis relaﬁed tb a -

person's basic distrust of or lack of confidence in a

»
4

machine. ‘It,is‘difficult £dr some people to overcome this
uncertainty and approach an ipstructional‘CAI session with an -

open mind. They easily become overwhelmed by the'mechsnics

\

1Suppes, "The Use of the Computer in Echation,"
pv 2120 ‘

poe v Iy
v [ % JA.J
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. of the process, although this can berdue in part to a flaw

in program- des1gn.; Some’ deSigners attempt to enhanceltneﬁr

program by introduc1ng artif1c1al variety into it, but this

often results in confus1ng and frustrating the student. l

It appears that the only way to overcome such feelings is to

-~

expose a person.to*an effective reliable CAI program.
Again; this' limitation to effective use of CAI programs is
external to the process itself.

The final limitation pertains to the instructional

\\1capability of any type of programmed coursework. Can CAI

i%é used to teach all sdhgects, and can CAI be used

effectively to impart'abstract concepts? ‘Many authoritiesl
believe that most any subject material could be presented.
With the assistance of a computer. Yet it’ becomes apparent
that this does nOt resolve the real issue. Every acadcmic
snbject has within its domain a range of instructional
behaviors and thereforé reguires;a‘conposite m:2thodology of;
teaching. The'type<of~behavior to be learned is of more
significance than is the information content itselfQ This
domain of behaviorjranges from fact recognition, recall and
knowledge of.generalizations to comprehension, analysis,
synthesis and inference.2 The.real issue thenlbeCOmes to

determine the extent of learning behavior to which CAI can

il —

lAdams, "Techhical Cons1deratlonslin the Design of a
CAI System," pp. 263-64.

271pid., p. 265.
~ 4"31 ‘
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£

fbe‘épplied. Research into several areas Qf heuristic pro-
gramming has begun to demonstrate the broad.range of.
" behavior for which computers can be used. :If.a computer
programvcaq play a reasénable game-of chess, can a’
similar program ot also be qged to assist a student to
improve his bﬁsihégs decision#making capabilit?? It appears
,that it can but twavthingS'seém certain: first, CAI tech-
nology is still some years aﬁay from widespread use in B
conceptual behavior learning; and second, this delay will
_résult from prdblems in behavior definition and from
diff;cultiésrin measuring the extent of teéching effecgive—

ness of those programs developed for research in this area.~f'

Summary . . | i o
There exist today two fundamental,appfoaches to

educational philoséphy, humanistic and technslogical.

At first these two'theoriesvseem to stand in qpposition to

each other but a compromise appears pogsibie. Every sound

curriculum must be based upon a setfof general‘huménistic

principles. Once these“principies.arexestablished, |

.specific appiications Qf instruction can be deve¥oped

using techniquéé such as CAI. As long as the apglicatiqns

reflect the intent of the general principles, computer

‘technology can be used efféctively.A

at s
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Communication is one of the most significant factors

to be ¢ons;dered'in the design of CAI systems. To date

°

there has not been a major breakthrough in the solution to

proplems associated with man-machine communication.

Research has shown tbaf the voice communication mode is
the most effective Qne améné humans and for this reasoﬁ
atﬁeméts aré'being-made to develop natural 1§nguage’trans_
lations for computers. Some Computers cén now réspond to;‘

limited human voice commands and many advances are expected
. N '

A

in the near future.

| All CAI systéms can be considered as cybernetid
systems_sinée tﬁey deal with‘a repetition of student
perception and response in a self-régulating mode. In'a
dialbgue CAI proéram,.the student and the com@utcf altef-as
focal‘points in the cybernetic system. Some dialogue systems
can be classified as generative. The most significﬁnt e

feature of a generative CAI program is its reasoning process

" which allows the computer to "learn." This learning process

consists of building a model of the .student, updating this
mpdél, acquiring new information‘by éQaluéting studéntw
response, and updating the old information.' Technical
design considerations of a CAI program consist of content,
communication and control factors. Effective CAI programs

integraté these three aspects into a unified application.
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Another Vieprint is that of the humanistic or psycho-
logical approach to CAI program deSign.- This approach
proposes that: . all C?I applications should support the
.essential characteristics of human learning; CAI programs
need a sound supportive structure; student control of'the
_computer program facilities is important; CAI-based
curricula shouid be flexible; and desighers'must preserve
the fun intrinsic to a student—computer dialogue.
Limitations in. the successful application of CAI
' programs are related to problems of individualized curriculum
udevelopment; to a person s basic distrust of and lack of -

confidence in the computer, and to the instructional

capability of any type of automated teaching technique.

" i v,
\ : Qe




CHAPTER TV

. 'ADVANCES IN' REMOTE TERMINAL, :
_ TELECOMMUNICATIONS AND COMPL}TER TECHNOLOGY - . K

Wheh computers‘wé;e firsé used bj'studenfs for
Aveducational purposes, mbst of the,devéloﬁméntal effort
was devqtéd-té deéigningAand impréving Coméutef Assisted
Instruction‘(CAIf'programs. Théﬁcharacteristics,of the
computer terminal and theé telecommunications liqk*wér;
‘considéred secondary. because there ﬁas felatively little
variety in theéé‘faqets of CAI system design. The . .
éafiier’CAI systemg consisted of one or mere teletypewriter
terminals acceSsing a nearby central processor through
some type of di;ect communication iine. Durinq‘thellate
1960's and early 1970's an entirely hew téchnology has
emerged which includes more sbphisticated c?mpgﬁe: terminals,
A ;elecémmuniéation lines and complex networks. This tech-
nology also includes extensive advances ip,miniaturizétion
of electronic circuitry which has been uged‘in new types of
terminals; and which has enabléd the design of mini and
micro processing units. Significant developments in this
‘technology will be examiqed to the extent that théy might

affect CAI programs, their effectiveness and their impact on

business and managerial students in the near future.




' . {
- : 59 : '
Computer Termlnals "
In a timeshared student env1ronmeut the
terminal is the computer to the student,
- because it irf the terminal he seces, feels,
hears and uszs. Yet. in terms familiar to
the electronic minded, the student may be
confronted with so much "noise" at the ’
terminal that the educatibnal "signal" he \
seeks...may all too oftehl/be burled
Authorities today consider it essential to
yevaluaté in detail thé characteristics of c¢omputer
termlnals to be used in a CAI system. Bitzer felt it so
essential that he designed an entirely new type of
terminal for his PLATO IV system so that the softWare'sﬁ
capability was not restricted by the terminal'stlimitations.
This innovativeness is an éxample«of the technology which
arose during the ‘late 1960's. Prior to this time .a
‘teletype terminal wés”the‘bnly type available. As late as
1971 the Teletype Corporatidn accountéd for ninety per cent
. : / - . .
., . . . / 2
of the terminal market with.its models 33 and 35.
Considerations in selecting a terminal include character:
sets, line speeds, printing capability and a diversity of
‘special features. The teletype is still used in many
systems becausé it is reliable and felatively inexpensive.

Transmission rate of data is rather slow (thifty characters
(o] .

lalfred M. Bork, "Perminals for Education, "

Educom (Winter, 1972): 15 cited by Computing Newsletter,
April 1973, p.2.

2Levien, The Emerging Téchnology, pP. 279.

¢
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| ) per second) and “such terminals are limited in their
‘flexibility. Certain ménufactur?rs have adépped general
pufpose typewriters to fulfill the dual role of office
typewfiting and coupling to‘a computer fsr remote- data
processing. 1IBM's Magnetic Card Selectric typewriter is
one such exampiea '

A major breakthrough';n the field of compﬁtér
terminalg occurredhwith the introduction of the first
cathrode ray tube (CRT) screen. Wﬂat‘is unique about
the CRT is not its advanced technology but rather its -

B appfication to computers,-since a CRT is similar to the

television screen introduced some twenty years earlier.

CRT's are much more flexible than teletypes dand their cost

~
>

has been“reduced §6n£inuously so that a basic CRT can be '
lrentéd for uhder $125 per mqnth.l‘)A printer can be attached .
" to th§ CRT toApreserve selected displays for iétér reference.
Another method of data‘retentioh ié‘a~tap¢bcassette-uni£
which can' receive transmitted déta of store it for later
- display on the screen. Transmission speéd with a CRTV
bécoﬁes a function of the data set or modém available to.
the uhit;,speeds.of 4800 bits per seconds (BPS or BAUD)
can be achieved on existing CRT's. Cdmmunicaﬁién with a

CRT is no 1dnger limited to keyboard typing but can’be

effected with a light pen or wand touched to the screen.

