
DOCUMENT RESUME

ED 281 521 IR 012 642

AUTHOR Lancaster, David
TITLE Management and Planning Issues in the Use of

Microcomputers in Schools. Occasional Paper in
Educational Planning, Management and Statistics No.
11.

INSTITUTION United Nations Educational, Scientific, and Cultural
Organization, Bangkok (Thailand). Regional Office for
Education in Asia and the Pacific.

REPORT NO BKEPM/85/M/476-580
PUB DATE 85
NOTE 61p.
PUB TYPE Reports = General (140)

EDRS PRICE MF01 Plus Postage. PC Not Available from EDRS.
DESCRIPTORS *Computer Assisted Instruction; *Educational

Administration; Educational Development; *Educational
Planning; Elementary Secondary Education; Foreign
Countries; *Microcomputers; Parent Attitudes; Student
Attitudes

IDENTIFIERS Asia; Pacific Region

ABSTRACT
ReaSons underlying the growth of interest in Asia and

the Pacific region in educational computing and issues raised by such
developments are examined in this paper, which begins by describing
three main areas of uge of microcomputers in schools--for teaching
computer studies, for computer assisted learning, and for school
adminstration. Reasons for microcomputer use are considered as well
as internal and external influences that affect the decision to
incorporate computers in school activities: (1) the need to relate
education to the needs of the economy; (2) parental pressures; (3)
pupils' expectations; (4) the need to facilitate data processing forreporting to external groups; (5) the need for better information for
decision making; (6) demands for increased efficiency; (7)
assumptions of increased learning effectiveness; (8) push from
technical experts; and (9) marketing policies of Manufacturers and
suppliers. Also considered is the impact of the introduction of
computers in schools on teaching methods, curriculum content, and the
organizational structure of schools. Issues that are likely_to arise
with the use of microcomputers in schools are discussed, e.g.,
funding, suitable computer programs, teacher training, equipment
requirements, cost effectiveness, responsibility for computer use and
management, and contingency plans for equipment breakdowns. The
importance of feasibility and cost benefit studies and consideration
of the organizational, behavioral, and managerial issues involved inplanning for computer based programs in schools is eMphasized. Twenty
references are provided. (MES)

***********************************************************************
Reproductions supplied by EDRS are the best that can be made

from the original document.
***********************************************************************



DEPARTMENrOF EDUCATION
Office of Education& Research and Improvement

EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC)

XThis document has been reproduced as
received trom the person or organization
originating it.

CD Minor changes have been made to improve
rebroduction aualitY

Pointsof WOW oropnions statediothis_docu.
ment do not necessarily represent official
OER I position or policy

Occasional Paper in Educational Planning,
Management and Statistics No.11

infirliiBEIT1EnT

RIO PU11111118 ISSUES
lii

,4

THE USE OF
L.,

MIEFiDCOMPLITERS Ill SCHOOLS

by
David Lancaster

UNESCO REGIONAL OFFICE
FOR EDUCATION IN ASIA AND THE PACIFIC

Bangkok, 1985
"PERMISSION TO REPRODUCETHIS
MATERIAL IN MICROFICHE ONLY
HAS BEEN GRANTED BY

Maria LaoSwallura

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)."



Lancaster, David
Management and planning issues in the use of micro-

computers in schools. Bangkok, Unesco, 1985.
57 p. (Occasional paper in educational planning, manage-

ment and statistics, no. 11)

1. COMPUTER-ASSISTED INSTRUCTION. 2. EDUCATIONAL
MANAGEMENT COMPUTER APPLICATION. I; Unesco. Regional
Office for Education in Asia and the Pacific. U. Title. III. Series.

371.394 45
651.84



Occasional Paper in Educational Planning,
Management and Statistics No.11

fino winnine ISSUES
Ifl THE USE OF

MICROCOMPUTERS ill SCHOOLS

by

DAVID LANCASTER

Department of Education Management
Sheffield City Polytechnic, England

111HCOIMM,
UNESCO REGIONAL OFFICE

FOR EDUCATION IN ASIA AND THE PACIFIC
Bangkok, 1985

4



Unesco 1985

Published by the
Unesco Regional Office for Education in Asia and the Pacific

P.O. Box 1425, General Post Office
Bangkok 10500, Thailand

Printed in Thailand

The deszgnations employed and the presentation of materid throughout
the publication do not imply the expression of any opinion whatsoever on
the part of Unesco concerning the legal status of any country, territory, city
or area or of its authorities, or concerning its frontiers or boundaries.

5

VM/476-500



Contents Page

Introduction 3

Uses of microcomputers in schools 7

Reasons for the growth of microcomputer use in schools 17

Impact of the innovation 26

Future scenaria 37

Issues raised hy microcomputer use in schools 40

Conclusion 54

Bibliography 56



Management and Planning Issues in the Use of Microcomputers in Schools

Introduction

One of the most significant educational developments currently concerns

the use of microcomputers for teaching purposes and for school

management. Although microcomputers are still relatively expensive in

comparison with other pieces of educational equirment, they have fallen

rapidly in price during the last few yeFu.s to the extent that in many

countries it is now meaningful to consider their feasibility in both

educational and financial terms. As with all resourcea, particularly

relatively expensive ones, this raises a number of questions about

anticipated and actual benefits and costs, both financial and

non-financial, and imraies that decisions and plans will need to be made

both within Ministries of Education and schools.

Many of the decisions are apparently concerned primarily with

educational efficiency and effectiveness (such as: should microcomputers

be used only in one area of the curriculum or across the curriculum?;

with what ages of pupils should they mainly be used?). Nevertheless,

such resource utilisation matters inevitably also raise fUndamentaI

questions of educational access and cluality including urban/rural

differences, the effects on national and regional cultures of the

adoption of a technology developed elsewhere, and the balance in the

education system between modern and traditional skills and values.

The purpose of this paper is to examine the reasons underlying the

growth of interest in educational computing and the issues which such



developments raise if the innovation is to be manaepd so as to exploit

the potential benefits of the new technology. Although the paper points

out the limitations, disadvantages and problems associated with the use

of microcomputers in schools and does not assume that their use is

necessarily appropriate in all contexts, it does attempt to identify and

address questions which are relevant if microcomputers are being

considered for introduction or are currently being used in an

educational system. Whilst the paper focusses on schools, a number of

the issues raised are relevant also in the context of collegp8 and

vocational training institutions and some are applicable also to

institutions of higher education.

The paper starts by discussing three main areas of use of microcomputers

in schools and then considers the reasons for their use and the

influences and pressures, from within and outside schools, which affect

the decision as to whether to incorporate computer use into the

activitieb of schools.

The impact of the innovation on the school is then considered,

particularly in respect of potential changes in the content of job8 and

of crganisationaI structures (both within the school and in terms of the

relationship between the school and regional or national educational

offices) which may be associated with the introduction of computer

technology. This section draws extensively on research on the impacts of

the introduction of computer technology in Sector8 of the economy other

than education, and considers the extent to which effect-8 in those

sectors may be expected to be replicated within the education system.

Three possible fUture scenaria relating to educational computing are

then reported.



Finally, the isSUO8 raised by the development of educational compuing

are considered in respect of both Ministries of Education and schools.

The paper is based partly on the experience of the author, partly on

discussions with educators in the Asia and Pacific region and partly on

educational, computing and management literature from the region and

elsewhere.

It is likely, of course, that the reasons for introducing (or deciding

not to introduce) microcomputers in schools will be different in

different countries or regions. Further, in relation to the effects of

the innovation, the position which is taken in the paper is not one of

technological determinism. It is suggested, rather, that the effects of

this, and other innovations, are mediated by the social, political and

cultural context in Which the technology is introduced, and the effects

occurring in one setting may well not be repeated in another. And,

although the paper considers first some of the factors influencing

decisions about the introduction of microcomputers and secondly the

effects of their introduction, these two aspects are not considered to

be independent. The effects of using microcomputers in schools are

likely to

introductions

perspective.

assume that

transferable

addressed in

be systematically related to the reasons for their

which is again contrary to the technological determinism

The rejection of that perspective makes it inappropriaLe to

the experience in one or more countries is directly

across national or cultural boundaries. Although the issues

the paper are believed to be widely relevant, they will nnt

all be universally applicable.
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The paper is presented, then, not as a blueprint relating to the

introduction of microcomputers in education but as an analysis of, and

in some parts a speculation about, aspects of an innovation concerning

which there is substantial interest in many countries in the Asia and

Pacific region and which may become as significant in education systems

as it is in some other sectors of national economies.

