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ABSTRACT

The purpose o° this oroject is to =2xamine th:
applications of computers in education in the developiny
countries in general, and the cost-effectiveness of using
computer-assisted instruction in secondary education in
particular.

The effectiveness ot CAI as a metkod of instruction
and the cost structure of a CAI system using microcomputers
as the delivery device in a Mexican high school are
discussed. The cost of CAI is estimated and its cost
-effectiveness and feasibility evaluated. The
appropriateness of this new technology to the Third World is
also examined. 1t is found that CAI is not cost-effective
or feasible for Mexican high schools and its

appropriateness to the Third world countries is also

doubted.
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CHAPTER 1

INTRODUCTION

1.1 The Problem

Since the first computer-assisted instruction
system was programmed and the first known CAIl experiment
conducted by three IBM researchers in New York in 1958
(Matovich,1973), the computer has been used as a means of
instruction in edacation. Recent technological
breakthroughs in comrputers, especially in the develogment of
microcemputers, not only reduce the costs but expand the
capability and flexibility of computers with respect to
instructior.al applications (Toong & Gupta, 1982). A recent
study points out that the cest of computer logic devices is
fa 'ing at a rate of 25% per year and the cost of compuater
memory at th2 rate of 40% oer year. While conputational
sne2el Mas iacrz24s2d by a factor of 209 1a 15 chars, a2
sane period, the cost, the energy Soasanntion 11l the 51
ot conputers of coaparable dow2r hav> I20reased by 1+ [ictor
of 10,000 (Toong & Gupta,1982). With this huge reduction in
nrice, it is not surorising to see that coanpuatecrs, or CAIL
ire baing used incr>asingly in all 1eva’s of oda-ati -
oroviding individualis-1 iastruction to students in

oractically evary subject arza, and thait thzic e a5 0 0




(18]

documented as effective (Thomas,1979; Edwards et al,
1974 1975). According to one study (Thomas, 1979), it is
predicted that during the 1980s the majority of secondary
schools in the U.S.A. will use computers for some
instructional purposes.

In view of this huge redurc:ion in computer cost and
its increasing use in the developed countries, one wonders
whether computers can he used effectively in education in the
Third world. As d mented by some studies {Jamison &
Leslie, 1980; Arnove,1976), educational technologies like
TV and .-radio have been successfully implemented in the
developinag countries to hely alleviate certain educational
problems. One of them is tl.e continued rise of educational
costs. The purposes of this project is tnus to examine
whether CAI as a new technology which is delivered by
microcomputers can help to reduce the educational costs of
the Third wWorld so that the quantity and quality of
educaticn in these countries may be improved. More

specifically, the cost-effectiveness of tha CATl systoen,

r2lalive to th2 traditional methcd of inscras v w07 o2
axanin2d in secondary elucation in Mexico. 3s Lh1s probieu
is 30 coaplex, and hardl data are not readily 1 117 i 2 €0

the writer, this study can only be treated as a prelininacy
one and further researches on this area will have to be
onacted in future.

L2 Need and Scope of the Study

Altnough the us2 of conputer tochaology 1n th2

13



Third world has been examined (U.N.,1973), its application

in the .ducational field is not yet widely documented. As
findings on both the effectiveness and costs of CAI system
in the developed countries are so encouraging, as can be
seen from some recent studies , e.g. Kerr,1977; Thomas,1979;
Levin & Woo, 1980, there is a need to examine whether it is
also cost-effective in tnhe developing countries so that data
can be available to policy makers of these countries before
any decisions with regard to the use of this new technologv
in totally different cocial, economical, political and
cultural settings are madr:.

Du to the limitations of the writer's resources--
in terms of time and availability of data, the scope of thir
study is necessarily limited. In this paper only
computer-assisted instruction will be discussed, without
examining all other types of computer applications in
education,e.g. computer-managed instruction. Also, the
study will forus on the use of CAI in secondary education,
mainly because of the writer's own experience as a high
school t2izhar. Yo 2upirical study was carcial Hat but the
cost-effecriveness of CAI is 2xarined using a hypothetical
cas2 basel on Jata drawn froa Mexico.

1.3 Methodology of the Study

The focus of this study is on the
cost-cffectiveness of +h2 appli-ation of CAI in ti&Z
leveloping countri=s. Du2 ko tne natur2 of thic project,

1 1

no eapirical rzs2aveh as bho2y oottt o1, The folioweng

BEST COPY AVAILABLE
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methods were used:

1) Relevant literature were gathered and
reviewed.

(2) A questionnaire was designed and sent to 24
computer manufacturers in the U.S.A. to solicit information
on their sales ot computer software and hardware to the
developing countries for educational purposes.

(3) Personal interviews were c¢1ducted, the
interviewees being teachers of selected Third world
countries and researchers of organisations who monitor
developmental problems of these countries (e.g. The
International Development Research Centre in Ottawa,
Canada) .

(4) Using data obtained from (1) to (3), cost
conponents ¢f a CAI system, utilising the microcomputer
as the delivery device in a hypothetical Mexican secondary
school were estimated. 1Its cost-effectiveness, compared to
the traditional instructional method was then evaluaced.
Its cost feasibility ~3is also examined.

1.4 Definition of Tecms

There are sonc key terms in this pap-or thal ive to
defined first. The are : conputer; conputer-issisicl
instruction; and developing countries.

1.4.1 Computer

15




In this project computer is defined as a device
that "accepts data, performs operations on that data in a
sequence decided by a program and outputs the result”
(Ruggles et al, 1982,pp.64-65).

1.4.2 CAl and 1ts Modes

In the literature that the writer has surveyed, CAI
is defined differently by different writers mainly due to

different purposes. Basically they can be grouped as a

broader or narrower definition of CAI.
In the broader sense, CAI is defined as the direct

use of the computer (large-scale computing system, mini- or

i.e. the

micro-computer) for the facilitation of learning --
computer is used to make learning easier and more likely to
osccur {(Burke,1982,p.16). According to this definition,
there are at least four modes of CAI (Matovich,1973; Coburn
et al,1982):

(1) Drill & Practice

The mo>st common and best known application of
CAI is drill and practice. In this mode students are
1ssignal by teachers to ase the CAD projrans for dciii 3aad
practice in developinj particular szt of discrate skills in
mathematics, r2aling, sp2lling or okbh2r bHasic 3k11T 2133,

(2) Tatorial

In this CAI mode, the conputer instrusts the
st.dent in sone ar2as of Xaowl2ije in sonawhat the sine way

aAas 1 t2aher w9all in a onae-to-on2 situation. Most tutorial

DroJracs s and 2 3nceatic divogacs,




(3) Simulation/Games

In this moae, the CAI program imitates a recal
or imaginary system based on the modeller's theory of the
operation of that sys.em. Students are thu:z given
opportunities to play life-like roles and to take part in
the decision making process in realistic settings.

(4) Problem Solving

In this mode, students generate their own
problems through the computer and provide their own answers
with the aids of the computer.

For the narrower definition, CAI is defined as such
only when the computer presents the materials, guides,
directs and tests the student throughout the learning

process. Based on this definition, only drill and practice,
which is designed to assist the student in maintaining and
mastering a skill, and tutorial, which is designed to assist
the student in acguiring a skill would be included
(Matovich,1973; Doerr,1979).

From the survey of literature, it se2ns that most

w

9Ff the writers use CAT in .1 rosder sensoe and 1n “his
project CAI will be taken to refe- to the broader definition
AMich includes the foar naonilzs of iastruction that vye have
just discussed.
1.4.3  Developing Country

When we talk boat Jdovelopiag countris, we roefer to

aboat one hundred a3ations Mich ar: poror in a0a0y incone,

Accorvding to oa recanl 1730 oL (U031, 1o rlopaag

BEST COPY AVAILABLE
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countries include all countries in Central and South

America, Africa (except South Africa), Asia (except Japan
and the Asian republics of U.S.S.R.) and lands in the
Pacific Ocean (except Australia and New Zealand). The
average annual per capita income of these countries ranges
from U.5.$100 to $600, but the most typical is about $100.

These countries are characteristered by the
predominance of an agricultural sector and the
underdevelopment of the manufacturing and service
industries, high population growth rate, high illiteracy
rate and at least 20% of the economically active male
population are unemployed, and a much higher percentage
underemployed. On the whole, the developing countries lag
far behind in all aspects of social and economic development
than the developed ones. In this paper, developing
countries, developing nations and Third World are used
interchangably.

1.5 Organisation of this Paper

This project is divided into eignht chipters. In
th: Following chapter a framework of wh:ethac C3T s 1 00
nsel in secondary schools is discuss=23. <Chapter throo 1S 2
ra2riew of literature vn the cost-elfectiveness of S 11 a2
jeveloped countrijes. A general description of some
~jucational problems in the Third World, with sp=cific
cafrrence to educational poverty will be attempted in £ha»
fyl1lowing chapter. In chapter five the applications of

coapatars in the Jeveloping couaacri»s will b2 liscassed;

18




this is followed by a cost estimation of a CAI system as
used in a Mexican secondary school in chapter six. A
discussion of the appropriateness of CAI in the developing
countries comprises chapter seven, while che last

chapter summarizes the whole project and draws

conclusions. A few recommendations are then made.

1Y




CHAPTER 2
SHOULD CAI BE USED IN SCHOOLS?

A FRAMEWORK FOR DISCUSSION

2.1 Introduction

During the past ten years, different CAI modes
(drill and practice, tutorial, simulation and problem
solving) have increasingly been used in education in the
developed countries . However, the increasing use cf
computer doesn't mean that it can be justified on
economic or instructional grounds. Also, it does not
imply that CAI can be used effectively by teachers.
Disappointed by the misuse of ccmputers, Papart & Solomon
(1972) wrote," How strange, then, that computers in
ejucation should so often reduce to using bright new gadgets
tuo teach the same old stuff in thinly disguised versions of
the sane old way." In view of this, I would like to 1iscuss
briefly say and in /Mat circasstances CAI shoald or
shnall not be usad in schools. A framework for exanininj
th2 use ol computz2rs in 2lucation is discussed nere Helore a
literature review of the cost-effectiveness of CAI is
attenntel in th2 aext chapter,

n discassing whiether coapaters saould be us2l in
olatation, Milner o Wit iherger (1977) sujjost that we

Foae

shiou’l exaninz th: fH3 Heiag thre» Factors:
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(a) Whether the use of computer for instructiop is
essential and there is no other competitive method for
accomplishing the same results.

(b) Whether the computer has certain unique
characteristics which can provide important instructional
capabilities and

(c) Whether the computer is simply “he most
economical way to perform instruction which may be done
equally well by other methods.

Only after we have carefully evaluated these three
factors can a decision on whether CAI should be used in
schools can be made. The following three secticns discuss
these three factors in more detail while in the next chapter
empirical research findings will be reviewed which provide
concrete support as to whether CAI should be adopted.

2.2 Factor One: Is CAI Essential for_[nstruction?

There is no doubt that the computer is essential

o 21ucation in certain areas of studics. When the

T

~onputer 1ts21f is a subject of study (e.y. che developnont
2% aatoaatel systen, projraniing Tanyuaye  ebtol) or when b
is 1521 as a tool (2.9. for the aanuipuliaticrn of Targe
ajoant of lata in statistical analysis), 1s sujjest. 1 by

Taylor (1980), the use of th2 computer is essential and there

is r2ally no other substitutes.

The simulation aode of CAI, i.e. ka2 siaalation
of reality is alsn miqgue Fo 30 1l hys 50 D oy oy
SabsLitubkss, 323h 31 siaatiiion i3 s3ealaaT vl v g

BEST COPY AVAILABLE
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to instruct students about a real system or about real
world phenomena which are unavailable by other means,
e.g. the training of pilots or nuclear power operators.
Also, computer simulation of science experiments can
providie learning experiences that might not otherwise

be available because of such factors as safety, equipment
cost or availability, prohibitive set-up time or simply
inconvenience (Milner & Wildberger,1977).

2.3 Yactor Two: Does CAI have Unique Instructional

Capabilitis?

Computers may be essential for learning a certa‘n
skills and in certain levels of education. However, at the
secondary level, it may not be essential. Although not
essential, it provides yet cert~in unique and intangible
benefits to instruction which can not be provided by other
methods of instruction (Hickey,1962; Carnegie Commission on
Higher Education,1972; Matovich,1973; Milner &
Wildbergexr,1977; Rahmlow,1978; Doerr,1979;.

The sinjla most powerful r2ason for th=2 use of
computar in th2 iastractional procoss is its potential ©o
injividualisa learaing. Tailiridualaising is made possidle
bacause of tha on2-to-on2 interaticn Hetween the conpuater
and the student. Because of this, subject matter and the
level of difficalty can b2 taiiloral te the unique lrarning
needs of individual 12arners. 3 30, since the2 school
vininistration is not constraintel Hy a Tk of iastractors,

1l codrsewara 15 “onteritalty o3 1iTabhie e ocaa o owritlon



by teachcrs, CAI offers a richer variety of courses fur

students to choose. Each student therefore can follow a
course of study at the pace indicated by his own ability.
This can eliminate the common classroom phenomeon where the
slower students cannot catch up while the faster students
have to wait and waste their time doing nothing in the
classroom.

According to Milner & Wiidberger (1977), an
important characteristics of any individualised
instructional system is its responsiveness. Due to the
flexibility in instructional procedure, the CAI can have
complex multi-level branching to remedial or advanced
instruction based on student's performance, which is only
made possible by the use of computers. Also, when working with
the computer, student has the sensation of full

attention from a tutor which is never impatient and never

fails to answer him.
Another unique benefit of IAI is that it may permit
stajents to 1t oas teachers 1al as explorors of knowledge,

: 1

»3022117 7 Dt drohleam solving nole of CAD o Dastruettion.

In this 1mo?2, studznts can use their owa ways %o tackle
vrobleas thzy have generated for cheaselves ind with
ma2thodologies that they invent for themselves. For example,
oroblem solving by uasing th2 Logo projranning langyuije may
21courage stuldents to think, creato anl exprass their own

B

ileas (Pap2ct,1739) . Accorliag o “fitn~r & it ibarjer

(1977), compiating is 3 axig:r> 1005 Th e sDoeossion of

23




ideas because it provides immediate fecdback of problem

solving efforts, a precice language expressing problem

solving processes and new forms of expressions for old and

new ideas.

Geographic flexibility of CAl is also a benefit to
stadents since they can learn at remote locations. With
the large computing systems, students can also have access

to experts through the systems that they could not normzlly

interact with previously. Also, validated materials produced by

master teachers can be available to students which may then
improve the quality of instruction (Rahmlow,1978).

The unique capabilities of CAI that we have just
discussed all p»rovide henefits to students. Aas for
teachers, there are also some advantages. By assigning

students to computer terminals where they can have drill and

repatition for the teacher is taken away. Also, there is

more time for teacher-student coantact., The text-editing
capabilicies of th2 ~onpatsr 73> 170y the teacher o

revise 1ad update 1 o oas o 1tieonal o dateriais coelaty 2ty
23sily, SMas encourajiag Srapicat charges of actunizl aatecials
1521 for instruction. 115y ~21at-1 Lo istracstion is
the record %Xeeping capability of certain computers
#1ich allnas teachers to X202 fri~x of £he

orogress of their students 3o that 22 1ial or adean-ed
instoattion can De provi el for Ny Tolantoy, YA

-

oractice or tutorial lessons, a great deal of trouble of
l

AT ough CAT vas 177 -1 s o a oo
I
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capabilities, one has to be reminded that there are soue

limitations to using it in education.

