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T ; IABSTRACT

Thewcosts of providing. .computer. Ass;sted Instructlon {CAT)
: are ~examined. Cost: .estimates for CAI depend crucially ‘upon
s —*Mthe~part1caian~assulpt10nsmnade about “heaconponen s of . :the
s ‘systea to be included in ‘the costs, the -expected 11fet1!e of

R

the: systen and coursewvare, and ‘the. anflclpatedastudent
_: utilization of the systeii/coursewaré. The Cost estimates -of
o - three ‘currently operational 'systems are: con51dered in terms
¢ . ‘of these. assunptlons.’The assuaption: of egual instruct10nal
: effectlveness ‘made in :cost conparisons with traditional
: lnstructlon is questzoned. Future dovelopnents which will
o . affect -cost estlnates .of -CAI are discuzseds
: }
) ,
o
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THE COST OF CAI: A MATTER OF ASSUMPTIONS

Despite con51derable attention over the: yeacs, +he cost
of CAI remains "an 1mportant ‘and - open issue to - -the
eéducational community. It is also a very complex: issue to
deal with because of the number of cons1deratlons and
assunptlons vhich underlie even the s;nplest of cost
estimates. ~Purthermore, because costlng CAL 1nvolves many
subtle value Jjudgements, almost all - cos¢ .estimates are
implicit assessments of the worth of CAI .as an instructional
methodology or mediun. This makes the entire process of

evaluatlng the cost of CAI a politically sensxtlve one..

-~ —Yet the-issue -remains important. . because. the. cost of

CAI, or more importantly, educators" percept10n< - of the

éost, 1is -one: of the major limiting factors in. the

developnent and 1np1enentat*on of CAl. Even if favourahly
1mpressed by the 1nstructlona1 .effectiveness of CAIL;

,<educators are reluctant t0. utlllze or ‘support CAT if it 19

percﬂlved as belng prohlbltlvely expensive. Polls of expert
4in CAI have consistently shown that the cost of CAI 1s
cons;dered the najor obstacle to its widespread acceptance.

An add1t10na1 conplexzty in uaklng CAT cost estimates

is the dynanxc nature of the computing field vherewudramatlc m——— e e

changes in +echnology can occur v1th1n a perlod of a fevw

years. The current development Of microprocessors and
~"persona1" computing (1nc1ud1ng retail computer stores) is: a
- .good -example of this and .also an exaaple which has definite

.1npllcations with respect to CAIL (to he dzscussed). Hence,
fpre71ously made -cost est;mates ‘6f CAT £an be 1nva11dated by

newv developlents in hardvare, softuare and to a 1esser

.extent, 1nstruct10na1 nettkodology. ) ek :

This artlcle considers some of the major: assunptions
vh1ch underlie cost  estimates of Ccazx and. .certain
considerations involved in these assumptlon Cost estimates
for some lajor exlstlng systems, are exallned in llght of
this general discussion. The .conclusion: challenges a further
'assunption 1lpliClt in all CAI  versus traditional

_instruction cost couparlsons, discusses condltions vhich

,vould optxnlze the cost of CAI, and nentlons sone futuro
developlen*s in the conputlng field: whlch can be: expected to-
:radlcally alter the costs (and 1ature) of CAI.)

-

‘.!gés:lxang~5§§9!2§;ons: f‘§.§t1£§tlma:gs

“Theré are three major as:unptions which underlie cost
estimates. of. CAI. ‘The first assumption concerns what
;conponents of -a CAT syster should be included in the cost
.estimate and ‘what aspects are ‘considered to be neglxg1b1e
not part .of the ‘cost. Pive major categorles of costs can be
identified:
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- Systern Hardware
: . System Software
St : ’ Telecommunications:
0perat1ng
‘Coursevare Development . SR

‘Systen hardware includes the cost -0f the CPU, necessary -
ﬁperzpherals (e.g., disk and tape storage, 1/0. devices, front i
end processors, etc.) as well as studeat terminals. Nany E
cost .estimates are based on thls colponent alone, -and
1further, terlznal costs are often not included but assuned
to- be user costs. Hardwidre -estimates may be based upon
purchase: price, long-=tern. leases. or. short=term. rentals.

e S - -Systea -software-costs-coyer -the- .cost -of purchase/ rent . D e e
aof the operatlng system, course authoring languages, -

graphlcs/audzo software; utility prograns, etc. These costs

are not 1nf;equently excluded. from cost estimatés ei¥her

because they. -are assumed to e neglzgible next to the .