10
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Uses of microcomputers in schools

There are three main areas of use of microcomputers in schools: for

teaching computer studies, for computer assisted learning in other areas

of the curriculum and for school administration.

(i) Fbr teaching computer studies

Computer studies is one of the most rapidly growing subjects in a number

of countries in terms of the number of pupils studying it. There is

clearly a self=reinforcing relationship between the teaching of computer

studies and the use of computer equipment; the teaching of the subject

creates a demand for computing equipment, and the provision of equipment

facilitates the teaching of the subject. The growth of the teaching of

computer studies has taken one or both of two forms. In some cases the

focus has been on the teaching of the subject to a minority of pupils

who will take an externally certified examination in the subject

alongside the other established subjects in the curriculum. In other

cases the emphasis has been on the provision of a 'computer awareness'

course, in which case the course will probably not be geared towards an

external examination. Computer awareness courses can be focussed either

at the later stages of secondary education or in the earlier years of

secondary school or in primary education. Initially, such courses tended

to be developed for senior secondary pupils, but these have increasingly

been replaced by or augmented by courses for younger pupils.

With limited computing resources available in each sector of education,

the dedision about whether such resources should be used to give a

limited exposure to computing to as many pupils as possible via a



computer appreciation programme, or whether to utilise the equipment for

more advanced study by a minority i8 likely to reflect views about both

equality of educational opportunity and the relationship nationally and

regiona4y between education and the economy. It is also significant in

respect of the messages about computing which that decision sends to

pupils. A decision to offer only examinable courses in computer studies,

which probably contain substantial elements of computer programming, to

a minority of pupils may imply that computers are technically complex

e8oteric devices which are relevant to and can be understood by only a

minority of people. Conversely, the decision to provide a computer

appreciation course, of perhaps very limited duration, for as many

pupil8 as possible can imply that developments in computers and other

information technology is likely to be relevant to the future Iife of a

substantial proportion of the population and that Some understanding of

the capabilities and limitations of computers should therefore form part

of a general education.

(ii) For computer assisted learning

The use in computer assisted learning (CAL) haa been charactefised by a

wide variety of learning modes and in a. wide range of subjects. Some of

the early CAL programs used microcomputers as an 'electronic

chalkboard', though it was quickly realised that computer based

instructional materials which did not incorporate any pupil interaction

and response had no advantages over other media such as film or video

and had a lower quality visual output than those media. Another type of

program characteristic of early computer assisted learning was drill and

practice, where the computer typically presents the pupil with a number

8
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of questions, cherks the answers given by the pupil and perhaps records

the pupil's performance.

A more sophisticated development is the use of computer managed

learning. This normally incorporates didactic material and is followed

by a diagnosis of responses and the provision of further instruction at

an appropriately higher or lower conceptual level. In computer managed

learning, the teacher would normally be provided with information about

each pupil's progress and his specific difficulties.

The more recently produced CAL materials have been characterised by the

increased use of simulation or datar-base approaches rather than drill

and practice or tutorial modes. Simulations may be considered as a

means of providing learning experiences similar to those in experiments

and may be used when experiments are not available because of

constraints of cost, time or safety. The Simulationt involve an

inductive mode of learning by encouraging the pupils to ask questions of

the type "What would happen if...?" In a datar-base mode the computer is

used as a means of storing, accessing and processing a mass of data

which is typically used to enable pupils to explore relationships

between items of data.

All of these modes of use can be seen in a wide variety of subject

areas. Computer assisted learning has certainly been extensively used

within the sciences, for example in the simulation of industrial

chemical processes where students may be asked to investigate the

relationship between the efficiency and cost of production of particular

chemicals and changes in operating characteristics such as temperature,

pressure or concentration of various chemicals. The use of computer

9 -=



assisted learning, particularly in the sciences, is discussed by Tung

(1980) in the context of Hong Kong and by Kow (1982) in relation to

secondary schools in Malaysia. Some of the most notable developments.,

however, have been in areas outside the physical sciences. A number of

programmes, for example, have been developed to simulate national

economies where the student, by taking the role of a Minister of Finance

is asked to explore the relationship between output, taxes, imports and

exports, inflation, growth and other economic variables. Historical

data bases, often using population censs data, have also been used fo;

investigating historical developments, for example, population growth

and changes in age and occupational structure. There have benn few

subjectS in the secondary curriculum for which computer assisted

learning materials have not been developed, and it is possible to see

innovative uses of Ckl program in subjects ranging across the

mathematical physical and life sciences, the humanities, languages and

creative subjecta.

Whilst the diffusion of the use of computers has been most extensive in

the secondary sector, some of the most innovative and exciting

developments in computer assisted learning have been in primary schools

and in the education of pupils

learning difficulties.

Who are handicapped or have various

The development of simplified computer languages, such as LOGO, have

been particularly significant in primary education by enabling even the

youngest children to communicate easily with computer equipment. The

LOGO language is used in schools commonly to assist in the development

of concepts in mathematics, particularly geometry, in logical problem

solving and control technology. A common method of its use is by small

- 10 - 14



groups of children using the programming language to control the

movement of various simple mechanical devices, which may plot diagrams

as they move, thereby providing an environment for experimentation and

problem solving. Whilst such activities are directly comparable with

industrial control engineering applications, a narrow view of the skills

which are being learned has been seen as of less significance than that

the learning is active rather than passive and that the children

individually and as a group become more seIfreliant and learn from

their own mistakes and experience and may become less dependent on the

teacher and more dependent on their own abilities and those of their

peers.

The availability of high resolution graphics and colour output of both

static and moving images have given an added impetus to developments in

the primary sector. They have also been utilised in special education in

facilitating the provision of visually attractive output from

microcomputers.

The developments which have been most characteristic of special

education, however, relate not to output but to input, in particular to

a variety of means of input to enable pupils with specific disabilities

to communicate with and via computers. The use of input devices such as

special keyboard overlays, joysticks, suck and blow devices and voice

input have been found to be particularly useful. Some software has been

produced to assist pupils with specific difficulties, but extensive use

has aIso been made of standard software, for example word processing

programs can be used in conjunction with the above input devices to

enable physically handicapped pupils to produce high quality written

materials.



The facility to use microcomputers for individualised learning has also

been found to be beneficial within special education, for example in

assisting dyslexic pupils. Although the provision of microcomputer

equipment in special education has been relatively expensive as it has

commonly been used by individual pupils rather than by groups and has

often utilised non-standard input devices, some of the most successful

uses of computer assisted learning have occurred within the special

education sector.

(iii) For use in school administration

In addition to the benefits within administration which are obtainable

by the use of microcomputer assisted school administration, the use or

absence of use for such applications of any computer equipment which the

school possesses can again be significant in terms of the messages sent

to pupils. If pupils are taught within a computing course that computers

can easily and beneficially be utilised for a wide range of

administrative applications and for efficiently storing, retrieving and

processing information, they might expect such claims to be reflected

within the administrative work of the school itself.

One of the most sophisticated computer based school administration

systems is that developed at Look Sin Tong Ku Chiu Man School in Hong

Kong (Chan, 1982). Use in school administration, as in teaching, is

characterised by a wide range of applications, including the maintenance

of stock records and school library records, examination entries and the

processing of assessments and examination results, and attendance

registers. The most common applications, however, are probably pupil

records timetabling and word processing.

16
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Pupil records applications vary in sophistication, but usually

incorporate the storage of information about the name, address, age,

sex, grade, subjects studied and possibly test results in those subjects

for each of the pupils in the school. This information can be accessed

and sorted for various purposes within the school, from the simple

automatic production of lists of pupils in a particular subject group or

grade, to cross-tabulations of the type: Which pupils have attributes

A, B, C and D but not E or F as in miihich bqys in the school aged 14, 15

or 16 are stutring both physics and chemistry but not metalwork", which

are very time-consuming to produce by the manual sorting of individual

lists. Such pupil data bases can also be used to extract the aggregate

statistical information which schools may be required to submit for

local or national educational administrative purposes.