It is argued by Rahmlow (1978) that studoents may
have a feeling of isolation when they have to work with the
terminals alone. If the educational objective of the
school/educational system is to enhance students'
inter-personal relationship on a face-tc-face basis,
individualised computer-based education would not be a
good method of instruction.

Another limitation of using computer in
instruction, which is really not unique to it, is the
problem of malfunction. The breakdown either of the system,
or the communication links between the computer and the
terminals can be very frustrating and repair very time
consuning. Howaver, this inconvenience will b ninimised
when microcomputers are used to deliver -he CAI since they
are all stand alone computers; a br2ikdown of one will not

affect the others.

Pinally, CAT prograns > i sy o ¢ N
D2riodl of trathing is cegrorol o : . v
progcam, Th2 proiuacktion of sophisat 1 3T vyt o s
c2quires expartis2 In the sabdl oot vl i coap o
progranming, or els2 the computer wil' siaply Hocoae an
2lectronis "page-turazc' oaly, Tt S oargacl hyvoaatin
(1373) that CAI is still 50 Ji€fr -t 1o aaris Vo oy

the: Nariwir e andl softyaros aast Lo S

H2oaase B touars2gire visb Do o comboay ol .




achieve a thoroughly dependable and effective 'teaching
system', no: just a 'computing system' (p.475).

On balance, the limitations of CAI are far
out-weighed by the benefits, which are really unigue to "Ne
computer. We will provide some empirical evidence on the
benefits of CAI in the learning process in the n<xt chapter

2.4 Factor Three: Is CAI Cost-Effective?

Even if ~AI is essential in the learning of certain
skills, or it provides ce.tain unique benefits to
instruction in secondary =duc~tion, we still have to examine
its cost-effectiveness before deriding whether to use it or
not. Cost effectiveness is a relative term. Whan we measure
the cost-effectiveness of the CAI, we have to measure the
chinge in its desired output (e.g. in terms of achievement,
enrolment,etc.) and icts cost and compare this with th2 same
variables of other methods of instructions -- be it
traditional, Tv, radio,etc.(Carnoy,1976). Expressed is an
2quation, the comparison could be written as:

Out~=ut (CAI) > Outpuat (Other M2thol of

Cost (CAI) < Cosct (0tn>r YMta1rd of

Instru-tion
Wnether CAI could be adopted on economic grounis depends
on the -tost/output ratios of these tgo 10lyais of

instruction. If the CAI ratio is jr:itec, 1t coal i be

cinpzed,

Pron o this agqaaiion v a0 o
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effectiveness of the meti..ds of instructions have to be
meas»red, which is in fact very difficult to quantify,

hut the costs of the methods have to be calculated.

paper, instead of trying to quantify the effectiveness of

In this

each method of instruction, we try only to =xamine whether

CAI 1s more or

is less effective than the traditional method

of instruction and pay more attention to the computation of

tne cost of a CAI system. In this section, we would like

to outline the mest important factors that we have to
consider in measuring the cost of a CAI system. A
detailed breakdown and comprtation of the system will be

found in chapter six.

As suggested ™ Austin (1975) and Kearsley (1977),

when we try to examine the cost of a CAI system, the
following factors have to be considered:

(1) Firstly we have to consider the type of CAI
system involved because different type of CAI

system will have differant cost compounents. AL pres-ont

W

thizre ar- three tyoass of CAI systeuns:

(3) Th2 first one is ®h: large s al2 “Hapatoa.
systam. There is o time shared CPJ (Central Processiads
Jait) with a large number of remotely locatel tormiaa s,

is like a utility in that all computers and systeas

Drogranning operations are nanajed ac a coaatral Faciliny

both th2 students and inscrucstors see only th2 teraianals,

Tt

111

(h) T™=2 second one is th: titx-shar2d niniconpat »r

503401 secving only a small aarhevr o “ocal ferainals,

P
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instructional materials and courseware are therefoce mainly
locally produced.

(c) The last one is the stand alone mini- or
micro-comnuter (processor) serving a single student at a
time.

(2) Besides the Lypes of computer systems used, we
also have to examine the types and levels of students that
the CAI system is going tc serve. The types of students may
include professionals like luwyers or doctors who have to
upgrade their skills and update their knowledge; adult
learners for vocational training or disadvantaged students
like deaf, blind or mentally retarded. The levels of
education may range from elementary to adult education.

(3) The third factor that we have to consider is
the type of instruction that the CAI system provides. 1In
other words, whether the CAI is used for mainline oz
adjunct instructions. As mainline instruction, the CAI
replaces the existing mnethod of instru-tion and ther=fore
r:oresants a raplacament cost. But as idjun-t instra-tion,
it only serv:s 3s sappl2neat or 2aricheat pucprses oo
th2 cost represonts an ald-on cost. Thus the costs of ta»

I will vary, depenling on th2 type ol instrartion,

(4) The instructional quality nd complexity of the
CAT will 3137 affect costs. Coursas yiich involve 2xtoasive
111io or griaphi - conponznts, rea2iial or 2arichaoent

4

Sey129v3, T hoeraarive Yevals of FLEFLoai Ry o staley

N

conceo) fexdoac e il o1l e ore projeanair: o or Dot
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ERIC

Aruitoxt provided by Eic:

I8

cime anu therefore will affect the cost. Thus, we have to
take the mode of instruction into consideration when we
examine the cost. Generally speaking, CAI programs of
"rill and practice and tutorial need less programming time
than simulation or problem solving modes and therefore are
less costly.

(5) Finally, the number of students using the CAI
programs i3 also a factor that one has to consider in
examining the cost structure of a CAI system. If
sufficiently large number of students use the same program,
then economies of scale may result.

The above five factors are only general guidelines
used to evaluate the costs of a CAI system. Detailed cost
breakdowns and the computation of cost components of CAI
#i1ll be attempted in Chapter six while sone empirical
studies on the cost-effectiveness of CAI in the developed
countrizs will be reviewed in the followinj chapter.

2.5 Summary

In this chapi>r T have tri-»1 to pro-il> 1 franework
wmich may facilitatz the discussion ~f a2 Hp - akioy ol
computer in elacation. B2fore deciding whath: 3T shouald
be used in schools, we have to consider thce» Taciors,

These factors are (1) whether is is essential to us> CAl for

instruction ,(2) ether CAT is unique and 2fFfsctive Tor the

subjact ar=2as ander our coansideration aad (3) asther b s
st-effectivenzss,  Only with 1 lear arlecst aoaloagy »f e
first tan factors «il1? =12 -oaparor not be ais..»1




schools. An examination of the third one would provide us
with an idea of whether CAI can be juscified on economic
grounds, which is crucial, especially for those countries

which are lack of funds.

19




CHAPTER 3

REVISW OF LITERATURE

3.1 Introduction

In the last chapter we pointed out that we had to
examine the effectiveness and the costs 2f a CAI system
before deciding whether it could be used in schools. 1In
this chapter empirical studies relating Lo ihase two areas
are reviewed.

3.2 Methodology of Review of Literature

In the survey of related literature, two areas were
identified. One was the effectiveness of CAI, ir terms of
students' achievement and reduction of learninjy time and the

other one was cost. An ERIC computer search was carried out

in September 1982 on the application of computers in
eiucation in th2 Third World. Only three articles were
identified, but none of tha2s2 had any sp2cific referen.e to
the cost-20Ff::tivaness of Zal, An IDRS (Inuarnatiorad
Davelopnent Res:irch Cantre) conputer seicch (on UNESCO anld
313LI10L files) was carri:1 out in January 1933 in Octtawa buc
the result was also very disappointing. The writer
thacefore "as to conclude that either no enpirical rasazarch
has been ~onlucked in this arz2a or th2 resz2avch findlings are

1

Aot 31hTish 1 1l B e aThre are 1ot acaitahle ko the writoer,

Sinc2 1y ot it roporks Totasiar Ha bhe

ERIC 31

Aruitoxt provided by Eic:




developing nations were identified, what follows is only a

review of the cost-effectiveness of CAI in secondary
education in developed countries only. The identification
of relevert literature was pursued in the following ways:

(a) Two ERIC indices--CIJE (Current Index to
Journals in Education) and RIE (Resource in Education Index)
between 1978 and 1983 were searched and all relevant articles
were identified.

(b) A number of journals which normally contain

research or articles related to computer in education,e.g.

The AEUS Journal, Educational Technology in the past five

years were completa2ly reviewed.

(c) A number of studies which reviewed resea~ch
findings on these two areas were identified. Some of the
research studies quoted in these review articles were
further reviewed by the writer. The present review of the
effectiveness of CAI summarizes the findings from the
following raview articles: Hickey,1968; Suppes &
Morninistar,1969; Matovich,1973; Edwards, Norton, Taylor,
van Dusseldorp & Weiss, 1974, 1975; McDougall,1975;
Stakenas & Kaufman,1977; Thomas,1979; and Dence,1980.

(A) As for the costs of CAI, only those studies
wnich are relevant to the present study are reviewed here.

3.3 Effectiveness of CAI

3.3.1  Achievements

3.3.1.1 CAI as Supplementary Instruction

Studies on the offectiveness of CAI, in toras of




students' achievements in secondary education prior to 1970

were reviewed by Suppes & Morningstar (1969) and subseguent
reviews of research were carried out by Jamison, Suppes &

Wells (1974), Edwards, Norton, Taylor, Weiss & Van

Dusseldorp (1975) and Thomas (1979). Most of these studies
showed that students exposed to supplementary instruction
through CAI performed at a higher level than those students
not so exposed. Table 1 summarises these findings from 1972
to 1981.

As shown in Trable 1, the data on achievement was
very encouraging. Of the total 14 studies reviewed, the
majority showed that students receiving CAI achieved more
than non-CAI students. In some cases, the results wer2
quite remarkable. For example, in a recearch conducted by
Broderick(1973) in London, the performance of students
taught Biology by a teacher using CAI was compared with that
of students taught by the same teacher without the aid of
CAI. 440 students from sever secondary and grammar schools
participated in this study which last21 for s2ven weeks.
Pratest and posttest were alninister2l., It was found that
CAI students of all abil‘ty lavels gained hijgher scores on the
oosttest than comparable non-CAI students. For exanple, the
average gain for girls of the CAI groups was 13.97 points in
the raw score while the non-CAI girls »nly gained 6.88
points. The gain of the CAI group was statistically
significant.

In other subject ar2as anl for diflor at jroaps of
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Table 1: Studies that iauvolved CAI as a Supplement to

Traditional Instruction in Secondary Education,1972-81

Study Year Mode _Subject _Result*

Dunn 1972 Tutorial Algebra +
D & P

Taylo>r, Hansen 1972 D & P Math +

& Zrown

Broderick 1973 Tutorial Biology +

1974

Fitzerald 1974 Tutorial Reading =

Johnson 1974 Tutorial Math =

Hughes 1974 Simulation physics +

Morgan & 1974 D &P Algebra +

Richardson

Brkoski & 1975 D &P Math +

Korotkin

Pricke 1976 D & P Math.,Reading +

Wolcott 1976 Tutorial Typing -

Toggenburgh & 1977 D &v Math.,Rzaling -

cDaniel Laljuage arts

Miller & 1977 Simulation Careers +

Randolph

Wright 1977 D& P Math +

Poore et al 1931 Tutorial Basic Skill +
J &P Math

Note: * a "+" sign inlicates that the students receiving CAI

achiaved aore than aon-CAT sEalents, A "-" sign indicates

[]{U:‘ that #he stadeats in-Hl ol in SAT did Tess w11, while an




learners, the effectiveness of ‘the CAI was also documented.
Fricke {1975) used the Computer Carriculum Corporation's
drill and practice programs in Mathematics and Reading

in a school of the deaf in Pensylvania in 1975.

The CCC is an outgrowth of work done at the Stanford
University in the mid-60s where programs in the areas of
mathematics, reading and the language arts are being
developed. With an average spe-ding of 1.7 hours per week
for a school year (175 days), the middle school studerts
achieved an average 1.3 and 0.4 grade level gains in
Mathematics and Reading, respectively, High school studfats
showed a 1.1 grade level gain in Mathematics and a 1.3
average grade level gain in Reading.

In another study (Miller & Randolph, 1977) sixty
nine-grade students in a junior high school in Missouri
participated in a study designed to investigate the
effectiveness and feasibility of the utilisation of a
computer-based simuiation approach in the presentation of
occupational information. Compaved with the non-simulation
treatment, the mean scores for th2 Jroup which experienced
the CAI simulation lessons were significaatly higher on
cognitive «chievement and occupational awareness (at 0.05
significant level).

CAI is also effective in renadiation. In the study
conducted by Poore et al.(1931), th=2 PLATO Basic Skills
Mitheanatics Lessons were as21 in Zhir »2 high schools in

Flori.da for remediation. The PLADD 1is an instructional




curriculum developed by the Control data Corporation to

enable functionally illiterates to achieve eighth-grade
level of competence in reading, mathematics and language
skills. A total of 236 grades 10-12 students who failed in
the Florida Statewide Assessment Test were chosen to
participate in this study. Pretest and posttest were
administered, using the Level II (Form A) of the Adult Basic
Learning Exam to determine the gains from these CAI
programs. After spending an average of 20 hours in the
CAI-mathematics lessons, the gain of the median scores for
all students was 1.5 grade equivalents. For students
completing the entire curriculum, i.c., after spending 22
Jours in the mathematics lessons, they gained 2.4 grade
equivalents. The result was quite remarkabie.

From these studies, we can see that in jJjeneral,
CAT is at least as, if not more effective than the
traditional method of instruction when it is used as a
supplerent.
3.3.1.2 CAT as a Substitute for Traditional Instruction

Fewer studies were conducted to examine wiz2ther
CAT1 is as effective as the traditional nethnl of instruction
wien it is us=2d as a substitute. The results obtained were
inconclusive. Although as can be seen from Table 2,
which sunnaris2s studiezs that involvel CAI as 1 substitute
for tralitional instruction from 1965 to 1974, CAI was
as eff>tive 31s tralitioanal instra-~tiona 10 £he 5> -alavy

leval, at other levels of olucation, i.2., “t 2l a0atary aald
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Table 2:

Studies that invloved CAI as a Sub=ztitute

for Tradit onal Instruction,1966-74

Study _ Year
Johnson 1966
Diamond 1969
Cole 1971
Katz 1971
Morgan 1972
Lunetta 1973
T1yhes 1774

Mode

Problem
“olving
Mixed
D & P
Problem
Solving

Tutorial

_Subject

__Result

Math

Biology,Reading +

General Math

Math

Algebra

Simulation Physics

Siaulation Piysics




college levels, the results were less positive (idward

et al., 1975; Thomas, 1979).

A study was conducted in four Philadelphia high
schools by Diamond in 1969. 1In this study CAI in Biology
and Developmental Reading was administered. The achievement
0f the CAI students was compared with students in
traditionally instructed classes by using standardised
tests. it was found out that in reading, the CAI classes
performed significantly better (at 0.01 level) than the
non-CAI classes. However, there was no significant
difference between these two groups in biology. This was
attributed to computer down-time and a lack of sufficient
content validity in the standardised biology test. The
difference in achievement between the CAI and non-CAI
students was not attributed to the difference in ability or
in teacher effectiveness since these two factors were
controlled,

In a project called REFLECT developed by the
Montgomery Zounty Public Schrols System ian Marvland, U.S.A.,
the affectiven2ss of C3I as a sabstitut: to iralitional
instruction was studiz2d (Morjyan & Richaridson, 1972). In
this semester-long study, it was reportel Llhat stulents
using the algebra CAI tutorial vrojram for remnediation,
4ithout the assistance of thz teaicher, achieveld
significantly higher scores on stanlacrdis2l tests than those
10n-"A1 stuients.