., : . ) -
Chevalier and Gateau, Repcrt on the Instructional
Use of the Computer, 2:4.

o

ERI | . |
PIAFui Tex Provid ic M . -
. . . . .
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A CAI student can point to a cogrect answer or-draw a
curve or figure‘in fosoonse to a"oomputer stimulus. The
CRT screen can‘also displayfpreviously.stored visual
information in vivid colors like a slide projecéor.;‘ In
summa;y a CRT is fast, colorfdl and flexible, {llows data
to be altered, and permits extensi&e graphic capability.2

This oraphic capability introduced o hew dimension
to CAI systems. It-ha;flong beenlrecognized that drawing
pictures can. be a useful way to démonstraﬁe many concepts.,
Alternatively, stodents can effectively show their under-
standing of certain subject material by fdrawing" a reégonse
to the computer. oThreo CAI sfstems now use computer graphics:“
PLATO 1V, The Culler—Fried'System ond the Oettinger TAC
System. The graphic input'display technology is just
beglnnlng and will expand rapidly as competltlon becomes
more intense. Currently the Tektronix 4010 CRT and Bitzer's
Plasmd Display Panel arehthe most popular graphics devioes
available.3 The' Plasma Display Panel contains a layer of
many' small pockets of gas which glow when avcomputer—

controlled voltage is introduced. The student can change

the states of the voltage and therefore alter the data with

A

lAdams, "Technical Considerations in the Deqlgn of
a CAI System," p. 257.

2
Chevalier and Gateau, Report on the Instructlonal
Use of the Computer, 3:15. :

3ComputingvNewsletter,¢April 1973, p. 2.
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a light pen. A great variety of colors are pefmitted by
uéing iayers of--different gases.l

Over 312 different computer terﬁinals are
currently available from some 144 manufactureré.2 The
designer of a CAI system therefore has a multituge of
features to consider when seleg¢ting terminals for students

to use. The amount of research in this aspect of system
o- N :

e

design has increased considerably in the last five years.

Telecommunications Networks

‘Another area where the technology has and will
continue to offer new possibilities.for sharing educational
programs across great distances is that of computer communi-
~cations. It was in 1987 that the first attempt was made
to transmit data from a computér over public communicatidn
lines. . By 1971 bne half of the traffic over public lines
was data being transmitted to or from a computer.3 The
success of'this idea has encouraged the formation of séveral
companies® to éodpete with thé‘only prior public carrier, the
Bell System. Data Transmission Company (DATRAN), MCI Tele-
" communications and Communications Sétellité Company (COMSAT)
are three major ones; Westeén Union has introduced a network

A
2

lLevien, The Emerging Technology, p. 284.

2Datapro. 70 (Delran, N. J.: Datapio»Research
Corporatien, 1975), 2:70D-010~-20a,21la,9la.

3Comp"uter Yearbook, 1972, p. 115.
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called Westar, and the computing giant International
Business Machines (IBM) has its SystcmsAﬁgﬁw6rk

Architecture (SHA) Eackage.l” The Bell System itself is
expected to havg in operation thé Digital Data Service -
(DDS) by about 1978. All oé these networks are
resﬁohdihg”to the‘énhual thirty-five per cent inc}éase in
data traffic>in the United States, which is expected

to continue at th}§ rate through 1985.2 The significance

of this continued growth in data transmission facilities

is that éoméuter assisted program éackages should be |
available to a diyersity of learning centérs, and also
- commercially deQeloped CaI systgms.will be more readily
available. This_ technological improvement and incréased N
competition will bring §bout substantial reductions ih
costs for using common carriers for data transmission.
(Figure 8) |

In ‘summary, this twéfbld”impact of readily

‘available data communication networks and reduced usage

rates will lower the cost per student hour of wuse for

- CAI systems and encourage sharing of CAI packages.

S ’ B

- lDe§cribed in a series of four articles in
Datamation,.April 1975, pp. 45-56. '

2 . : .
Frederick G. Withington, "Beyond 1984: A .
Technology Forecast," Datamation, January 1975, p. 73. .

. 31Bia.

p

~
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FIGURE 8

e

TELECOMMUNICATION LINE COSTS THROUGH: 1985

Bt R [

100°

|
-
N

lCE: e S .t R, ....:_..v —‘-W*» -

Line Cost (dollars/miie/month)
*

E '
i
|
! 0.1 ' - | “
1975 1980 1985
‘ SOURCE: Frederick G. Withington, "Beyond 1984: A .
" : Technological Forecast," Datamation,

January 1975, p. 72.
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Centralization versus Decentralization
with Minicomputers

At thé time the Digita% Equipmenﬁ CorpOration (DEC)
introduced the first minicomputer in tie mid-1960's the
trend in the computer industry was toward larger, féster
and generally more costly machines. But since that time
minicomputers have become an important\factor in educé-
tional and scientific computlng. DEC alone haé delivered
moge than 26,000 units to date, and expenditures Ffor mlnl-
computers should reach one billion dollars by the end of
1975. This figure represents nearly ten per cent of the
total market in the United States for computers and relateg
services.l iCurrently‘fifty-four manufacturers offers 167
different models of minicomputeré.2

Although there is no standard definition of what a
"minicomputer is, three characteﬁiétids tend to distinguish
one from a more tradi@ional computer: 'low cost, small L
size and lack of specialized environment. One authorita-
tiVe source considers 550,000 as the ugber purchase price
limit of a unit to consider it a minicémputér. It is

[N
i

housed. in a cabinet suitable for tablétop use or frame

q

mounting and weighs less than fifty pbunds., A minicomputer

uses standard 115 volt electric powet and requires no

lDatapro Reports on Mlnlcomguterss(Delran, N. J.:
Datapro Research Corporation, 1975), 1:M07-100-102.

2

Datapro 70, 1:70c-010-20a.
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bpecral air condltlonlng.

_ The sxgn1frcance of the prollferatléb of the
m1n1computer is that it will enable many more organiza-
tions and lnStltuthPa to have access to computlng
power. Therefore, a small college Wthh cannot possibly
afford a large processor may be able to instali a mini-
compnter and buy or, lease CAI programbroutines developed
et another school or commercially. /\\,.\}

' The minicomputer signifies the concept of

decentrallzed proceSSLng and the: proponents of thls.v"uu

become dominant in the future. One fact"tends.to support

-t

“this position: a study in 1960 predicted there would be

75,000 computersuin use by the early l970's; but by 1972,
there were over 150,000 computers installed. .And yet the
trend in CAI development thus far has been toWard lérge;

scale centralized processing of a diverse timefeharing

ne,twork,2 These large systems use powerful computers such

as the RCA Spectra 70, the.IBM 370 and the CDC 6400, used

by PLATO IV. Such large computers offer the advantages of
massive storage capability and rapid processing cycles. -

Many CAI application programs can be available to_students.

11bid, pp. 70c-010-20a-b.

2
+Chevalier and Gateau, ggport on the InstrUCtlonal
Use of the Computer, 3 4. ’ ‘

3
“Ibid.; p. 1l.
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There have been very few computers desiqned specifi-
cally for CAI application processing. The reason is that
'manY'of today's majorlcomputers can perform well'the
three functions needed to support a CAI system: exXecution/
,'proces51ng, data storage and telecommunlcatlon management,
It remains to be seen whether minicomputers will
haQe a substantial effect on CAT usage in the near futuré%l
The powerful centrallzed time- sharlng system still dominates
the university educational networks b@t new entries into
the minicomputer field may ef%ect this dominance. For‘
example, IBM recently/announced its System/32 descrlbed
enthus1astlcally as ".s.programless, per1phareless, memory-

"2 The entire system can be rented’

less and-malntenanceless.
for less than $l 6oo per month and is a1med at the vast
number of.potentlal f1rst-t1me computer users;

;Perhaps some.resolution of thls questionllies in’
+the fact that'éystem/32,ﬁlé§$ other new minicomputers,
can also he used as an intelligent-terminal tied into a
large central computer. The unit can therefore act as ran
end point of a multi-user tlmgcsharlng system, or prooess
data uniquely at its own location.. Such units offer a

flexibility not previously available.

{

l]fbid., p. 9.

2Computing Newsletter, April 1975, p. 1.

3patapro 70, 1:70c-491-25a.
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System Configuration and Cost Analysis
VVMuch of the analysis thus far has been Qf ca?a—
Bilitieq cﬁrrentlx offered or anticipated in the near futﬁ;e
- relative to terminals, communications networks and centfal .
processoré., A more practical:aspect to consider is the coét
of these-components of a hardware system ﬁeeaed to support |
CAI software and students. Since prohibitive cosﬁs would
'tend to stifle CAI developnent and usage,flt is signlfléaﬂt
- to examine relative’ costs}of dlfferent types of égmputer
support systems. B
Although there is an:gxtensiQe number of possible
hardwarefconfigurations to support students in a CAI terminal
ehvirénment, they éll féll ihté one Of{tﬁree>géne§al pétferns.
These 1nclude obtaining one?»own‘large-s;ale‘computer and
tefAinals, establlshlng a network ‘of gseveral minicomputers
sf%uated in strategic locatlonsaabout‘the college,campus;
-of time—éharing using cpmmercially developéd CAI softwére
and computihé facilities. = ’[ |
| Tb date the major trend in the larger CAI appli—‘
" cations has been to buy or lease'a large central processor
and eétablishié'aiverSe terminal network’tigd inﬁo_it.
. coSts éssbciated with this type of application include the

central processor itself, terminals, telecommunication lines.

and the CAI courseware. Specific costs for each of these

lchevalier and Gateau, Report on the Instructional '
Use of the Computer, 3:4.
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items may vary greatly'from-system to system depending
. . {

on the type of terminals, the physical distance of terminals

from the processor, and the volume and complexity of CAII
programs. o

. By establlshlng a minicomputer network much of the
cost associated with communications lines is avoided.
Usually the terminals supporFed'by a minicemputer are
located in the'immediaﬁe vicinity of the machine itself..
The unit_cost of each minicomputer is_much less than for
a large cémputer, so the number of minicomputers obtained
will control the outlay for the central computing capacity.
CAI courseware must also be paid for and prog;ams'ia a.
minicomputer network!will generally be less complex than
in a large-scale system.