Thardvare costs, or: because they are difficult to estxnate.

Telecommunication costs 1nvolve sznply the transmission
‘costs ‘via vozce-grade telephone lines, digltal ‘data
unetworks, microwave, UHF television, -or satellite
transnlssxon.‘ Like the costs of terainals, the

 telécommunication costs are often considered to.be user ¢
Acosts ana excluded fron estlnates. o

0petatinq .Costs. include the salarzes of’ colputer
: - operators, systen analysts Or programmers, systen -managers,
e - teaching proctors:or -assistants, and also costs-due to the ]
e -~ _use:  -of  facilities, buzldxngs, and naintenance of all e
“"equipnent“*Costs such: as: these are often part of the regular B
institutional -Salaries or budgets and -excluded: from CAI cost 3

,estzlates. *

Finally, ‘coursevare developnent costs .cover the time of
the author(s) in wrltlng. ‘programming andzdebuggzng courses.
as well as the .cost of producing -any adjunct naterzals
(e.g.. audio tapes, slxdes, vorkbooks,etc.) and ntechnzcal

_assistance 4 <terms. of programming, instructional deszgn,
etc. This adlso .wWould. 1nclude the contlnuedwwnaintenance,
reuriting, and: evaluatzon of coursevare*vhzch will lzkely go:
on for the: 11fet;ne of the course. Because much coirseware

S - is produced: on ‘wborrowed” time -and because -courseware

3 developnent is often considered "educational reseatch", cost

w estimates" very seldom include the costs of coursevare o

‘ xdevelopnent -even- though they may 1n fact be: appreclable. . 5

R I o

o A

) To sullarzze, of the 5 majoc conponents:that Gould be
vzncluded in a cost estznate of :a. CAI systen, only ‘the: ‘cost. L
.of the system hardvare is. typxcally 1ncluded. Costs -due: to ] S
:systens software, Operatlons, coursevare developnent, and :
teleconnunicafions are. often onzt*ed from .estimates: based on
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»the .assuaption that they are negllglble or not . properly part
of the cost estimate.. While it is certainly true that systen
hardware costs Will probably constitute the largest single
cost factor, these —~other categories may be far from
‘negllgxble “in° " many CAI- systeas. This point will be

elabgrated in the case studies below.

The second major assumption necessary in CAI cost
estimates concerns the expected usage of the system and
courseware. This means the number of students (perxday,
—week, tern, etc.) who are expected to use the courses on the
system. It also includes the number of places or
institutions at vhich the system or courseware is expected
to bé used. Cost estinates are made ‘on theﬁassqma“;on that a
_CAImsysten (ot perhaps a. particular .course): -Wild--be- used for
so.nany hours per day, per .week, per year, This: usage data

‘then divided into the system: costs to produce a cost per

gt

student ‘HodT  estimate. “Thus, +the particular assumptlons
about- the amount of use a systeir or course will™ Teceive will
greatly influence the cost estimates: Por example, for an
IBM. 1500 system, a 6 hour/day usage (no weekends) results in
cost of $3.63 per student hour, a 10 ‘hour/day (plus. Sat.
-morning) results in a cost of $2.04 per studen¢ hour, and a

" 16 hour/day (plus 9hr. 'Sat.) results in a cost of $1.20° per

-student hour. Estimates such as this further assume that
every terminal is operatlonal and .occupied during the entire
,perlod -- qiite an unreallstlc assunption.

The development costs of CAI systems and courseware. arenr

often assumed to ‘be dlstrlbuted over a number of

’—‘ﬁanstltutlons. *Although~ this idea seems reasonable in

"prlnclple, in practice: relatively little transfer of systems
or courseware has occurred in proportion to the numher of
CAI courses which have been developed. (Later in the case
;studles, ve shall look at some. of the few examples of

“‘successful distributlon.y—~Reasons are primarily technical

and. political. ‘coursevare is often too poorly documented to

:be -used- -without closely studyzng the :source code == an
Eeffort vhich can almost be equivalent to writing a new

courseés: Because of the lack of standardization of systems

and aithor languages, transfering a ‘course may require-

considerable revriting or modlflcatlon even when the

‘transfer is to a supposedly 1dent1cal systems - -the - -
jPOll‘lcal side, educators are often very reluctant to accept }