Lan2tta & Blicok(1973) <conpirel the »ffoctiveness of

(I
0 ¢,
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CAI simulaticr in teaching force and motion in physics with
traditional methods where students interacted with their
teachers and with real laboratory materials or film loops.
146 students with similar academic and socio-economic
backgrounds were chosen from five public high schools in
Massachusetts and Connecticut. The CAI students spent 1
hour and 40 minutes at the computer terminals while the
non-CAI students spent 6 to 11 fifty-minute periods in the
unit, approximately 8.3 times as long in instruction time as
the CAI group. Pretest and posttest with multi-choice items
were administered. An analysis of variance (ANOVA) was
conducted on the pretest-posttest scores for these grcups.
1t was found out that learning was significantly greater for
students studying the concepts through computer simulation
dialogs than the other groups.

Besides the studies that we have just reviewed,
many educators support the application of the CAI in
education because of its 2ffectiveness. For example,
Janison et al. (1974, 9.53) -oncluded afiter coaparing th2
affectiveness of CAI, orojramaed instruztion and telesision
with tralitional instraction that" CAI is about as >ff- ~tive
as TI [traditional instruction] wh2n usaeld as a

' Thomas (1979, ».106), after raviewing

A

replacement...'
studies between 1974-1979, also ~»oacluaded that " b th»
secondary level the students havae shown higher achi:veonent

soores wh2ther n2asural by teacshar-13le 2373, Hr o

predicted versus actual So0rss UsSL) Ca2J025330 00 ML ysls
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methods." Other studies and reviews also conclude that CAI
in secondary level is as equal or better than traditional
method, in terms of student achievement. These studies
include Fletcher, Suppes & Jamison (1972), Roherts (1976},
and Dunkir (1977).

3.3.2 Reduction of Time for Learning

From the reviews of literature that were undertaken
by Edwards et al (1974,1975) and Thomas (1979), it was clear
that CAI study reduced the time required for a student to
complete a unit of study. According to Thomas (19, this
is likelv to be true since in the traditional method of
instruction, students have to spead a higher percentage of
'clock' time actually attendng to learning, waiting to be .
called on, and reviewing aleady learned material in a group
setting. The studies reviewed by Edwards et al and Thomas
are summarised in Table 3.

3.4 Cost of CAIl

So far from what we have reviewed, it seems that
CATl is effective in terms of higher achievenent and a
shorter lear~ing time for students. 1In this section, we
would like to review studies relatingy to the costs of CAI,
to see whether it is economical to uses it in classrooms in
high schools. A discussion of costs for computer applications
in =ducation is complex due to th2 Ffact that a variety of
factors have to be taken into account which ave not yet

wyre2d unon by res=archers. D12 :xinapl: i3 = computation

> f average cost of CAI, a us=2ful raviable in oxawiniang the
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Table 3: Time required for Students to Learn

through CAI compared with Traditional Method

of Instruction in Secondary School,1973-77

Result*

regquiced by CAI

inlicates the sane tin2 coejquirald

Study __Year Subject

Lunetta 1973 Physics

Hughes 1974 Prograr tor the
Deaf

Solomon 1974 Accounting

Goodson 1975 Math

Wolcott 1976 Ty P1ig

Bachor 1976 Math

Diedrick & 1977 Ignition

Thomas Prchlems

Note :* an "-" sign indicates lass tine was

studants, while an "="

by both CAT and non-CAT stuients.
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cost-effectiveness of CAI. So far the computation of the
average cost, say, the cost per studz2nt contac* hour, is not
based on a common formula. Some course components, e.g.

the development of courseware, the management of the
computing room, etc. may or me not e included in the
calculatior of costs in these studies. Thus, we have to be
very careful in examining the results of these studies.
There are some review articles on the cocts of CAI which may
be of interest to the reader. They are: Jamison, Supfres &
Butler,1970; Jam.iszon, Suppes & Wells,1974; Stakenas &
Kaufman,1977 and Thomas,1979.

Some of the studies reviewed by the writer only
examined the costs of CAI, without comparing it with the
costs of traditional method of instruction. Dae Lo the
difference in the computation of costs, these data may not
be compatible. For example, Fricke {1976) reported
th~t the cost per student contact hour was estimated
to be $3.80, when CAI programs on reading, mathematics
111 languaje arts w2re used. Bat 1sing siwilar
naterials (which were also proluced ody Conprt-. Curriculum
Zorporacion), Atkinson (1974) estimatel the cost at only
£0,55 per day.

There were son2 studies which conpared the costs of
CAI wiz:h tralitional method of instru-tion, Aior roviewing
sone studies (Allan,1973; Morgan,1959; 111 wwit3»1,1972) on
this ar21, 3£31%21733 & Tagfman (1975) -4 >1 "1 AT wis ot

coasidec2l to He conpetitive, Seltzer (1371, pisted [rom
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Stakenas & Kaufman,1975) also reported :-hat the only
potential for the CAI to b. cost-effectiveness was in higher
education. It was also reported by Butman (1973) that CAI
would only be cost-effectiveness in some high cost areas,
for example, in special education or professional
development programmes.

However, all these studies were carried out at
least ten years ago. In view of the drastic reduction in
the costs of coumputer hardware and sof“ware in recent years,
these research findings may not be valid now. For example,
Fricke (1976) showed that the total cost of a CAI system
projected for five years in a high school for the deaf in
Pennsylvania was estimated to be at U.S5.$180,000. Based on
the first year's average of 1.7 hour of use per student per
week, the average cost per student hour was $3.380. It was
considered to be cost-effective compared to traditional
instruction since the salaries of teacher aide in the State
were $5.08 per hour in 31975,

With the increasing nianber of studenis asiag
CAI in s=<hools, th2 co9st can be ygreat’y calucel, Ko 300y
(1977) compared the cost of PLATO and TICCITU syst »as 11l
found that they were $0.34 -$0.68 and $0.36 »2r stulent
contact hour, respectively. The computatior wis basced on
th2 assuanption thiat there were 4,000 tzrminals, 11 ooeration
Eine of 2,000 hours per 2ekx and a S5-yoar 1ife swpoctancy of
P12 conpater hardsare. If the qumber of users 1ccroased o

590, tnen the cost would increiase by a factoc »f 3,
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A study conducted by Stanford University in 1977-78
on the effectiveness of CAI for culturally disadvantaged
children in the Los Angeles School District showed that CAI
was a cost feasible technology in that school district.

With an aunual total cost of $136 per student for a daily
session of 10 minutes, the cost was within the budget limit
set bv the U.S. goverament (Lévin & Wo0,1980).

All the above mentioned studies focused on
minicomputer or large-scale computing system as the delivery
system of CAI in sctiols. What we are more interested is
the cost-effectiveness of the microcomputer. A recent
study (Kester,1982) showed that the use ¢r microcomputer
assisted basic skills instruction was economically viakle
for students of a commurit, <¢ollege in a depressed area in
the U.S.A. The study exanivied the relative costs of
computer-ass sted aud reguiar faculuy instruction in basic
skills. The con.iusio ' was that over a 5 year period,
significant savir3js could be made through tne use of CAI.

Th2 po+tential for a cost-effective micro-
computer-assist>] instruction system was mentionel 1n
other studies. In a less well-dotumented study, Doerrc
(1979) stated that instructional computing using
microcoaputers could be delivered fcr rouglt'y U.S.$0.18 per
student hoar, bHased on six hours of use per day through a 130
day school year for an estirated five yr2ar useful life of
e harlgar e,

Altough uo to now whether CAT i3 cost oflfective is



still a very contrbversial issue in the educational field,
many developed countries, besides U.S.A., have already made
the move of promoting its use in secondary and elementary
schools, especially with microcomputers. It seems that the
reason is sometimes more a political than an educational

or economical one (Kearsley,1977). According to Bras (1980,
as quoted from Ruggles et al,1982), there is a project in
Franc2 entitled "The 10,000 Microcomputer Experiment” in
which all Lycees in France w.ll be equipped with
microcomputers by 1986. In Canada, certain provinces are
establishing major programmes for the use of microcomputers
in the classrooms. For example, the Edvcation Department of
Alberta has plans to order a minimum of 1,000 microcomputers
while a recent survey by TV Ontario shows that ther= arte
already 4,309 microcomputers in the school system. TV
Ontario is also plwunning to organise microcomputer workshops
so that 10,000 educators (approximately 10% of the teaching
force) i1 Ontario can participate to learn how to use
microconputers in th2 -~iassroons (Rujgles ot 11,1932 . AsS
more and more develop:21 Countries use nlcrocoaputars in
aducation, the costs of hardwiare and software will Earther
be reduced. Actuially, even nowadays, the cost of a
microcomputer is more or less the samne as a color TV, a coust
that can hardly be descr ™ 21 as too expeasive in the
Jeveloped countries.

3.5 summary

In this cvhipioer w2 Mive reviewsl a auabeor of
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studies relating to the cost and effectiveness of CAI as a
means of instruction. We found that there is ample
empirical support for the effectiveness of CAI, in terms of
higher achievements Ffor students receiving CAI and a
reduction of learning time. With regard to cost, since
there is still much confusion in the methodologies of cost
computing, the research findings reviewed were highly
case-specific and no general conclusion can be drawn.
However, it is evident that the cost c¢f CAI is declining and
there is a great potential fo. its use in secondary schools,

at least in developed countries.
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CHAPTER 4

EDUCATIONAL PROBLEMS IN THE THIRD WORLD

4.1 Introduction

The underdevelopment of the educational system in
the Third world has been documented in many studies
(Buchanan,1975; Phillips,1975). One of the educational
problems that deserves our special attention is the large
scale educational poverty found at the primary and secondary
levels of education which is causing an ‘ncreasing number
of adult illiterates in the Third World i.a the 1980s. This
problem is partly due to the economic poverty of these
countries and partly to the rising educational costs
especially in the past ten years. Since recent studies
(Jamison & Leslie,1980; Carnoy,1976) have documented that
the use of some educational technologies like TV and rad.o
~an n21lp to reduce educational costs, w2 would lik> &>y 32>
wiether the ase of CAI in these countries can have siaiiar
2ff2ct, Before we discuss the cost-soffectiveness o0 JAL in
chapter six, a brief discussion of a few related educational
oroblems in the developing counries may provide us a better

mrlerstariing of these problems and the context in w1l "h CAI

1.7 The Problem of Illiteracy

The educational poverty of the Third Worid is

4'/
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reflected’ in the increasing number of illitec :*es in these
countries, Before we examine the problem of illiteracy in
the Third world, we have to make clear what being an
illiterate person means. Different countries have different
definitions illiteracy. In some developing countries, a
person who cannot read the letters of the alphabet may be
called illiterate, but in the developed countvies, anyone
who is" incapable of completeing a compiicated questionnaire
or of assimilating written instructions containing technical
language " is regarded as a functional illiterate
(Lestage,1°22,p.5). In this paper we will adopt the recent
UNESCO (1979) defir .on which defines that a person is
functionally illiterate "™ who cwnnot engage in all those

ar ities in which litevacy is required for effective
furctioning of his group and community and also for enabling
him to continue to use reading, writing and calculation for
his own and the community's development." (p.18)

The problem of illiteracy continues to be a sorious
oroblem in the Third Worli in the 1980s. Accorliag to ta»
UNESCO (1932), tha ajult illiterates (definel as 15 yoears
old ani above) in developing countri:s accounted for 11.72;
of :he adult population in 1980, whereas in the leveloped
countries oaly 2.1% of their popoulatirn were illiterate, as
can He sqwn froa Table 4. From this table w2 o also s»2e
that th2 problen of illiteracy is wost sccious in Africa.

According to the sane coport pudblishad oy v

UNESCO in 1332,th2 lz2velop2l countrics hiave
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Table 4: Illiterates aged 15 and above in the World, 1980

Region Population 3 of Illiterate

(aged 15 and above,in m.)

World 2,818 28.9
Developed 888 2.1
Developing 1,930 41.2
Africa 70.6
Asia 43.6
Latin America 28.1

source: Lestage,1932

49




39

p.actically solved all the problems of schooling at the
primary level (first level), and sc illiteracy in these
countries has virtually disappeared in cthe age group 15-19.
But for the developing countries, illiteracy will still last
for a long time because it is only in the last 30 years,

or even since their independence after the second world war
that compulsory primary education has been actually insisted
upon. Indeed, according to a report (Phillips,1975)
submitted to the 1974 World Population Conference, it was
estimated that by 1985 the developing regions would only be
slightly nearer to universal education for children aged 6
to 11 than they were in 1970. In order co have universal
education Ly 1985, these countries would have Lo treble the
average annual enrolment increase attained during the 1960s,
which is obviously impossible. Thus, it is estinated that
by the end of this century the absolute numbor of
illiterates in the world will be 76 million (excluding
China, the Pemocratic People’s Repubiic of Xorea and the
Socialist R2public of vietnan) with th2 Hverwisining
majority in the Third World, altanajh its i11v2orazy

rate will drop from 30.93% in 1930 t» 19.03 ia tae year

2000 ( Lestage,1932).

4.3 The Problem of Entolment

The increasing nuaber of illiterate porsons in (e
Third World is partiy a ita2racy of th2 -olosial ora 1nd putly
due to the stagnaktion »E Lh2 snroleat oy v i privy oy
level of education, Recent data s3hhHwed Ll Py~ ot ead

C
<
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ratios of all levels of education in the Third World were
only marginally improved (UNESCO0,1981).

As can be seen from Table 5, although there were
steady increases in enrolment ratios in all levels of
education between 1965 and 1975, only about 60% of the
population between the ages of 6 and 11 were enrolled in
primary schools in the Third wWorld. It was a rather
disappointing figure comparing with the 94% in the developed
countries.

4.4 Rise of Educational Costs

In fact, goverrments of developing nations have been
pouring money into the educational sector since the 1960s
«und the growth rates of public expenditure in education are
actually higher than the growth rates of GNP. The rise in
public spending on individual students can be seen from
Table 6. It is noted that between 1965 and 1977 the cost per
student in education inreased five-fold.

With the continued rise in spending in odu-~ation,
we can s2e that th2re is not auch roon for Farthr tncreoase
in the Third wWorld since expenditucz2 H>n ~la-aiina Has
already accounted for more than 4% of th> GNP.  According to
an analysis by The Netherlands Economic Ianstitute in 1975

(quoted from Buchanan,1975), "under mnoderate assunption the

financial means of the Jdevelopiaj countricos, vith th»
notabhle exception of Latin Anerica, are2 insafficient to

"

finaace the 2stimat2l exponlituares.” Froa Moo 7, o =

see that Africa, even with a spealing of 55 o7 tas GNP on

o1



Table 5: Enrolment Ratios in Developed and Developing

Countries by Levels of Education, 1965-75 (in %)

lst Level* 2nd Level+ 3re Level+

'65  '70 _'75  '65 '70 '75  '65 _'70___'7S
Developing |
Countries 54 58 62 19 22 2¢ 2.2 3.2 4.4
Developed
Countries 92 93 94 59 63 68 6.7 19.7 22.9

a

Note: * These were net enrolment ratios referring to % of
population between th2 ages of 6 and 11 enrolled
in primary school.

+ Thes2 wera Jgross :arola2at ratios,

Source: UNESCO Yearbook, various y2ars.