The history of computer aided timetabling shows a gradual move away from

attempts to produce a single-shot optimal timetable to more pragmatic

and heuristic attempts to assist the timetabler at various stages in the

production of a satisfactory timetable. It can, however, result in a

timetable which surmounts more of the educational and technical

constraint and/or is produced more quickly than a conventional manually

produced timetable.

Word processing applications in schools are similar to those in

commercial organisations. They are commonly concerned with the

personalising of correspondence in which the majority of the text is

identical but in which some details change, for example letters to

parents which contain standard paragraphs but in which some information

specific to their children is included. Another common word processing

application is the production of up-dated drafts of documents in which

13
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some additions, amendments or deletions occur between successive drafts,

but in which some of the text remains unchangpd. This paper, for

example, was produced using a word processing program on a

microcomputer, which enabled successive drafts of the paper easily to be

updated and the final version to be formatted in terms of the size of

paper on which it was to be printed and with a vertical right margin

typical of printed output rather than with the 'ragged' right margin

characteristic of typed materials.

Editing and updating features of word processing programs can be

particularly useful in educational organisations in the production and

modification of handouts, pupil worksheets and similar documents.

Although word processing is used extensively in school administration it

is also finding increasing use in the teaching of writing. The ease of

editing and updating and the facility for altering parts of a text

without the need for re-writing the whole or producing a paper which

includes obvious deletions and insertions can be used by pupils to

enhance their own written work. Word processing is also directly

relevant, of course, in the teaching of commerce and secretarial

studies.

The extent to which the benefits of word processing can be obtained in

countries in the Asia and Pacific region depends on the availability of

character sets for the languages used. Programs for handling Arabic,

Chinese and Japanese characters as well as those based on the Roman

alphabet have been available for some time and are available or being

developed for same makes of computers for other character sets also.



In educational systems in which significant amounts of accounting and

financial work are carried out within the school rather than at district

or regional level, microcomputers may also be used for basic bookkeeping

and for the processing and storing of accounting information.

Much of the administrative work presently carried out by computers in

SchoolS is relatively pimple in principle. The search has been for

efficiency in carrying cut existing administrative procedures rather

than effectiveness in achieving organisational objectives. This reflects

the pattern of development of computer use within the business seotcr,

nhich has typically involved routine administration such as payroll,

sales and purchases ledgers and stock control as the Starting points uo

be followed by the development of management information systems and the

use of models for planning and other strategic purposes. The focus has

consequently changsd from an emphasis on the generation, storage and

retrieval of data to the filtration, condensation and transformation of

information and the use of management by exception as a control

mechanism, and from a concern with the improvement of existing

procedures to the development of new procedures. The same pattern of

development from initial administrative tasks to more managerially

oriented applications, such as curriculum modelling, may similarly occur

within the education sector.

Three major uses of computers in schools have been identified teachiag

computer studies, computer assisted learning and use in school

administration. Although many authors discuss each of these

applications, for example SAkamoto (1981) in the context of Japanese

schools, different priorities amongst the uses have emerged in different

countries. Whilst in most countries use in all three areas would be



regarded as beneficial and an eventual aim, it is appropriate to

consider as a strategy of innovation whether in the circumstance of each

country separately it is preferable to develop in all three areas

simultaneously or whether to focus initially on only one or two.



Reasons for the growth of microcomputer use in schools

There is probably no single dominant reason for the use of

microcomputers in schools. There are a large number of pressures which

can be identified which facilitate the development of microcomputer use,

some of which are more relevant in some contexts than others. Among

these pressures ar :

(i) Relating education to the needs of the economy

There have, in many countries, been moves to lake education more

concerned with the knowledge, skills and attitudes which are directly

related to the present and fUture needs of the economy. EtopIoyers,

particularly, are commonly concerned that the curriculum should be

closely aligned with industrial and commercial needs and that students

should be technologically literate.

Whilst there is a clear demand in the modern sector of the economy for

specialist computer scientists, there is similarly a demand in some

economies for some familiarity with and understanding of information

technology by all or most young people as they enter employment. This is

significant in relation to the provision of computer studies courses,

discussed earlier, particularly the decision as to whether to provide

advanced courses for an elite or introductory courses for as many pupils

as possible.

Such considerations relating specifically to educational computing are

inextricably linked with the wider issue of the balance in the education

system between orientations to the modern sector and to the traditional

= 17 =
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and/or informal sectors of the economy, which, in turn, mgy be

associated with activities mainly carried out in urban and rural areas

respectively. There is a self-reinforcing relationship between the use

of microcomputers in schools and the economic infrastructure of an area.

Educational computing requires access to electrical power and can be

more easily be provided and supported in areas of a country where there

is access to repair facilities and computing expertise; such access is,

of course, usually more readily available in urban rather than rural

areas. The acquisition of computing skills in schools cen, in turn, feed

into the local economy and may therefore reinforce differences between

the urban and the rural.econopy.

(ii) Parental pressures

At a time of high unemployment of school and college leavers, the

demands of industrialists for vocationally relevant education are

supported by many parents who see job-relevant skills including

computing skills as instrumentally beneficial in terms of the future

employment prospects of their children. Where parents have expressed

wishes for the inclusion of computing in the curriculum in order to

improve the future employment prospects of their children, this has

commonly been expressed as a wish for certificated courses to be taught

rather than for a computer appreciation mudule to be included.

Schools are responsive to parental wishes to varying degrees, so the

extent to which this factor is significant probably varies in different

situations. In cases where parents have collectively been a major source

of funds specifically for the acquisition of computer equipment it has

been difficult for schools not to respond to parental wishes.

- 1 8 -



Whilst schools may vary in the extent to which they are willing to react

to parental influences on the curriculum, they are likely to be

proactive in promoting a positive view of tht: school to parents and

other members of the community. The acquisition and use of computer

equipment and the inclusion of computing in the curriculum have been

used to enhance a school's image and been presented as examples of the

progressive character of the school.

(iii) Pupils' expectations

The extent to which pupils' expectations can be a significant influence

on an educational innovation, and the knowledge which they have acquired

outside school can be a threat to some teachers are particularly

interesting phenomena currently in the context of educational computing.

A number of pupils are becoming familiar With the educational potential

of computer technology via television and other media and may be

familiar with the operation of some microelectronic devices from various

electronic games which are becoming increasingly popular in a number of

countries. The current and anticipated growth in the use of home

computers is also significant in this context. It is commonly found that

children become familiar and at ease with the operation of such

equipment more readily than do adults. As more pupils become familiar

with microcomputers an expectation may develop that teachers will use

microcomputer technology confidently and appropriately in the teaching

context. Such an expectation can be particularly threatening to some

teachers who may be less confident about the operation of

microelectronic equipment and less familiar with it, and who operate

with the model of education that teachers are knowledgeable and skillful

19 23



and pupils are not, and that the function of teaching is to transfer

knowledge and skills from teacher to pupil.

(iv) The facilitation of accountability--
The increasing influence of employera and parents is a facet of the move

in SOW education systems towards greater accountability to client

groups. Computers can also have a significance in respect of the more

narrowly bureaucratic interpretation of accountability the strywardship

function. Educutional institutions are normally required to sccount to

external groups for the use and disposition of their resources,

particularly financial resources. In the same way that commercial

organisations have utilised computer based systems for the processing of

their basic accounting data, the availability of simple financial

programs operating on microcomputers can facilitate the accurate and

rapid processing of accounting data and the production of basic

accounting statements, which may be used in reporting to external

groups.

(v) Need for better information to facilitate decision making

Quality of decision making depends at least in part on the quality of

information available to decision makers. Decisions may be improved by

the provision at low cost of information which is clear, time]y,

reliable, valid and accurate. Although the sophisticated decision

support information systems which are used in some large commercial and

governmental organisations are unlikely to be replicated within

educational institutions it should be possible to utilise microcomputer

based information systems in schools and colleges to support decision

20 ==



making relating, for example, to resource allocation or to performance

evaluation.

