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systems (PLATO I, II, and IIY) displayed the potent1a1 of the.
computer to deliver high quality 1nstructlon, including prograns
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* ° ADVANCES IN COMPUTER-BASED EDUCATION:
A Progress Report on the PLATU Program

v . D. Alpert
< ) . D. Bitzer

bl

., University of Illinois, Urbana?Champ%ign

" Introduction. ) . ‘ ! T~

a

Since 1:s»1n1ciaﬁion in 1959, the PLATO program at the Univgt-

. / [ . . .
sity of Illinois has been committed to exploration of the educational

»

possihiliC1es and the engineering-economic problems relacing to the-

. e m— e m———— —— e h oo s

1n£r6du; on of the modemm high-speed coﬁputé;»iﬁzsvche educacional
process. During the course of che'pasc decadg, numerous other groups at
hnivérsicies, not-for-profit institutes, and profit-oriented corporations
have also initiated exploratory efforts. to uciiiie modern computer cech;~
nology for instruction. A widely varying array of éuch effqrcaahas been
encompassed undervche term "computer-assisted instruction" (CAI). Because

the throduccion of che high-speed digital compucer into anykfield of

human activity often has had very broad social 1mp11cacions and because
the implications f?r education may be especially profound, it is not sur-
prising that some of chese activities have received widespread publicity.
The .over-all sgccingais one in which che'nacionvnow invests
ove: $50 billion annually in the formal educational process, a total
commitment which is expected te increase to $150 billion annually by 1980.
Yet despite this large natiunal commitment, it is commonly agreed that

| .
there are vast unmet needs in education both in terms of quantity and

-
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quality. Ve are confronted with a conflict between ghe demands for -
more rass educhtion over a larger fraction of the human life span and
the demands for more individualized instruction tailored to the specific ' -

pieparacion and motivation of a given student. Many of the programs in

i -

CAI were originally motivated by the notion that the technolégy of the

computer could provide a unique contribution to satisfying these demands.

-
P

However, although great expectations have been aroused, the general Vil v .

reaction at this point in time might be described as a conflicting mix-~

AN

ture of great enchusiaém, deep skepticism, énd, ip too many cases,’ AR
. ' [

general confusion. _Suih a variation in response can be explained if

P4

one réalizeS'thac the exploratory efforts in CAI do not consc;.ute a

!

well defined and coordinated pational program; rather, these efforts k i
encompass programs with a wide diversity of objectives -and professional

interests and an even greater diversity of available fechnological facili-
. ’ A
ties. Hence, the perspectives, even of experts in the field, are often

widely diffengnc.

\ , Asan example of the diversity of points of view, a number of
proponents of CAI were pos;ulaCing and publicly arguing that a signifi- .
cant operational application of CAI was feasible with the computer tech~

nology .available in 1965. Significantly, the strongest proponents of

S e
[}

instant CAI were often those with the least experience in the design or- —
B ‘ .

utilization of computer systems. In contrast to such viewpoints 1is a

recent evaluation of the field preéented in a report entitled "The Cqgputer

.
¥ - e

in Instruction: An Overview' and carried out in 1Y68 under the aegis of

1

Associated Upiversities, Inc. The present status of the educational

¢

validity and economic viability of CAI systems is suymmarized as follows:

. €

Ce
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. be achieved. We proce ded to identify and implement such innovations -

Although still a laboratory ariesity, the use of the
computer for direct instruction a3 been awmnly demonstrated.
Without minimizing the differencds of the many projects, thorr
most interesting aspect is the coinnon result. In'every case,
direct instruction by computer Has shown substantial poten-
tial; it is effective, flexiflefand well reccived by students
and faculty. But every cage hals also demonstrated that such
ingtruction is nof ?corqmicall viable. Recolving this
conflict is the cruz of uséfulj computer assisted instruction.
(italics added) X ! \

. !

&he PLATO program has pqoceeded on the premise that the exist-

ing technology of the 1960s, whiLé adequate for valuable exploratory

4econom1cally practical way to the nacion s educacional program. Among the

approxima:ely 75 projects curréntly enrolled in the field of CAI in this

country, the PLATO effort is ¢ne of the very few which have included a
siénificanc program "of reseafch and developmenc in all aspects of syStems
design-+aimed at major innoyations 1n systems,hardware and ‘computer
sofcware as well as in teafhing strategies and lesson materials. .

-As earlp as 1964 our experience suggeSCéd'tﬁe need ‘for signifi-

cant technological innovations if an economically viable system were to

by enlarging the alreqﬁy powerful technological effort within our over- ,‘ !
all program. AIChough not promising immediate wide-scale utilization,

this approach was in many ways far more ambitious in its perception of

]

the possible role of the computer in education. To accent and charac-
\

terize this approach we have found it useful to J;scribe our activity

“

by a different and perhaps more appropriate term: computer-based educa-

tion. We refer to the laboratory in which the current ef fort is centered

as the Computer=based Education Research Laboratory. In this paper,

. = = s e o EEm ey pe T RS A G I S S B T ——— TR T~ & e A el
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’ hovever, we use the terms "computer-assisted instruction' (CAI) -and
"computer-based education' (CIE) interchdngeably )
The PLATO program has developed in two distlncc phases, each >
, aimed at different though related obgectives: .
I. The investigation of the potential role of the .
‘computer in the instructional process. The major ’ - °
objective of this phase has been to examine the
question: What is educationally possible? .
‘ "I1I. The design of an econdmical and educhcionally
y viable system incorporating the most valuable ’
’ : approaches to teaching and learning/developed
in Phase . -
In Phase I of che program, which was initiated at the Coordinacad Science
2 /

Laboratory of che Univer51Cy of Illinois, chree successive and increas-

e ——— —— a ot e - e e e e i e e et s e 2a N <

ingly versatilg systems (PLATO I, 11, and III) were designed and built.

3

(i These syétems were intended to explore the educational possiﬁiliC1es -

without regard to .the economic constraints imposed by the cgchndlggy

, .available éc the time of their completion. . A significant result has been .
: 7 y .
the realization of a broad set of educational obj%ctivea. The initial

stage of PLATO III, a system utilizing a large, commercial second-

- . generation computer, was installed in late 1964 and has been in continuous

[

use since then.. A network of four asgsociated demonstration centers was
G
added early in 1969. . Exploratory experiments arg in progress in many

disciplines and at all levels of formal education. At each level, CBE b
has met with‘unusual enthugiasm. '
8évgra1 key feaCures help to explain why compugerlﬁased'educacion
) has captured the enthusiasm of students and teachers alile: N
1. The interactive nature of this instructional medium

(: typically absorbs_the attention and encourages the total
involvement of students at all age and grade levels.

r




. was the proposal in January 1968 of a design for PLATO TV‘(xlarge;sca

t
»

2. The student may proceed at his own pace and can exerty
* . considerable Choice ia the selection of gltefnative
teaching strategies and’ mathods of presentaticen.