‘another .person's. approach to teaching a subject, they may
feel they have no ‘control over "1nported" curr1cula, or
there may be copyrlght/royalty probleas. Por many reasomns,
vassunptxons about*the distribution of CAI costs over many
’instltutlons ‘havé not been ‘borne out in practice,

‘fhe ¢third najor assunptlon deals with the anticipated

’lifespan -of the system and courseware. As far as systeas -are
~concerneéd, harduare/software vhich is purchased wmust be-

*anortlzed over the expected llfe of the system. :Given the

-




pace of developuent in the coaputer world, a system llfetlme
of 4-5 years seems most realistic, although some systeas
.assume. longer poriods. As far as courseware is concerned,
the iifespan will depend vefy much upon ‘the ‘the ~natuare of
the: .subject. -Certain.. subject  nmatters. (e.g., arithmetic,.
readlng, statistics) can be expected 'to have a relatlvely
long lifetime and development costs can be amortizéd over
perlods of 10 years or more. Other subject matters will
require .major revision within a per1od of 3-4 years..
Purthernore, even if ¢+the .subject  matter is relatlvely
stable, vievs about the most effective instructional
strategles change and -hence 11n1t the lifetime of
courseware. Thus;- assunmptions. about the lifespan of the
systen ‘Or “coursevare are:.probably unreasonable vhen nade for
_ periods in excess -of 5-10 _years. A fur*her complrcation is
that vhlle a course nay indeed exist for a Iong. period; the,
.course. ndy ‘have ‘beén constantly rev1§ed and modified over
‘time such that after 3-4 'years it is really quite dixfereu*

‘ thanuvhen~f1rstnvritten«(yet*stlll«_theuwsame ~‘course)_. The
addltlonal -development costs: 1nvolved in 'such revisions are
llkely eéxcluied from any cost estimates.

While there are other assunptlons vwhich enter into cost
‘estimates of CAI, the: three- just d1scussed, assumpflons
about what is to be iwcluded/excluded in the estimate, the:
expected usage, and the exgeated lifespan, are major -ones
which underlie most estimataes, The nature ol-*hese major
assulptions can be further clarified by .considering some
ba51c attributes or variables vhlch affect then.

-

!ez:.ehlss Af:.e.gs.l.ag- -§9§§- —-Aisgm.l.gas

y One- variable affecting cost assumptions is the type of
CAI system involved. Three contrasting types are the large-
scale, tlne-shared CPU: with a large number of remotely
located terninals, _the timeshared minicomputer system.
serving a zmall nuuber of: 1oca1 terminals, .and the stand-
alone mini or micro-processor serving a single student at a
tike. Back of the different types of systems will entail
dlfferent purchase/rental agreements and hence cost
“aSsumptions. '“Iif?@“CAI ‘System may consist of combinations
-of all three slzes in order to serve different 1nstructlonal
needs or optlnlze costs.

Another varlablesls-the type -and- devel .0of -students.
Thlschanhwrange across handicapped (e.g., deaf, blind,
retarded, etc.s), the~*underpr1vale~ged (esg., -compensatory -
‘programsy, prof9551ona1 -students (e.g., ucdlcine, law;
‘dentistry, -etc.), or adult/vocatlonal  training (e<gey
-airlines, military; ‘trades)-. Within - the domain of public
educatlou, the. level of instructaon -could be elementary
(basic sk1lls such as readlng, arlthnetlc), secondary (high
‘school curricula) or - advanced (undergraduate or graduate
univer51ty or college). Each -of these. dlfferen* types or




levels of

students will involve dif ferent cost.

considerations.

Type of instruction is another factor to be considered.

- rhis. refers. to._the. .way in- which the- -computer: is—-used for
instruction. A broad ‘but useful distinction is between CAI

as ! adjunct instruction or as mainline instruction. As
adjunct instruction, CAI provides supplenentary ‘or
enrichaent +types of instruction which 4is in-addition to
existing instruction. This tends. to be an add-on <cost
s1tuation- As nainline instruction, CAIX replaces the
existing instruction and hence represénts a replacement
cost. _CAI may .be: intended. as drill _¢& practice, .as. a.
Xaboratory tool or sinulator, as a research technique, as a
tutorial systea, -—or as _a necessary _part of . a._computer
nanaged systel (in which the conputer plays no actual
instructional role). The intended use. 6f the computer will
also influence the nature of the assunptions about cost.