Comme;cial’time-sharing CA} systems have begun to be
developed in recent years and are often an outgrowth of
smaller systems originally designeé for single campus
use bnly. The charge to useesueh a commercial system is
u;ually based uwpon .a standard cost algorithm which includes'
such variables as dial-up time, line usage, central pro-
cessing time  and sterage requirements. ﬁatee‘are usually
quite reasonable and the ‘user has at his avail all CAI
courseware that the commercial agent has developed or

purchased. The user is expected to provide.his own terminals

so this cost must be considered.also. There are ten

oLt
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- commercial CAI time-sharing networks described in the
[ ) literaturo:
: . \\\\~' a. &Educational Information Network (EIN), which
P . . consists of over seventy&smaller EDP centcrs.
b. Darﬁmouth Time—Shoring System, established by'
Dartmouth in 1973.
c. PLATO IV, described previously, developed at the
University of_iliinois; intended to serve 4,000 terminal
users. |
d. Educational Management“Research Information Systen,
developed by the Eastern Kentucky Educational Developmentit
[ T ' Corporation; uses an RCA Spectra 70 computér and -supports
3,000 pupils. o o/
e. Network serving 192 ferminalslin the New York City
area; uses an~RCA'Spectra 70 and costs élQ0,000 per year to
operate. o .

f. The Southwe%t Regional Educational Laboratory in

A
1\

Los Angeles. L \

y
\

g. Sterling Insﬁitute network in Boston.

h. The University of Pittsburgh time-sharing system.

? : . i. Hewlett—Packarq system, which has commercialized

& . \ .
; courseware developed by Patrick Suppes..

i \ )
1 | |

i ' :
i o ‘ lChevali r and Gateau, Report on the Instructional
i Use of the Comput!

r, 2:7,8,11,13 and 3:27,42,59.
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j. Westinghouse Léarning Corporation's Program for

‘Learning in Accordance with Needs (PLAN) System.

It appears that commercial CAI packages may become profit-

able so that competition shouid increase in the near future.

43

As this happens, CAI covrses will be available to a much
broader number of students and cost of development will

be spread ovér a larger base.

Cost and Capability Trénds

Tablé 2 presents comparative data about potentiai
costs and capabilities of computers in 1977 and 1985. .
There are three significant points which the data in the
table suppofts: First, there are fogr distinct classes
of cbmpﬁters“ Smaller scale machines aré subdivided‘into
"micrao" ana "mini" categéries, while larger computers are
céiied "mono" and "multi" classes. The distinction of the
two smaller types will resuit'from greater specialization
of cifcuitfy technology. The "multi" ciass will permit
truefmultiprécessing‘by joining two-ogvmore central units
together for.potentially vast computing capability. The
second significant point is that cosEs in all cat;gories

will be reduced as much as fifty per cent. This cost

reduction will benachieved as a result of technical advances

and increased competition. A third notewérthy trend is
that both main and auxiliary storage capacities will

increase tremendously. For example, a 1985'model mini-

computer may have as much as 500,000 bytes of main memory,
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which is as much as some of the "large" IBM 360 systems.

This expanSion, accompanied by an absolute cost reduction

Will greatly increase the flelelllty of minicomputers.

At the same time, the multicomputer class Wlll become so
powerful that it is difficult to describe upper -limit
capabilities. Assoc1ated cost reductions will, continue

to make the large computer popular in most markets.

Summary .
Until recently, designers of CAI sYstems did
not have to devote a great deal of time to evaluating
capabilities of computer terminals because little variety
existed. But ‘around 1970 a new technology #egan to emerge
which saw a proliferation of terminal type4 and capabili-
ties. All early CAI systems used teletype/terminals and
as late as 197l, the Teletvpe Corporationisupplied its
models to ninety per cent of the entire computer términal _
market. A major breakthrough in this area was the intro-
duction of the cathode ray tube {CRT). ‘Although CRT's were
initially very expensive, advances in th’ technology and l
intense competition haVe enabled continuval price reductions

so that a basic CRT is now available for $125 per month.

CRT's are fast, flexible, colorful and allow for extens1ve

-

graphic capability. This ability to display graphic images : - -

. has introduced a new dimension to CAI systems. Pictures

can be useful in demonstrating many concepts and tech- L

niques, and students can also respond to the computer by ‘

v ey
P

T o
w2
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draning answers{with a lignt pen. The Plasma Display
Panel used in the-PLATO v System uses layers of.ionized
gases to depict 1magcs Qﬂ the screen. There are’ currently
312 different models of termlnals avallable.

| Another ‘area of technologlcal advante is tele-

communieation networkinga The flrst tlme computer data

was transmltted over publlc carrier llnes was in 1957 and
by 1971 over flfty percent of public trafflc was computer
data transmission. 'Seéeral‘new large companies'have‘been
aaestablisned:to handle the annualvtnirty—fiveAper cent
'increase in data volume. The significance of advances in .
the‘telecommunicatiens field is that transmission rates |
" are being reduced so that standard CAI course work can be
available to a great number of user 1nstallatlons.v

Advanceshln circuitry technology have 1ntrednced
the minicomputer as a new form of central processing nnit.
A minicomputer is characterized by relatively low cost
and small size, and does not require a specialized environ-
ment. The use of minicomputers tor CAI processing
represents the method of decentralizatien. Inspite of
the proliferation of minicomputerg} the trend to date for
most CAI applications is 1argevcentralized processors
supporting a diverse terminal nethrk. It is likely that
‘minicomputers will be used as both end-point terminals

and as stand-alone processors, allowing a flexibility not

<; . )
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] previously'offered. This combination permits access to

central CAI programs as well as local processing.

There are three general methb@s of establishing

with a network of minicomputers, or by commercial time-

a CAI network: with a large processor and terminal network,

éharing. ‘The costs of central processing invdiVe the

large-scale unit, telecommunications and courseware. With

"area. First, four classes of computers will emerge: micro,

types of computers will be reduced significantly. And

minicompﬁtexé £he communications network can be-eliminated.. -
In a ;ommeréial system there is a cost algorithm used to.
charge customers.. There are ten CQmeLQLQL~§¥§£§m§WdeSCribed
in the ljiterature and more should be avairabler—— -

¥ - .
There are three trends in the computer'hardware'

. y . .
mini, mono and multi categories. Second, ‘costs for all

finally, storage capacities will increase tremendously so

that even the "smaller” versions will be very powerful.

° |
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CHAPTER V
CURRENT COMPUTER ASSISTED INSTRUCTION APPLICATIONS FOR
BUSINESS AND MANAGEMENT STUDY

Introduction

x~w~~—~¢£ww¢¥—~~~~ —@aé~measure of the future usage of Camputer

‘ ?

vt T 4 W e )]

S Assistéd‘, Irist;a.s.uction. (CAIL) far .business. and.management . . ..
subjects‘is tﬁe extenf to which CAI is 9urréntly being
used in.these fields. Theéefore, an examination has been
.made of various CAI épplications }n many American
university business schools. Three major soutrces provided

- the data for this analysis. Firét,irecent literature
was examined for doscrfbtions ahd examples of CAI systems
: ; °
now in use. ' Second, a questionnaire was mailed to fifty

business schools and colleges associated with some of the

larger American universities. Third, Computing Newsletter's ‘

Third Triennial Surﬁey of Computer Uses and Computer 

e....Cugriculum in Schoolssof Business provided significant

facts pertinent to_thi%analysis.l

dubjects Under Consideration
The subjects pertinent to this study include those

which might be included in. the curriculum of a uhiversity

1 ‘ | ‘
Computing Newsletter, October 1974, pp.- 1-5.
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business school, such as: accounting, business mathema-

. tics, statistics, finance, economics, personnel administra-

tion, various courses in computer science, human behaviora} .
. ‘ , £
theory, organizational theory, marketing and managerial
decision making. The level of coursework-includes material.
“for both undergraduate and graduate presentation, as well as

courses designed for practicing businessmen and managecrs.

It is believed that courses intended to supplement a career .

o

development plan will frequently be offered in a university

.environment, or at least through a business schdol curriculum.

Siﬁui;tion and Gaming
~ ! .

