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ABSTRAC T

This paper discusses

	

the

	

backgroun d

and

	

difficulties

	

of using microcomputer s

in computer education .

	

It

	

considers

	

th e
ways

	

in

	

which microcomputers

	

can b e

introduced

	

onto

	

the

	

educationa l

institutions .

	

The

	

advantages

	

an d
disadvantages of the various

	

options

	

ar e

discussed . The paper also discusses th e
problems faced by the educators in the us e
of microcomputers in computer education .

1 .

	

INTRODUCTIO N

This

	

paper

	

is

	

about

	

the

	

use

	

o f

microcomputers in computer education .

	

Th e

meanings

	

of

	

these words are

	

somewha t
vague, and should be clarified .

A microcomputer, like a computer, .i s

many

	

things

	

to many

	

people .

	

Some hav e

called the microcomputer a marketing

	

nam e
4 that a microcomputer is just a computer .

However, there are

	

some

	

differences .

	

A
microcomputer is small ;, it is low in cos t

in its basic

	

form ;

	

and,

	

it

	

is

	

widel y

available .

The

	

microcomputers

	

that

	

we '

	

ar e
interested

	

in

	

exploring

	

fit

	

into thre e

general categories :

	

the

	

small

	

persona l

computer ;

	

the

	

standard

	

microcomputer ;

and the

	

super•t microcomputer .

	

The

	

small

personal

	

computer

	

is

	

typified

	

by

	

th e

VIC420

	

by

	

Commodore,

	

the

	

ZX--81

	

b y
Sinclair, or the Atari 1200 .

	

They featur e

a language, almost

	

always

	

BASIC,

	

and

	

a
cassette tape to store information .

	

Thei r
main attraction

	

is

	

low

	

cost,

	

whic h

typically approaches US $100'$200 .

such as a word-e processor,

	

a

	

programmin g
language, and a spreadsheet .

The third category of microcompute r
is the super microcomputer . This i s
usually a multi-user computer which ofte n
has

	

more

	

capability

	

than

	

man y
minicomputers available currently .

	

It

	

i s
similar in usage

	

to many of the large r
computers .

	

Variations of

	

UNIX operating
system

	

are

	

usually

	

available .

	

Th e
Wincheater hard disk he normally used

	

fo r
mass storage .

The term "Computer Education" ha s
generally been referred to as inquiry int o
the

	

applications and

	

implications

	

o f
computers

	

in

	

education

	

(EAST,1983) .
Computer Education has

	

been applied

	

t o
many

	

things :

	

studying

	

about

	

tomputer. s
itself ;

	

teaching

	

mathematics

	

by

	

CA I
lessons ;

	

teaching

	

microprocesso r
interfacing

	

techniques

	

to

	

electrica l
engineers

	

and

	

computer science students .
In its most rigid form, however,

	

compute r
education

	

should

	

apply

	

to

	

teaching
computer

	

based

	

disciplines

	

such

	

a s
computer

	

science and information systems .
The second meaning is the teaching the us e
of

	

computers

	

as

	

a

	

tool

	

for

	

othe r
disciplines such as linguistics, fine art s
or

	

physics, where a computer is used as a
working instrument .

	

The third category o f
computer education is

	

the use of

	

th e
computer as a

	

tool

	

in

	

education

	

J.

	

fo r
computer

	

assisted

	

instruction

	

(CAI) ,
computer managed learning (CML),

	

compute r
assisted learning (CAL) and similar forms .
Here, the relation of the

	

computer as

	

a
tool and

	

the

	

computer ps

	

a subject of
study often

	

become

	

confused,

	

since

	

the
lesson developer must be a programmer .

	

I t
is useful to remember that " pogramme d
learning " was available completely withou t
computers !

The second category of

	

microcompute r

is

	

the standard, business, educational o r

scientific type system .

	

Examples of

	

this
category

	

are

	

the

	

CP/M

	

or.

	

MS/DOS

	

computers ,

sold

	

under

	

such

	

brands

	

as

	

Apple

	

II,

	

TRS 4 8 0
Model

	

IV,

	

and

	

IBM

	

PC .

	

These

	

systems

	

work
with

	

floppy

	

disks

	

and

	

are

	

often

	

being

	

sold

th e
fo
de
se

in

	

bundled packages with standard

	

software o f
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evolution of microcomputers .

	

This

	

i s
lowed in section 3 by an outline of th e
elopment of computer education at

	

th e
ondary and undergraduate level .

	

Some
the difficulties and objections to

	

th e

Briefly, the contents

	

of

	

the

	

pape r
are as follows .

	

In section 2 we describ e
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use

	

of

	

microcomputers

	

in

	

compute r
education are discussed in section 4 .