3, The féedback of information is applied got only in the ‘
learning process but 4lso in the teaching process; the ,
 system provides teacher or author with detailed access
to individual student progress, s powverful tool for.

-~ lesson eva(uati?n and modificatién, and a mechanism for
measuring over-all educational effectiveness. -

4. Teachers/duthora can ‘prepare; edit, or modify lesson
materials aftér only a few hours of familiarization with
the TUTOR® language, and with no previous experience with
or neced for computer programmihg. o

/ 5. Lesson materials may be written or edited at a student

console at, any location while the other consoles are in
student use. Thus, materials previously prepared elsewhere*
. may be modified by hnteacher in a participating inscitution

(e.g., community college, gecondary or elementary school) ==

in response to the unique needs of his oewn students.
.'Phage II of the PLATO:program, 1n}tiated"more than five yganﬁ
ago, has addressed itself to the problem of the high costs of existing

technology for computer-based education. A milestone in this progrém

system which, even in a prototype vergion,.would be economically justi-
i . . X .

fiable. The over-all design of PLATO IV has been described elsevhere
in a paper by Bitzer and Skapegdas;3 ‘igitial steﬁs toward implementing
the development 6f such a system at tﬂe pni;ersity of I1linois have
included the demonstration of the ;echniéal feasibility of certain key
componeyfs. Concurrently, some of thgse components are approaching'the

pilot production stage through the'céoperative contributions of several

{ndustrial firms.
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1T, Vot Is Edu§ationdlly Possible? The Potential'no;é of the Computer in
Computer-Based Education., ' . . /

Educational efforts with PLATO systems have now involved ex- °

»

ploratogy teaching in at least 20 fields of study and.ower 100 000

¢
*w

student-contact hours (most of it for academic credit) in course Work

IS

at the elementary, secondary, college undergraduate and graduate levels,
From the outset we have g?ed the computer to supply abp;dpriate responses.

to student questions or answers and to keep detaifed records of such ,

. -y
? P — E3 [&) L]

responses. Even the most primitive system, PLATO I, demonstrated a

tutorial sequence for drill and practice, which prbvided an 1mmediate

{

feedback, allowing the student to proteed,in,theteVent_oi a.correct . . __
response‘and‘to repeat or review in the event of incorrect responées.

( This role'of the”computer‘is perhaps the most widely known'in the. field

of CAI and hasnleﬁ some to think that computer-based educat;oﬁ is limited
to an- automated vérsion of the Skinner teaching mach:l.ne.4 PLATO IT pro-
vided a much more complex tutotial sygtem with a greater variety of e
choices and alternate lessen materials for gtudents with varying dagrees
of pregbration or motivation. PLATO III, which 19 1n continuing full-

AN :
s time use as an exploratory gystem, hag demonstrated many powerful new

approaches to teﬁching and learning with this flexible educational medium.

-

Teaching strategies and lessons'h;ve begn developed in fields as diverse
as algebra and anatomy, foreign languages and pharmacology, life science
*and library gcience.

Without attempting to detract from the valid use of computer-
bf/odf&oucarion in a tutorial mode for such rote learning situations as

elenentary arithmetic or vocabulary drill, we believe it should be

ERIC o 9
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. -+ ciphasized that in the past few years teaching strategies have bosg>devel-

oped which are so far removed from the Skinnerian approach as to represent

/

a ;oc§lly different ooncepcion of the role ofscomputer-based education.

—

To provide insight into the diversity of possible applications
A3
of che°compuCer in education,, it is important to correcc certain miscon-
ceptions which are frequencly promulgated both by proponents and by critics

of CAI. We list some of these misconceptions together with a brief com-

~. mentary on each.

. - ¥ ) ’ ' : ’
: Misconception I: Cbmputer-based educatzon zersy mous
with programmed instruction. : ﬂﬂ;y '

Computer-based education makes possible unprogrammed instruc-
tion or st dent-controlled learning by utilizing teaching’
strategies which .differ completely from the basie¢ ﬁu&orial""‘"*‘—-~“~~~"-—'—~-—ﬂa
. logic of most programmed instruction. While of substantial
: value for the development of certain skills, the interchange
(: - of factual information } between man and computer is only one -
. mode in which a teaching strategy may be incorpdrated into
the computer. For example, the information may be stored in
; . . the/machine in the form of simulated models of an actual system
‘ or device; one may simulate such widely differing systems as ~
a biological organism (e.g., the human circulatory system) or
an electronic circuit (e.g., a defective radio get).” Through
a set of instructions stored in the computer, so-called
algorithms, the computer is called upor to calculate unique y !
responses- to varying student inquiries. It is in this manner o '
that the great computational power of a computer has been
programmed to play chess with human opponents, making appro~
priate moves in response to unprediCCed behavior.  In other X
teaching strategies, the computer may be programmed ‘to aid ‘
_the\student in the development of logical, algebraic, or
tric proofs, or to play the role of referee and score-
A keeppr in intergctive games between humans, thus providing
- new /insights intoygroup or adversary behavior.

W

ML concépt:b@ II: Since the instructio strategy must be
prigviously programmed in the computer, £t rust of necessity .

. ticipate all conceivable, student responses 30 as to com- o N
pare therm'witn "correct” arnswers stored in the machine. .
v




“ N

Teacliing strategies which do aot call’ for gpecificd
,student responses are widely used and oftian of greater
value in many fields and levels of insiruction. For
example, students sEggying geometry may be called upon

to "draw'" on the PLATO graphic display a figure that has
specified geomerrical properties but is not restricted to
a given size or location on the screen. In such cases, '
a set of algorithms in a so-called '"judging routine' makes
_use of the computational power of the machine .to assess
the validity of the "answer.' Other such routines have
been assembled to judge open-ended verbal responsesrand

to distinguish between conceptual errors and spelling
difficulties. In a sequence far . teaching algebraic proofs
the computer helps the student by pointing out or correct-
ing arithmetical or logical errors after each statement,
thus allowing the student to concentrate on the central

notion of "proof.™ .