CAI can-be defined in the'§trictest senée as com-
buterized program routines which contain in themselves
defined qburse material to enhance instruction of a
student. In this regard, drill and practice, tutorial and
dialogue applicatiens compriéé‘the majoriéy of CAI pnoéraﬁs.
;In a more geﬁefal sense, CAI may include any type of
educational érbcess“that uses qpmputerized‘progrqms to
enhance the feaching/léarning qycle. Acéording,to this
broader definition, an acaaemicvcourse in which students
use some FORTRAN routines, for ekample, tq aégist in solving

a problem presented in a classroom lecture .is alsc

considered CAI. Authorities differ as to which description

i

of CAI is more accurate.

" e . . -

Aruitoxt provided by Eric:
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Another sct of computerized tools that have been

¢ ’ -
used extensively in business curricula arc simulation and

gaming. These tecchnigues also arae considercd by some

aathorities tc be in the realm of CAI. Simulation involves

v

the rcpresentation of rcal-world phenomena in a computer by
~a series of matheciatical or logical algorithus. The

resultant structure is called a model. Gaming 1s a process

in which a student and computer interact using a simulated
\v, 3 . .

model as-a starting point. The student r*"pond to a

question or proklem according to a set of rules; the model

iz revised, and tlie process continues untilzthe game 1s
over. |

Conputerized sinulation and'gqming techniques offer
sevecral advanteges for classroom instruction. The stddent
brings the "recal world" to the terminal, examines and

: ! .
alters data under his or her own"contrel and i§‘in an
i : <

opcn- cndej dlsoovery situation.i The student can work
individually and receives contlnual fecdback as a rtsult of
his zr her decisions. Learning is derived from motivation
and tlie simulation environment appears to begintereéting
and motiVating.l‘ Certain limitations have peen acknowledged
in the SLmulatlon technlque. It is frequently difficuit for

a de51gner to achieve that delicate balance between reallsm

w

1 .
* " TJudith . Edwards, "Simulation for Instruction:
Some Consideratiormss for Users and Designers," ACM Sigcue
Bulletin 7 (April 1973):17-18.

ERIC .

Aruitoxt provided by Eic h
= .
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and simplicity, and the -designer's biases can casily be |
built in seo that the model is distorted, even if uninten-
tionally. TFinally, mosti relationships in the social world

’

cannot be accounted for systematically and caution should

a “ -

. 1
be excrcised in drawing conclusions from modeél alteration.

5

In gencral, howaver, both dasighers and users are
enthusiaéﬁic about simulaéion techniques, and it has been
stated that ,"Dither games teach, but we don't know why or
gancs prdbably do not teach, hut they do moE;vate."
Lxamples of games currently ﬁsed in university business

curricula will he described in the next section.

Current CAI Usage ~

A éuéstionnairc was mailed to fifty business
schools associated with large American universities in
May 1975. Thirty—threé éompleted questionnairéé were 

N . .

returned; a list of these schools is contained in Appendix
B, but all statistical analysis has Laen “done without
reference to iudividual sciools. Tae purpose of the
uucstionnaire was to Jiscover a repfcsentdtion of CAI usage
and to categorizce some specific data dbout épbjeqts and
numbers of students using CAI in business schools. The

questionnaire is conta.acd in Appendix - C.

T
Ibid., p. 19.

" .
“Ibid., p. 23.

-
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‘Pable 3 contains the summq%ize@‘rosults provided
by the respondents of the Questioﬁﬁaire. In some cascs
the result is a total, while in others it is an avosage or |
range of all reséonses to a given questioh. _An evalygtion
of siénificant findings follows.

Of the thlrty-tnree buslne s schools responding,
fourteen said that CAI is used in thelr curriculum.

The term CAI was purposely not defined ‘so that the
.recipient could describe computer usage without being
constrained by a narrow definition. Eight addiéional
schools do not use CAI coursgsnggg se (in its'narrowef
.sense) bo%‘do use the computer as a tool for problem
solvioo and simulations, Onc other‘school is just
starting to use the PLATO IV Systen.

. . The earliestvose of¢ CAI for business subjects
which was iodicated is 1958, While'ﬁﬁs majority of

e 1970

‘schools (elevén) have used CAI’\nly since 1968. 'Six
schools have 1ntroduocd CAI s1n§

AlthOUgh the average num&er of courses for which
\

-~

CAI was uStd 1s approzlmately thlrtoen, four schools use
it for over twenty courses. Thevmdximom at any school
@as indicatod to be fifty,. and onc repiy to the Qu;stion
was "many"

¢

The average number of students using, CAI at each

business school (1,250) was raised sgbstahéially by
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TABLE 3

RESULTS OF QUESTIONNAIRE

T T T I UL RRT RN P R 1

) : . l 2
. Number of Schools Responding: 33 of 50 (66.7%)
Number of Schools Using CAI in Their Curriculum:
Yes - 14 - No -19
(0Of these 19, 8 use
computer as tool)
; CAI First Introduced Number of Courses
in Which CAI Used
1958 —---- 4 : v
' 1960 ------ ‘ Number . Number
; ' of Schools of Courses
11965 —-—==—- - :
) 3 -1 -3
1967 --—=—=-- — 3 4 - 6
3 7 - 10
|1968 —————————————————— 3 . ll - 20
. 1 - 30 :
1969 ---—-==--—-= 1. 50 y
l . umanyn /
. 1970 =——mmm—mmae
1971 =—mmmmmmmmmm | - , '
} - Fields in Which CAI Used
|l972 ————— - ! ! ;
| ‘ ‘ b No. of Schools
1973 —-~-- J , . .| Financeé/ 2 4.6 8 1012
. 1 2 3 Accounting i
; Number of %chopls | statistics/ % i ﬂ ;
; . d‘ : " Mathematics —]—=r —————— _
Number of Students . ' [
- Marketing/ b
Using CAI ~ Forecastinyg ,-{-=-577 : _,f/
Number Number Decision = ' f | 1 S
of Schools of Students |- Mak}ng T -
: - Administrative/ | J P .
4 100-200 . Behavioral — ==--fr-- i | |
2 300-500 Economics ' —4—=—1 I
3 800-1000 - ' ~
2 1100-1200
1 2000 Processing Done on:
1 4000. L, ' ‘
1 5000 University's Own Computer - 13}/
State~-Wide System - 2 ‘
| Commercial Time-Sharing - 1

/ '/ L.
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three schools reportihg two thousand, .four thousand and

five thousand pant1c1pat1ng students. More schools were

in the one to flve hundred range than 1n‘any other related

& "

grouping.

The two strongest subject areas were finance/

accoﬁnting and statistics/mathematics. Ecbnomics was )ﬂw”
the lowest 1ndlcated but th1s is probably related tg,the fact
that economlcs is often in a school of its ownmon campus.

..,&‘

- Thus, the business school representatlvewmay not be

D‘};

,’w

knowledgeable of CAI courses for eebnomics. Two respondents
w"
01ted this reason for not checklng thlS subject area.
‘ "” ¢
The overwhelm;ng response to a-question about the

source of CAI Qnograms 1nd1cated-that almost all process 1ng

s

e
is done py “each un1vers1ty s own central computer time- shar1ng
sxstem. R

Four questionnaires contained comments which in-

v

dicated that one key limitation to6. further development of.CAI .

courses is the expense involved. &another indicated that

¢ 2

"...the development of course material-is quite tlme consumlng,-

and provides llttle reward for the faculty." Th1s person
continued that, "In the past we have oversold CAI, and it
will take a lot of time to overcome these past'mistakes."
A finalcaution was expressed as follows: '...the use of the
computer in this fashion (using CAI in 1ts most llmlted sense)
has a __;g way to go before lt'becomes cost justified for

most university-level: topics."

Lo d
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~Th contrast to these cautions or negative attitudes

e
2
33
g

A}

oY
22T '

_~Foward CAI, one response was simply that it is "Indispensible.”

"
ot

Another stated that, "CAI has a numper of poteﬁtials‘for the

[

" improvement of educational quality." Four other questionnaires

contained comments similar to this one, referring to anticipa-

-

ted benefits of CAI courses, for example:

We have had computer aided gaming.activity .for
research and teaching for mdny years. With
the fall back in research fiﬁding we dre in
the process of ‘increasing thg teaching use of
these facilities. Response to faculty and
students has been enthusiastic.