Instructional quality or complexity: is a further
variable which affects cost estimates. Courses which involve
extensive audio or graphic components, remedial -or
enrichnent sequences, alternative levels of difficulty, or
student control features will require more programming and
processing time. In addition, instruc’ional features such as
anination, color, different size or s& :yle -of. typefaces,
etc., will make greater demands on the ‘hardware and
software. Thus, the sophistication of the coursevare will
affect systel hardvare, softvare, Operating, and development
costs. This is a variable which is extrenely hard to
estinate in teras of dollars and cents.

-

It should be appreciated that these variables are all

**interdependent. For -example, if the intended goal is to.

‘provide mainline instruction to tniversity students in a
wide Trange of subjects and to maintain fairly detailed
student records, a- large-scale: systém (vith large, fast

nenory capabilitys will 1likely be. required. On the other—

hand, a fairly sinple drill ¢ practice ‘program intended for
supplelentary use. in: elenentary ‘classroons: could ‘best be-
“handled by a small minicomputer .system avith 832 local
terminals. X lahoratory situvation, involving conputer
simulations of -experiments, might be best served by a stand-
alone microprocessor.. -Cartain instructional strategies are
often associated .with. particular levels: or types - .of -
students, €.d., drill & practice with elenentary ‘or
underpriviledged students, or tutorial with
professional/advancedxstudents. ’
Thé ‘preceding: discission has identified some of the
variables which are: associated with assunptions -made in_cost.
- estimates of CAI. Each. particular combination of variables.

,gives ‘rise ‘to certain costs and: ‘hence. certain cost

assunptions. In order to illustrate this in further detail
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and examine some specific cost estimates, some ‘case studies
0f'CAI costs will be considered.

gase Studies _I Qh. gost B§.-!§

The follow1ng case studies present the available cost
estimates for three currently operational CAI systems. Each
of these systeas represents a different type of CAI. system
~and involves different assumptions regarding costs.

_The PLATO IV system.

) PLATO IV is the prototype. of a large-scale CAI system _
prinarily des;gned to deliver mainline 1nstnuction in a vide
‘'variety of un;vers;ty and college suhjects. The system |is
based upon the use of large CDC processors dnd a special
plasma display terminal. Table 1 presents cost estimates for
a system consisting of 4000 teérminals and assumes 2000 hours
of ‘annual use: per terminal (45 veeks x U4 hrs/weeky. The
estimated total cost per student hour is $.38-.68. The
systel is assumed to have a lifetime of 5 ‘years and .costs
are amortized over this period. These figures do not include
‘courseévare development costs vhich were estimated to be in
the order of a few cents per student hour if as:many as 10
‘PLATO IV systems were installed. -

At the present time, PLATO IV is used at over 100
‘different sites and there are about 5 separate 'PLATO 1IV
installations. Thus the assumption about distribution .of
developlent ‘costs across institutions seems justifled for
PLATO. However, current PLATO IV systens have .an upper limit
—.of about 500 51lul+aneous users “and ‘therefore the per
student estimates are out by a fdétor‘ of 8. The 1largest
variation in, the cost estimates was due to the terminal
cost. The optlmistlc cost was bésed upon the mass production
of the plasma terainal resulting in a unit price of $1800.
The- present cost of the plasna te:ninal (which is still not
mass produced) is. Stlll far in -excess. of this (betveen
$5000-$10,000 dependlng upon capabilities) . making eveh the

° upper estimate 'still too "low., The cos* estimate for
communication .costs is for local communication only -~ long
distance télecommunication by voice-grade lines is at 1least
$1  mile/month laking ‘temote . termihals, at a distance
prohibitively expensive. However, -asingle line can suppor+
a- number of terminals (at present 84) -and attention has been
~“devoted to alternatxve teleconlunicationflethods ‘(eé.g., Ball
¢ Jamison, 1973). In addition, sateIllte - or-~‘microwave
transmission have been shown to be relatively lnexpensiVe
transaission -modes for long distances.

‘The- PLATO. SyStem was originally developed by the
Universxty of I1linois but tecently has been marketed -on a

«
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commercial basis by CDC. This means that tke PLATO systea is:
nov- available on a service basis and can be rented according
'to actual courSeware usage (rather than on a systea basis).
The costs of using. CDC PLATO are about $1200/month ‘per
terainal; ‘excluding telecommunication ‘costs (this -covers the
rental & maintenance of the terminal and access to
coui'sevare) . Because of the high costs associated with the
Plasma terminal and communications, the cost of the PILATO
system is still far in excess of the per student hour costs
estimated in Table 1.