- ,
Misconception III: Computer-based instruction may be use-
ful for the transfer of information but it ig not of value
in the development of eritical thinking skille.- —-— -
On the contrary, the development of comprehension calls

for individual challenge or attention and is often incon-
sistent with the "classroom' approach. Computég-based
instruction ‘has often been found 'té be more effective than

standard educational procedures in many }earning situations

a
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that call for judgment, interpretation of complex problems, °

and evaluation by the.student of the validity of his con-
.jectures. In the course of some lessons, for example, the
student may use th®e computer-based system to calculate,
analyze, and display. This relieves him of much of the
drudgery of "learning" and develops intuition and insight.
Although we view computer-based education as a way of
enriching rather than replacing the human involvement in
the teaching process, we do not relegate CBE solely to
routine tasks. '

Miseonception IV: A computer system uged for computer-basod '

edycation can not be uged in a time-sharing moda for conven-

tional computer programming.

This 1is largely dependent on the size and design specifica-
tions of the system. In any multiple-access system it is
necessaty to set agide some reserve time between individual
"requests over and above the statistical "average" time of
{individual student usage in order to avoiﬂflong waiting
{ntervals at times of peak loading. In a large ‘computer
system this reserve time may be substantial. For PLATO IV

*

<]
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; :
(7 . the feserve is designed to be of the order of§ 40 percent of S "
‘ Lo the total available time to assure that the typicpl~waiting' ’ . R
time for any student is less than 0.2 sccond., This reserve )
capacity may‘be accessed in various ways- for coaventional ’ . L
computer prograjpming. As many as two or,three hundred ° ) D
terminals could be used in a true time-sharing:computational e
. mode in cencyrrent operation with the instructional use of e
the remainigz student terminals. Altermatively, this reserve - R
e could.be used for the processing of the educa- I -~
/ tional response data from on-line students and could tif¥s
provide a.eechanism for the fontinuous evaluation of studant™ "’

i
progress and teaching effectiveness. : . i

computer t

~

One example of a major departure from the tutorial moao of > ‘
- 4ingtruétion is the so-called "inquiry’’ mode.which has égdlsignificant © f
£ critical thinking 'skills and in@gllcctual ST O

value in the development o
>
h 1
comprehepsion. 1In this teaching strategy, the student 1

5 presehted\w;ch . —
~ ' - L .
a problem statement vhich can not be gial;,witb by.a simplc or multiple= ., .¢m__,( :

2

a . choice answer; it may call for a sequential analysis or conotrucécd <

(= responge which can not be uniquely énticipated.' Ag an example, in ode_of’ o .
) T ’ ")

- | N
the chemistry sequences,, the student ig asked to identify an "uaknown,"

organic substance on the basis of any sequence of questions or "tests" he

may specify. To ?nke a valid response,
about its phyéical properties, to s tudy its

the student may find it neccassary

~

to gather factual informatien

\ .
jnteraction with gtudent-selected reagents, to "measure" and display its

s
.
B

frared spectrum, to interpret the data, or to calculate various reaction -

rates or other properties. While factual data may be stored in the form St

o of dictionaries, tabléfl’BfJOChef textual forms, the opecific "résults” .
E ' . \ . — R . .

i of an experiment are often'stored implicitly rather than explicitly. .

The student makes the decisions as to the tests he wishes the computer to. SR

In a gimilar se-

'

perform or the calcualtions he wantg it to carry out.

A

" quence in medical science, the student is asked to diagnose and prescribe -




ST the treatment'for a patient's illnes§‘~'Whén‘he PfOPOSéS a recommended g
trcatment, the computer responds with a report of the e\pccted effect P g"';
. , ‘ o .. f‘."'““f‘“..f;

on ?ne simulated patient. ‘ oo _ o - Lo Sl

e
.

- . ! oo

Obv1ously, we have p;j;geded far'beyond the-role of the‘com— ‘ R R §

puter as’ a bookﬂeeper, scoreke per, and guide to selected textual o T
material, Not only is the student helped in acquiring new information

v, Y

but he is aided in fitting it into a broader context and in gaining new . e 1

perspective. He may be introduced even at‘a!very early stage, to an 'A e S
Y ¢ K " - B s T;‘j
investigative approach to. the solution® ‘of many'problems A ‘ :

L ,g,q.il, A majon computer-based system provides a whole new-capability NI _,If

< - *

»for testing;~eva1uation~—and model—building for theﬂlearning and teach - f-m;

o .
ing process. Educational psychologists were’ among the first to recognize 0

. 2. ,F -~ e ’ B
B o

i~f(f. L the potential value of this new medium for’ research in these»areas. R
.1 - - ‘% N _ L e,
Several programs in this general'area are in progress at the University ,

~ . - -

_;-"i of Illinois, utilizing the PLATO III system as the basic research tool. e
, " L ¥
Obviously, such.a system may also be utilized for the evaluation of

A

specific course'materials and eventually, in measuring and optimizing - “‘,

» S P | . 5

- the effectiveness of this new medium. e T - S

¢ Initial experiments aimed at evaluating educational effective-
- ! \

mess have peen»made at the University of Illinois and else(ahere.5 Although

oz ‘the data sample is'altogether too limited, the results have beeh most -
o engcouraging. As a typical instance, a class of 20 students in a medical
. LTy, .. oo T . R T

science course was taught for a semester entirely with the'PLATO sistem.

- . v . -

- When .compared with a comtrol group in'a nationally administered test,

Y

'the student group taught with PLATO scored‘as well in grade gerformance'

: .
R '
- . .
. . .
. e ’ .
4 . ] . i -
. “ . : . <
v
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B even though they requireduqnly'onerthird to ohc=half as many tontact
. . I .

hours of instruction as those taught in the conventional classroom.

Subsequent reasurements extending over a 26-week period ind1cated that

-

X5

the PLATO group showed greater retention over that. iﬁterval.

.
~ . .

The subjective evaluation of PLATO by students, teachers, and

P authors has been vnusually- p031tive in a wide variety of exploratory

Iy

able with any syStem of limited size can not be considered definitive.