Table 5: Tstimated Public Expenditures on Education for

Daveloped and Daveloping Countries in various years

Average Public Expenditure
Pablic Exp2nlitaca Annual Puolic Expenditure on Education
> 2lucation Increase on Education per
(J.8.%, billion)  (65-77,in %) as %3 of GNP __Inhabitant (U.S.$)
'66 ‘'70_ _'’5 ‘17 A _ B* '65 ‘70 '75 ‘77 _'65 '70 '75 '77
world
motal 5.7 153.2 329.6 397.9 12.6 1t.1 4.9 5.3 5.7 5.7 38 57 109 126
/elon:]
Toantrizs 37.3 145.83 292.4 343.2 12.2 10.8 5.1 5.6 6.0 6.0 87 139 267 314
. -i2loning
Tountriaes 7.9 12.4 37.2 49.7 16.5 13.2 3.0 3.3 4.1 4.3 5 7 19 24
tote: oA Pablic Expenlitare on Elucation
3: 3ross National product
warce: Conputa] from JNESCO statistical Yearbook, 1980.
[
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Table 7: Estimated Total Educational Expenditures and
Dom=stic Financial Means in The Third Worid, 1975

(in U.S.$ million)

Total Zduc..tional Domestic Financial
Expenditures Means

Assuming Primaty

ﬁnrolment of

90% 75% 60% 5% 4% 3%
e _.._.....GNP___GNP___ GNP
Africa 3,400 3,150 2,890 2,430 1,950 1,460
Latin
Amarica 4,320 4,060 2 79¢ 6,460 5,170 3,880
Asi._* 5,32) 5,409 4,992 5,067 4,04y 3,030
India 5,350 5,30 4,920 2,930 2,340 t,760

Note: * ixcluding China, Japan, and India,

Source: Buchanan, 1975.
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education, which amounted to 2,430 million of U..,. dollars,
still could not achieve a 60% enrolment in the primary level
in 1975, which required a spending of U.S.$2,890 millio-.
The problemn thus becomes how to reduce the cost of education
and increase the eurolment ratios.

4.5 Quality of Education

Even with the huge government spending on
education, the quality of education in the Thiré World 1is
~uch lower than the developed countries. The high repetition
and dropout rates are only two examples of the
poor quality of education. Of course, the gquality of
education is greatly influenced by the socio-economic
environmert in which teaching and learning take place.

Thus, various fartors such as the distance

children have to walk to school, the living conditions of
their families and their heal:h and nutrition, the attitu.ues
of their parents towards education and the relevancy cf the
curriculum to the needs of the :-hildren will 1ffect the
quality of 27ucation. Da=2 to th> Tack of spite, we o only
examine the numerically 31ss-2s5310172 “oHaponoats »f gquality
nare,

4.5.1  Ppupil-Teacher Fatio

Let us exanine the gupil-teacher ra 1o [irst.
From table 38 w2 can se. %hat ©h2 rakios 1y £t (i 0
seconu levels of 2ducation in developing ~oun'1ies i ot

improve auch bebwe2n 1970 and 1977, Jonpyar o Lot

leveloped countries, a prinary school teac it s oo Foaeh

26



Table 8: Pupil-Teacher Ratios in all Levels of Education

in Developed and Developing Countries, various years

First Level __Second Level Third Level

45

‘70 '75  '77 ‘70 '75 ‘77 ‘7¢ _'75

Developed

Countries 23.2 21.1 ?20.5 16.6 15.8 15.7 13.7 13.9

Developing

Countries 26.4 24.5 34.1 19.3 20.1 20.5 15.3 14.5

Sources: computed fron the UNESCO Yearbnox, 1330,
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approximately 14 more s udents (35 versus 21) in Africa or
Asia. This may considerably lower the quality of education
as the workload of teachers is so heavy and chey cannot spend
much time with individual students.

4.5.2 Teacher Training

The lack of adequate training for teachers in the
Tnird World further exacerbatés the problem., While teacher
training is considered to be a high priority in education in
the Third World, having all teachers fully trained is still
a long way off. 1In general, primary school teachers in
these countries receive ten y2ars of schooling with two or
three years of training. However, in the least developed
countries, a considerable number of teachers may be found who
are without any formal training in teaching and possess no
more than primary education themselves. For examnple, i-
Indonesie, data around 1970 showed that only about 20% cf
the teachers could be regarded as fully qualified while
anout 25% were not qualified at all (pPhillips,1975).

32sijes the problems that we have just Jisciss:d,
athaer 2qually important guestions, such as poor i1c 033 to
2lucation for rural childtea, the relaticashin Doty Ha
education and employnant and uitimately the levelopnoent
goals of the developinjy countris should b»e aidress:i.
Dine to lack of tin2 a1l space, we ar=2 nck able oy 1is3-a035
them here.
4.5 Summary

In this chapter w2 have discussel a Ty >dasacional

58
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problems in the Third World. The problems of adult
illiteracy and the stagnation of the enrolment ratio are
partly due to the lack of educational funds. What educators
in the developing nations have to face is how to improve
both the quality and quantity of education and develop an
indigenous educational system relevant to the needs to their
peoples. The following chapters will discuss the use of CAI
in these countries, to see whether it can help to alleviate

these problems.
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CHAPTER 5
THE APPLICATIONS OF COMPUTERS IN EDUCATION

IN THE THIRD WORLD

5.1 Intrcduction

Before we examine the cost-effectiveness of CAI in
the Third World, it is imperative for us to have some
knowledge of the state of the ert of che application of
computers in the educational rield there. Unfortunately. as
we have already mentioned in cha_ter three, not many rese. rch
studies on this area have been identified by the writer.

The few papers that appeared to be related to this topic
failed to provide direct reference on how CAI was usead

in secondary schools. Although one paper (Ibrahim,1981)
presented to the third IFIP World Conference was related to
the application of CAI, its focus was on higher ejucation.
5.2 Findings from the Questionnaires

In order to sacure cost data on CAI hiardwace ind
software in the Taird World marketc, the writer s-at out 24
questionnaires to leading computer manufacturers in theoe
U.S.A. to solicit th2'r sales figures of computer software
and hardware to the leveloping countries for olucational
purnoses (sce2 Appendices A ,B & C for the covering lolter,
Juestionnaire, 311 th2 1ist of coapater nayafactar srsy,

Questions such as types ol conpaters (lairge-scale, nini-or

-

L)
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micro-computer), price ranges, quantity, maintenance and
traning costs both for hardware and software were asked..
These computer manufacturers were identified from the
literature that the writer has surveyed and which are found
to have business transactions with the Third World
(Barquin,1975) and also because of their high rankings in
computer sales in the U.S.A. (Mil:iion Dollar
Directory,1983).

Of the 24 questionnaires sent out to the computer
manufacturers in the U.S.A, only six were returned. Of
these six, two were net willing to disclose any information
while one had no trancaction with any developing countries.

From this limited response, w2 cannot gather much
information on the application of computers in the Third
World. But one thing that is known is that microcomputers
are being used in the developing countries, as can be seen
from the sales figures of two computer firms. One company
nas sold 60 microcomputers to the Third World while tne
sale figur=2 of another amnounted up to U.S. $10 million (3522
app2nlix B). Howaver, most o[ tha2s2 computers ace aot
purchased by high schools. Insteii, universities anli

collega2s have the highest denand for conputers in the

2ducation sector. Also, ths are not mainly used for
inscructional parposes. 2a2 roespoyalent clained that " While
w2 3211 computers aqaipuzat all throagh Africa and the

i 1117~ EBast, almost 111 of 12 i35 5211 for 1lainistrative

ourposes, and up to this 112, a5t e for puare
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educational purposes. O0f course, administrative machines
are made available to students for programs they are
developing in Fortran, Basic or Cobol, but tne fact remains
that computers purely for education are still rare." This
view was supported by another respondent who suggested that
" most sales are really...to the business section of a
college or to the electronics division...not really use to
teach student through CAI."

The costs of computer hardware and software
appeared to be unreliably high. One company stated that
the price range of microcomputer was between $200K-$400K,
which was substantially higher than the U.S. domestic
price range (between $500-$2,900,see Table 13).
Another computer company quoted a price range of between
U.S. 81,500 -7,000, which seemed to be more reasonable.
Maintenance and training were provided, but at a very high
price (in one ccmpany, the cost of training for the use of
software was U.S. $100k per site). If th2se price data =are
raliable, the total cost of the CAI syst2n 2stisated in thais
study in tne following chapt:xr would have &5 >2 nuch higher.
5.3 Other Related Data

Besides the information obtained fren the
gquestionnaires, other sources of information provide us with
sone ideas of th2 axtent to which ceapatrrs 172 as21 {n
edacation i1n the Third World.

The United Nations -ondacksl 2 sarvey Hn the

applications of computecs in th2 Third wWoeld 1a 1973, In za»
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study, the usage of coﬁputers on education and training was
also surveyed. From Table 9 we can see that the actual
number of cumputers which were used in the educational field
was very small, and in six countries, no computer was
actually used in education and training. Although in two
countries the percentage of computers used in education as
more than 20% , on the whole, the usage of computers in
education was insiynificant.

More recent data was provided by Loy et al (1977),
who surveyed ccmputer usages in five countries/
cerritories in Asia. From Table 10 we can see that only abou
6% of all the computers found in the sites surveyed were
used for educational purposes, which was very insignificant.

Indirect evidence showing that the use of
computers in education in the Third World may be very
limited comes from the overall limited number =f computers
available in these countries. According to the U.N. report
(1973), the U.S.A. had a total number of 83,500
computers in the whole country in 1973, whil2 Brazil,&h> nost
advanced country in the Third World, rated Ly the Computer
Industry Davelopnent Potential (CIDP) develop:21 by Barquin
et al (1975), had only 1,219 computers, 1.5% of what th=
U.S.A. had in the same year. But Brazil's population was
52.5% »f that of th2 U.S.A. in 1980 (Brazil had a
pcoulation of 119 millinn while th2 U.S.A. hial 226.5

millina, Th2 Burani ¥YearhHmok,1932). Boatswini, o1 Hf the

least Jevalop2] coantriass ia tarns of ZIDP 1or2i, nad only




Table 9: Educational Computing in selected Developing
Countries, 1973

Number of Computers

Country Total _ _Education & Training (%)

Bolivia 6 1 16.7
Brazil 1,219 110 9.0
C. Africa Rep. 3 0 0.0
Colombia 3 7 8.5
Cyprus 5 0 0.0
Fiji 0] 0.0
Greece 175 7 4.0
Hungary 161 26 16.1
Iceland 17 1 5.9
Iraqg 7 1 14.3
Jamica 34 3 8.8
Kuwait 17 1 5.9
Lebanon 29 0 0.0
Madagascar 24 1 4.2
Malaysia 28 1 3.6
Morocco 57 3 5.3
Nisaragua 14 D D.0
pakistan 19 2 10.5
Sinjapore 34 3 3.8
S:adan 4 1 25.0
Thailand 217 4 14.8
Turkey 32 8 9.8
pper Volta 1 J 0.0
Yugoslavia 147 29 13.6
Zaire 19 4 14.4

3oure 2 JuN.,1973




Table 10: Percentage of Computers us=d in
University/Education in selected Asian

Countries/Territories in 1976-77

Number

Ccuntry/Territory of Sites %

Taiwan 13 12.2
Hong Kong 21 6.2
Malaysia 12 3.3
Philippines 29 2.2
Thailand 25 7.8
Total 100 5.9

Source: Loy et al,1977
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one compnuter in 1973 in the whole country. There is
prcbably a relationship between the level of the use of
computers in a society and its appliication in education. As
can be seen from the U.S.A., with suclhi a high level of
development in computing industry, nearly 3/5 of all
secondary schools already used computer in
instruction/administration in 1975 (Seidel,1980).

Actually, more up-to-date evidence on the level of
computer usage in the Third World can be indirectly obtained
from the U.S. exports of computers, parts and accessories to
the developing countries. The U.S. export figures have
significance in understanding the usage of computers in the
Third World since the U.S. is one of the top computer
exporters in the world. Between 1974 and 1980, as can be
seen from Table 11, the developing countries only accounted
for a very small percentage of computer sales of the U.S. In
1974, the Third World as a whole accounted for 12.2% of the
U.S. export m.rket and in 1980, it increased to 16.45%,
repr2s:nting an averaje annual increase of 0.7% only (U.S.
Dapartment of Commerce,1982). 0f all the devaloping
rejions, Africa was the one which imported the .2ast
conputers from the U.S.

The extent of CAI applications in education in a
couantry is alsn related to *he availability of <conputcer
personnel becausa they are crucial for the setting up of the
CAT sk es in schools,  Even when Fhe nicrocouapuler is asal

L}

as thz lelivery system, teachers have to b2 trainedl Ly
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Table 1i: U.S. Exports of Electronic Computers, Parts

and Ac. essories to the Developiny Countries,1974-80

% of exports to

Total expourts Developing Latin E. &
Year (in U.s. mil.) Countries Amer., Africa S. Asia
1974 2,198 12.2 6.1 0.14 4.4
1375 2,228 15.6 7.0 0.22 3.3
1976 2,588 12.0 5.5 2.27 4.7
1977 3,264 12.1 5.9 0.25 4.3
1978 4,359 14.2 6.7 0.32 4.8
1979 5,671 15.4 7.8 0.25 5.3
1930 7,763 16.4 8.0 0.21 6.4

Source: J.3. D2piruaz2nt of Commerce,1932.
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computer professionals before they can manage the computing
rooms or develop cour3seware. The shortage of coumputing
personnel is alwa’s a problem in the Third World. According
to the U.N. report (1973), there was a 20% to 30% shortage of
trained personnel in centre managers and systems analysts in
the developing countries The shortage w~”s even more

~erious in some countries, e.g. in Turkey, a manpower
shortazge of up to 83% was expericnced in systems analysts

and programmers.

This shortcge of computer personnel is due to the
inadequate training opportunities available in universities.
In a recent survey of eight ifrican countries conducted by
Aban (1981), he found out that although some sort of computer
courses were provided at university level, in all except ore
country the facilities available for education and training
of computer professionals and scientists were grossly
inadequate (Note 1). Aban also noted that of all the
countries surveyed, not even one had any provision for
education 2ni training in computer science at secondlary
school ievel. If th=2re is no conputer science aiucation
s2condary school, it is Marl o imajine that AT would bhe
ased there, since vsually CAI would bhe introduced after
computer hardware are bought for the teaching of computer
sciance or porojgramaing first, althoagh the use of coapuaters
in school administration nay also "M21p to promote tho use
of CAIL,

Computer alucilioa At the aniversity lovel an fitan
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America seems :0 be more developed tkan Africa. Of the 21
countries sur7eyed by Barquin in 1975, only one country had
no computer couise offered by the university. However, the
shortage of computer professionals w-s also the greatest
prok em encountered by the governments in Latin America
(Note 2),
5.4 Summary

In this chapter we have examined the available
information on the application of computer in education in
the Third World. From this piecemeal information we could
not draw any definite ccaclusion with regard tn» the extent
of the applications of computers iis education in these
developing nations. But the available evidence does
orovide support for our conjecture th t the use of CAI is
very limited in the Third World. Even if it is used, it
would more likely be found in universities than in high

schools.