 The TICCIT Systea.

The TICCIT system was originally developed by the MITRE

CAI system %o ‘be wused to provide smainline instruction at
introductory levels in a community college environment. The
target costs were a complete system for under $500,000 which
would provide instruction for under $1 per .student hour..
Hardware cosSts for the prototype TICCIT system are given in
Table: 2. The system uses off-the-shelf color TV sets and

-specially designed keyboards. For a single systea consisting

of 128 terminals, the cost per terminal is $3600. . This
figure is divided by the expected student usage-to derive a
cost per student hour. Making the same assumptions as made
for' PLATO IV .(i.e.; system 1lifespan of 5 years and 2000
annual hours of use), the ‘hardware costs are $.36 per
student chour: Because the terminals are local, the TICCIT

he v N

systea involves no telecommunicatien costs.

- The cost for the software and”opefagiqg\are not given

for the TICCIT system. Bécause of the systea's size,

-Corporation with the intended..purpose..of.. being. a _low-cost. .

operating costs aré probably relatively minor. Courseware .

development for TICCIT was accomplished by a team at. Brigham
Young University. Because the courseware is fairly elahorate
instructionally and produced on a full-time 'basis by a
specialized team, coursevare :development cost are likely to
be high. Estimates for courseware production typically range
from $300 to $3000 per instructional hour. The TICCIT system
is currently--being--used--at -a- -number of community colleges in

the U.S. and hence these develo

over a number of institutionms.

pment costs can distributed

Computer Curriculuam Corporation.

- Computer Curriculum Corporation  (£CC) = offers
minicomputer-based CAI systems which provide supplementary

— e o =

instruction in the basic skill areas of arithmétic, reading,
and languages. The systeas consist of 8-32 terminals/ and are
intended to be located in classroooms. Table .3 ipresents the

“estimated annual costs o a ‘CCC arithmetic system. The cost:

of the CPU is assumed to be $30,000. The estimates are for
aL 8 terminal system with an expected lifespan of 8 years.
They calculate an annual per student cost of $50 per year

[ »
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‘based: upon a utxlxzatxon rate of 25 students: per day (not
including summer lonths). Their cost -estimate ' includes
-operating ‘costs ~such as maintenance, teacher training, and
teaching aides. These are costs which are usually excluded
from cost estimates. Hovever, systel sof‘vare costs and
coursewire development costs are excluded. CCC coursewvare is
the result of a decade-long research progras conducted by P.
suppes; R. Atkinson and colleagues at Stanford Unxversxty.

Thus, the-costs of development would actually be. ‘quite high

if they were to -be estimated.

CCC ‘has installed many of these-systeas in. Southvestern,

U.S. using different niniprocessors and termical types.

Assimptions of distrlbuteu‘costs seen justified for CCC as

vell as the ypvevious tvwo caSes.. It is mnot- known  how the

‘costs -of~ ‘these-systems compare with -the estimates—given-in -

Table 3, but they are likely more expensxve.

cnclusion

As is evident from the. -preceding case studxes. existing

cost estimates: of ‘CAI almost alvays involve "hidden" costs

of one kxnd or another. Besxdes these "hidden® costs; there

are further problenms. One is that estirates stated .in

dollars must be corrected for inflation.-A:-second is-that
absolute cost estimates are relatively meaningless and only

become- useful vhen .compared to *“he costs of existing or
alternat;ve instruction. Por example, the cost estimates for

the CCC system given in Table 3 resulted in an -estimate of
$50 per student per year. for providing instruction.in a

s;ngle subject matter. The same instruction presented by
existing wmeans was estimated by Janison, Suppes & Butler to

be $89. Kopstein & Seidel (1968) compared the costs of CAI |

- with” traditional instruction at the levels -of
,elenentary/secondary, advanced, and nxlxtary training. They

concluded. that CAI was far more expensive ~ for

elementary/secondary, but about equal for advanced and
military instruction. (The U.S. Navy has reported it is now
saving about $10 =millon annually ¢hrough its computer
managed instruction program.)