In summéry,»it appears.;hat although CAI programs

are used in over forty pér cent of the business schools
which feéponded, most'of the benefits of CAI are anticipated
rather than already‘achieved. The greatést reservation
appears to be cost of development, especially in terms of
time involved. Of all thirty;three'questionnairés returned
only three contained no positive indicator about"future éAI
usage. It can be inferred that there will be significant
growth in coming years. :The extent and rate of development
are difficult to predict. - |

The report on the Third Triennial Survey of Computer

Uses and Computer Curriculum in Schools of Business provided

an extensive series of facts and attitudes pertinent to CAI

“

Computing Newsletter, October 1974, pp. 1-5.
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| and simuiation-usage; vOf 161 business schools queried,
118 replied. Perhaps the most significant finding was
that iﬁ 1974, seventy-two percent of all schools required
cémputér proficiency at tgé undergraduate level.l In
1966 oﬁly eléven pér cent‘of\schoolg responding required
‘such . profiéiency.‘ In 1970 barely one-half of the schools
'requlred computer praf;clency at the Masters level, whereas
in 1974 seventy- elght per cent dld.2

Table 4 reflects the lnstructioﬁ methodology used
to teach computer relate subjects in business ‘schools
responding to the éurvey. Although only data processing
courses are included in this table, it is llkely that
the stétiétics might\be.similar fdr;other business fields.
It seems significant that CAI was not-used for instructipg
in;more than five per cent for ahy subject grbup. Also,
the more conceptual' course material tends to be téught
primarily by regular faculty‘members.‘

‘Because of this low CAI usage, statistics
for féctors irhibiting effective computer use in
education were examined. (Table 5)‘ Thé two greatest
iﬁhibitors both related to‘hardware=cap§city and

°

availability. Lack of faculty interest was also

[

lMost of the findings in this survey pertain to the
use of computers for all educational purposes:/ CAI,
simulation, computer programmlng, etc. It is/felt that,
although they are very broad in concept, the findings are
extremely valuable to this thesis.

2Computing Newsletter, October 1974, p. 1.

LA
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J

Significant butc&his.féétor has subsided since 1970 when

it was the greategt inhibitori There was a noticeéble

lack of factors relating to cdst, wﬁich appeared in-two
differént foéms‘in 1970. Relative to faculty o;ientation
to computers, Table 6 indicates ﬁhat Virtually all déveloé—

|

ment of :computer-based educational;packéges by faculty was

dohé'ih only one-third of the business schools and colleges. 0

In over éighty per -cent of the schools, fewer than one-half

of the faculty even used computer;tgéching packages. It is

evident ‘that lack of knqwledge 6r‘interest by faculty
members, although decreasing, is still a 1imiting agent.
Because many more scurrent graduate business studénﬁs will
HaVe a working knoWiedge‘of‘compﬁters, this factor should
éecrease substantialiy.‘ - |
‘The'schdols of business ﬁade substantial use of
"tha campus computer\ compared wiﬂh other schoois and
colleges of the univeksity. (Table 75‘ In nearly}thrée-

quarters of the universjties inyolved in the survey, the

business school

gd as the first, second or third
largest user on the campus. VI@ alsé seems significant

that in 1974, seVeﬁty—five per.  cent of the business schools
had access to time-sharing services provided ﬂ} their own

university computer; while in /1970 this ame factor was only

f




TABLE 6

FACULTY .ORIENTATION TO COMPUTERS

(OF SIXTY-SEVEN SCHOOLS)

)

Per Cent of Schools ’
- Where' Faculty .
Develop Computer Use Computer
Per Cent Based Packages Based Packages
0-10 © 66 : 7 o
11-20 ' 28 . 16 |
21-30 5 28 %
31-40 1, 21
41-50 - 10
@ .
51-60 ‘ 3 ' 9
61-70 - | 6 i
71-80 . 3

SOURCE: Computing Newsletter, October 1974, p. 2.
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b
TABLE 7
.
COMPUTER USAGE: .
COMPARISON OF SCHOOLS OF BUSINESS
TO OTHER CAMPUS USERS
' Rank among All " Per Cent
Campus Users of Schools \ . o
. B 23 | /
2 22
3 27
4 -1 °
' 5 6
- - 6-10 6
Less -
“than - 5
A Ll
N
i .
SOURCE: Computing Newsletter, October 1974, p. 3. .
- .
‘l
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A

forty-three per cefit. Only three per cent of the

L3

schoole used off-campus commercial time-sharing in 1974,
These facts all tend to support the trend‘toward centrali-,
gat}on of academic computing on a large processor. In -
splte of the acquisition of more hardware, Table 8 shows

that the amount spent for the computer and related services

was'in almost all cases less than fifteen per “gent of the

entire university pudget. " This secems to be a Very
rcasthable sum to pay for” Campustwide availability of CAI

courses and-computing facilities.

Examples of Existing'CAI Systems
Several examples of CAI courses and programe used
. forrbusiness applications are described in the Iiterature.
Dartmouth s Amos Tuck bchool of Bu31ness has recently
\\*\announced a number of new innovations. This school has
loﬁg‘been a leader in CAI development, as far-back as the
introduction and design of the BASIC programming language.
ThedBusiness School has greatly expanded its library of

programs, and has procured faster terminals with graphics

capabitify Seyeral of these have been placed 1n student

dormitcries” for easy‘aecesa. ~Every incoming business
R

‘student receives one week ofrformal training in the

Dartmouth Time Sharing System. Finally, a new.data base

8

l .
Ibid., p. 4.

£
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TABLE'8 o e
. COMPARISON OF COMPUTER BUDGET . . -~ . .
L . TO TOTAL BUDGET -
' ' o - .1 Computer Budget
Per Cent of Schools | Per Cent of Total
S . R : . : °
' . " O . ; 3
‘ 10 . 1 Less than 1l 8
SRR c- | - 3-4
. Y N ~ s : -
= . . o TP Vo
. . f - . - \ o
; 12 . . 10-14 | R

~ . " ) ] . . lp",

0 - . 15-19 . ‘

2 |. Greater than 19~
SOURCE: Computing Newsletter, October 197f, p. 3. s
™ ' ».
- o , %
) _\ : ’ i
.
3 DERTEN
a, 4 ft-, ':,’ N ’



\ R containing information about,stocks,.commodlt;es and o
mutual funds has been'estaﬁlished for use in -investment-

o courses..

The C1ty College of Ch;cago has developed a basic.
accountlng course us1ng the PLATO IV System and the TUTOR

"ulanguage;‘ Students use a CRT d1splay w1thout a pr1nter
becausesdes1gners felt 1t is better to practlce using

hew problems rather than repeatlng old ones.,;hrithmetic
errors entered by a student are’ corrected 1mmed1ately _. A~‘/w

._to‘av01d chaln reactlon m1stakes. The sLudent is allowed / 1

£y

to. enter’. answers 1n the form of arlthmetlc express1ons,

wh1ch PLATO w:ll convert to - numeric data. To daté, teachers

est1mate a five per cent 1ncrease in learnlng achlevement

w1th approx1mately ten fewer hours of homework by a studen»;zf‘

'’ "

The Un1vers1ty of Kansas has designed a CAI cours
- for systems accountlng, us1ng a language calkéd CODE. /. o

Initially,'a statement of f1nanc1al pOSlthn ‘for a compahy

appears in the upper half o; the CRT screen. This stat%ment

. /

. remalns there throughout the lesson.. Then an event 1s/

, /" -

. -descrlbed in three llnef or less, the student keys 1n/the o ‘
: / e ;

appropr1ate accountluguentry.based on the event. The ertry

2 . .
7 . - . " ‘

¢
i
~\ e - ) ‘/,

Ao

=lCompgting/ﬁewsletter/ March 1975, p. 2.
— 7 - ;

2Computiné Newsletter, November 1974}_p. 4,

. " JE s o
\)‘ . . PO / \‘E‘B.
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.

E is'then evaluated by the compvter (programs) and a response‘

’ ¥

gis_returned to the student 1ndlcat1ng the CerecL ainswer - IR

vor'relnforclng the correctness of- the student s answer. -

Tokcomplete the cycle, the program updates the orlglnal

-~

flnanclal statement w1th the rev1sed 1nformat10n and a

new event 1s descrlbed- ‘The student S performance 1s cont1n- )

a

v_ually evaluated by another ”rogram loutlne.l

o

'.Florlda State Unlver51ty has developed a CAI course i

~

. for concepts of bus1ness data processlng. Over 750 students

have taken the course. Not only do the programs present the -

subject materlal, ‘but they also generate qulzzes whlch are-

" unlque and random. - The course is. adm1n1stered by.one full-

\

time professor and six ass1stants for 250 students per » o
.quarter. o ‘n'ﬂ__' o T m‘”. L ﬁ "/{
| The.Unlversit; of~Notre Dame:has.written a course :h;l
.\ tofteach'principles‘of.econOmics. The material.is based'on fﬁnv
:Paul Samuelsonlsnwidely.uSed textbook and'coverS»tw0‘\ | l

.semesters. ‘The course is available to other institutions
0. _ o : o - .
for'onlyatWenty—five-dollars.3‘

- . - Co .
Summary

. CAI .can be'defined«narrowly tO'include.only'self-
-vcontained interactive program‘routineslor more broadly: - o

o v

lcomputlng Newsletter, November 1974, p. 2. L l,:y;;
2 S .
Computing Newsletter, November 1974, Pe 2.. ’

3Comput1ng Newsletter, March 1975, p.mBJ‘

I R S
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‘about CAI uSaqe.n Fou

_ Business also revealed pert1nent facts. It ‘is s1gn1ficant

‘CAI programs were used by only agsmall percentage for.