69



58

CHAPTER 6

COST-EFFECTIVENESS OF A CAI SYSTEM

6.1 Introduction

I, the last chapter ;e have discussed the
applications of computers in education in the Third Worid and
found that CAI is not being used extensively .n
secondary schools. Since no empirical studies were
ava‘lable, and the writer himself is unable to conduct field
research , he can only take one developing country as a case
study, estimate the cost components of the CAI system and
evaluate its cost effectivencss, and compare it with
the traditional mrfthod of instruction. Mexico was chosen as
the country of study mainly because of two reasons. The
first one is that Mexico is one of the wmrre advanced
countries among all the developing countriecs in teorms of the
CIDP level, an iniex Jdevelcged by Barguin (1 75y frvea 1 ULGN.
report on the ¢pplication >f computer tes~hmology ta e
Third World (1973) to show the .eval of -onpaitor usiyjye of
country (see 3ppendix D for the CIDP index). It is
trheretore more likely that CAI would be alnpted in this
country since the infrastructure needed for th> successial
implementation of the CAI system would b2 availablo vhere.
Secondly, cost-effectivenzss of okhze »Tucatioag

technologies, nanely, TV and radio were alrealy ooalucted

0



there (Jamison et al,1978) and the result obtained froa th:s
study can be vsed for comparison in future.

In order to measure the cost-effectiveness of
computer-assisted instruction in Mexico, we have to gather
local cost data of the CAI system. In this study, except
for the cost of the computer hardware, whicn is based on the
U.S. domestic price, all other cost data come from the

UNESCO Statistical Yearbook(1980, 1981). These yearbooks

provide information on educational expenditures

(including teachers' salaries) and pupil-teacher ratios of
all levels of educaticn in Mexico which are essential for
the estimation of the total cost of the CAI system.

6.2 Limitations of The Study

The reader has to be reminded that the methoa
used for the computation of the cost-e.fictiveners of the
C2f in this study has many i1imitations. Since limited local
data were obtained, this study at bhest can serve as an
illustration of how the cost compcnents of a CAI systzm can
vbe estimated and its cost-effectivensss avaluated 1n a
developing country. Thus, results ortainel fron this stud;
should not be consilered as conclusive, nor should any’
generzlisstion be attempted in other developing
countries. Sone of the limitations ia the estimation of
costs Are as follows:

(1) The whole case study 1s hypoth=tical in the

sense that all th2 tost coapona2nts of Lh2 JAT systen in

Y

“2xico were estimated costs. For exanple, the cost of the
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computer hardware was based on the domestic U.S. market
prices, not on its export prices to Mexico. Domestic and
export prices of the same commodity may be greatly different
due to the different tariff regulations, the size of the
markets and the aggregate demand, foreign exchange
differentials, and cost of shipment, etc. Thus the cost of
the computer hardware may be over- or under-estimated.

(2) The cost data were drawn from different years
and therefore may be incompatible. For hardware, they are
1983 figures, while the cost of courseware, which were
calculated in terms of the iteachers' salaries, were 1978
figures. When the cost feasibility of the CAI was
evaluated by comparing 1t with the government spending per
student, the 1778 figures were used. In this way the resuv.it
may be a little bit distorted. Extrcpolation is not
attempied here because no real increases in teachers'
salaries are predicted due to the huge infl-tion in the past
fow years in Mexico. Also, since the <nst of CAI is
calculated in teras of J.3. Fanis, the lan?slid2 1:2valuation
of the peso in last y=2ir would also raduce the inflated
cducational expenditar2 (including teachecs' sitari-=s) bHack
to the 1970s level.

(3) When we computed the cost of the courseware,
w2 assunced tnat tha2y were writte) by the teschers, which
mijsht not be a valid assawption in the Third World context
staply because of thz Tack of oxperiisy, Do o, 17 9

assuuned that this coursewacre was purchised fron the
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developed countries, no cost data could be obtained. This
is another limitation on the cost computation.

5.3 Cost Components of a CAI System

6.3.1 The Difficulties in Measuring CAI Cos*s

The costs of CAI are difficult to measure.
Although some of the cost componentis, e.g. equipment,
nardware and courseware may be quantified, according to
Kreasley (1977), because of the dynamic rature
of the computing field where dramatic changes in technology
can occur within a period of a few years, previously made
ce~t estimates of CAI can be invalidated easily by new
developments in hardware and software and, to a lesser
extent , by instructional methodology.

Besides, some other cost ccmponents are difficult
to estimate, e.g. the lease schedules and amortisat.on

>rms. Also, special attention has to be paid to local

situational variables which are highly variable. When
discussing the cost-effectiveness of CAI, Avner (1978)
ooints val KAk ik 1s sikaation-sp2cific 1astead of
product-sp=2cilic, That is, no matter how nany prestigious
r2secarchars cone ade that th: application of CAT is
cost-effectiveness at a certain level of education for
certain groups of stuldents, it doesn't wmean that CAI 1s
cnst-effectiveness in othz2r iaplzaentationgs bhoeocause avan
trival differ=nces in accounting aethols can Hbe enough to
nake apper=antly id2rti ol sizarsioas 11777 0k. Thils poiax

is particularly important wiz2n e try to 1'opt a CAI
& I. 'S
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system in a developing nation. Prior feasibility studies
have to be conducted and necessary modifications have to be
considered. If not, it would be like the introduction of an
'open university model' to those courtries where there was
no reliable postal system or dependable TV transmission and
reception (Gallegos,1982).

Bearing these points'in mind, we must be very
careful waen we *ry to make any comparison in costs between
CAI and the traditional method of instruction. Besides
taking the work >f others as reference, we have to gather
detailed local cost data so that the results obtained can
be more realistic and are more relevant to *he local

situation.

=)}

3.2 Cost Structure of -~ CAI System

Before J0oing to the actual cost computation, let us
discuss the general cost structure of a CAI system.

The cost components of a CAI system can be
classified in various ways. One can classify th=2n by
functions, e.g. c¢nsts r31a D2 categorisel 1nte fazitisis,
2quipment, personncels, a:c,. On2 can also clascify these

20sts in kteras of fix21 investnent of recarcveat costs. As 2

general framework for th2 computation of costs, which can be
useful for differ=nt types of conputing systens
--large-scale, mini- or nicro-zoaputars, the {oraar
classification is used in this pap:r.

According to Xoarsly (19777, “a2 Hst i

system may inc ude the "ollo. [13:
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(a)

(b)

(c)

(e)

System Hardware

- cost of the CPU (Central Processing Unit)

- cost of the necessary peripherals, e.q.
disk, tape storage, 1/0 devices, front end
processors, €tc.

- cost of student terminals
{ This hardware can be rented or bought. If

it is bought, we have to calculate the
amortisation which wil.l be discussed
later )

System Software

-cost of the purchase/rental of the operating
system, course authoring languages, graphics
or audio software, utility progaram,etc.

Telecommunication Cost

-the transmission costs from the centra’
coaputing system to the terminals via voice-
grade telephone lines, ligital 3ata network,
microsave, UHF TV, or s:ice2tlites,

Operating Costs

~-salaries of conputr oap2cators,sys! on
analysts ovr programaers, systen nisnjer,

conputing roon coordinator nl teaching

Aauthor's time spent leacaing to i e
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system, the time spent in off-line planning of
the courseware (Austin,1975), programming and
debugging courses.

-the cost of producing any adjunct
materials,e.g. audio tapes,slies,workbooks,
etc.

-the cost of continu=2d maintenance of this
courseware.

Besides calculating all these costs, we also have
to take the expected usage of the system courseware ( i.e.
the number of students expected to uce the ccurcses, and the
number of places or institutions at which the system is
expected to be used) into consideration. It is because we
are less interested in the total cost of the CAI system than
in the average cost, i.e. the cost per student coniact nour
or academic year. Obviously, if more students use the CAI
system, the cost can be lowered.

When we estimat2 the costs of th2 TAI systoen, w2

1150 have to consider vhz2ther M2 haclye > aanl 507 Doy e

are putchased or rented. It th2y are par shased, oy
r2prosant s0a2 sort of capital insasta:i al Sy it
last for a aunber of years. We then have to 2stinate
their 1ife spans and amortise these costs.

41en w2 anortise these costs,bvd 7ariahiaes
11ve to H2 taken into Aaccount. One is the 1ifetin2 H»f tho
pripaz2at .2, its 12pro-iacion cak> 7F 50 vardwar s Vi,

s

for n years, then only a fraztion of its cost,1.2. 170 >f
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its cost, should be charged each year. The -2cond variable

is the social discount rate, which represents an interest
rate be rause there is a ~ost (interest charge) involved in
having capital tied up in a project. 1In a CAI system, this
cost is measured mainly by the potential rate of return to
capital invested elsewhere in the economy. The following
standard equation helps us to calculate the annualised
costs of these CAI cowponents (Jamison et al.,1978 p.32):
annualised cost= ¢ X (t(1+r)n)/((1+r)n-1)

where ¢ = the cost of the component

r social discount r- e

n number of years that the CAI component

lasts.

All in all, costing CAI involves many subtle
judgements and sometimes a politically sensitive one.
That is why one CAI expert points out that " polis of
experts in CAI have ~on:.stently shown that th2 cost of
CAI is considered the obstacle to its widespread
icceptanze,”" (Kearsley, 1977,2.101)

5.3.3  Cost Components of a CAI Syster in Mexic:

5.3.3.1 Types of Computer Used
When considering cost components of a CAT syston in che
Third World, the first thing tnat we have to exanine is
viak tyoe2 of computar hardwice is asst appropriate, Wit e
1r2 looking for is a conputing systea which is not only th:

oo, o oace B osaae tiae iy provile atttomh

I

instrazitional wmodes thal ar2 ragqeiced in th> nigh schoul.

7'




There are three types of computers which can
deliver CAI, namely, the large-scale computer system,the
minicomputer and the microcomputer, as we have already
discussed. Of these three types of computers, research
studies conducted in the U.S. all conclude that the

larce-scale computing system is the most expensive whi.2 the

microcomputer is the least expensive one. A stuly carried

out by Gleason in 1981 showed that a single terminal of the

time-shared PLATO system operated by the Computer-Based
Education research Laboratory at the University of Illinois
and Control Data Corporation would cost more than U.S.
$6,000. According to Gleason, it is only its

access to a large and growing !ibrary of software that
justified its existence (p.l10). Although it is less
expensive » operating capacity of the minicomputer is
limited. oOne school in Norfolk, Virginia bought a
minicomputer in 1975 which could only handle a maximum of 32
terminals. When the school wanted to further expand its Cal
in laaguage arts carvicalum, it couali noet affoarl io sp0
nor= than 3100,000 to buy another wninicoapuater, wiaich cost

53,

p—t

25 n2r tecainal.,  Insteal, microo)aputers wer2 Houjnt
wnich could perform the same functions 4s the niniconpuater
(¢111,1980) . No 4doubt, a stand alone microconputer is the
*heap2st 3iace its odrice, incinding the TPU, nonitoc, Stngle
dis% drive or cassette tape only ranjes froan J.5. $500 to
92,900 i 1933 (WiTiians & Shray:, T3 . s o011 a3 T 2ing

ch21p, the amiceoconputer can overfocwm alnost every fun_tion

IS
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that the other iwo types of computers can (Gleason,1981), even
for conducting research and experiments, which was only
possible in large-scale minicomputer-based laboratories in
the past (Johnson,1982).

Not only the hardware costs of a large computing
system are substantially higher than those of a
microcomputer the telecommuniation costs involved in the
delivery of CAI has also to considered. One advantage of
the large computing system is its capability of distributing
educational computing services through its terminals located
in schools scattered all over the country. This capability
is useful to the Third World. For example, of the 15
willion pople in Tanzania, which is a relatively large
territory of comparable size to Egypt, only 6% of the
populztion live in urban areas (Harris,1930). However, the
teiecommunication costs are very substantial. As the total
dispersion of the population increases, and as the size of
the user unit ( in terms 2f the number of installation of
computer tecaninAls | d»>-reases, coanmuni-ation sosts batone a
larger anl lara=r factor of th2 total oparating costs
(Butmnan,1375). 3251105, in a3iny develospiirg coantrizs,
telep’ 1e lina2s w y not be available 2ven in the urban
areas. The extension of this service frov another city, or
using other n2a3as of conaunicatbtion, 2.y, satellikes, nay

mean alditinaal cosks., Al 3o, in sone rural areas, th2 lack

A sapoiy of 2T ocir iy Foo o Irice Bhe teraiaals iy v

anothar obstacle to asing large-scale conapuating systens,
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Besides telecommunication costs, the use of large
scale computers or minicomputers may involve other costs,
like the construction or renovation of a particular room to
house these computers. According to Matvoich (1973), new
facilities have to be constructed. Special wiring for the
computer is needed and the installation of a separate
humidifier to insure the propér control of humidity is also
necessary. Air conditioning for the maintenance of proper
environmental conditions, which is especially important in
the developing countries which are usua® , located in the
southern hemispher<, has also to be installed for the

utilisation of the system. All these are add-on costs.

According to one study (Levin & Woo0,1980), the annualised
costs for the construction and renovation c¢f a room for
installing a winiconputer accounted for 8.5% of the total
annual cost (Note 3), which could not be considered to be
negligible,

Apart from economic reasons, the nicroconputer
should be used in tha2 Third Worii because of the
factors of management inl aaiant2as. >, To manage a la-jy2
Tomputer system or minicoapat-r, Systan analysts, -sentre
managers or operation sup=srvisors have to he 2nployed to
lou, after ths systen. Howaver, for wmicrocomputers, fowar
conouter professionils r> as21:21 3102 softwire ind
cours2ware can be boaght fr. a1 connercial fivms or users
jroans. As for malaccaaa o, i oconpalers are all skl

alona coanput2rs, andl a breaklown of on2 will not affoect tha
2 ’
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delivery of the CAI course. But for the other two systems,
maintenance is more difficult.

Firally, it more likely that larg~-scale
computer system and minicomputers may increase the ineguality
of education opportunities between urban and riral areas in
the Third World than microcomputers. The reason is that
thezse two types of computers are most efficient wnen serving
a geographically compact population. That means, in the
developing countries, they would tend to serve the larger
cities. As urban-rural disparity in educational
opportunitis is already a serious problem in the Third World
(UNESCO0,1980), if introduced into the urban areas only, CAT
will aggravate this problem, without improving the quality
ot education in these countries as a whole. On the
contrary, stand alone microcomputers may be used in rural
areas where small electricity generators can be supplield
(this problem will be further discussed in the next
chapter) .

Because of all these reasons, the writer concludes
that the microcomputer is more apptopriate to the Third
World to deliver CAI. In this study it will be taken as
the standard hardware of a Mexican high school in order to
minimise costs.