This can affect decision making at two distinct levels. The more rapid

provision of accurate information or the supply of information which was

not previously available can be used within tbe school to support

internal decision making. Alternatively, or additionally, the fncreasing

availability of information at regional or national level can facilitate

cross institutional comparisone and that information can be used at the

more central level to make decisions about institutions.

(v ) Demands for increased efficiency

The cost of provision of education and the proportion of Gross National

Product devoted to education ensures that questions of the efficiency of

resource utiIication are of central concern in the management of the

education system.

There is a common expectation that the use of computer technology can

increase the efficiency uith which various organisational activities are

carried out. This may well be feasible in the context of the

administrative work of schools and collegps where the use of

microcomputers can be expected to improve the efficiency with which

existing tasks are performed. Computers can also be used to implement

some managpment science techniques which may be difficult or impossible

to utilise without access to computer facilities. Wilson (1977)

discusses the use of operational research techniques such as critical

path analysis within Ministries of Education and within schools which

have a terminal connected to a mainframe computer. The availability of

microcomputers makes the efficiency and effectiveness benefits which are

21 - 25



claimed for such techniques more easily obtainable within schools. If

teaching and learning is viewed as a technological production function,

the same assumptions about efficiency can apply and lead to the

expectation that the use of computer assisted learning can result in the

same outcomes with the use of fewer teachers (which, with salary costs

in countries in the Asia and Pacific region typically accounting for in

excess of two thirds of expenditure and salary costs increasing whilst

the cost of computing equipment falls rapidly, is a financially

attractive proposition) or that the same number of teachers can enable

an increased amount of learning. Although some improvements in learning

efficienqy may occur, it would be unwise to expect that the use of

computer assisted learning will dramatically improve learning efficiency

to the extent that there will be a significant impact on pupil teacher

ratios.

(vii) Assumptions of increased effectiveness

Particularly in countries which have yet to achieve universal education,

the twin problems of increasing the quantity of education to provide for

children who are presently partly or totally outside the education

vstem and increasing the quality of education for those within schools

pose a major dilemma. InSofar as computers have been claimed by some

people to enable educational provision to be made more efficient and by

)thers to make it more effective, educational computing offers the

;antalising possibility of achieving progress towards either or both

pals.

L concern for effectiveness rather than efficiency has been the focus of

nterest of many educators who claim that the main justification for the

22=
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use of compaters is that they can be used to produce educational

experiences which would be difficult or impossible to achieve without

their use. The use of microcomputers in simulations in the teaching of

economics and chemistry, to which reference was made above, are examples

of such use. Papert (1960) argues that the main justification for the

use of microcomputers in teaching is that.they can provide rich learning

experiences which are otherwise unobtainable. Specifically, they can be

used to gsnerate new ways of thinking in pupils by encouraging them to

control their environments via the exploration of non-structured

problems, rather than react to their environments by encountering

structured problems set by the teacher, and hence to move from

dependence towards independence in learning.

A related aspect of the provision of learning experiences which are not

otherwise obtainable concerns educational provision in relatively

isolated rural areas. Morrison (1984) discusses and advocates a system

in the Australian context for using microcomputers in areas which are

geographically remote but which have a telephone link, to enable

microcomputers to be used not only as stand-aIone instructional devices

but also, by connecting the computer to the telephone, to enable

students to receive teaching materials from a specialist teacher some

distance away and to transmit assignment answers for marking, evaluation

and subsequent feedback.

(viii) Technological push from technical experts

Innovations can be categorised as either 'needs pull', where the

development meets an existing need, or 'technology push', where the

driving force is the technical capability to produce something which did
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not previously exist. Using this distinction, it is often fruitful to

consider which educational applications of microcomputers are carried

out because a need has been identified and which because computing

equipment is available and individuals have the expertise to make use of

it.

Pettigrew (1973) documented a strategy used hy technical experts (in his

case, significantly, computer experts) of promoting technical solutions

to problems as a means of increasing the power base of those individuals

with the relevant technical expertise. It is widely accepted that the

control of information confers power. An understanding of the

information system used in the school, particularly if that

understanding is restricted to a few people can increase the power and

prestige of individuals. The use of a computer baSed information system

will increase the dependence of the school on those individuals who have

computing expertise and will give such experts increased access to

decision makers and an increased opportunity to influence the decision

making process. Similarly, the more widespread ube of computer assisted

learning across the curriculum increases the expert power of those with

computing skills. It would not be surprising, then, if teachers with

computing expertise argued for the more widespread use of computing,

both in administration and in teaching. Similarly, within administration

particularly, if the change to a computer based administrative system

involves the redistribution of influence or the perception of the

redistribution of influence, it is likely to be resisted hy individuals

without such expertise who have traditionally controlled administrative

systems.
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It is significant that needs pull innovations have normally been found

to be both more successful and more enduring than technology push

innovations.

(ix) Marketing policies of manufacturers and suppliers

In situations of competitive marketing, manufacturers and suppliers of

microcomputer equiment and software clearly have an interest in

promoting the use of microcomputers in schools and colleges. There are

two distinct reasons for this. Firstly, the educational market as a

whole is potentially a very large and therefore attractive market.

Secondly, in terms of their future markets, manufacturers and suppliers

have an interest in the fixture generation of computer users becoming

familiar with their make of microcomputer rather than that of another

manufacturer. It has been possible in some situations, as discussed

below, for the education system to benefit from the second reason for

the interest of the computer industry in the education sector.

In countries in which gpvernments have provided funds to the education

system specifically for the purchase of microcomputer equipment, this

has commonly been tied to the purchase of equipment which VW designed,

manufactured or arisembled in that country and has been used as a means

of facilitating the development of a microcomputer industry within that

country. Such a symbiotic relationship has, therefore, been of benefit

to both the education system and to the industrial sector.
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Impact of the innovation

The extent to which the introduction of computer systems causes or

enables changes to occur within an organisation or between an

organisation and others in itS environment has long been a focus of

attention in research into the organisational impact of computers. The

most consistent conclusion has been that

"It is virtually impossible to introduce a computer into an organisation
without creating changes in workflowS, structure and organisational
relationships". (Tomeski and Lazarus, 1973, p21).

This is consistent with the perspective of systems theorists such as
_Leavitt, Dill and gYring (1973) who view organisations as systems in

which the significant variables are task, technology, people and

structure, the variables being highly interdependent so a change in one

(for example technology) is likely to result in changes in each of the

others.

A systems perspective leads to the expectation that a change of

technology results in changes in tasks and wiII therefore affect

teaching and learning. Two distinct types of effect are discernible:

effects on teaching methods and effect8 on curriculum content.

In some cases, computers are viewed solely or mAinly as pieces of

educational technology which can enable existing educational objectives

to be achieved more efficiently or effectively. In such cases changes

within the classroom have been confined to changes in teaching and

learning styles, particularly in the use of simulations and data bases,

and an increased emphasis on learning individunlly or in small groups.

The use of computer equipment in these modes has generally been very
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favourably received by pupils. There is, of course, a novelty aspect of

the use of new equipment and new learning modes, but the initial

enthusiasm and motivation of pupils shows few sigps of diminishing, and

the initial fears that enthusiasm was based largely or only on the

novelty value seems to be disappearing.

There have been two fUrther substantive benefits reported of changes in

learning style. Firstly, much of the best educational software

incorporates feedback to the pupil, which can reinforce learning and

give the pupil confidence in his awn learning. Secondly, individualised

instruction can mean that the pupil learns at a speed appropriate to hiS

needs rather than thoSe of the group collectively. Much of the

evaluation reported of the effects on learning of the introduction of

microcomputers has been based on the professional judgement of

individual teachers who have reported their own experiences rather than

being based on systematic research. The weight of evidence seems to

confirm the benefits claimed, notwithstanding the tendency for

enthusiasts rather than sceptics to report their experiences.