94

Y

to cons1st of all compuferlzed tools to assmst students[

(

The techn1ques of s1mulatlon and gamlng fall in this

'latter category and are used extens1ve1y 1n buslness

T~

school currlcula. These technlques allow the student
to brlng the‘"real world" to the computer and to modlfy

it in an open-ended dlscovery s1tuatlon‘ Although the

: des;gner S . blases are s0met1mes 1nadverten+ly built in,
h most students and teachers bave been enthu 1ast1c about’ :

. the_motlvatlonal beneflts of s1mulatlon and gamlng,

questlonnalre returned by thlrty-three bus1ness

2 .
Bpeen used CAI 1n thelr currlculum,

7

schools p¥0v1ded a numfer of stat1st1cs and Qttltudes

'e1ght used the computer as a trol for problem'solv1ng,

'and one was about to begln us1ng eLATO IV. . Onlly three

of the questlonnalres failed to cate pos1t1ve 1nd1cators»

about current or future CAI usage€. Most of the beneflts

P

appear to be ant1c1pated rather than already achleved . ?

. The report on the Thlrd Tr;ennlal Survey oé(

‘Computer Uses and Computer Currlculum 1n Schools of

-

~ 7

_that in 1974, seventy-two per cent of the schools respondlng

requlred computer prof1c1ency by the1r students. HoweVer, \

g

' teaching data proce551ng_courses and the more conceptual”




'métérial,was tJught'primarily by;regula: facult?. The
trendtnn CAI proce551ng was toward centrallzatlon of .

academlc computing on a large processor on the unlverglty s
, N o 3- i _
own campus. « R ' -

N4

o

AN




'have developed such a 1arge number of CAI c-urses that
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CHAPTER VI

‘SUMMARY,AND;CO \QUSIONS :

* o

~ Computer: Asswsted Instrustlon (CAI) was first used

" as an lnstructJve tool in the early 1960 s, resultlng from

- o

vresearch into automated'teachlng techn~ques that began in

1920. Durlng the last ten years Amerlcan unlversltlesd.

3+he technlque may soon have a s1gn1f1cant lnfl ence: .on .

hlgher educatlon. ": T e . l' W

7 T - . ..

¢hAuthor1t1es are’ d1v1ded in thelr oplnypns aaout

~ the exfent to which . CAI W1ll be used in the next several

vyears. Proponents of CAI enV151on a tremendous 1ncrease_

o %l

/in CAT' networks and. an extension of CAL teachlng methodsJ
;‘to alk}edu at;onal levels. They belleve that adVances

1n computer hardware and in termlnal and telecommunlcatlon'

Y

technology will enable CAI courses to be offered exten-'

.

s1vely at a tremendous reductiOn Ln cost. More conserva-

" tive author1t1es, however, belteve that CAI ‘has - been_

oversold and w111 not prove to be. a major teachlng method o

% I

for many years to come.‘ Course development they belleve '

R
L

%

1s too tlme-consumlnq and therefore, too expens1ve.;

Alsp, CAI has several other»llmxtatlons‘whlch will®

' C ’

s . o
.»v:«.} ‘ °

e
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the 1nd1v1duallsm of 1nstructlon. Tradltlonalﬂv Amerlcan:

R
v b,

serlously restrlc* its use.,‘

. In sp1te of these dlffcrences of oplnlon, the

' research on €Al has ra1sed slgnlflcant questlons about

educatlonal phllosophy has~been prlmarlly concerned\ o
: R -Q :
keon

W1th-instruct1ng groups of students S1multaneously

a cpmmon startlng po;ﬁt and w1th group goals.» Effectlve'

’ CAI, on the other hand isg. based upon theﬂprlnclple that

. N
PRV

“each student has umlque 1ntellectual stremgths and weak-.

~

neSses, and that the 1nstruct10nal technlque should be

-

flex1ble enough to accomodate these dlfferences.
. oy Ly
Among the subject areas for wh1ch .CAI courses

‘have been developed are those of bus1ness and management.

‘These flelus 1nclude courses that areucontalned in a

D

‘,for the varled buslness currlcula of . today schools"

buslness school curr1culum such as accountlng, data

pprocess1ng, stat1st1cs and policy maxlng. Because of

[ .
1the 1ncreas1ng scope and complexlty of a manager s role

in today s buslness or government organlzatlon, 1t is
'1ncreas1ﬁgly essentlal that business students have & ‘

fWorklng knowledge of several dlSClpllnes. .To satlsfy

“thls need, more eff1c1ent teachlng methods are requlreg

I

{Therefore, at appears that CAI m1ght be a useful and

“more effectlve teachlng method in the development of’

-

&nd for the broadenlng career developmert courses of
today s pf?ct1C1ngumanagers,, ‘ngf-{ - I . .

\ N g Y Y]
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'“explore thL feaslblyhty of u31ng that technlque for

<A¥§

NN 9B o

< N

‘ - ThlS study has atLempted to evaluate CAI and to

bu51ness and management course studles in the near

ffuture. In order to accompllsh thlS evaluatlon, the
> I .

'follow1ng research questlon was addressed' "To what

!

extent will Computer A551sted_InstructLon (CAI) be - used

3

I
.\' f

’Kdate, CAI usage has been rather\llmlted but each year

in teaching business and managerial courSes at the univ-,.

er51ty and profe551onal level durlng the next flve to

- .’ N

ten years?" The approach to answerlng this prlmary
«question involved-thezexploratlon‘ot_answers to several

related subsidiary questions;'

'j‘ The flrst sub51d1ary questlon concerned an exam—
- .

1nataon of the major txends 1n’the devglopment of CAT -

‘ 5 .

. -
concepto and technlques. Although CAI is a relatlvely

new 1nstruct10nal tool many teachers and most students

" have recclved CAI w1th con51derable enthu31asm, and
o

many un1ver51ty educators have conducted research to-

;1dent1fy the potentlal this tecdnlque may offer.. To

/ ~
.

ithe number of appllcatlons has 1ncreased . Although a

‘substantlal number‘of appllcatlons are_stlll of.the,
;drill and'oractice category; most authoritieS‘believe

that CAI canlbecome 1gn1flcant y mOre effectlve as
stuhent control over the prograh 1ncreases. From an

economuc stand901nt, the’ mosq 51gn1f1cant cost factora

\

‘w1ll be course dcvelopment and design while;the

\ o

Lo




associated.hardwarc'costs will ‘continue to decrease.
" An examination was made of- the major &ubject
. areas where CAI has been applied - So far, CAI5applica- -
yfi_tlons have been used prlmarlly for drill and pract1ce

purposes in méthematlcs, for word usage, -and for teché

nlcal tralnlng Recently, however, educators have emr L
, LS , v
ployed CAI programs 1n complex mathematlcs courses, in . .

<

sc1ent1f1c experlments, and 1n medlcal dlagnos1s.
-Conceptual courses such ‘as law, educatlon anf1 bus1ness
kheory have also. used CAI. Although des1gners have - , ',' ;

applied thls technlque at nearly: every level ot educatlon, | ,,

- = R '

the pr1nc1pal developmental efforts have occurred at

el . .
TOJF L, s . -
T '.,z'-’:?r‘ i

un1vers1t1es because of the avallablllty of- computers.
L Psychologlcal factors that are 1nvolved in the

1development of CAI courses were also studled Slnce L

o

s the learnlng process 1is structured around the alternatlng ‘ ;}

response and feedback between the student and the c0m—-

\ .

« ‘,puter, communlcatlon is the most slgnlflcant tactor 1n
effectlve‘CAI deslgn.~ To date, there has been no major,“
' breakthrough in man—machlne?communlcatlon, although some

»

t o 1mportant research has been done in the fleld of voice

:communlcatlon and much more 1s expectcd in the near

N
;future. AllfCAI systems can be consldered as cybcrnetlc
systems s1nce they deal w1th a repetltlon of student

- : )perceptlon and fESponse 1n a self-regulatlng mode. It_'«h

is essential’ that AL support_the basic character1st1cs \

e . - . : . R . : A




| o o | 160
- o ) of'human‘learning;'that studbwté exercise substantial
~control over programs, and tnatxdcs1gners strlve to pre-~

serve the 1ntr1n51c enJoyment 1nvolved 1n part1c1pat1ng

. : in. computcr d1alogue. ' I .
. ’ B Y :

What are some lJmltatlons encountered in: devel-

oplng and offerlng CAI° 'One llmltatlon-results from the p

‘>

N R conservatlve attltudes whlch many teachers have about the

k:' 'f \ - Jl“le1auallsm of 1nstLuctlon.€ A second llmltatlon 1n*
,@volves a person s‘lnherent%dlstrust of a machlne such as
the computer, espec1ally when 1t used for 1ntellectual
AT . purposes.* Experlence has shown that 1ncreased exposure'
Ji\ l_ﬁgto CAI systems that are effectlve will tend to reduce |
thlS dLstrust. Flnally,‘some authorltles ‘have questlonedf
\'y:,the 1nstructLonal capabllrty of CAI programs. It~appears
"l >'7that CAI can be used effectlvely tor almost any -academic
. subject, but. the type of behavior to be learned is a
v\v_more 1mportant cons1deratlon.‘ CAI is still some years

\ - away from w1despread use 1n conceptual behav1or learnlng.