We question whéther a reasonable perspective can be achieved until much

A
[ z

*larger experiments cdn pe performed. For a typical course,¢our data on

' L3

t
experiments However, we hasten to ‘add that the results which are attain—

T PLAIO III have been limited to several hundreds of - hours of- student
. ' l

instruction. .In the absence of a fully developed educacional modelﬁor

.
’

. methods,~ittis‘not possigﬁe'from such relatively small samples to derive

. - _ :
. ' broad generalizations. Two conclusions,seem justified:
' N . ) .

to’improved individualized instruction in a very wide
- ‘array of courses or subject-material areas. - TG

5 -2.. That ‘the nature of educational testing and evaluation =
) ." . calls for and will be radically and substantially
. "~ affected by the availability of large computerybased
’ education systems; a valid measure of effectiveness :
calls for a much larger sampling of data and a longer

This expanded view of what is educationally possible 1s made

feasible by sgveral unique features of the PLATO III system. First, a :

{2 '

e
‘highly flexible software compiler has made it easy for educational innovators

to use their 1ntuitive notions to develop wholly new sets of. teaching or.

LR

Q_» testing.strategies.: Second, the large size of the computér makes possible

a 4

o

14

. a W1dely¢accepted evaluative procedure, eyen for conventional educatiqnal .

1. That computer-based edncation is a plausible approach S, T

period of comparison than has heretofore been available. T




B » . 4 . . . . N
<i . ' el © . . - . . »
. a very wide variety of.such CQgchlng scrategles, even ia a single .

|

i@sqow.- Third‘ the fle*ible soff"are dlegn, based on a povorful cen— f ) . }
FEES ' co T

tral compucer, has provided co%patlbllitj not’ only Ulth CAI systems v . 3{”

. . ) 1

developed by ocher manufacturers and designers but also wich che next ) . S

‘ ) . . s
A - BN

- ? L4 ' . *
generation of such machlnes; educat10nal materials dEVEIOPEd elsewhere -
can be readily incorporated. Fourth, although the softygfe system has .o e

‘become increasingly sophisticated, it is'noc necessary for an author

3

to becdme or to be dependent oh a systems progrémmef; Flnally, it is S

i ‘ . e

posslble for: messages to be Cransm1Cted from a given sCudenc stacion to

« . A o ™ ,,
"any ocher sCudenc station. Thus, teachers or‘authors may act as partici- ' “
T . . - >

pants in the sysCegtﬁo.moniCOr,individual,SCudent“progress.or~CO~respogd

-

. 'to calls for human advice, interpretation, or help. : o ST

v o ~— .. ' . )
(N What is.the role of computer-based instrugtion in the context

of the convyentional classroom setting? Just as the. printed page or the

- B . M Y
[ . . . Cw

¢ N
textbook has distinctly different uses at various qducaciqnal levels, Y
. : . b4

- . . / . i
we postulate different uses for CBE at the various stages from pre-school’ 1

to graduate education and beyond. - . . . -

It seems reasonable to anticipate that' ¢omputer-pased imstruction -

[

- v

will frovide a relatively small fraction (perhaps\an'hour :fay) of the

pupil's time at che'eieméACary gfades in view of the 1mp;?t§gc role of

-

- a

. teacher and.pupil interactions during mgsc of 'the school day. Speéial

.m ar lications at the grad; SChoql level 1nclude individual drill and practice, -
tug development of critical thinking skills, and periodic rest intervals

- §f0r.the humanlzzacher. At the opposite end of the ucilizacion scgle'we

! < . ’, ) Y y . . : 3 . 3 v
- might envisage entire courses in continuing education for adults at remote

R locations. . : : .

ERIC *- - ? - .

Aruitoxt provided by Eric M
. T g o -
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e —.—-within a week-or-two.

¢

: 13

We visualize a, particularl‘ valanble role for. cowuutc~~based

’

education at the undergrdﬂuate.level at}universmties, colleges, and com-
. + - .

munity colleges. As to the degree of its utilizacion, one may expect

Cnat CBE would assume a widely varying fraction of the instructional load:

< et - '
In cerCain instances, such as introductaqry courses in computer science, )
. . v ‘ \ .
L ] . R .
mathematics, basic anatomy, or genetics, a PLATO-type system might well ° .

! Ca

. assume the entire load. This would be particularly attractive for well
qualified SCUdents who wished to register in an advanced seminar without

devoting an'encire'semester or two in a prerequisice survey course, Such
é v
students might well - take the encire course and proficiency examination '

N ,
Less-qualified students might.by this mechanism . o

‘take remedial work at all levels to aid in'cheir preparation for more
]
. advanced courses. In addition there would be many courses in which the’

N . ’ v
-

cbmpucer-based syscem would share the load morg or less equally with
\
human teachers. Faculty instructors could spend more of their available

t1me in advanced or interdisciplinary seminars in which the discussion
R

of human values or the deveiopmenc of new ideas would occupy the entire

’

teacher-student relationship., ' : t R

v

- CBE ‘would make a unique contribucion at Egé community college

level not only because of the shortage of adequately prepared instructors
in many fields but also because of the orientation value for students -
- . . . . . .

who transfer to four-year colleges. .- They might, bfhthis medium, share

a commqn educational experience with other students nrior to the junior

vear.
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Ergineering~Economic Considaracions in ti
Based Education Syster.

»

e’ Design’of a Viable. Computer—

- It is generally aﬂreed that ‘the present CAI systems (1nc1ud1ng

PLATO III) entail total costs which range between $2.00 and $5.00 per

student-contact hour (s. c4h ). 6 The PLATO v system is intended to_ reduce

’

this co\f by approximately a factor of ten, to about 35 cents per student-.

contact hour, a figure comparabLe to the

- elementary schools and conslderably less

-

-

léwest - 1nstructional cost in

than the comparable cests at

colleges and universities. It is the purpqse of this section to summarize

the economic-engineering considerations and to identify the principal

issues'involved. ’ *

.

g e e e

«7" For this discussion Ait is helpful to specify in broad outline

the major subsystems which make* up a computer—based instructional system

and then to identify the ‘associated costs, In.makfng comparisons,-we

will set fprth the cost elements for PLATO IIIp an‘existing system with

~ which we haye very considerable experience, and .then. proceed to compare

0 o -

the estimated costs for the propo%pd PLATO IV system. Although it is

among the most versatile of present state-of—the-art systems the PLATO III.

system has operational costs at the 1ower end of the range of costs for

[,

current CAI systems. ' »

.