-If the-cost estimates for CAI ircluded all of the costs
actually involved and #ore realistic assumptions about
utilization and lifespans (or better yet, were based upon

actual data), the cost of CAL ‘would most. likely be more than.

existing 1nstrgetiona1 methods for most subjects -and
students. How much more will depend upon the expertise

underlying the .development of the CAI system. The three

systems described above in the case studies have had the

benefit of considerable. CAI *know-how" and hence provide

nearly comparable costs; most new systels would not.

However, the fact that CAL results in a ‘higher —per
student hour cost is based. upon a faifly dubious assumption.

11
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This is the assuaption that the instructional effectiveness
of CAI is the same as ‘traditional instructior. This is most
certaznly an invalid premise. Almost all comparative studies
of :CAI have shown that CAI reduces the time regulred for a
‘subject by 25-50% vhile still resultlng in the same end
- performance. C3II permits a very detaxled—ubnitoring and
evaluation of student performance and instructional
effectivene<s~uh1ch is essentially 1uposszt‘e in traditional
instruction. CAI also permits certain kinds of instruction
which could not be done by any tradztxonal neans {CeGey
niidical simulations of dying patients). Stidents are
*overuhelllngly positive about -CAI, and express strong
‘preferences- for- - ‘this: --mode" -of instruction-—across —ali —
subjects. Thus. an hours worth of CAI may be instructxonally
equivalent. to 2 :hours. (or uore) of tradxtional ~instruction.
If we accept this, then cost estinates which show CAT a¢
—costlng-the ‘same as or sllghtly more <+han traditional
instructiocn, in fact give CAI ttle \edge.

e . © addr*xon‘~cost*estxnates-and*comparisons-of-CAI—are
~seldom made to optimize the costs from a CAI perspective
. 'since it s assumed ¢that CAI systems must adapt ‘tc the
traditional educational modes. Thus, traditional educational
systems are group based in terms of rate of learning,
eraluation, etc. Howeveér, 1nd1v¢dnalized instruction means
that the sort of timetabling and central faciities required
- by *radltlonal instruction. can largely be -dispensed with
: giving rise to. 1nstruction dlspersed in time and 1location.
: CAT 'can .offer instruct’ @ .at any place at any time which can
‘mean considerable 1 cial advantage if this can be
capztallzed upui. Likewisd, the capability to allov studénts
+to0 progress at their ovn %atee can also mean financial
advantages if accepted.

There is one further aspect that should be veighed when
making cost comparisons. This is the "cost" of  providing
computer 1litéracy, i.e., general sopnistlca*ion and
experience interacting with conputers. It is clear that man-
-machipe 1nteractions are dalready a najor part of today's
‘society- and will becose increasingly so in the future.
Individuals who are unsophisticated with respect o computer

.Jtechnologr will be severely disadvantaged in their
~ vocational capability. Thus, co-puter literacy is a "“hidden®
cost’ hgng;;; .0X CAI to’ the educational systen.

Namerous future developuwents in the conputlng field
favor decreases  .in. _the: vcost. of CAI...One .Of these. is the-
continued developnent of ‘"personal® colputers which will
probably result in most homes having a .small microprocessor
systea in the near future. A connletely assembled
microcoaputer ‘systea with all the necessary per}pherals and
software can now~bepurchased for well ‘under $2000. This is
well -within the range of many 1ndiv1duals and in fact,

"~ retail conputer stores ‘are now flourlshlng in the U0.S. and
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.-Canada. A second possibility is the developnent of

. interactive computer-controlled TV systems in which CAI is
one ~'of the capabilities available. Such TV ‘systems are

already being tested in Japan, Burope and the U:S. With the

L gy

e

Tecent advent  GOf Commercial .data communication networks,
telecollunication costs will be- dropping drastically. This: _

—will remove one of the cost obstaclés ‘to relotely located
‘terninals.

Another consideration is ‘that computers .ate beginning

to play* a wide variety of. educational functions, nost
-notably conputer testing and. guidance and ‘hence the: costs of
,hardware <and :software is shared with these other uses. Thus.
‘most of theicost estimates of CAI are made on ‘the assunption
that ¢the systen will be conpletely -dedicated to

instractional usage. However. in. many cases, a system mainly
“intended for adlinistratiVe or. libraryuuses ¢afi also support. .
a lilited anount “of instructional applications. The- large-
scale British computer assisted learning: project (see Hooper

& Toye, 1975) denonstrates ‘how' -a diverse. range of

instructional applications -can. be quite compatible with

other educational ‘uses of the coaputer.