6.3.3.2 Cost Estimation-~Total Cost

Based on the cost structure of the CAi system th:it
we have previously discussed, the following cost compouents

of a CAI system in a Mexican hijgh school are estimated:
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(a) Hardware

Since microcomguters are chosen as the 3Jelivery
devices of CAI lessons, we hava to decide what type of
microcomputer we need and the amount. Table 12 shows the
microcomputer requirements per instructional mode. From
this table, we can see that if we want to deliver every
mode of CAI instruction in the high school, the random
access memory (RAM) -~apabiiity of these microcomputers must
At least be 32K bytes, and we also need the disk drive
instead of cassette tape based drive. A recent price
comparison of microcomputer, as can be seen from Table 13,
shows that price of a 32K bytes computer with disk based
rangdes from U.S. $1,250 to 2,900, all with color monitor.
If we use black (or green) and white monitor with tape
cassette-based, the price can be lowered to $8C0. 1In view
of the trend of decreasing prices, it is not unreasonable to
take $1,250 as our price tor one microcomputer which can well

serve our instructional purposes. One limitation in this

o

tice estimate is that this price is the local pricz in

the U.S. home market, but not export price and the cost of
shipment is not included. The cost of shipment is not
included in this estimate because the actual market price
will be lowered if computers are purchased in bulk, which
can offset the cost of delivery. According to the writer's
personal experience and his communication with teachers
teaching in Latin America, it is not uncommon that class

enrolment will be up to 45 students. If CAI is used for
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Tsble 12: Miccoconputet Reguiremants
Per Instructional Type
Drill & Probiem

Practice Jutorial Solving Simulation

Memory

( RAM, 4-8K 256:-32K 8K 8-32K
Lower Case

Characters 4 hi

Cassette &/

or Disk C D C D
Graphics Y
Printer Y

Floation Point

Arithmetic Y
Files Y v
interface Y Y

No., of lines

on Display 12 2. 16 24

Note: yY=Yes C=Cassetce D=Di sk

Soirce: Nomeland, R., quoted from Thomas; D. 1981.
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Table 13- Comparison 9f the Features of Popular Class ‘om Microcomputers
FAPE CAMSLTITE HASLD CARTRIDGE BASELD UISK Ba
vIC PET COMMODORIE 1§80 ATARI ATARI TEX INSTR ATARI ATAKI RS 80 APPLE “OMMUDORE 18M
DISPLAY 20 4032 64 [} 400 800 99/4A 400 800 1] 2+ 64 PC
#of characters P23 40? 40 64 40 9 28 40 40 bd 4! 10 80
per line
Upper/lower Yes Yes? Yo Yes Ye, Yes No* Yes Y s Yes xtra § Yey Yes
case
Color Yes N ves Nu Yes Yes Yes Yes ‘ey No Yes Yes Yes
available
Liepriins Very Good Gond it Fai Excel Excel Excel Excel Excel Fau Very Good Excel Exces
quahity
KEYBOARL:
Standard Similae No . B Sir v No Simakar Ho No Similar Simalar nO Simidar S mular
typ wrher
Numeric No Ye No Yes No No No No No Yes Extra $ No Yes
keypad
#or Leys 66 74 66 65 61 61 41 61 6" 65 52 66 83
CHARACTERISTICS
ROM-fr aximum 5K 18K 20K 14K 10K 10K 32K 10K 10K 14K 24K 20K 40K
RAM-typical 5K 32k 64K 16K 16K 16K 16K 16K 48K 16K 48k 64K 64K
RAM maximum® 32K 32K 64K 48K 48K’ 48K 48K 48K’ 48k 48K SV2¢p ° 64K 512”7
Duisk NA NA NA NA NA NA NA 88K 88K 138K 1401 150K 169K
capacity
Can u_¢ regular Yes No* Yes No* Yes Yes Yes Yes Yes No* Extra$ Yes Extra s
TV
Aore than one NA NA NA NA NA NA NA No No Yes® Yes'*® Yes'! No
user per disk
Tape loading 41 cpy 41¢1 1? 4 .ps 50 NA NA NA NA NA A NA NA NA
speec st ?
Full-screen Yes Yes Yes Yes Yes Yes No Yes Ye: Yes Extra$ Yes ves
editing
Portability 3 2 3 2 2 2 3 3 3 1 3 3 3
{#of praces)* ¢
| BASIC includ- Yes Yes Yes Yes No No Yes No No Yes Yes Yee Nc
| ed in price?
Expected to Yes No Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes
continue in
production *
PRICE'* $500'°* 4800 1950 ¢ ‘850 $625' ¢ $950'* $550e $1200'* $150u' 1650'* HREIAR $1250'* $29C
NOTES ? 16K PET recently oiscontinued tard ware shortiv typical RAN  and single disk Jrie or cassette
¢ 1n chassis maxmur '' Kequuwes s more cxpensive disk drive {except cartradge units)
< ' 40 col vpuon avadable ‘rom anather manu * Requires hardwere from * different manu !? Can be speeded up at additional cost ' Approx:  te rrad order prie per unat avuming
8 4 facturer facturer ' User selectable order of three umily ~J
- ' 80 col avaiable at extfa cost * Black (or green) and white monitor byt in * CRY, keyboard CPU. uingle cassatte or single '8 Woh cOwur monitor [
\‘1 ' Requires typing a POKE statem 3t * Requires additional hardware disk drive ' With 48K RAM 8 {
. * Twu sizes of upper case letters, no trae lower 1% Piesently requues hardware from a dilferent 1% Based o1, Adustry rumnrs and publicatiuns - t)
E lC manufacturer. Appie will introduce s own ** Includes .olor monitor {when appropriate)

‘Source: Williams & Shrage p.8
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mainline instead of adjinct instruction, 45 microcomnputers
have to be purchased, which amount to U.S. $56,25,.

Besides these microcomputers, at least one printer
should be available in the computing room for the prinrirs
of hard copies. According to a recent price survey carried

out by the editcrs of Creative Computing (1983), thore are

25 types of printers which are under U.S. $1,000. Thus, it
is _easonable to take $1,000 as the cost of a printer in

Mexico.

(b) System Software and Courseware

The microcomputers that ar2 purchased have
already built-in operating systems. If the BASIC
programming language is used and no utility programs (e.g.
for wcrd processing or record keeping) are requiced, no
extra cost for soitware has to be included. 1as for
coursewa<e, they can either be bought or developed locally.
The latter method is preferred tecause they are wmoure
appropriae to the local conditions. Initially we shall
assume that two full time teachers have to be devoted for
the development of the.e courseware. Cost of training will
not be ircluded since this is usually provided free cf
charge by the computer manufacturers. The cost of
Tourseware is therefore calculated in terms of teachers®
salaries. In our case, the salaries of tw¢ Mexican *keachers
amount to U.S. $3,752 (in 1978, UNESCO,1)781,see Note 4).

(c) Telecommunication Costs

NO telecommunication ~ost will be incl ded

56
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since all the microcomputers are stand alone computers.

(d) Operating Costs

With regard to opevating costs, one coordinator
is needed in the computing room for time-tabling and also
serving as a teaching assistant. This coordinator should
have some knowledge of the microcomputer and should be able
to give advice to students and teach2rs. He should also
provide as.istance in the development of the courseware.
Thus the salary of this cocrdinator should be more or less
the same as a high <chool teacher, which amounts to
J.5.51,876 per year (UNESCO,1981). Together with the two

full time CAI irstructors/authors , a team of three teachers

should be sufficient to look after the CAI system and dvelop

the courseware.

&

The operating cost also includes the use of
facilities and buildings. Construction of a computing room
is tuo costly and non-essential. Lack of funds is one
reason and bureaucratic practices in many develoning
countries may only delay the construction of the room
indefinitely. Thus it is more practical to house these
microcomputers in a classroom or a special room thich is
already available in the school. One class mav have to
share a classroom with the othoers so that a rorm {s made
available to house these computers, which means no
additional cost.

The cost of maintenance of the hardware and

software should a2lso be included in the estimation of costs.
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3 service contract with the wholes2ler/manufacturer can
usually be secured at a 10-15% of the prices of the products
(per year). In view of the backwardness of the
transportation anetwork and the lack of service personnel in
the 4developing countries, 153% of the prices of the
microcomputers and the printer, which amount to U.S5.$8,785
is estimated to be the cost of maintenance of the hardware

per year,

-

As for the maintenance of the courseware, it
will take the form of updating the CAI programs in every two
or three years. Since two teachers have already beern
employ2d as courseware developer, no cost of mantaining
courseware is included in the pPresent cost estimation,

(e) rotal Cost

With all these costs added up together , the
initial capital investment will amount to U.S5.$71,663,
which is summarised in Table 14,

$.3.3.3 “anual Cost of :zhe CAI System

Howev ., the total cost that we have jus’: computed
does not represent the annualised cost of the CAI systeam.
As we have mentioned before, the hardware, software d
courseware can be used for more *han on~ year, and their
costs should therefore be amortised. The annualised cost of
the hardware is therefore depend. on its initial cost, C,
its lifetime, n, and the social discount rate, r. Table 15
shows the annualised cost of the computer hardware when its

lifetime is between one and five years and the social
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Table 14: Summary of the Estimated

Total “ost of a CAI System in Mexico

Cost component

(a) Hardware
Cost of 45 microcomputers
(at $1,250 each)
Cost of 1 printer

(b) Software & ‘ourseware
Salaries of 2 teachers

(c) Operating Costs
Maintenance (15% of $56;250)

Salary of 1 coordiaator

Total

u.s. $

W
N
-

o
n
o

1,000

3,752

8,785

1,876

71,663
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Table 15: Annualised Cost of Computer Hardware
of Couputer Hardware of a CAI System with

different Interest kates(r) and Years(n)

Annual .ost(in U.S. §) w'th interest rates of

Year - e ... Yo% 5% 208
1 57,250 57,250 57,250
2 32,987 35,215 37,473
3 23,021 25,116 27,178
4 18,061 20,1983 2,115
5 15,114 17,061 19,143
6 13,145 15,128 17,21s
7 11,760 13,761 15,484
] 10,731 12,814 14,924
9 9,941 11,998 14,205

10 9,317 11,409 13,6€90

Notz: The initial cost (C) of th: computer hardware

is U.S.$ 57,250




discouant rate is between 103%-15%. when the value of C,

i.e., the initial cost of the hardware is U.S.$.57,250 and
assuming that the lifetime ot the microcomputer and porinter
is five year (Note 5) ard a social discount rate of 15%,

we have the following:

annualised cost = C X [ r(l+r)" J/[ (L+1)" -1]

5
57,250 X [0.15(1.15f 1/0¢1.15) -1}

This is equal to U.S. $17,061 per year.

For the annualised cost of the ccuarseware, it is
reasonable to expect that it car operate for at least twc
vears before updating is required. Thus, the cost of the
courseware developmeat,i.e. the total salaries of the
teacher/aut rs should be halved. which amounts to U.S.
$1,876 per year.

The total annualised cost of this CAI system is
sunmarised in the following table, Table 16, with differant
interest rates taken into consideration.

As can be seen from Table 16, the annualised cost
of the hypothetical CAI system ranoces frc. 5.S. $27,651 *o
$31,680. If we take 15% as the interest rate, which is
ratiier reasonable in view cf the present and forseenable
world economic situation (at nresent, the interest rate is
only about 10%), the cost of our system is U.S. $29,598 per
year.

The total annual cost of the CAI system is less
useful than the average cost per student per year, if we

want to comwpare it with the cost of traditional method of
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Table 16: Total Estimated Annualised Cost of a CAI 3ystem

in a Mexican High Schocl,in different interest rates
Annual Cost (in U.S.$)

with 1nterest rates of

Component 10% 15% 20%

(a)

(c)

Hardware

45 microcomputers

and 1 printer 15,114 17,061 19,142
Courseware 1,876 1,876 1,876
Operating Costs

Coordinator 1,876 1,876 1,876

Maintenance 3,785 8,785 8,785

($)Total 31,680
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instruction. If we assume that thsre are eight CAI sessiuas
per day that eacn lasts for 40 minutes and occurs five days
per week, there are altogther 40 CAI sessions per wecek.

With 45 terminals, there are totally 1,800 terminal/sessions
that can be used by students in the high school. With an
enrolment of 900 students, each student can then receive two
CAlI lessons per week, either of the same, or different
subjects. In this case the CAI cost per student per yvear
will be U.S.$29,598/900, which is U.S. $32.89,0r $33 per
year for two sessions pger week.

We can also compute the CAI cost per studeant per
period (40 minutes). Assuring tha* there are 150 school
days par year, and 8 CAI pericds per day. with 45 terminals
available in the school, there are altogether $4,300 (180 X 8
X 45) terminal/periods per year. The cost per student per
contact period amounts to 7J.5.$0.46 ($29,598/64,800), which
is substantially higher than instructional computing
delivered in the developed countries. As we have mentioned
before, one study (Doerr,1979) reported that :the cost was
only $0.18 per student contact hour. The reason for a
higher cost in the developing ~ouniri2s may be due to the
higher spending on the deveiopment of courseware. 1In
developed countries,especialiy in the U.S.A.or Canada, the
courseware is commercially available or may be obtained
cheaply f“rom some¢ non-profit making user groups.

6.3.3.4. Cost Effectivenuss of the CAI System

If we compare the cosu that we have just computed
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with the cost of the traditional nethod of instruction in
Mexico, we can see whether CAI is cost-effective. The cost of
traditional instruction is based on the spending on

t2acher's salary prr student. The avarage salary of a

high school teacher was U.S5.$1,876 in 1978 and the
student-teacher ratio in that year was 17 (UNESCO,1981).
Assuming that there are 180 school day., and each teacher

has to teach 6 periods per day, then they have to teach 180

X 6 X 17 students-periods per year. Thus the cosk of
instruction per student per period amounts tu U.&. $0.10
($18,76/(180 X 6 X 17)), whirll is very much cheaper than

the cost 0f CAI,which is $0.46 per student-per 'od.

However, we bave to note that the cost of traditioanal
instruction is underestimated since teachers' salaries should
have been increased in the past five vears. But even with a
real increase in salary of 10% per year, which is highly
unlikely due to the inflation in the Mexican economy in the
past ew yeatrs, the cost will only be increased to U.S.
¢0.16.

The CAI cost would be smaller if we take it as a
mainline instruction because we can deduct the cost of
traditional instruction from the CAI period. Thus, the CAI
cost per period per student would be reduced to U.S. $0.36
($0.46-50.1). Also, if we take the reduction of learning
time into consideration, a time reduction factor can be
included in the calculation or the CAI cost. Time saving

of CAI of between 20-40% were docwiented in many studies, as
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nave been reviewed in chapter three. A moleratz tine
reduction factor of 0.7 is tiken in cur study, meaning that
students receiving CAI can reduce their learning time by
30%. Thus the new CAI cost hecomes $0.25 ($0.36 X

0.7), still 2.5 times more expensive than the traditional
method of instruction, which is not considered to be
cost-effective at 1ll.

$.3.3.5 Cost Feasibility of the CAI System

The preceding cost analysis takes CAI as a mainline
instruction and then compares it with the traditional
instruction. But CAI can also be taken as an adjunct
instruction, providing remedial or enrichment experiences to
the students. 1In that case, the cost of CtI will be
considered as an add-on cost. We have therefore tc consider
wnether it is feasible for a Mexican high school to spend
U.S.933 per student per year on CAI. In otder to examine
whether it is cost-feasible, one method is to examine the
annual government spending (capital and curtent) in
education per student. The most recent data that we can get
is 1978, and although it is possible for us to estimate the
spending on education in 1983 by means of projection, the
figure obtained will not be too reliable since there was huge
inflation and landslide devaluation of the peso in the last
year. Also, there is no reason to expect a great 1ncrease
in gove .ent spending on education in the past few years.
Thus we stick to the 1978 fiugures.

From Table 17 we can see that only U.S. $11.12 were
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Table 17: Government Spendings on Students in Mexico,1978

Spendings No. of Spendings/
(in peso, '000) Students _Student (U.S.S)
Total 99,336,655 18,226,505 239.40
Capital 4,613,454 18,226,505 11.12
Current 69,759,301 18,226,505 168.10
Prima_ . level 25,581,129 13,614,115 82.53
Secondary level 16,055,020 3,914,251 180.15
Tertiary level 17,584,452 698,138 1,106.24

Source: UNESLCO Yearbook,1981, Tables 4.1,3.11,3.7,” 4

and Appendix C




spent as capital inve<tment per stuadent in Mexico in 1973.