The effects on pupil motivation of the use of computer based

inStruction both within computer studies and across the curriculum, haS

been perhaps the most remarkable aspect of this innovation. In some

schools, access for pupils to computing facilities is provided before

and after school and at other times outside the normal school day; in

such cases there have been very many reports of pupils arriving at

school very early or staying very late to make use of the equipment.

Most surprisingly, perhaps, the motivating effect has been most

substantial in respect of pupils who have previously responded

negatively to the educational provision which schools make. The benefits
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to both the individuals' selfview and to the schools which these cases

represent have been substantial and most pleasing, not least because

they were not initially expected.

The use of mediartased individualised or small group teaching has

effects too on the teacher's role. At the simplest level, it introduces

new problems of class management when some pupils are using computer

equipment whilst the remainder are otherwise engaged. More

fundamentally, it promotes the teacher's role as a managpr of learning

and diminishes his role as the sole source of knowledge and centre of

activities. Although many teachers see such a change as a threat, it has

been viewed as a challenge by large numbers too. The admission by the

teacher of a lack of knowledge in relation to the new technology can, if

handled skillfUlly, be transformed into a valuable educational

experience. One of the most striking features of the innovation has been

the elithusiasm and commitment of many teachers who have devoted much of

their own time to increasing their skills and in writing computer

programs for ,use in their teaching. Although the computer programs

written by teachers for use in their own teaching are variable in terms

of quality, the volume of teaching material produced by teachers

themselves has been enormous and represents a great commitment by

teachers of time and effort.

Whilst the effects nn the delivery of the curriculum have been

significant, there have also been effects on the content of the

curriculum in terms of both new subjects and new topics within existing

subject boundaries.
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The availability of microcomputers has facilitated the introduction and

growth of elementary computer appreciation or information technology

couraea and the more substantial computer studies or computer science

courses. The introduction in schools of courses in microelectronics

(which,'by incorporating. the 3tuoly of electronic devices other than

computers, is more broadly based than computing) or control technology

(which may be more narrowly focussed than computer courses) is of even

more recent origin. Such developments have caused part of the curriculum

to become aligned more closely with industrial concerns by incorporating

the knowledge, skills and attitudes to new techno ogy which many

employers value.

Such changes in curriculum content are not neutral in terms of the

values which thqy 1mP4. Pena (1983) and Awotua-Efebo (1984) are

critical of the importation of technology, particularly educational

technology, without a sufficient consideration and recognition of the

impact which such technology may have on national or regional culture.

Computer technology has been developed mainly in the West, where it was

originally used mainly in the mathematical, scientific and engineering

domains in applications based on western ideas and idea's of

quantification, rationali.Jy and objectivity. Although many of the most

recent and most innovative uses of computers, particularly in

educational institutions, have been developed in areas other than

mathematics and the sciences those areas still dominate use in schools,

particularly initial use as Tung (1980) and Sakamoto (1981) describe.

Such ube

pupils.

may, explicitly or implicitly, convey value laden messages to



Courses in computing may also have implications for the way in which

teaching is organised. Although courses in computer studies, computer

science, microelectronics and control technology are often taught by

specialist teachers, in introductory computer appreciation or

info:mation technology courses the opportunity has sometimes been taken

deliberately to treat the course in an interdisciplinary manner with a

number of teachers from different subject backgrounds contributing to

the course either individually or in a team teaching mode. It has been

possible to devise courses such that, for example, teachers of history

provide a structured consideration of the development and effects of

computer technology in comparison with previous technological changes

such as the introduction of printing, rail transport and radio; for

teachers of commerce to lead the teaching of the effects of information

technology on, for example, banking and retailing; and for teachers of

language to relate computer programming to concepts of syntax and

semantics in human languages. It is clearly possible for these topics to

be accommodated within existing subject boundaries, but in terms of the

teaching of computin& some of the most successful courses have been

those which have adopted an interdisciplinary approach. The effects on

teaching staff of courses which have deliberately been used as a vehicle

for breaking down traditional subject departmental boundaries have also

been significant and may be more far reaching.

Such changes have minor though potentially important effects on

organisational structure. Of more substantial concern in relation to the

effects of new technology on structures have been considerations of

centralisation or decentraliaation. In the schools context, this is of

interest in relation to potential changes both within the school and in
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the relationship between the school and regional or national education

offices.

Much of the research on which conclusions about the effects which the

intmluction of computers may have on organisational structures,

particularly in respect of cerbralisation or decentralisation, is rather

dated and was carried out with reference to the introduction of

mainframe computers in commercial oreanisations two decades ago. The

impacts of the introduction of microcomputers within the educational

system, which is the focus of the present interest, may be qualitatively

different from those relating to mainframes, and the findings of earlier

research must therefore be interpreted cautiously. Although many studies

have shown that the introduction of computers has been followed by

increased centralisation, this has not been an inevitable consequence.

The perspective of technological determinism is not generally favoured.

It is more common to view the introduction of computers as neutral and

enabling Or facilitating either increased centralisation or increased

decentralisation, the direction of change depending on managerial choice

rather than being determined by the technology.

Thus, within a school, it is possible to view a computer based

administrative system, possibly inuorporating Computer Managed learning

principles, as enabling either a closer monitoring of operations or to a

style of more open decision making and management on the basis of the

more widespread availabiJity of information. Similarly, the use of a

computer could lead to more detailed information concerning each school

being available and decisions about schools being made in a more

centralised way. Conversely, it could result in a greater devolution of

decisions to schools. Fbr example, if it is thought desirable to give
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increased responsibility and discretion to schools for certain types of

decisions such as financial decisions, that decentralisation may be

facilitated if schools have simple microcomputer based accounting

systems, as the delegating organisation may have greater confidence in

the accuracy of the school's basic zLeounting records than they might

have with a manual bookkeeping method.

A second focus, again deriving from the systems perspective has been the

impact which the intrqduction of computer technology can have on the

content of jobs of some individuals Id groups. Much of the research on

the impact on jobs of the introduction of computer technology has been

carrieli out in the manufacturing sector and service sectors other than

education. Computer technology has not been established in schools for a

sufficient4 long time for research to have enabled conclusions to be

established about the effects of its use on jobs. Although in many

situations it i8 not valid to assume parallels between educational and

business organisations, in terms of the introduction of technolqgical

innovations in administration particularly, it forms a useful starting

point for considering the extent to which similar effects mAy occur

witnin education.

Much of the analysis, particularly at the macro level has focussed on

changes, in the number of jobs as a result of technological change. In

the education sector, it was suggpsted above that the effects of the

introduction of microcomputers on the number of jobs was likely to be

less significant than equivalen; changes in other sectors of the

economy, as microcomputers have so far been used and may be likely to

continue to be used as aids to teachers rather than as replacements of

them.



In industry and commerce, the effects have not been found to be

homogeneous throughout an organisation. An organisation can be viewed

as being segmented or differentiated with respect to jobs both

vertically and horizontally. In the case of schools, vertical

segmentation relates mainly to levels of seniority, and horizontal

segmentation to the division into teaching (itself often horizontally

segmented into different subject departments) and pastoral and

administrative support. The effects of technological change have been

found to be very different in different vertical and horizontal segments

of the organisation.

The most extensive analysis has been applied in relation to point of

production or service level jobs. There is a widespread belief that

computerisation, and automation more generally, will eliminate many of

the routine and monotonous elements of such jobs and enable people to

engage in more creative work, and that increased efficiency can lead to

a shorter working week, longer vacations and an increase in leisure

time. In contrast to this view, many research studies report adverse

effects on job content. Amongst the effects identified, singly or in

combination, are declining manning levels, fragmentation, polarisation

of skills, deskilling and alienation. The findings are not, however,

consistently pessimistic. A number of studies have shown significant

improvements in some clerical jobs, largely as a result of the computer

removing some of the repetitive and less interesting aspects of the job.