. ' In the CAI systems presently in use or in ‘the olanning“stage

there are considerable variationg in design. For example, significant

3

diféerences occur in the nature of the communication channels between

k]

corputer and student stations. Variations may also occur in the manner in

vhjth lesson- materials are stored or the

-

: 7

oy

format (Leaching strategies) in

- which they are presented. However, 'although there exist important options

’

—_— e
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{ - . In the, systems design, a framework within which to discuss boqh the
‘«lzsign and the economics of a large class of computer-based (CAI) systems
ls.offe?ed by the following listing of basic éperational elements:

1. A central computer which provides the executive

P - \ . . communications control and which encompasses the

{ L . } logic, the rapid-access memory, and the main data-
' 7 processing facility for the system.

2. A computer software system for organizing various
teaching, testing, or, research strategies and speci-
fying the language in which directions to thé com-

.puter are formulated.

3. The individual 'student console which provides the
interface between man and computer. It is also : .
referred to as a student terminal or student station. : - _ T

°

——

b. " Managemenq;and“ocher professional services -in -the———— = —-immmmsr e o =
. computer-based education system.

5. Communication channels, such as Ceiephone or micro~- .

(; wave cables, which garry information between the , A o

. Computer and the individual student terminals. ‘

3ﬁ¢f¢ The design details of the PLATO III syscém and student terminal o
have beén described elsewhere.7 As indicated in the schemat%c diagram of
Flgure 1 and the photograph of Figure -2, lesson materials are presegted t;”
the student on'a TV screen which can superiépose fixed images stored on <o ’f‘“f
Phﬁsogfaphic film and computer-generated ;r sﬁudent-generaCed informafion.
e *&Thn student responds via an electric Cypewrilter, or keysec.’

Table 1 sets forth the estimated operational costs of éhe
PLATO III system complete with an optimum number (50) of student terminals.
fhu large cost range indicated for the cenf;al computer is based on the
fqbt that the actual coécS of the 1960 vintage computer usecd 1; PLATO III

/

‘ (at the high end 6£ the range) arc significantly greater than would be '
- ( ' .

'( the case for a third-generation computer of comparable capacity.

-

MTRINUEVTOR #ap ¢ ey ey
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The development of the basic computer software syste@ for

PLATO TII has proceeded over a period of several years; since a

major exploratory research effort was igvolved, it is obviously diffi-

-

cult to assess actual costs. However, it is feasible to make an esti-

mate of the cost to develop the systems software for a new computer

which would incorporate the basic elements of the CATO compiler and

the TUTOR author language (essential features of the PLATOfIiI_sofgware)..

We believe this could be carried out at a total cost of about $150,000.

If applied to a single system, this would involve a cost of 30 ceats
P o ‘
per student-contact hour. However, after this f@icial development, such

-

software could be provided fdf'1denti¢dl“ébmpﬁtéfﬁ§gséémé”dt little
additional cost. Thus, if one assumed ten PLATO III systems, the

incremental syétems softwa¥re cost per student-coatact hour gould be ¢

reduced to three cents, or '‘a negligible fraction of the oVer:?ll systems .

expenses. @
While of unique design, the student console. for PLATD III is

assembled. from awailable commercial components. The cost estimate with
current production techniques is $5,000 per student console. It is -

important to note that in the current desighlﬁhesifscudent terminals must
be connected to the computer via TV bandwidth cables; hence, Ch?y nust

typically be located within a few hundred feet of the central computer
. Q

facility.

Assuming a third-generation computer, the operational costs for
S '
aa updated version of PLATO IIT are estimated at about $1.60 per student-

contact hour, cxcluding systems software. - These costs are approximately
K .

—




¢

|
equally divided arong (a) tL; central proce991ng unit, (b) the PLATO IIE"
stident conuole, and (c) management of the computer center (includlng
rnaintenance, scheduling, computer programming service, etc. )

From a budgetary standpoiQC, the operacional cost Sf the
computer-based educacioﬁ'syste? corresponds to the direct instructional
cost in the conventional setting. In addition, -there is a need for €BE

lesson materials which correspond to the textbooks and other instructional

"materials used in the classroom. The purchase of conventional instructional

materials, largely supplied by private publishing firms selling to a

national market, is also typically budgeted as a separate item. As qil;

be shown, the cost for lesson m_acer:‘l.als_“for_:rb@e{gL_A_xrg__sEcg_g_isf_ge;ag_gpaabl_e
compared with the total ;per&cional costs aﬁﬂ?commensﬁraze wicﬂ }he cost
of textbooks. " ‘ ' _ Co o

-The cosg of che preparation of lesson materials for a coﬁpucar-
based system varies significantly depending on the ceaching BCraCegy,
|content, number of branching choic:Zi and complexicy/’£ simulated models.\
However, it is also cg}cically dependent on the software system in which '

- . . -

the teaching strategies are organized. The PLATO III sdftwa:e syQCem was

designed with a gpecial view to reducing the qver-all effort and associated .

» - 8
cost of materials preparation. The development of the TUTOR user f@nguage
has had a particular impact on the economics o’ this process. As 1hdicated

previously, it is possible-for a potential author to write such lessons

‘without any previous acquaintance with or need for computer programming.

[}
>

Also, 1t is far easier then in most CAI systems to arrange the material

in a previously selected format or to change the format.at any subsequent

.

4 t .
. B
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1nstructigh; the cost for these supportive or "production” services (photo-

12
‘. ’

' N -

tize. Furthermordy, the author may either write or edit his matcrial on-
. LY . :

“ N ) e . - ' . . b
line at any student terminal uvhile the other PLATO terwrinals are in use.,

-

(In some systems, editing or debugging can not be done without seriously

degrading the entire system for student use.) Heﬁce, for PLATO III, the

reported for other systems, in some cases by a

©

1

incremental systems cost for editing or preparing materials ié cong}der- . J
ably lower th?n has been
féctor of 50.8 | . ‘ . ‘
On tﬁe basis of the preparation.of hundreds of hours of lesson

\
: |
material, we estimate the commercial cost of such preparation, exclusive -
of author royalties, to be in the range of $300 to $600 per hour of

- - — e e W e e ../.._-

graphic, computer access, secretarial, etc.) has actually averaged con=
siderably less in our Labor;torj. ‘fhe above pumbers ard proposed for a
high-quality version of é course involving many alternative teaching
appfoaches. Without going into details, our experience shows that a drill
and.pracgicé lesson‘can be érépared aﬁd edited by an experienced author

in the course of a few hours; rather complex lessonsﬂcovering~an entire

semester's work have been prepared on a part-time basig by a qualified

"instructor during the course of the previous semester. ,Thus, if the

author's salary were included in the above figures, the total costs would

' range between $400 - $800 per hour of instruction.