Even if all the noney were spaent in the implementation of
the CAI, it was just short of about 22 dollars per

student. Of the $180,.5 spent on 2 high school student as
currant expendituare, only about 12% (estimated from 1977
figures, see UNESCO,1980) were allccated for direct teaching
materials, which amounted to about $22 while 5110 were spent
&s teacher's sa ary. Only if all the current expenditure

on instructional materials, in addition to the capital
axpenditure were spent on the CAI system would its cost

be covered,

We can see that the add-on cost of U.S.$33 per
student is so high that if no additional funds are injected
into the educational sector, either by the government or by
some intetnational organisations, CAI appears to be
unat tractive to Mexican schools, at least economically.
However, CAI can still be introduced at the cost of
providing less of some other school resources to the
students. Actually, some writers advocated tl:at with the
introduction of CAI, the student-teacher ratios can be
increased (e.g. see Butman,1975). Jamison (1976) has
suggested a formula to calculate the opportunity cost of
CAI, i.e. the cost (not in monetary term) that we have to
pay in order to introduce CAI.For example, the increase of
the class size., From the following equation, we can
calculate the new class size of our hypothetical Mexican

school if CAI is introduced.
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T _ T + C(S+A)

- -

S S + A
Where T= total spending on teachers' salaries
for a class of 45 students i.e.
$110 X 45
S= the class size before CAI is
introduced i.e. 45
C= cost/student/year of CAI i.2. $33
A= the number of additional students in
the class that requirea to finance
the CAI

From this equation, we can calculate that the
additional students required to finance the introduction of
the CAI for a class is about 20. That means, the class size
nas to be increased from 45 to 65, a very substantial
increase and obviously impossible to achieve.

Another way is either to cut down the number of
teachers or their salaries. Since $33 has to be spert per
student per year on ZAI and about $110 has to be spent on
teacher's salary per student ,we can see that either
tue salary or the number nof teachers in the school
has to be reduced by about 1/3, if CAI is to be
introduced. It is surely impossible, form both educational
and political points of view.

6.4 Summary
In this chapter we have Giscussed the cost

structure and components of a CAI system, Based on this

I8
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framework, the cost of a CAI system in a Mexican highn

school was calculated. 1Its cost-effectiveness and
feasibility wa2re then computed. It was found out thac in
this hypothetical case the use of the microcowuputer in
education could not reduce educational costs since it was not

cost-effective and was not feasivle for the educational

system .
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CHAPTER 7

THZ APPROPRIATENESS OF CAI IN DEVELOPING COUNTRIES

7.1 Introduction

In the preceding chapter the cost effectiveness of
CAI in a developing country was es:imated. Althcugh it was
only a hypcthetical case, it gave us some idea of how
2xpensive CAI in a developing country could be. Unless
there is drastic reduction in the cost of computer hardware
and software , which is quite possible because of the
competition among computer manufacturers and the rapid
expansion of market into the developing regions, CAI won't
be extensively employed in the Third World. 1In this chapter
the writer wants to argue that even if CAI is usad in
future in the developinj nations, Jue to economic or
political reasons, it may not be appropriate or effective
and it may create more problems than it can sclve. We would
like to discuss these problems one by one.

7.2 Economic Considerations

CAI may not be appropriate to the Third World
tecause one should be aware that as a new technology,
particularly when it is considered as a product (i.e. a
particular item or set of equipment) instead of a
process (i.e. the systematic approach to learning

(Harper,1979)), it is developed in the developed countries
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anl i{s then transfercred to the devlooing countries. Lika
the transfer of technology in general , as discussad by many
econonists (e.3. Lall & Streeten,1977; Moxon,1979), th=
problem of appropriateness arises. The reason s that
"technology is not a neutral entity, but reflects the
culture, the conditions and aspirations for which it is
conceived arnd for which it is intended. It is not just a
mode of production, but embodies and reflects the economic,
social, political, cultural and cognitive modes of society
in which it is proiucel." (Vantura,1981,p.60)

The inappropriateness of the transfer of technology
from the developed to the developing nations can be expla-
in=z1 by the differance of economic conditions exper-
i2nced in the two regions. When we talk about economic
conditions, we mean that the factors endowment i.e., the
availability of labour and capital that countries have ara
different. Although the factors of production (i.e. labh-
our, capital ,land ) can be changed theoretically to suit
different economic conditions, in reality, only econom-
ically efficient production methods will be suployed in
production. What is economically efficient depends on the
ruling factor prices in which the production method is beirg
developed. As the real wages of labour in the developed
countries are becoming higher and higher, the factor price
of capital becomes relatively cheaper. Thus the products
and the process of production tend to be capital intensive,

with higher rates of capital expenditure per man., It is
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also labour saving, with lowar rates of labour ger unit of

output. 1In this way the cost of production is ainimised,.
Put in the developing countries the economic coadition is
just th= opposite, where the supply of labour is abundant and
capital is scarce. When capital intensive products and
production methods are transferred to the
developing countries, th2 use of resources is inefficient
and the production cost is therefore h._her (Lai,1981).
Although the preced.ng discussion refers mainly to
industries, it is also relevant to a great ex.ant to edu-
cation. The huge difference in capital resources between
the developed and developring countries can be seen from
Table 18. From this table we can see that the public ex-
penditure on education per inhabitant in the developad
countries was nearly 30 times more than the developing
countries in 1978. It is no wonder why capital intensive
technologies can be used in the developed nations. Computer
(and CAI) is a very capital intensive technology which can
be economically advantageous to the educational system in
developed regions simply because the salaries of the teach-
ers there are very high. As seen from Table 19, which
compares the salaries of high school teachers in selected
developing and developed countries in 1978, the salaries of
teachers in the latter were very much high than the former.
In terms of expenditure on teacher's salary per student, the
develope 1 countries also were much higher than the

developing countris. For example, W. Germany was about 22

1n2




Table 18: Public Expenditure on Education

Par Inhabitant in Selected Regions,1978

Region Spending (in U.S.$)
Developed Countries(Total) 366

North America 622
Developing Countrizs(Total) 26

Africa (excluding Arab States) 21

Asia (excluding Arab States) 52

Latin America 60

Source: UNESCO Yearbook,1981
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Table 13: Average Salary of High School

Teachers and Expenditure on Teucher per Student

in Selected Countries,1978

Average Salary

(in U.S.9$)

Average Expenditure

on Teacher per Student

Developed Jountris
France
Japan
W. Germany (1977)
Developing Countries
Mexico
Botswana

Venezuela (1975)

16,918
16,235

36,094

1,876
4,735

4,998

1,220
960

2,427

110
281

298

Source: Computed from UNESCO Yearbook,1981.
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times as nuch as Mexico. With such a nigh labour

cost, it is veLy important that their time be properly
utilised and the use of capital 'ntensive technology would
be relatively cheaper.

In the developing countries, however, because the
salaries of teachers are not as high as developed countries,
and because of the lack of capital (and foreign exchange, ,
capital-intensive technology should not be employed
there. With limited funds in the =2ducational sector, the
question is where they should be channelled. 1In ny view,
in view of the present economic conditions of the Third
World, funds should e used in the most =2ffective way so
that most children can be properly educated. It seems to me
that the =mphasis now should be placed nore on the quantity
instead of quality of education. Thus, other educational
technologies such as ETV and radio, which are more effective
in mass education, rather than individualised instruction
may be promoted. 1Indeed, various successful cases have been
documented, as mentioned before.

7.3 Cultural Considerations

The new educationial technology may not be
appropriate in the Third World (in the sense that it is less
effective) also because of the ."ifference in culture. As
suggested by Pena (1983), an educator in Latin America, one
of the reasons why education techuologies which tried to
oenetrate in Latin America have failed has been the

technologist's lack of awareness of the impact of technology




on any culture., It is argued that any new 2ducational
technology cannot be successfully implenented if its de-
velopment is not a response to the indigenous people's own
problem, but rather as the result of the expansion movement
of other people. As for CAI, it basically emphasizes
individualised learning. Also , no matter what CAI mode is
used, 1t is mainly visually-based. However, even up to

now, teacher is still the ~entre of the teaching-learaing
process in the Third World (Gallgos,1982). Students usually
lack the cultural background and motivation for lcarning
without an instructor under an cpen time frame. Also, the
primary mode of transmitt ~g knowledge in these countries
has historcially been an oral one. Even the textbook is
consider=2d to be secondary (or, students simply can't afford
to have textbooks). Thus, tne transmission of knowledge by
any other aeans, like CAI, may be considered as a lessar or

limited worth in some societies (Gallegos,1982;. With the

cultural difference in miad, CAI which is effective in the
develcped countries may be less effective in the Third
World. Even if CAI is to be used in the Third Worid, it
may have to be modified and designed to solve The Third
World problems., It has to act within the social and
cultural environment of The Third World and its economic
possibili:ies (Pena,1983).

7.4 Educational Inequality

So far when we talked about the transfer of CAI to

the Third World, we referred only to its oenefits or limit-
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ations to the whole country, without discussing th2 question

of who will c23lly benefit fron this transfer. We should
note that when CAI is transferred to che Third World, not
every school board will k> 2ble to purchase it. Instead,
only the richer schools, which are usually located in the
larger cities will be able to afford to buy thase computer
hardware and software. The disparity of resources betwee:
uroan anrd rural areas in the Third World is documented. For
example, according to one study (Cummings & Lemke,1973), the
most urbanised states in South Brazil containing 35% of the
population spent 59% otf the educational tudget and the major
state of the region, San Paulo, had an educational per
capita expenditure 7 times as great as the states of the
Mortheast, which contained 22% of the population. The urban
schools can set up a CAI system because they probably have
the =2xpertis=, mainly due to the higher qualifications of
their teachers, or they are located near to the
universities. But the students who live in rural .reas,

are the last ones to benefited from this technology.

In this way the rural-urban disparity in educational

quality will further be enlarged. However, even

if rural kids do receive CAI and improve their achievement,
they have no gr=zater opportunity for employment than before.
The reason is that the employment opportunity in the rural
areas is simply limited. By using CAI, the education system
may be internally rore efficient in teaching, say, e.qg.

Mathematics. But externally it is not sucessful at all
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(McAnany,1978) . Thus, with th2 transfer of comnputer
technology to the educational sector in the Third World,
there might be some marginal and isolated changes while tha
basic educational structure will not be changed at all.
7.5 Summary

In this chapter the appropriateness of using CAI in
the Third World was “iscussed and evaluated. It was argued
that the new educational technology might not be appropriate
for tne developing countries due to economic and cultural
reasors. It might also increase tae disparity in
educational opportuni:ies between urban and rural areas.
Unless the cost of CAL is further reduced so that it is less
costly (eccnonic consideration) and equally effective
(cul tural consideration), compared to tradicional

instruction , tnen its application in secondary education in

the Third World should not be encouraged.




CHAPTER 8

SUMMARY,CONCLUSIONS ANO REJOMMENDATIONS

8.1 Summary

The purpose of this pgroject has been to examine

whether the use of C is cost-effective in tne developing
countries. If it is indeed cost-effective, relative to the
traditional method of instruction, then it may help to
reduce educational costs whicli is one of the factors
nindering the 2xpansion of envtolment in primary and
seccndary education.

In order to examine the cost-effectiveness of CAI
in education in the Third World, we have first of all to
2xamine whether CAI as a method of instruction is effective
oL not. Trom the review of literature we found that tha
use of CAI was effective in the developed countries where
students receiving CAI had a higher achievement and could
reduce the time for learning. With regard to costs, the
result was not conclusive becanse these studies were very
situation-specific. In some cases the CAI were lass
expensive while in others they were not.

Due to the lack of field research fiandings of the
application of computers in education in the Third World,

questionnaires were sent to major computer manufacturers in

the U.S.A. to solicit information of their sales of

N
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conputer h.rdware and software to the Third World. A hypo-
othetical case was usal to calculate the cost of setting up
r.icrocomputer-based CAI system in a Mexican high
school. Cost of the computer hardware was based on 1983
orices found in the U.S. domestic market while the cost of
courseware was based on the salaries of the Mexican high
school teachers in 1978. The cost of the CAI system per
student per period was then compared with the <ost of
traditional method of instruction. The total annual CAI
cost per s*udent was then coupared with the government
annual spendin~ per student, so as to evaluate its cost
feasibility. The limitations of the study was also dis-
cussed.

Besides examining the cost-effectiveness of
A CAI system in the Third World, this project also discussad
' .e appropriateness of using this technology in these
countries, since the socio-economic situations between
developed and developing counti ies are so different. The
economic and cultural factors were taken into consideration
while whether CAI would have adverse effect on educational
opportunity and quality of education in the rural acreas was

also discussed.

8.2 Conclusions

D)

From this study the following conclusions czan be
drawn:
(1) The cost of a CAI system, using microcomputer

as the Jelivery device is the least expensive of the three

lio



oossihle systems since the computer hardware is the least

expensive and other costs,e2.g9. telecoummunication costs and
the cost of other peripheral facilities are not included.

(2) Th=2 cost of a CAL system in a developiny coun-
try may be more expensive than a similar system in the
Jeveloped country due to the cost in the development of t..2
sourseware. In the developed countries, ich courseware is
commercially available. But in the Third World, due %o the
difference in culture and language, local courseware will
have to be developed.

(3) The CAI system may not be cort-effective in the
Third World if it is taken as a mainline instruction. In
our hypothetical case, the CAI cost per student per pexriod
was U.S. § 0.46, while the cost for traditional method of
instruction was only U.S. $0.10 per student per period.

(4) Taxing the reduction of learning time into
cons!Jeration, which may not be capitalised by the system
since even with the shortened instructional time, the
educational system may not be able to translate that into a
decreased time in schooling for students in a manner which
will offset the added -ost of CAI, the CAI was still 2.5
tines more expensive than the traditional method ot instruction.

(5) Taken as an adjunct instruction, the CAI would
become an add-on cost. With a government spending (capital
axpenditure) of only U.S. $11.12 per student in Mexico in
1978, which may not be substantially increased even in 1983,

a total annual CAI cost ¢f U.S5.$33 per student appeared to
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oe too expeasive for 21 developing country. This CAI cost
would not e too heavy for the goveraments of the Jevelopel
countries to bear siance their spending per student is much
¢ '‘eater. This CAI cost is currently anot feasible for the
leveloping countries.

{5) The CAI as a technology may not be appropriate
for the developing countries. In the economic sense computer
is a capital-intensive technology developed in countries
which are abundant in the supply of capital, The
developing countries, on the contrary, are capital
scarce while lahour abundant. In the developed countries,
tha gsalaries of teachers are much higher than the developing
cointries (e.g. the salary of a high school teacher in
W2st Germany was 22 times more than a Mexican teacher in 1973)
which may justify the use of computers in scondary schools.
Even if funds are available, they should be channelled to
those technologies which are less capital-intensive.

(7) Due to the differ=ance of cultures, CAI may be
less 2ffective in the Third World because students are not
used to individualised and visual learning.

(8) CAI may increase the disparity of educational
opvortunities and quality between urban and rural areas
since only those rich sncool districts are able to purchase
computers overseas. Even if rural schools have a chance Lo
use CAI, and therefore improve the quality of education
there, students may not have a bette chance for social

mobility sianc2 better jobs are only availabie in the cities.
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Better educated students in cural areas may then migrate to
the cities, thus aggravating the 9rovblem of rural-urban
migration.

(9) Finally, CAI may not be the best method to
improve the quantity of education in the Third World even if
it may reduce educational costs because its emphasis is
o1 individualisation. Instead, technolcaies which focus oan
mass 2ducation, like radio or TV may be better methods, in
view of the urgent need for the elimination of illiteracy in
the developing countr.es.

3.3 Recommendations

After conducting the study, the following
recommendations are made:

(1) There is an urgent need for educators to
coniuct more empirical field studies in the developing
countries on the applications of computer in education in
general, and the application of CTAI in particular so that
more information can be available to policy makers as regard
to whether CAI should be used.