There are reasons for not expecting the major discontinuities found in

some jobs resulting from new technology to apply to the same extent

within the education sector. If one considers work in education

institutions to be horizontally segmented into teaching and the
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Supporting administrative and clerical work, the same expectations may

apply in respect of both segments. The most direct parallels of

previous reSearcn are with administrative jobs in education. The

administrative, clerical and secretarial ftnctions, whilst important,

are not sufficiently voluminous or homogeneous to allow the easy

fragmentation of such work. It is likely that new technology wiII

affect clerical jobs but that the technology will be used intermittently

rather than continuously and the effects will to that extent be less

dramatic than in some other sectors.

Similar expectations may apply to the teaching ftnction. If

microcomputers are used as a support to teachers rather than to replace

them, and also are used intermittently rather than continuously, the

effects again may be less dramatic than in jobs in which the relevant

technology is used continuously. There is little evidence, so far, that

the introduction of computer assisted learning has led to de-skilling of

the teacher's job. The thesis that technology can lead to polarisation

of skills might, however, give rise to expectations of the more

widespread use of teaching assistants supported by microcomputer

technology, with access to more highly qualified, experienced and senior

teachers acting in a consultancy, advisory or supervisory capacity.

There is little agreement about the effects of technological change on

senior management jobs. Kanter (1972) distinguishes between

traditionalists, who feel that senior managers will continue to operate

with a high degree of independence from technology with a mode of

operation which will be essentially unchanged, and ftturists who feel

that the availability of accurate, reliable, comprehensive and timely

information will enable senior management to control the organisation to
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a greater extent. Such an analysis l'ads to a consideration of the

effects of computers on organisational centralisation or

decentralisation, as discussed above. It has been claimed by Mumford

and Ward (1968) that the more extensive use of computers will be the

first technological change to affect the management structure of

organisations and with it senior managers because it is the first

technical change affecting the basic commodity with which senior

managers deal - information.

Consideration of the effects of technical change on middle managers

tends to be derived from assumed impacts at senior management level.

Where the assumption has been that changes in information technology

will lead to substantial changes in middle management roles the focus

has commonly been on the supervisory aspect of such jobs.

Where the assumption has been one of increasing control being vested at

senior rather than middle management level, this has been associated

with the assumption that monitoring, evaluation and control will

increasingly be dependent on computer based information and that middle

management jobs will to that extent be de-skilled. Conversely the

consultancy aspect of middle managers jobs has sometimes been seen to

increaSe in importance. It is significant in the context of educational

organisations that the mdddle management role has commonly been seen in

terms of team leadership rather than or as well as a monitor and

controller; to that extent information technology may be expected to

have a less significant impact on middle management roles in educational

organisations than in some industrial or commercial sectors.
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It is perhaps significant also, in the educational context, that a large

proportion of people entering teaching have achieved middle management

positions as their careers have progressed, or a least have expected to

do so. The thesis developed in industrial contexts that technical

changes can Iead to job polarisation with consequent diminished

promotion opportunities may be expected to apply to a lesser extent in

educational organisations but to change career patterns to a greater

extent if it does apply.



Future scenaria

If some or all of the effects discussed above occur, what might schools

be like in the fUture? Hawkridge (1982), in one of the most rich and

thoughtful analyses of the use of microcomputers and other information

technology in education, considers three scenaria relating to the year

2000: an optimists forecast, a pessimists forecast and his personal

forecast. Be emphasises, as fUturoIogists sometimes but not always do,

that the scenaria are concerned with what education might be like,

rather than what it will be or should be Iike.

The optimistic scenario assumes that substantial resources are devoted

to information technology in education, such that each pupil would have

access to computer facilities. Hawkridge does not suggest (as some

forecasters in this area do) that the widespread use of computer

assisted learning will lead to deschooling. He suggests rather that

schools will continue to exist in broadly the same form as at present,

with classes of approximately the present size, but with much less

teaching of the class as a whole and a greater emphasis on pupils

working individwilly and in small groups. Although books to be written

in and to read will still be used they will be less important than at

present, with much of the pupils own work stored on his own magnetic

disc. These developments will have two effects. The increased emphasis

on individualised learning wilI mean that pupils are likely to progress

at different speeds (or at least that pupils working out of step' will

present fewer problems of class management to the teacher). Secondly,

the use of computer assisted learning with diagnostic processes,

particularly in respect of basic arithmetic and language skills will
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mean that the teacher personallY wilI need to spend less time on the

repetitive teaching of basic skilla and can become more concerned with

developing pupils' social Skills.

It is suggpsted that the effects of information technology on learning

will be at least as significant outside the School. The technology will

facilitate increased access by adults to education for both formal

courses of general or vocational education and for informal learning.

There may also be in:reased aCcesa to devices incorporating both

computers and other media to facilitate learning in the home or in

various community facilities such as libraries, which will further

foster the learners independence and responsibility for his own

learning.

Hawkridge contrasts that optimistic forecast with a pessimistic scenario

based on assumptions of a relative decrease in the funding of education,

which becomes increasingly dominated by private interests. An elitist

rather than egalitarian policy results in increasing inequality of

educational opportunity. Fbr the majority, considerations of utilitarian

training will be dominant over those of education, and the control of

information technology for educational purposes will reomin largely in

the hands of bodies with little interest in or knowledge of the

educational procesu. Thi8 will result in the production of a large

quantity of software of a type which will make the education of the

majority more narrow rather than broadly based. The concern, based on a

model which assumes that learning is linear and can appropriately be

modularised, will be to find efficient means of increasing scores on

Standardised tests, rather than to use the new technology to support a

variety of styles of learning,
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Hawkridge discusses these two deliberately polarised views before

presenting his own forecast of increased access to rich learning

paradigms based on relatively. inexpensive information technology and the

selective rather than universal and indiscriminate exploitation of new

technology. He suggpsts that education will not be deinstitutionalised,

but is rather pessimistic about the influence of large multinational

corporations, and the effects of that influence on equality of access to

learning opportunities.
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Issues raised by microcomputer use in schools

In the short term as well as in the longer term scenaria outlined above,

there is wide agreement that the use of microcomputers in schools can

confer significant benefits. There is equally wide agreement that their

introduction can result in further, different problems.

Whilst the trade-off between benefits and costs of various kinds will be

different in different local and national circumstances, there are a

number of issues which are likely to arise if the possible use of

microcomputrs in schools is being evaluated. It is useful to consider

such issues at the level of both the Mirvstry of Education and the

individual school.

(a) Within the Ministry of Education

Clearly, the issue of funding is of central importance. Although in

some countries in the Asia and Pacific region the cost of a

microcomputer th be only a pmall proportion of the averags annual

salary costs of teachers, in most countries in the region it would

represent a much greater proportional coat. Whilst the cost of the

equipment has fallen rapidly, the cost of providing only one

microcomputer to each school would consume a significant proportion of

the education budget. Further, the experience has been that the arrival

of one microcomputer is quickly followed by requests for more to enable

different things to be achieved.

Consider the cost of funding the provision of computer equipment and

programs in a country in which there are 5 million pupils who attend
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school for 8 years. At a resource level of one microcomputer per 100

pupils (which is the current level of provision in some European

countries) this would give access for individual use for an average of

only 3 minutes per pupil per day or 80 hours during the total period of

school education. With a school population of 5,000,000 pupils, a total

of 50,000 microcomputers would be needed. With each computer system

costing about US$1000, the total cost would be $50 million which,

written off over a period of 5 years equates with an annual cost of $10

million. Fbr 5 million pupils, the cost will therefore be US$2 per pupil

per year.

A similar calculation can be carried out in respect of the provision of

computer programs. Based on the assumption that for each pupil to gain

access to computer assisted learning for 80 hours during his schooling,

a total of

differences

differences

about 300 hours of programs may be needed to allow for

in the curriculum followed by different pupils and for

in learning ability. Again, assuming that software is

replaced after about five years, the' annual cost could be about $10

million, or a Parther US$2 per pupil per year. Based on these

calculations, the cost of about $4 per pupil per year for equipment and

programs might represent rather less than 2% of the country's total

education budget.