To prorate the above cosés obviously depends critically on the
pumber of students expected ty use a given set of material. An analogous

situation occurs in textbook publication; the number of antfﬁipated sales

i{s a rey factor in allocating unit costs as well as in establishing format.

/ | ) I
,
.

-
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e use a similar approach to arrive at an estimate of lesson material

costs for computer-based education. Tf, for example, the number of

- . . ’

student users expchuato take a given lesson weré 500 per year for five

years, the prorated charge to cover the alYove costs ($600) would be ~6§
-

approximatelyVQS cents per student hour. This would mean a. fosal charge
’” . .
for é So-ﬁ@pr séﬁeégér course of mbout $12.50, or an expense comparable

to that for a texﬁbook.- The number of anticipated student users would
’ e ' A .
depend on the nature ofr the course, on the size of a given CAI system,

5

and op the number of‘cémpacible systems in use. For a single PLATO‘IIi
L%
system, the range of operacional costs (approximaCely $2/student-contact

o

- . e - —— | ——— ——— it e Aot St
Pt - - — —— e e —tee ——

hour) and the total number of SCudent SCacions are such that a nominal

" .
[

expectacion of 250 students per yedr and a charge as high as 50 cents

" per hour for lesson hgcérials would seem appropriate. I1f there were many .

compatible systems or Ihrger 1ndividual sttems, a far larger number of .
students could be servé& and hence permit a substantial decrease in the
charge for lessdn materials.

The design of PLATO IV envisages a computer-Sased system which
could reduce the total cggc per'SCudenC-conCacc‘hour byig large factor below

that of an§ system currently available while maintaining the unique student

-terminal and systems software capabilities demonstrated im PLATO III. The
principal design features proposed for PLATO IV are:

1. The incorporation of a large third-generation computer
of the Con*rol Data 6000 class. Such a computer con-
ficuration can be designed to serve as many as 4,000
student stations aand to teach several hundred lessons
¢ luultaneously.

22
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‘of ten. The increased reliability of integrated circuitry in such computers

. . N o

2. The design and‘utilization of a novel and versatile
- student console providing a dynamic graphic display, ‘j . .
superimposed pictorial images, and a keyset by which ' ST
the student comrmunicates with the system.. As an addi— .
tional accessory, individuzl random-access audio ) , ‘ (L/ '
‘.?Jceaj would be available for student terminals. . : e
P

3. The capability of serving student consoles at remote
locations; groups of such stations could be economically ¥ v
linked within a 150-mile radius. At a given location o '
each console would be connected by a regular telephone . l
line.

-

LI
sch -8 e
RS
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o

The system modifications that account for sizeable reductions in

‘
N

‘e
N . .
R 50 JerS e Fimpr s i oeiniie L ek P L A S e
~ o = - sy 1y

Ks

o . . )
the projected cost of the PLATO IV system are associd@éd with sigpificanc

. ’ . Tt .o o b . }
technological developments in each of the major design features. 'The ‘first i .
—— - N W © e "
of chese has been the successful commercial realizaCion of che chird—

P <Y

generation, general-purpose computer which has gregatly increased the spéed

and reduced the unit operations cost of this central element by‘a factor

B

[ an & X8

»:

has also made a much larger computer feasible; it is possible to dncrease
the number of student stations by a factor ranging from 10 to 100. Thus,

it is feasible with commercially available models to inscall a central

—_- C e men e e m—

computer system serbing 4 000 student stations with the same quality of

B ) .
T S A SR Y X S YO
- pogt PO Y o ce ot ras

inSCruccional sequencing as 1is provided by PLATO III. For such a system,
the undt computer cost would be reduced to only 1l cents per scudonc-contactf

hour, even if che'syscém wvere in use only eight hours per day.

N
w2 2 ey CF RPNy
gy o

L oes ey e n

The choice of a system capable of serving thousands of student

stations has a'major effect on the nature and costs of other elements of

e cTewg e
-

the system, in pavticular, the central management services. These services

Cowm— -

includ2 supervision and operation of "the central computér, maintenance of

.-
’

2

studiat terminals, supportive compdtercprograhming, scheduling, and routine

. | 23
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consideration of importance.

. N e /) s

. . 6
a.sistance to new authors or teachers.

The ‘economic consequences for

systems management are evident from the following comparison. For . :

PLATO II1I, an annual incremental cost of $100,000 adds approximately one
. . . - Vol

dollar to the cost per.student-contact hour. For PLATO IV, a similar
. L SR & .

-

. increment of- $100,000.1n annual costs adds approximately one cent to‘the

2

cost per student-contact hour.

]

A single PLATO IV system, asoprcsencly-

envisaged, will be capable of providing major educational serviéés not

only to thousands of §CudenCS at a major university site but to: SCudenCS

at dozens of ocher insciCucions, including, for example, colleges,ﬁhigh

schools, or elemencary schools.'
the initial venture into CAI by a school without previous‘gxperignce or

comnitment involves not only the purchase or rental of a fomplefe system

4

at very substantial investment but, in addition, the requirement Rhat a
special administracion be.established to operate:an& manage a relatively
. Iy ]

sophisticated computer-education cenger. With PLATO IV, by contrast, a

new institution may ventuve into this field by investing only in a modest

%

number of student stations and the accompanying Celephone lines. For such

newly connected schools, ic would also be feasible to ptovide for the use

n

of course materials previously prepared at the University of Illinois or

elsewhere. Thus, the[initial venésre into computer-based education would

Y _
be possible for a participating institution without major investment in.

equiprent, pcrronnel, or lesson materials. )
: %

A second major change in PLATO [V lies in the proposed incorpora

tion of student consoles of a novel, low-cost, high-performance design.

! A

But the unit economic cost,is not the only

With computer-based systems “of limited size,

-\

.
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Fwo important considerationstshould be ncted f First of all"the major

o B
wo

emoxasis of th° PLATO efrort on the dcslgn of a low—coat studtnt tcrmindl hg

, was initially motivated by the prior realizdtion of a TaJOF breakthrough

in the economics and capabidity of the‘central_computer. Following the

'
A Y

vlatter development, the need for a versatile, low-cost-student station -

’
c e , » ’ . 1Y
became the paramount issue in developing an economically viable system.