(2) A framework for the calculation of cost of the
CAlI system in the Third World cecntext should be worked out
sc that the cost-effectiveness of CAI can oe measure.l.

(3) The appropriateness of CAI in the developing
countries also deserves more attention. It may be more
important than simply considering the costs.

(4) The impact of CAI on the culture of the Third

World societies should be examined since even if CAI can
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solve sone of the educational problems, it may create morcre
problems ia other areas.

(5) Finally, the computer should not be considerad
as tne panacea of all educational proolems in the Third
World. What we have discussed shows that at best it can
only alleviate a few educational problems. The complex and
intertwining educational problems in the Third World may
only be understood from a socio-economic perspective and

solutions to these problems may only be found there.




REFERENCE NOTES

1. The countries surveyed were: Kenya, Nigeria, Senegal,
Tanzania, Uganda, Malawi and Ghana In Uganda, no
informatics education and training facilities were available
while facitities in Nigeria, Ghana and Kenya were far more
oetter than the other countries.

2. However, the reader has to be reminded that computer
manufacturers accounted for the larger share of education at
the operation, programming and system design and analysis
levels in Latin America (see Barquin,1975).

3. The annualised cost of construction was U.S. $8,524
while th=2 total cost was U.S. $100,000.

4. The average salary of =z high school teacher was obtaine1i
oy dividing the total teachers' emoluments by the total
numnber of teachers in the second level of education, which
actually inciuded teachers who were teaching in the
teachers' training college. The salary was then changed to
J.5. dollars by muitiplying the exchange rate, which was
0.04392 (1 peso to 0.04292 dollar).

5. The depreciation rate of a microcomputer was obtained by
personal communication with the instructor of the computiag

room of the Faculty of Education,Queen's University.
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FACULTY OF EDUCATION
DUNCAN MCARTHUR HALL

APPENDIX A

Covrring Letter

Kimgston Canada
RTL 3NO

May 3,1983.

Dear Sir,

Re: Request for Information on Com uter Application
in Education in Developing Countries

I am a graduate student in the Faculty of Education of
Queen's University and am now doing research on the cost-effectiveness
of uszing computers ir edu.ation (computer-assisted and managed
tastructions) in developing countries.

I would be most grateful 1f you could provide me general
information on the sales of computer hardware and software (large,
mini or micr>-computers) of your esteemed company to developing
countries for educational purposes during the past few years.

Enclosed please find - quest{onnaire and it would be greatly
appreciated 1f you could complete and return it to me at your earlies:
convenience. The data obtained will only be used for researckh purposes
and you~ help will be duly acknowledged.

Thanks for your kiud attention and I am looking forward
to hearing from you soon.

Yours faithfully,

( Kwok-Wing Lai )
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Queens ULnnversiy
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APPENDIX B

Questionnaire on the Sales of Computers to
Developlug Countries for Educatfonal Purposes

A

T

Name of the firm:

i,

Date: May 10, 1983

Please complete Part I first. Return the completed questionnaire not later
than Jjune 10, 1983 to Mr.Kwok-Wing Lai, Rm. A031, Duncan McArthur Hall,

Faculty of Education, Quean's University,Kingston, Ontario, Canada K7L 3N6.

Thank you for your co-operation.

Part I

1. Have you ever sold any computer hardware to any devet;gf;g countries?
s)/ NO

If your answer is YES, please answer questions in Part II.

2. Have you ever sold any computer software to any developing countries ?
/ NO

If your answer is YES, please answer questions in Part III.

* Eveu if your answer ror bota questiouns are wu, 1t i8 importaat co wy
research that this questionnaire be returned to me. *

Part II : Computer Hardware

Large Computing Mini- Micro-~
- System Computer Computer
i. Quantity of computer hardware
sold to developing countries
for educational purposes (up to '83)? - Apnrox., 60
2. Price range? (in U.S.$) $200k-$400k
3. Is maintenance provided? (YES/NO) yes

. At what price?

Approx. $40k
per location
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5. Is training provided? (YES/NO)

6. Cost of training.

7. 1Is software provided? {YES/NO\

8. List, in decreasing order, the
instituttons in the ‘educational
sector which have the highest
demaud of computer hardware.
(e.g. ministry of education,
university, high schools, etc.)

9. List, in decreasing order, the
three developing countries which
have the highest demand of
computer hardware for educational
purposes. (up to 1983)

Part III: Computer Software

1. Quantity of educational software
packages sold to developing
countries.

2. Price range (in U.S. $ )

3. Quantity of software packages
leased to developing countries.

4. Price range of monthly lease.

5. Is training provided? (YES/NO)

6. Cost of training.

7. 1s maintenance provided? (YES/NO)

8. At what price?

Large Computing Mini- Micro-
Systom Computer Computer
ves
Approx. $100F
per site
_yes
1. 1. 1. Arred Forces
2. 2. 2, Industry
Vocational
3 3. 3. Schools
1. Kindom of Saudi Arabia
2. United Arab Emirates
3. Iadonecia
Large Computing Min{- Micrq:
System Computer Computer
Approx. 6C
$50k-$75k
NOT APPLICABLE
13
ves
$100k per
site
no

NOT APPLICABLE _




lLtat . the major probhlema encounlered ‘n aclling computer hardware

¢nd/or software to developing countries.

1. lack of Techniral Abilitv

2. Language

3. Fighting against preconceived ideas

Other comments/details:

In interperting this questionnaire it 1s important that you
know that (our company) customers
are typically the various branches nf the Armed Forces whose personnel
need maintenance training. To satisfy this requirement, Educational
Computer Corporation markets a standard system, consisting of a
microprocessor based computer system, and a random access projection
system. This general configuration is then customized by developing
a uniaque simulation which is used for teaching the various subsystems
of an aircraft, a tank, etc.

Using this training device, trainees can be taught logical/safe
electrical, electronic, hydraulic, etc., troubleshooting procedures

in a classroom environment. This nreserves the actual equipment, e,g,
a tank or an aircraft for full operational use, plus reduces on the
job training (OJT) time.

We are enclosing some brochures that may ygive you some insight
into our product line and at the same time assist you in your research.

00D LUCK!

Thank you!
' END *
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Questionnaire on the Sales of Computers to

eveloplng Countrles lox Lducatlonal Purposcs

Name of the firm: ﬁg
Date- S0

Please complete Part I first. Return the completed gquestionzaire not later
than June 10, 1983 to Mr.Kwok-Wing Lai, Rm. A031, Duncan McArthur Hall,

Faculty of Education. Queen's University,Kingston, Ontario, Canada K7L 3N6.
Thank you for your co-operation.

Parc |

1. Have you ever sold any computer hardware to any deviiiifsf countries?
NO

If your answer is YES, pleace answer questions in Part II,

2. Have you ever gold any computer software to any aevelg countries ?
NO
If your answer is YES, please answer questions in Part III.

* Even if your answer for both questions are NO, it is [mportaut Lo uy
research that this questionnaire be returned to me.

Part II - Computer Hardware

Large Computing Mini- Micro-
System Computer Cumputer
1. Quauntity of computer hardwase
sold to developing countries
for educational purposes (up to '83)? qIOMUnm ts.
2. Price range? (in U.S.9$) ISOD - 100
3. Is maintenance provided? (YES/NC) %§5>
4. At what price? LOcAL
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lairge Computbng Mint- Micro-
f.yrr‘m Computer Comnputer

5. Is training provided? (YES/NO) NO
6. Cost of training. E—
7. Is software provided? (YES/NO) J=<
8. List, in decreasing order, the 1. 1. 1. U\
institutions in the ‘educational
sector which have the highest 2. 2, 2, oIS
demand of computer hardware.
le.2. mini-try cf ed:-ation, 3. - 3. 3. VoC scamols
university, high schools, etc.)
9. List, in decreasing order, the 1, coLoHMaIQ
three developing countries which
have the highest demand - ~ 2, [ S Y
computer hardware for ed: tional :
purp "ses. (up to 1983) MACANGIA
Part III: Computer Software
Large Computing Mini- {icro-
System Computer  Computer
1. Quantity of educational software
packages sold to developing
countries. AQun_uaD
\
2. Price range (in U.S. §$ ) 30 — 300
3. Quantity of software packages
ieased co developing councries. —_—
_
4. Price range of monthly lease.
5. Is training provided? (YES/NO) Vo
6. Cost of training. —
7. 1s maintenance providei? (YES/NO) _ Y= 6

8. At what price? N/




Tiat, the major problems encountered fn aclling computer hardware

andfor software to ~:veloping countries.

1. LAck OF WdADd COLASMNCY
2. IMPoeT AT Eagess/ pigh Roty /Ay oAl ezmers
3. W WP UTER ulTéﬁkUV MG TECILIDA  AauLs

Other comments/details:

Vooc QMJMLwauqu [E N VPAN ¢¢.Xh\ Qe tared \°J 7?ALanvﬂ
Aade om0 tecbovawz - Mok el e aemalh

e LY e \amsnan  nedieon K o cNUY o da We deduwian dorvom,
Nb"ﬂﬂ&iuua, do KPP RPN Y.V W caT | .

e dkcloadon Zadll a8 Gd  (watalaen, an,{ P

Thank you!
* END *




Questionnaire on the Sales of Computers to
Developling Countries for Educational Purpcses

Name of the firm: ‘~

Date: — E ;]?MZE l?g §

Please complete Part I first. Return the completed questionnaire not later
thaa June 10, 1983 to Mr.Kwok-Wing Lai, Rm. A031, Duncan McArthur Hall,
Faculty of Education, Queen's University,Kingston, Ontario, Canada K7L 3N6.
Thank you for ycur co-operation.

Part I

1 Have you ever rcld any computer hardware to aay develgping couucries?
NO
If your answer is YES, please answer questions in Part II.

2. Have you ever sold any computer software to any develogffg countries ?
NO

If your answer is YES, please .nswer questions in Part III.

= kven 1f your answer for both questions are NO, it is important to my
research that this questionnaire be returned to me. *

Part II : Computer Hardware

Large Computing Mini- Micro-
System Computer Computer

. Quantity of computer hardware
sold to developing countries
for educational nurooses (up to '82)?

Price range? (in U.S.$)

Is maintenance provided? (YES/NO)

. Ac what price?




5. Ts training provided? (YES/NO)
6. Cost of training.
7. Is software provided? (YES/NO)

8. List, in decreasing order, the
institutions in the ‘educational
sector which have the highest
demand of computer hardware.
(e.g. ministry of edv.ation,
university, high schools, etc.)

9. List, in decreasing order, the
three developing countries which
have the highe.c demand of
computer hardware for educational
purposes. (up to 1983)

Part III: Computer Software

1. Quantity of educational goftware
packages sold to developing
countries.

2. Price range (in U.S. $ )

3. Quantity of software packages
leased to developing countries.

4. Price range f monthly lerss,

5. Is training provided? (YES/NO)

6. Cost of training.

7. 1s maintenance provided? (YES/NO)

8. Ar what price?

Large Computing
System

Minl- Micro-
Computer Computer

Ues -

(Ues
AfﬂJﬁIlJ’EiZbluA*tkgyuALg, —
Weo = _uyg”?

. )
L e ed W cppn .
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2, ngq 2, 2. —~
3. RS ) 3.

(3]

. _&

Large Computing Mini- Micro-
System Computer Computer
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liat  the wmajor problemas encounterad fn aelling computer hardware

and/or software to developing countries.

1.

2.

3.

Cther comments/details,

u,%bmedﬂ Y ot Tnauafs

@WW%W wdﬂujh
wal?

Thank you!
* END *




10.
11.
12.
13.

14.

19.
20.
21.
22.
23.

24.

Appendix C: List of Computer Manufacturars

A P F Electronics Inc.

Aprele Computer Inc.

Atari,Inc,

Bell & Howell Co.

Butrroughs Corporation

Commodore Business Machines Inc.
Computer Automation Corporation
Control Data Corporaticn
Datapoint Corpozation

pDigital Equipment Corporation
Education Computer Corportion
Health/Zenith Corporation
Hewlett-Packard Corporation
Honeywell Inc.

International Business Machines Inc.
Natioaal Semizondutor Corporation
N C R Corporation

Olivetti Corporation of America
Radio Shack Inc.

Sin-laitr Research Limited

Sperry Univac Corporation

Texas Inctruments Inc.

Wang Laboratories Inc.

Xerox Corporations
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APPENDIX D

Ipitial

Afghanistan, Bangladesh, Bhutan, Botswana, Burma, Burundi,
Cambe ‘.a, Cameroon, Central African Republic, Dahoney, Ethiopia,
Haiti, laos, Lesotho, Liberia, Malawi, Mali, Nepal, \Niger,

kvanda, Senegal, Somalia, Southern Yemen, Yogo, Tonga, Uganda,
Upper Volta, Weatern Sapca, Yemen

dnitial to Basic

Albania, Algeraa, Bahanmas, Barbados, BolIrna, congo, Cyprus,
Ccsta BRica, Doaminican Republic, Ecuador, Egypt, E1l Salvador,
Fiji, Gabod, Gambia, Ghana, Guatemala, Guinea, Guyana, Honduras,
Indonesia, 1Iragq, Ivory coast, Jamaica, Jordan, Kenya, Libya,
Malagasy, Mauritanaa, Morocco, Nicaragua, Nigeria, Pakistan,
Paraguay, Saudi Arabia, Sierra Leone, sra Lanka, Sudan,

Se. "land, Syria, Tanzania, Thailand, Trinidad, Tunisia, Zzaire,
Zambia

Basjc
Chile, Colombaia, Cuba, Iran, Lebanon, Malaysia, Panama, Peruy,

Philiprines, Kkeputlic of Korea, Singapore, Taiwan, Turley,
Oruguay .

Easic to Operational

Bulgaria, Greece, Hong Kong, Rungary, Puerto Rico, Rumania,
Venezuela

Qrperatioral
’rgentina, India, Mexico

Source : "Model for progress in developing nations®
Datamation vol.s, Do.3, September 1976
Internatioral Supplement, p190-a - 160-4
R.C. Barquin, T. Nishimura, K.aA. Whitney, (6]
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Levels of computer activity

LEVEL CHARACTERISTICS
Initial
There are no operatioral Computers in the country. A few

nationals have had contact with computing. The only local
socurces of information are computer salesmen.

Easic

There is some underste.ading of computers 1in government (acnd
Frivate) decision centres. A few ccmputer imnstallaticns are to
ke found. There are scme nationais involved ain computer
cperations. There 1is some educatich and training in computer

technclogy ia the ccuntry. Computers are used in basic
government operations.

Cperational
There is extersive tiderstarding of computers in governmeant (and
Frivate) cecision centrecs . Among the orumerous computer

installations there are some very large machines. There are
centres for educati¢r and training ir computer technology arnd
some are of excellent quality. They cffer degreee programmes in
ccoputer or information science. There is design and frcduction
cf software and -.me nman acture of hardware. Computers are
affecting many u.scinlirnes, particularly science, engineering and
medicine.

Advanced

Mcst government ard administrative work is carried out by
computers, There dare well established protessional activitaes
and national meetings 4 computers. There is a complete range of
quality education and training programmes. The number of
computers, of all sizes, is increasing rapidly. Time-sharirg,
teleprocessing and remote job entry are comm<n. There is de-ign
and production of bcth hardware and sofiware. dany technologies
have been changed or are ip the course of being Changed. New
applications of computers are found reqularly. The-e is strong
Farticipation in and centribetion to internaticnal activities.

Source : The Appiication of Computer Iechrology for Deveiopment

UN, Department of Fconomic and Social Affairs,
New York, 1971, [1]
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