A number of sources of funds can be used, singAy or in combination. In

some cases schools have purchased microcomputer equipment from the

discretionary funds provided by local or national educational

administrations. The opportunity costs for the school are clearly

substantial. In some countries funds have been provided from government

specifically 1)r the purchase of microcomputer equipment, commonly
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initially on a pilot basis in a small number of schouls with a view to

the extension of the scheme on a wider front. FUnding sources outside

the education system itself have also frequently facilitated the

purchase of euipment. Parents and the local community have in same

cases been willing to raise funds specificp11,y for the purchase of

computer equipment. FUnd raising activities which have as their target

the purchase of a specific item are frequently more successful than

those which are obtaining funds for the day-to-day running costs of a

school, and if the acquisition of computer knowledge and expertise is

seen by parents as instrumental in terms of their children's fUture

_ _
employment prospects, this may result in the generation of funds for the

purchase of computer facilities either outright or in combination with

funds provided through the normal educational funding channels.

Manufacturers and suppliers of microcomputers have frequently offered

favourdble terms. The education market is potentially a large one and

negotiated prices are likely to reflect that; further, as discussed

above, manufacturers and supplierS have an interest in the future

generation of computer users becoming familiar with their make of

microcomputer rather than that of another manufacturer. Such motives,

as well as those of altruism, mean that the price of microcomputers for

educational use may be significantly less than it would otherwise be.

They also mean that considerations about purchase and about funding from

commercial interests must take account of factors beyond those which are

Solely educational. Concerns about "technological colonialism" are real,

and such concerns as well as economic factors, relating for example to

the balance of trade, are significant in considerations of the source as

well as the extent of equipment purchase.

42

46



In countries such as India, where the computer manufacturing industry is

expanding rapidly, there are clear benefits in using equipment which has

been produced within the country. Such a purchasing policy reduces the

import burden and acIsists in the development of local industry, but it

also provides important benefits within the educational system itself in

access to expertise and in terms of national selfview.

Although the cost calculation presented above was based on a single

machine at a particular price, there is a choice of equipment, with an

increasing number of models of microcomputer available at different

prices and with different facilities. If a policy of some

standardisation of equipment is introduced nationally or regionally, or

indeed if schools make their own choice of equipment, the choice at each

level of funding is essentially between a smsIT amount of relatively

sophisticated equipment or more rather less sophisticated equipment. The

preferred alternative depends substantiaIy on the planned use of the

facilities. If the microcomputers are to be used mainly for advanced

courses corresponding4r sophisticated equipment may be needed; if it is

to be used for introductory courses, less sophisticated equipment may be

satisfactory.

The successfUl use of computers depends on obtaining suitable software

(computer programs). It is likely that teachers of computer studies

will themselves wish to write a proportion of the software which they

use in their awn teaching. In respect of computer assisted learning and

administrative applications some of the most successful and innovative

applications are those in which individuals have written their awn

software which meets their own needs and is suited to their own teaching

style or administrative methods.
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However, if the potential benefits of microcomputers are to be realised

in more than a minority of schools it is necessary for computer programs

to be obtainable from sources external to the schools. Whilst some

commercial computing companies may be interested in the provision of

educational softWare, and may develop and market some such software at

their own initiative, the peice is unlikely to make it attractive to

schools individually, and same educational software from such sources

has been criticised in terms of its quality and the educational

assumptions on which it is based.

It is likely to be necessary then for an initiative to be taken at

Ministry of Education level to facilitate the production or acquisition

of software and its dissemination. Thus far there has been little

transfer of software between countries, and whilst some software is

specific to the syllabus and educational culture of the country in which

it was developed, there is possibly scope for a more widespread

dissemination across international bordera of information about the

availability of software. If it is felt desirable for at least some

software to be acquired from the commercial sector it is important that

considerations of software are not isolated from those of hardware.

Problems are likely to arise if hardware choices are made in the

expectation that appropriate software is available or will become

available; such problems can be mitigated if hardware is considered in

conjunction with software rather than the two decisions made in

isolation from each other.

Amongst the most substantial of the issues at Ministry level is that of

teacher training,. Whilst still significant, the Iadk of teachers able

to teach computer studies as amain subject is diminishing in a number
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of countries as computing has become established as a legitimate part of

the school curriculum and as teaching therefore becomes more viable as a

career for computer studies graduates. The problem of teacher training

is in those cases no more

of any other subject.

difficult in principle than that for teachers

The more extensive teacher training problem

relates to training teachers of other subjects in the use of computer

assisted learning approaches within their awn subject. Training

programmes for existing teachers need to be developed to enable teachers

to become aware, competent and confident in relation to the use of

microcomputers in their subject.

There is considerable dispute about the appropriate content of such

familiarisation training, and specifically about the relevance of the

inclusion of computer programming. Some argue that it is impossible or

unnecessary for teachers of subjects other than computing to be able to

write programs and that their use of computers will and should be

restricted to the selection and intelligent use of computer assisted

learning materials from other sources. Others argue that teachers

cannot treat computers as 'black boxes' and need to be familiar with how

they work and such familiarity can be obtained only through programming

and/or that computer assisted learningwill be most successful when the

teacher can develop materials suited to his own needs and style of

teaching and that can occur only if teachers can write their own

programs or at least modify those obtained from elsewhere. Surrounding

such arguments are the logistical questions of how such in-service

training should be provided - what should be the duration of the course,

should it be full-time or part-time, what role can universities and

commercial computer agencies have in this provision, and so on.
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Whilet in-service training may be the most immediate of the training

needs, equivalent issues arise in relation to pre-service teacher

training, and if teacher trainers are not themselves familiar with

computer assisted learning this in turn gives rise to a need for

training the trainers.

Training issues arise also in relation to the use of microcomputers in

school administration and management. The provision of training for

school principals in the use of microcomputers in school administration

and in the management of educational computing within the school as an

innovation in terms of the factors discussed in the section below may

form an appropriate part of the training:activities of institutions such

as the Sri Lanka Staff College for Educational Administration, the

Institute for Development of Educational Administration in Thailand, and

similar organisations throughout the region.

The requirements for equipment, computer programs and training are

formidable, and their cost will be considerable. In principle, Some

explicit or implicit cost benefit analysis is appropriate as part of the

decision making process about whether and on what scale to introduce

microcomputers into schools. Whilst some writers stress the

inevitability of the growth of use of microcomputers in education on a

global scale, it is probably both more usefbil and more realistic to

reject the 'technological imperative' and assume that as both the

potential benefits and the opportunity costs will be viewed differently

in different circumstances, that the decisions made will similarly

differ. Considerations beyond the educational will be important, and in

some cases dominant, particularly in respect of the opportunity costs of

substantial capital and revenue expenditures and in most countries the
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effects on the import burden and the influence of (often foreign)

commercial interests in the country's education system.

b) Issues within the school

Within the school also, there are decisions of a cost benefit nature to

be made, where costs include not only financial costs but also costs in

terms of the time needed to become sufficiently familiar with the

equipment to use it appropriately, and in the generation or acquisition

of suitable software.

One of the earliest and apparently most simple of the decisions which

have to be made within the school, but which can have far-reaching

consequences is that of who shall be responsible for the computer

equipment. In many cases it has seemed natural to locate responsibility

for the equipment within the school's mathematics department as one of

the mathematicians has often been the first person in the school to

develop an interest in computin& Where computer studies is tauet this

has also commonly been, at least initially, by members of the

mathematics department and this has been a further argument for locating

computer responsibility within that department. This can have two

deleterious consequences. The identification of computing with

mathematics by staff within the school can mean that their potential in

computer assisted learning across the curriculum is not exploited in

full, perhaps partly because access to the equipment by teachers of

other subjects is not as easy as it might be. Secondly, the

identification by the pupils of computers with mathematics encourages in

them a restricted vision of the range of applications of computers and a
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false impression that they are suitable mainly for the processing of

numerical data.

In relation to the use of computers in the administrative work of the

school, similar considerations apply. The manual processing of the

school's administrative work has normally been the responsibility of one

of the school's senior staff, perhaps a deputy headteacher, to whom the

clerical staff may report. If the computer is to be used in the

administrative work of the school it may be appropriate for teachers

with computing expertise to have a role in relation to administrative

computing. There have in some cases, however, been problems when the

introduction of computer based administration has resulted in the

transfer of significant responsibilities from a senior and experienced

member of staff to someone who has relevant technical expertise but who

may have much less seniority ard experience than his colleagues.