S - \ It seems that this delay w1ll resudt from problems in"

behav1or deflnltlon and from dlfflcultles ln measurlng
the teachlng'etfectlveness of CAI. o ' -
o/ | Anothe}ﬁﬁuestlon sought to explore the techno-

oglcal trends 1n computer hardware and termlnal des1gn,

. Sa d to evaluate their effect on CAvarogram usage.

‘D rlng the 1970 S there has been a prollferatlon of

)

cal hode ray tube (CRT) terminals made avallable Wthh

‘e
-




&

‘have used thlS latter concept.' o '\

bus1ness schools Q&rveyed use the computer

L 10
are fast,:flexible, colorful and, most'importantly;_
inexpensive. Terminals can also supporthextensiVe graphic,
capablllty ‘'which mdkes them useful to many other CAL’

]

appllcatlons. As of l97l, over flfty per oent of the

traff1c belng transmltted over publle communicatlon llnes
'was'computer data. Qeveral new companles have been formed

to handle the annual tnlrty f1ve per cent 1ncrease in

ff -

'data transm1ss1on._ As a result, transm1s51on rates w1ll

I T %

decrease substantlally, and exten51ve networks w1ll be

avallable so that centrally des1gned CAI courses can be -

'accessed by ‘many remote facllltJee. Flnally, minicom-

o

puters may have a'place in future CAI procesSiné-but
the ove*'helmlng trend so far has been toward a large~..

scale central processor serv1ng a. dlverse termlnal \Et-

work; The most successful systems, such as PLATO IV, o

The f1nal subs:dlary questhn aétempted to o

measure how.extens1vely‘CAI has been used in unlversity;

-

'bus1ness and managerlal counses to“date. lost of .the’

some ev¥.tent,

although only a relatlvely small percentage o'fcoursesp

'ée CAI in the strlctest sense. The maJorlty of computer

/ usage has been for s1mulatlon, gaming‘and general problem“

solv;ng. Such usage has 1ncreaSed substantlally in recent

h-.q ~

- years for in 1974, sev%nty-two per cent of Amerlcan

bus1ness schools requlred computer proflclency of thexr




;about CAI, but most of the beneflts i&em to be more .

students.Q ThlS flgure is s1gn1f1cantly hxgher tha 1n

_next flVC to ten years CAI can be rcasonably expected to -7

,structured subject-areas,such as statist@cs, accounting
. S : - o s \ ST

Y

3
7

!
S

*};»‘& .
& =,
S
x

. .
NE s e R . B . Ve s B T
: "“ ) . - Lo . T 1024 : o : .. * »..T: e . 3”"-\:; )

. . o - S :

‘.

. o ,
pr%or years. MOst.bu61ness schools axc enthuSLastlc

»

ant1c1pated than already achleved 'jv N

In conclu lon, therefore,‘lt appears that durlng the
2 i ' :

<

become ‘a more s1gn1f1cant tool in. the conduct of unlver— e

1.’"-',.\

51ty\bu91ness and managerlal courses. It seems reasonable '

to. estlmate that the current flVe per - cent PAI usage may S

eeenamg

1ncrease\to flfteen or twenty per cent, based.upongrebent

growth trends. ThlS lncrease is likey to éccur in well- _ e

and Qomputer programming. It appears that'conceptual

sub]ects Wlll be taught prlmarlly by nore. tradltlonal ‘f.
methods in the near future. Tnere will probably be much

T

greater use of related computer 1nstructlonal technLques’

such as s1mulatlon and gamlng, and within ten years it is.

'-llkely that all busxness students Wlll be prof1c1ent w1th

computers.‘ The key factor'ln»the‘extent to which CAI

' development w1ll occur i's the attltude of people, 1nclud1hg

' school admlnlstrators and educators, 51nce all other costs i

e
-~ " v

assoc1ated Wlth CAI des1gn and appllcatlon should d1m1n1sh

substantlal y
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| A B T . GLOSSARY T E .

° T . v

f,_ o C Adaptlve proglam - A geqcrallzed computer routlnc whlch

‘V d , - . is des1gned to alter LtS loglc‘paths b:sed upon

. - : responscs prOV1ded to it mhe program dlrectlon ‘
VoL v el ~“
‘> a o .ltsélf is not: planned 1n advadce, but the cr1ter1a

1 ) “ .

A( S for response analys1s and loglc d8015¢0n are. ThlS . f

. type of program canseffectlvely prov1de unlque
o _learnlng experlences flom a common startlng p01nt.7 -

o™ ‘ . . T a
' . N .

BPE Algorlthm - A pre deflned set ‘of rules, frequently per-r S ,hi

’

/ ta1n1ng ‘to mathematlcal procedures, whlch w1ll process

. -~ an 1nput or response datum in a precise manher. Often -

- G ote

R T a computerlzed model wlll contaln several such frame—.;

- A & . . ]
. . . works for prodess1ng varylngllnputs. - » AR
. . . S ) . , ‘. L . 2 ) ‘ ] , [ : i
Artaflclal 1ntelllgence - The process of learnlng asso- o,
01ated Wlth ar computer or computerlzed set'Uf program R -
e * e .. . .
S 1nstructlog“rout}nes, This concept is Stlll under -

A el LI : o A :
" e extensive study by psychologists‘and_computer experts!' e

A
B

Author 1anguage.- A high—ievel‘computer langﬁagebdesigned R

speclflcally for - use in Lomputer Ass1sted Instructlon
programs. As the name 1mplies,"a course des1gner or~

P .

T _A’ ‘ ; teacher can’ wrxte le&sons w1th such a. language, but

'

o thlS is also the med;um of COmmUnlcatLOn for the -
: - o

S student. ‘ _,".¢ BRI,




« a ' . ; o ¥05 - " ' ’ " R .&"
Branchlnq = A tcchnlquc used" in lnstruc*lve programa |
Tthat all ows for- adtcrnatlvc or looplng pa+hs in the

logic depcndlnq upon’ the studtnt's response. Some- .

I

times called condltlonal branchlng.v Contract with -
linear.

“

Cathode ray tube (CRT) - A type of‘;emote computer term—

. ~—
- y inal frequcntly used in Computer Assisted Instructlon

L]

"Whlch dlsplays data on a telev151on screen to the

student or teacher. Graphrps and color. projectlons
i
are p0551ble u51ng a CRT. Somgt;mes Called,QaVldeO

Dlsplay Unit (VDU).

L - Computer Assisted Instructlon (CAI) - Any type of educa—

N

. e
» i

tlonal process that uses computerlzed orograms as anvff
- enhancement to the ttachlng/learnlng tycle. Also
B called Computer A551sted Learnlng (CAL), Computer .
Alded Learnlng (CAL), Computer Based Instructlon (CBI),

ol and Computer Based Learnlng (CBL) .

Q : N . - [

- Computer Managed Instruction (CMI) - The pr0cessfin which

many.of the administrative functions of education aréx
performed with computer assistance, Functions'include
currlculum development, test preparatlon, achievement | . .ﬁi
lratlng and student response paftern analy51s. - CAL .

"and“CMI are frequently used to,complementaeach-other.

°




Has

!

ystems and communlcatlons, with emphasls on the con-
ystnm in an,attempt to

i

9

e

‘inuing process of action - feedbdck - adattlon.

/
dealt wrth the human nervous

. expl}§n thc»hature of the brain.
/ii ’ : . .t :
//Dlaloguc - An 1nstructéonal mode in CAI systems in thch

the computer and student appear to be cngaglng in a.

The . program feedback is based upon

Also called the Socratlc method'

/ .
/ conyersatlon.
in®

student response.
e

/

of instruction.
Drzll and. practlce m An 1nstructlonal technlque used

i;‘
~CAI to offer a student an orderly way to master
N Vaflous facts or patterns/llke arlthmetlc functlons,

V.