I g e 4

Pinally. ‘CAT has a built-inwfuture success factor«~-~as»~rem'~mmnui

it becomes more widely used,. hardvare and software ‘costs. go
down due to mass production -and dispersed costs. Thus. there

is little doubt that the costs .of CAI 'will -continually
decrease. ljwhile the. costs of traditional instruction

continue to increase). But ' this ‘conéliasion is -of - little
consolation £0: the departnent chairnan, school
administrator, or individual teacher vho is faced with the
task- -of Jjustifying the: present «costs. of CAL in .next ‘year's
bidget.. Portunately, with ¢t themright set ofmwassunptions, it

c e o

e bt s o i e ol

is possible +o -derive figures vhich show that :some CAT

‘Systems are as cost effective -as traditional instruction. In,

the not-too=-distant future, the ‘economics. .of CAI will
probably be - such , that justification of CAI will be
\unpecessary in this fashion. Rather, the important question
will be wvhat type of CAI system will minimize costs for a
particular instructional situation.. ‘This is 'when. cost
estimates of CAI will become non-trivial exercises.
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- TABLE 1

, Estimated Costs of the PLATO IV ‘System.

{Alpert & Bitzer, 1970): '

f Component Annual Costs ﬁﬁc‘;;t/wStu;;:: Ho:lr

s ~ __ (Thousand $) I £ R
Central Computer; 900: 0.11
Systenm So‘ftﬁa‘fe'f 100 . - 0.0%

] Terminals 1440-4000 0.18-0.50

Operating 240 o 0403,

Communications © 72=200 0.01-0.03
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‘Video ‘Tape Players- (20) -

- 17,000

o réi?;h ; = - R - :{
: 13 E
?“f T TABLE 2 N | S
g 'Estiqated Costé of TICCIT Hardware.
Tw B T T W"(HITRE:'C“OT?:;“ ~197 Yy T T o T mm— w“"’
? Main Processor $34,000 B
f *Ternina; Ptécésspr 15, 000 ‘
g ‘Card Printer 4,000
i_ Line Printer ﬂi;bbo
= S CeEpETUREE T, T T T TG T
. bise Drives (3) 41,000 B
: Disc Control (3) 29,000 ’
CRT Terminal 3,000
‘Compnter-Con%uter Link 3,000 - »M;
;:w Character .Génerator 7,000 E
: xé§50;§a 1nt§r£ace 6,000 §
-Audio-Response Subsysten ‘56v000, f%
eV Momitors (128) . 732,000 * T T
; Keyboards (128): 22,000 ; E
%m; ‘ Refreshers (128)w “i o . 93(§0Q'm” B L ,wgé
é‘ slgnal Processors (128) & cable 16,000 é

Refreshef:Control 6,000 E
- TV Hodifidation 9,000 :
é; Crossbar Switch 17,000 E
;L cabinets 7;599 E
g Total (128 units) 41,000 %
~ 16
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. TABLE 3.

: Estinated Costs of CCC, System.

(Jamison, Suppes .& Butler, 1973). '
Component Anngai Cost {$) :
q System Hardware - 4, 640 ’
Faintenance 3,000

- Paraprofessionals 1,500 :
. Teacher Training , - 500 i
.Miscellaneous 300 -
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~ — ApPENDIX: : : e

The Costs of CAI at the‘University of Alberta

.

=1

~“the Paculty of BEducation at the University of Alberta has
operated an IBn 1500 system since 1968. The systea consists
-of an 1130 CpPU, -aultiplex controller, video buffer, 2 disk
drives (50 megabytes on-line storage), 2 tape drives,
printer, .card reader, -and 20 CRT ‘terainals ‘equipped with
audio,»and slide projeéctor units. The systen . softvare
-consists” “of the 1130 operating systen, Various utility
prograas: for processing .student records, a graphics
subsystel, and an -enhancel version of the COURSEWRITER II
author language.

Although the major purpose of ‘the- DERS CAI :syster. ‘has
been for.. research: .in; learningy instructional :design,
neasurenent, etc., a nunber of -courses ‘have been. developed
vhich nov serve a "nainline" teaching role. Thus, despite
“the research-orientation; the "DERS" 'system” currently fulfills
a major instructional 'service to many students in different
subject areas; This includes for instance, a course in
cardiology for medical students (24 ‘lhours aVerage),‘
graduate statistics course (60 hours -average), a course in
French for elenentary and secondary students (30 ‘hours
average), -a-'course ‘in ‘basic ‘electronics‘for: technical ‘school
‘students (50° hours average),: and the CARE1 course in°’
remedial education { 26 hours average). Because the DERS CAI
system supports such "mainline™ courses, it is reasonable to
look at the costs.of the system in ternms of "production®
type CAI systea. . o i S .