For both of these reasons it is increasingly common for the

responsibility for computing for inStructionaI or for administrative use

to be located in schools neutrally, perhaps with a senior

non-departmental member of the school staff, for example a deputy

headteacher, or in a resources department. Such considerations are

normally less problematic in primary schools, which are typically less

departmentalised and where there are fewer pressures than in secondary

schools to maintain rigid departmental boundaries.

Related to the issue of the location of responsibility may be the

physical location of the computer equipment. If the equipment is

physically located within a department, for example the mathematics

department, that will have a significance similar to the location of
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responsibility discussed above. If a school has a number of

microcomputers the decision as to whether they are all located together

in a computer room or whether they are distributed around the school

will facilitate some developments and inhibit others. The location of

one or two microcomputers in each of a number of departments can

facilitate their use in computer assiated learning whilst the

establishment of a computer room can facilitate the development of

computer studies but may not encouragp use across the curriculum.

Although some microcomputers are portable, even when associated data

storage.and output devices are attached, security considerations and the

geography of some schools militate against portability as a solution to

the issue of the physical location of equipment in some cases.

The initial location of responsibility for computer use, and the

physical location of equipment, have been found to have a considerable

influence on the subsequent pattern of development of computer use in an

organisation. Rowan (1982) discusses industrial and commercial examples

in which the initial location of responsibility within an accounting

department has been followed by a pattern of use of the computer

predominantly for accounting applications, and superficially similar

firms in which the initial location of equipment and responsibility

within a production control department has led to the use of the

computer predominantly for production related applications. Iamb (1972)

rea-chea similar conclusions in analysing local government use of:

computers.

Mumford and Ward (1968) conclude that although it may be convenient in

the short term to give little consideration to the physical location of

equipment and the location of managerial responsibility for it the lack
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of such consideration can lead to increased difficulties at a later

stage of the development of the innovation.

There is general agreement in the literature, then, that if the computer

is to be restricted to a single area of the organisation's activities,

it may be acceptable for it to be located there, but if the facilities

are to be used in several areas of the organisation then it is

appropriate to take a more formal view of the location of responsibility

and of the equipment itself. Within a school the balance of use between

computer assisted learning and administration may similarly be expected

to be influenced by the location of responsibility for computer use in

respect of who has responsibility and whether different people have

responsibility for those two aspects of use. In terms of the balance of

use between computer studies and computer assisted learning across the

curriculum, the same considerations may apply.

It is usefUl to consider responsibilities for computers not globally but

separately in terms of decisions about:

(a) how the computer is to be used, the applications to be undertaken

and the balance between teaching and administrative uses (i.e. a

concern for strategic matters) and

(b) day to day responsibility for the computer . . a concern for

tactical matters).

The most consistent and emphatic message in the literature on computer

applications conCerna the relationship between the success of computer

applications and the involvement of senior managers in planning and

directing those Applications. One of the major firms of management

consultants (MCKinsey And Company, 1968) concluded that the key to
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computer success was strong leadership from senior management in

directing the applications of the computer, and that where computers

were ineffective it WES generally because senior management had not

accepted responsibility. Iamb similarly suggested that:

"Policy for computer development should be determined at senior levels,
and priority in operation, development and equipment selection should
not necessarily be controlled by a major user" (Lamb, 1972, p230).

Stewart agrees:

"It is most important that management should not abdicate in the belief
that_ it cannot understand or that it can safely leave computer
development to the specialists" (Stewart, 1971, p206).

The implications for the headteacher of the school and his senior staff

are clear.

A particularly significant issue as many schools begin to use

microcomputers is that relating to the source of software. There are

currently four main sources of software. The first is within the school

itself, where same teachers may have the requisite programming skills

and enthusiasm to produce software. Particularly if this is to be fo+:.

use in areas other than the software writer's own subject, issues of

professional support and the provision of requisite resources (of which

the time needed is often considerably underestimated) arise. When a

'critical mass' haS been attained and there are sufficient individual

schools in which software is being developed, its acquisition from other

schools becomes a second possible source, though the information

networks through which the existence of such software becomes known vary

considerably in efficiency. A third source is the commercial market,

which is particularly relevant in respect of some administrative

programs such as word-Processing and accounting packages, but in respect
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of computer assisted learning materials available from the commercial

sector the educational assumption8 upon which some of that software is

based are questionable. Finally organisations have in some cases been

established to disseminate and posSibliy produce software on a local or

national basis.

Schools which were pioneers in the development of educational computing

relied, of course, mainly on the development of their own software but

acquisition from sources external to the school is much more significant

for the majority of schools.

There are a number of aspect8 of computer use within schools for which

it is appropriate for contingency planb to be made. In particular,

contingency plans relating to the breakdown of equipment, the departure

of key staff, and the loss of or damage to data storage media should be

made.

Although microcomputers of the present generation are much more reliable

than their predecessors it is nevertheleS8 possible that they will fail

at some time, and rather more likely that the mechanical parts of either

printers or data storage devices will fail. It may therefore be helpful

if a reciprocal arrangement can be made with another local school with

the same make of equipment so that access can be maintained in the event

of system failure. This, of courbe, is one of the benefits of a policy

of equipment standardisation regionally or nationadIy.

In a number of schools, knowledge of the operation of the microcamputers

is limited to a small number of people; the writing of computer programs

tends to be carried out by an even more restricted range of people, so

the production, maintenance and operation of particular programs can be
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severely disrupted if those members of staff leave the school. It is

prudent, then, to ensure that a number of people within the school are

familiar with each application and that the documentation of program8

written or amended within the school is adequate.

Contingency plans incorporating basic computer operating procedures are

also appropriate. If the disc or cassette on which data or a program is

stored is damaged or lost and a copy has been kept, the consequences

can range from inconvenience to disaster. It is therefore worth

instituting a systematic copying routine such that a copy of each

program and data disc or cassette is kept, preferably in a room some

dismnce from that in which the working discs or cassettes are stored.

It is sometimes suggpsted that two copies are kept. I recall an

installation in which the master data disc was damaged and the data on

the copy disc accidentally erased on the first occasion on which it was

used; more than one back-up copy has since been kept in that office!

Within the school, then, a large number of issues ranging from the

substantial and the strategic to the seemingly more trivial and

operational issues are relevant for consideration. Whilst it is possible

to institutionalise the technological de7elopments discussed in thiS

paper by giving only a superficial consideration to these matters,

experience shows that a thorough analysis initially of the iSSues

discussed above can produce significant benefits in the longer term.



Conclusion

The potential benefits of using microcomputers in the educational

process are likely to be different in magnitude, and may be different in

kind, in different countries or regions; the opportunity costs of doing

so will certainly be different. Although, in principle, decisions of

this kind are amenable to cost benefit analysis or similar treatment, it

seems to be the caâe, erhaps not surprisingly, that where even

substantial resources have been committed to educational computing those

commitments have been made in the absence of a formal analysis of a cost

benefit Lype.

Research (e.g. Lucas, 1975) on the reasons for the failure of computer

based information systems which have not been successful suggests that

problems commonly ariss from the absence or inadequacy of feasibility

studies and/or from a concentration on the technical aspects of the

innovation with inSufficient consideration being given to the

organisational, behavioural and managerial issues discussed in this

paper.

As the introduction or expansion Of the use of microcomputers is

contemplated in countries within the Asia and Pacific region there are,

then, a large number of such issues to be addressed both at the level of

the Ministry of Education and at the level of the individual school. In

any sequential decision making process decisions taken at an early

stage to commit resources to one aspect of a development rather than

another can substantially affect subsequent decisions by opening

particular further avenues of develorment and making others Iess
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accessible. In those countries in which microcomputers have been used in

education for some time (and three or four years is a vast amount of

experience in this rapidly changing area) there is a feeling that

educational computing is established and has a significant role in the

future. There is, hawever, a concern that the momentum of the

development has resulted in some decisions having been taken quickly and

on the basis of insufficient thought and that developments might have

been more beneficial if some of the issues addressed above had been

considered more thoroughly.
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