-

Secondly, the possible degign of audh a’ lagge a?stem enhances the desir-

ability of connecting student atations at’ remote 1ocation5 or in individual

rooms and offices both on economic and educational grounds. Thus, there

is an added impetus toward an‘over-all system desigq capable of communicating

[

Wwith student terminals via regular telephone lines.,

bl Ty Sen ey

f
TRLTINP P T

. e - e— o ag e e

A very promising technological innovation aimed\)f providing an
improved low=cost student console is the plagma display panel ? a recently
invented graphics diaplay device that i3 capable of storing*on its viewing
surface either’ computer-generated or student-generated information without
the need for auxiliary storage devices. Futthermore, it may be addreased’
via telephone lines of conventional bandwidth Under the trade name,
"DIGIVUE, w10 this electronic device is presently in the commercial proto-
type development stage and offers promise of excellent petformance with
significant further reductions in atudent terminal costs. Made up of a
thin, flat, gas-filled glass container with transparent electrodes, the
plasma panel {s designed so that it is convenient to project and superimpose”
photographic images on the display surface."Thus, one can combine the

. , ) '
presentation of textual material or slides with tha computer-ge&%%qted infor~

mation, as is done on PLATO III. ¢

= CEA TP
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Figure 3 presents’an art::t s conceptlon of a PLATO IV studevt

console with keyset, p‘asﬁa display paael and a low—cost random—acceos

image progector The latter is another invention from the ELATO design

etfort. It permits the random selection by the computer of any tmage

%
s i

-on a microform catd on which the textual and photographic lesgon materfal _ - °

'

-~
' v B

will be stored. Figure 6 shows a'photograph “of an actu;lspilot fnodel’

-

L

v

DIGLVUE panel’witﬁ'a superimpceed photographic 1mege.

A nlw, low-cost; random-accees audio system will make it possible .o'

. N . .
for a student(to call for or to record vocal messages on A locally situated

magnetic'recording'device. This unit would typically beJcons;dered an— . .

optiordal featp#e, especially useful in certain language courses. .

Another technological 1nnovation proposed for the PLATO IV gystem

involves an economic&* method for communicating\ﬁith student Qtations at

£y

&,
a distance. By time-multiplexing a single educationel—?#\ggi:nel, it 1is

[~

possible to transmit to as many as 1,000 student stations. Ad a distance

of 150 miles, such a communication channel would adJ a cost of only about o e

a

two cents per student-contact hour. For telephone connections on a given

campug, contingent property-line charges ata nominﬁlg a dedicated 1193,»J,;f

»

rental would add only about one cent per student-contact hour.

.
~

Table II sets forth the projected operatidndl costs for thevPLATb

.’ . ' [

IV system. The hourly costs assume a full utilization of the system, with
all 4,000 student terminals in operation; they would be higher, of couree, if’

the utilization factor were less than 100 percents This i1s offset, however,

by the fact that the hourly costs are based on an eight-hour day. 6 The costg

26 -
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can obviously be lowered either by using the systtm for, educatlon durfng a

ot

la rger part of the dak- (PLATO 111 is in such curlent use-aﬂkieast 60 hours . “;:f
per week), or by us1ng seme studeng_stations and the large, general~purpose

c0mputer for other computational of research appllcations during the remain- ';v'l :ji
ing shifts. Thus, the educational use of this magsive computer coudld help

— . : ’

_ to pay for some of the computational needs of participating schools.

The greatest variance in the estimates of operational expenses

»” B o -

11es in the. progeéted cost of the PLATO v student station. It is ourvcon— S

sidered judgment that this entire uni Cexcluding the audio)-could be made
. : T . . o - -8 1
available_at a.cost of approximately 1,500 when pr&djﬁed in quantéty. A oy

°

detailed anqusis_of such_. a projection lfes beyond~the~scope*of thiS’presenta-

tion. At fhe present writing, the technological feasibility ,of the plasma ST l‘ié
display panel and the random—-access image selector seems . assured though the " «1:'
specif o conyi;;ation of unit costs awaits further experienCe with pilot .Fv 'i:}
i ‘ E
production models. While we -have considerable tonfidence_inkmeeting thé . ’ ﬁ.é
above target costr(corresponding to 15 cents/évc;h ) for a stuhen% terminal - | R
of radiz;lly novel design, we-have also indicated a reasonable upper 11&1:' 'l;zg
on the probable cost by listing the current cost (50 cents/s.c h ) ,of exist:rzuzivn:f*7;§

P

ing state-of-the—art PLATO student stations. This accourts for the large

range of console cost in Table II. In view of other cost elements; ic . . _"L o
bec0mes-clear why we have placed such emphasis on reducingithisAexpense.item. ' :

- - o

Our current estimates for software system development based on -l q .

eyperience with PLATO'lII suggest a maximum incremental cost of the orde{ C
{
of SSOO 000 for the PLATO scftware for a Control Data 6000 series computer.

~

"This is converted to a prorated hourly cost of about one cent per contact =~ . _4._yf7#
. .- ‘ : ¥ o i
hour--amortized over a five-year period. ' . T !
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. Lesson material prepération~for PLATO IV weuld be compavable
- ~ * ) ,
V‘ in cost to that for PLATO IJI. Following previous discussion, che tosts.

of abouc $600 per hour COuld be prorated At approxwmately 25 cents per ’

few cents per student-contact hour would pay for,such costs if as many as _
IS e . . . : . . . o™

ten PLATO IV systfms were installed in various parts of the country: For

courses that are widely incorporated into many curricula, e.g., introduc-

.
.

l -
tory courses in statistics or in chemistry, the .amount of -student use could

easily reach 10,000 hours on a single PLATO IV system within three or four
v : L
L} . 4 X . . . : . .
semesters. Hence, a substantial author royalty would be feasible even at

L

contacc hour if '500 students per year were anC1c1pated, a charge of only a ' T

TECTEITA

_;~__;m«.-a.charge for lesson macerials corresponding to $i.00 per SO—hour ‘semester; &

A ¥or .courses with small Student use, e.g., an‘exotic foreign 1 nguage, che

- (: charge would have to be increased, the materials used 1n a number -of compa- ) .
tible sysc;%97/;r/che author's remyneration contributed in other ways. . ST
r . ). &

;In‘summary,oche costs for the insfallatfon of the computer (includ-
’ ing, systems software) and the management of the computer éePCer would
: o, ,

v

total apprpximaCe1§ $1.2 million ﬁer yeer, or abou;'ﬁ§ cents per student- - ' o

S

B . ) N L ' I A
‘47 ™ contact hour. If a comparable amount were associated with the rental '
- of the stddenc_scacion and associated communications lines, the hourly cost