“rhe basic " monthly costs of the systeu are’ given in
Table 4. The systen softvare was provided by the vendor vith
" the hardware-- 'thus, there are no rental costs for the
‘software. Purthernore, the .costs of maintaining arad
enhancing the software will be covered by the salaries of

available about 260 hours/aonth (10 - ‘hours Mon.-Pri., 8hr.
‘sat., 4 hr. sun). Thus a ‘monthly cost per terminal/hour for
CAI service is about $3. 92. It should be noted ‘that the
operating costs (which are "people" costs) account fot -a
major proportion of the total costs and, in fact, are larger
‘than either the CPU or terminal costs alone. This clearly
substantiates the point ‘made in the" main ‘teéxt that operating:
.costs. pay not be negligible. rurthernore, while hardvare
costs cap ‘be expected to decrease in the. future, the costs

of hunan resources are: likely to escalate.

The actual;nunber of student contact hours in 1976 wvas
approxinately 23 600 or 1917 hours/nonth (for 20 terainals).
‘Thus, computed on-the: basis of actual use, the -cost is
$10.65 per 'student contact hour. The difference ber veen. the

.18
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$3.92 figure and the $10.65 figure is the difference between.
100% usage and the actual usage of about 40% The 40% .
) ‘utilization rate is due to a number of factors. There are a
- variety of scheduling problems such as the necessity of
reserving a fixed time slot for an entire term vhen most of
“the studentsS may compléte the course early in the term or
the reluctance on the part of instructors to. schedule times
in the evenings or on weekends (even when preferred or
requested by students). Also to be %taken into account is the
fact that academic activity is greatly reduced. ‘during. &
months of the summer. Thus, much of the lower utilization
rate is ¢the result of .accomodating a CAI system to the
‘structure of traditional educatxon. ‘
The above costs- are stric*ly those of providing the CAX
- service. There are two costs in addition to those discussed.
- One of these is the .costs of prov1ding tutors, or +each1ng
. assistants for the courses. Even though most of the. DERS :
T coursevare is - ~self=contained, course tutors afe usually .
available to -assist students vith guestlons and problems. :
The other cost not included in the above is the courseware
development costs. The cumulative development costs for the
major courses mentioned above range from approxxmately
$10,000-$17,000. This figure-- :includes all progranllng,
dehuggzng, graphic production,. and - xevaluatlon via student
records. It does not include the:’costs “of producing audio
tapes, slides or any ancillary materfals. The actual
distribution of these costs across time and student usage
will depend upon the future use and lifetime. of the
courseware. (Most of ¢the @major courses have now been in
continuous use for 2-3 years.) It is worth noting in passing
that at least three major courses have been obtained” from :
. .other institutions =-- hence making their development costs ”
— .-negligible. for .DERS.. . - B ?

The preceding cost figures provide an indication of the
actual costs of an cperating CAI system in contrast to the :
(assnmption-laden) estimates given in the main text of the -
paper. In considering these real costs, the following points
‘'should be borne in mind: ) -

*the DERS CAI system is primarly intended for research
purposes rather than full-time teaching service

#DERS courseware is instructionally sophisticated with
full graphic, audio and slide capabilities and
intended as "mainline" instruction

* the 1500 hardware could be functionally replaced by
present-day hardware at a auch lower cost

* the DERS system is completely dedicated to CAI

For these and other reasons, the actual costs of +he DERS

o R 19
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‘CAI .system probably ‘present an upper limit on the present
costs of CAI. There is no -doubt that if DERS were asked to
provide full-scale instructional service using present-day
hardware, the actual costs would be very close to the $1-$3
~~per---student—~-‘hour ‘range-—that- -convention: - instructional
currently costs.
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TABLE U

Actual Costs of the DERS 1500 System.

Vi evpem S

Systen Hardware
. CPU & Peripherals
20 Terminals fvith atdio/slides)
Rental cost
Maintenance cost
operafing
3 Operators

2 programmers -& syst manager

TOTAL

ar
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Monthly Cost ($)

6,710

4,608

1,884

3,198
3,968

20,408
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