' ' spelllng -and word recognltlon.
Dual mode - A level of soph1st1ca lon in- CAT usage at

wh1ch the student. needs dlrect %romptlng fron the
A term

Y

computer to effectlvely learn materlal
#®

c01ned;by Dwyer, contrasted ‘with solo mode.
Evaluatlon - The process by wh1ch programs assoc1ated
‘'with CAI courses analyze 1nd1v1dual student responses,

e T
-
develop and store data, patterns abcut the student,
and- control the rate at wh1ch the stUdent advances

W~
.
s J’

in the coursetmaterlal

<

-
o .
[ . .
. /ﬁ S T
i oy e L]

Bl

s
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i

Event . ptoce siﬂg ~'Technique by .which comnputers use

.symbolic data to repr esent real world phenomena, and

- ’

prov1d7(%eedback when these;datazare chaﬁged, Related

. terus are slmulatlon and gamlng L ; S
: : N , . T . ]

.o o ,
. . bss

1,,

’ ol . ’ ? ' h‘.v . A
'Gaming - A process'in which'a student and computer inter- - ,
. . T o - 1‘ . 4
- ‘ ) act us1ng a s1mu]atedﬂmodcl or problem as the startlng -

pornt. After the rules or crlterla of the problem are
N

. .
.— »*.}-\v

‘. = 5 presented the studen% respgnds ’VJth*an answer or set « -

- . '»_.‘of changes to the nodel; the rev1sed porblem is then ‘ :
' pres@nted and th p;ocess contlnucs untll the game P
» . ‘ '
o . is over, - ‘hxg o A , ) b,“ ,
C Generatlvc program - A computer routine - used in CAI

i -

’whach can formulate questlons and reSponses based

-

upon general pr1nc1ples rather than on pre deflned

'detalled spec1flcat10ns; ;d S dw ?, ' L

. . o . S 4 . . - ¥
% = . . .

Heuristics - The use of -any method or strategy used'to‘

o8

»
-l

'1mprove the eff1c1ency of a syatem'ln attemptlng th,

so]ve complex problems. Heurlstlc computer programs”;“

& -

o . havo been developed to play chess, engage‘ln card *f/
E : o . /
Jgames and prove mathematlcar thcorems. Related to ¢

' ’ BN R , .
s T art1f1c1al 1ntelllgence. . o

[

[

Learner—controlled - In CAI, an enV1ronment 1n Wthh the

H‘.f SN k ' student has at his avall the computer and varlous

- +
[*3 N [

software routlnes, but where the drrectlon of 1earn—i "ﬂ

E

g%"d,,lng effort must be deflned and execute\\by the student.
e




r

nght pen'- An electronlc deV1co thdt look° 1xke‘a wrltlng

B L
.

N

108

]

utensil whlch is. connectcd by wire to a cathodc ray
k

/ I
tube’terminal. When touched toga soecific spot on’
the screen, an electronlc slgnal is passed to the com—
‘puter to record a-reronse. The llght pen 1s an ;lter-
hon (vs. -

A

native method of student termlnal communlcat

1 : i
o 1
J 1 T "
| .
k

v

.
el 0w
’ PPN

typewrater keylng) .
Lechnlque used 1n early CAI programsqln whlch

- Ty
does not allow for alternatlve patﬂs if |

the loglc
ContrastEd Wlth brancthg.'

.esponses are dlfferent

"
[ :
. , )

J2

P -; RS ‘: P ..' '
Onc S| oken by;people (such as. Engllsh

Natural“language =
: a5, {i’ R . P
.. or Russlagggwas oppésed to anyﬁof thc computcr program
. . g “w . / i ’ ’l
languages currentlj avallablc. Much regearch is now»'
- / _

underway toaenable computers to- 1nterpret natural

Deef

{
bos o N

human JOlce communlqatlon and prOV1de a translatlon

oW ‘e
- j ; .

't6§another language

A

Plasma,dlsplaygpanel - A spec1allzed computer termlnal,

b

t

developed by Bltzer for PLATO, that uses layers of

.

;.&4 :
/ lonlzed gas between two glass panels as the dlsplay

S medlum, Extenslve graphlcs and colors are posslble.
. B N a

MProgrammed Instructlon (PI) - The process of u51ng any

‘. klnd ofyautomated learnlng technlques, 1nclud1ng but

CAI 1s one type of pro—

3

:‘ L. . ﬁ‘

W grammed 1nstructlon method

e ‘not llmlted to computers.q
- N ‘;' Nl




'.Simu]ation'—'The representation of‘real—world.phenomena}
‘?
_ called a model, by an_ interrelated series of mathema-

t1cal Or logical_algorithms. Frequently created uSing
' e numerical symbols in a computer.' This technique en—'
/-ables the student to see and experiment w1th processes

o that might not be available to them except in the~-“

computer. R : o L A

o, L | |
i Solo moJe = A level of sophistication in,CAI'usage at

s

= Wthh the student ‘can work mare or less on hlS own in
writing computer programs to ass1st him 1n learning
.some‘set of-material. A term c01nedﬁby Dwyer,'con" .

-

trasted w1th dual mode.’

/‘ . -..‘: .
.

Traditional ﬂlassroom‘Instruction(TI)—'The mode of.educaé'"

tion‘in whichncompuﬁér‘technology is ﬁa%lused to .assist

in thedteaching/learning process. Contrastednwith

. W, . Lo ‘ . B T
S CAI and CMI. ; )
. o o ) .
i o o <
Tutorial . A type of2CAI system in which the computer
. o »* / 1 . .
P B . -assumes the main role in_ the teaching process. rThe,
% ! cpmputer acts /s a tutor and guides the student to )
- the appropria e material at: the proper rate of 4

' advancement./ S e
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. Califorrria State Un1vﬂrsmty at Long Beach
“Columbia’ UnlverSLty _L

" Statg. ‘University'o . New Yor¥ at- Buffalo .

Associated with the Followin

e

-Schools of ‘Business Administration or Managemcnt

Rosponded to thL Ouesﬁlonnalre

Arizona State UniVefsity/"

»

/"

Brigham Young University

Cornell University,

Georgia State Unx?erSLLy

Indiana UnLversyfy .

Massachusetts Instltute of Technology
Michigan State University

'Northwcsterg UnJverSLty

Ohio State /University )
Pcnnuylvqnla State Unlver51ty

Southern”’ I11inois University at Carbondale
Stanforﬁ Unlver31t

Unlverulty

Unitersity

University

“University

e .. .
‘University

University

-University
?Unlver51ty

_Unlver51ty

* University:
University.
~University
University
‘University

‘University

University
University
Washington

of
of
of -
of
of
of
of.
of
.of
of

of
of’
of
of
.of
.of'

of "Mic
‘Minnesota

Alabama

Arkansas -

California at erk@ley
Califnrnia at Lgs Angeles
Connectlcut

Florida

Georgia. - -

g Aniversities. That

v

&

Illinois - R

Kansas. = = . e
Maryland -~ : -~
Michigan., C

Nebraska o
Southern Callfornla -
Texas at Austln ‘
Washington at”Seattle
Wisconsin ‘at ‘Madison

.Unlver61ty at St. Lduls,
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el I - o . May 4, 1975
S ) . L , ] x.
v ‘ ,‘;Dear/Slm:,

I dm a tuden; in %he Graduate School of Government
'and BublnESS Adninistration at the George Washington-
University. in Washington, D.C. As part of my M.B.A.
arequlrement ‘I am writing a, thesis entltlod, "Computer
<. Assisted Instructlon for Management and Business _ f
! Study: a Look to the:rFuture." I aii interested in ' ' "
V “determlnlng the extent to which Computer Assisted
v Instructlon appllcatlons are currently belng used in e ‘
*  uhiversity business curricula. To help me in doing - S
. so, I -ask you to- complete the brief questionnaire’ i L
~have developed and return it to'me in the enclosed b T
'self- addregsed, stampcd envelope. ' ‘ e

o Because of my time deadllne, I would apprec1ate 1f B R
- - .7 .you eould .return the completed questlonnalre by ' : o
AR ! June. 2, 1975. Thank you vcry much for your o . o
.= ", cooperation. * . o .

.-~ - ‘ . . ' . ' l .8 e

Sincerely;, - ‘ -

: DantelkJ;“Suliivaﬁ‘g .
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'QULSTIONNAIRL ON USAGE OF C@MP CR AS:ISTLD INS STRUCTION (CAI)

'_ﬁ IN UNIVLRSITY:BUSINESS LURRICULA

y R ﬁ o
1. NaMe 'of University/School \}
. ‘ : ° = ) v‘ \%‘

2. I CAI used in any part of.youﬁ;curricdlum?: , -xés

3;_If-§p, when'wéé CAf>first'introd&?eﬁ? o (Year)

4. Ih'ﬁpprdximately hoW'maﬁy~coUrses\is CAl uSed?

S"“Approx1mately how many busxness students u%e CAI?

~

6; In what flelds is CAI used’ (Lhcck approprlately)

_;*i_statlstlcs/Wathematlcs s \
. Lconomlcs o : ;
Marketlnq/Forecastlng
. Flnance/Accountrng | o , | - 11‘ ”.ﬁ'

Admxnxs??atlve Theory/Behavxoral Sc1ence

. Decision Making :
r ’ . - . /" T3
W Other.(Elease specify) . :
a " 3“’;' l . . ’ _' N - - B ‘.r {}{ B 0

7. Is processxng done on. Unxversxty s computer

¢
-

T Tlme-sharlng (Commercxal)

N; 3

'8..Plea5e\¢ommgnt on ydur attltude toward CAI or about lts

potential .at"your UnlverSLty/School (Contlnue on rever e

if nedéssary). , , . ’
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