» . " : . ’ -
for individual student instruction.would be less,than 35 cents per contact .

hour.n Aewah~uppér estimaCe_(involv%ng the utilization of existing cechnol;u
ogy for the student coasole), the hourly cost would.be approximacely'CWice
that figure. It is our firm convictioe that the implementation of a system
at the target figure is cleariy attainable in the early '70s. \

3 . . -
~
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'imp1ementat1on as well as the educatlonal‘capability\ff computer-based

‘education systems. We have described a system for which tﬁe-projected R

‘ any grade level and ouid represent only a fraction (15 --25 ercent) of
ny 8 % ; , ‘ P 28

. . * .‘ - . . : ‘)' a

Some Implications. = . . .
. ’ ) ' s

.The cumulative snd overwhelning trend of our QXploratory

+

research results with the PLATJ ITY system suogests that this new medlum

PRI 3
H . % e

will be edfcatlonally effective and enthusias%mcally recéived by students ST
at alt levels of age and experience. There 1s eveéry evidence thus far . | vl B S
that this enthusiasm'is shared by teécﬁErs and authors as well. support_

N

ing this appraisal is the correspondlng experience of educators working

Cerage v -

in-the field of CAI ‘at- other institutions, &or the most part with computer- . ;

based equippent far.less flexible than BLATO III, The major;ty of 'such: * S

educators are 1ncrea§ingly persuaded that thls,medium represents”a power- .

-

k'-' o e e a = . a e e e o e

ful means for addressing heretofore unmet needs in the entire range of the
e C.
educational process. If there has been informed skepticism or’ concern T e

L} RO aaes

s e

]

Pt a2t

—
[ ol A

-about the potentiality of CAI, it has largeiy heén addressed to the 4ssue - J
of econo;nics'.ll ' ( - ’ . - T

-

.
ke

* This .paper has set forth a number of advances in the economical . &

’

& ) 7'#

>we

vy oo

target cost of 35 cents per student-contact hour is about one-fifth that

of an updated PLATO III system and about oneatsentieth that’ of spme systems

~
-

fSerghata oy i g i o

in current use. This figure compares‘favorably with instructional costs at

Sadas )

¥

¢

similar costs at the college level.

. ‘ .
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The. availabillty of a large-scal 5 economlcally viable CBE
y g

'Y

systen could provide a wide variety of educational opportunities which

a

:!"7

-

‘are currently either totdlly unavailable orsrestricted to & small percentage
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cf. the pqpulation. Some: of ths paésibilitieﬁvthat way. well be realized’

through the application of computer-basec education are:
. - [}
TR the allevigtion of lock-step schedules and narrowly .
specified curricula in formal education} students
« could proceed at a pace determined by their own
roe capacity and motivation; ‘
+

*  the provision of remedial instruction or' tutorial
. assistance during regularly -scheduled courses for
; students with insufficient preparation; '
*  the reduction of the number of large lecture classes .
at the college level in favor -of .small instructional
. ~ groupings and seminars; T
* . special instruction at home for physically handi-
_capped students; _ __

- VU S e e -

¢ % the development of arithmetical or other skills at’
the elementary level'aucy»f:pm the exposed environ-
‘ment of the classroom; T

o

*- egfect1§e job training,or4retra1n1ng for ahy embloyee
» 8TOUP egpecially affected by expanding technology;

" %  continuing education for professional personnel per=
_mitting the updating of knowledge and skills in their
s own offices and on their own schedules. R

Some of the available options would be economically Justifiable even at

the ﬁigher unit costs associated with PLATO III: A much larger number bf

,opportunities‘wouldNbe accessible w{;h.a fully implémented network of

PLATO IV systems. - Y

A single PLATO 1V system ogerating,ten'hours a day could provide.

approximately 10 mitlion student-contact hours annually at a cost of about

$3 million (a total capital investient of approzimately $12 million). ‘This
is equivalent to tha entire annual instructional load of a four-year under-
graddate‘institutipn with 24,000 students! Suych an institution would typi-

»e . B N N
cally h»ve direct instructional expenses of well over $20 million annuflly
. .|
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. ~ v
and, in a universify settinf, a’.total budget several times greater. This
conparison is cbviously not meant to supgest that PLATO could be sfbsti-

tuted for such an institution, Rather, it 1is intended.to indicate that

o . T

a single PLATO IV system coul@ augment by 20 percent -the instructional

capaciCy\\f five;such Tnstitu ions on a budget of less than $1 million each

Alternatively, this added cape ity could relieve an equivalent’ portion of

-faculty time for. developing new programs, Ceaching in.smaller group settings,

. - !

or providing extra help to individual studenCS. -The possibility of such
3 v
an enrichmenc to our nacional educational capabilicy has provided. added

incencive to our efforts to implemenc and test the PLATO IV design and to

- . bl

e .o

ro=

“learn how such a system would funccion and contribute in a varieCy of

educational settings. ‘ .

The introduction of a major -new technology into the educational )

A v

process will undoubtedly raise quescions among- some educators concerning

the possible negacive impact of an inanimate tutor 'on the very human pro-

»

cesses of learning and teaching. Sjimilar concerns may well have been raised

on che occasion of the introduction of the printing press and inexpensive

Y- T

papér into the educaCional process in the fifcéench century. It was ndt

A\l

‘long, however, before the technology of the printed page became so idéntified

with education that the (equally inanimate) library has becpme che universal
A

symbol of educational excellence. ' We believe that the resulcing explosion
. : . a

- of knowledge ‘and of information has made' the introduccidn of computer-based

) a

education all. the more needed in a rapidi& changing world. p

- f
3

In conclusion, it ds interesting to note Qhac the PLATO program

has called for a unique combination of edncacionalyand engineering talents, -
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.

The proprran ag 2. . ° . - A . s
Ihe program has bL‘ﬂflbed from coopiration arong experts in many disci-

1," - - 3 r 3y ° . - S . . / ..
plinss and awong edycaters in universities, community colleges, high

”

schools, and‘EIQEe“'ary schools. Finally, it has depended in a critiecal .

W3y On COOperation ,uong educational institutions, industrial corporations,

. : > % )
and government ageu.jes = Thege features may be indicative of a new level

of i“t?r‘1“3tit“tioﬂal relatlonships which would accompany the incorpora—

/ *
Rl o

tion of computer-ba.,gq systems in the pducational process.
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