	

I n
section 5,

	

we describe the various form s
of microcomputer systems

	

that can

	

b e
implemented

	

cost". effectively ;

	

thei r
advantages

	

and

	

disadvantages

	

ar e
discussed .

	

Section 6 describes some o f
the

	

implementations

	

of

	

microcompute r
systems

	

in the universities, colleges an d
secondary schools .

	

The problems faced

	

i n
the use of microcomputers in compute r
education are discussed in section 7 .
Finally, section 8 contains our concludin g
remarks .

2 . THE EVOLUTION OF MICROCOMPUTER S

The first microprocessor,

	

the

	

Inte l
4004,

	

was

	

produced

	

in 1971 .

	

This was a
four bit processor with very

	

limite d
instruction set and memory space . Intel ' s
next processor, produced in 1972, the 800 8
was an 8 bit processor-which started th e
microprocessor revolution .

	

It was quickl y
followed

	

by a faster, larger memory siz e
processor, the 8080 .

	

The 8080 was

	

th e
first

	

nicroprocessor

	

to

	

compete

	

i n
performance with minicomputers,

	

such a s
the DEC ' s PDPA8 minicomputer .

	

Severa l
other

	

manufactures,

	

such

	

as

	

Zilog ,
Motorola,

	

and MOS Technology soon starte d
to produce

	

competing

	

microprocessors .
Logic designers started

	

to manufactur e
computers

	

from

	

various

	

of

	

thes e
processors .

	

The first successful persona l
computer, the Altair 8800, used the Inte l
8080 and came with a memory of 256 byte s
(not 256 Kbytes) .

The

	

next

	

generation

	

o f
microprocessors

	

were

	

the

	

16

	

bi t
processors :

	

the

	

Intel

	

8086,

	

the

	

Zilo g
Z4 8000,

	

the

	

Motorola 68000,

	

and

	

th e
National Semiconductor NS

	

16032 .

	

Th e
important

	

feature of these processors i s
the

	

increase

	

in

	

address

	

space

	

size ,
allowing large programs to be written wit h
much less difficulty compared with

	

th e
8 Abit

	

processors

	

(NICHOLS,1982) .

	

Th e
packaged computers based on

	

these

	

thir d
generation processors

	

are

	

just becomin g
available .

	

Among them are the IBM PC (an d
its

	

imitations)

	

and

	

the

	

UNIXA base d
super 4microcomputers .

	

The

	

UNIX

	

base d
systems

	

are

	

typically MC68000 based (fo r
example, WICAT, Fortune, TRS L 80 Model

	

16 ,
SUN, etc) .

While the inside of the microcompute r
system has been changing,

	

so has

	

th e
external form . The first useful, package d
computer system was the Commodore PET .
The next major achievements on the smal l
end of computing were the Sinclair ZX' c 8 0
and the Sharp PCA l200 pocket computer .
These provided low''cost portable computin g
but

	

poor

	

file

	

handling .

	

In

	

terms

	

o f
useful computer systems, the Apple II ha d
set the price lead for a complete system .
Then came the Osborne 4 l which basicall y
halved the cost of

	

Apple's

	

system .

	

Th e
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next

	

major change was the introduction o f
IBM PC .

	

The

	

PC had

	

no

	

spectacula r
features,

	

just

	

the right combination fo r
reliability and proven characteristics

	

t o
attract any professional personal compute r
user .

	

The newer developments in the smal l
computer industry are the QL from Sinclai r
and the Maclntosh from Apple,

	

both base d
on

	

the Motorola

	

68000 .

	

Their impact i s
not known yet, but first appearances

	

see m
to

	

indicate

	

that

	

they

	

will

	

both

	

b e
important in future .

Some

	

of

	

the

	

programs

	

currentl y
running on mainframe computers are not a s
good as

	

those on microcomputers .

	

Wor d
processing,

	

spreadsheets

	

and interactiv e
graphics

	

software

	

are

	

superior

	

o n
microcomputers .

	

However,

	

basic

	

syste m
integrity,

	

backy up,

	

communications,

	

an d
sizes of

	

programs allowed are better o n
mainframes (or super microcomputers) .

The future is always

	

difficult

	

t o
predict .

	

But

	

since

	

1954 when the firs t
commercial computer was installed,

	

th e
performance

	

of computers has improve d
exponentially at an order of magnitud e
every

	

five

	

years

	

(PHISTER,1976) .

	

Th e
continuation of this trend will mea n
cheaper and more powerful computers for a t
least another decade .

3 . THE DEVELOPMENT OF COMPUTER EDUCATIO N

The foret runners of the modern store d
program electronic computer were develope d
in the universities in the west

	

in th e
1940s .

	

However, the universities did no t
begin their computer installations unti l
the mid

	

1950s .

	

At about the same time ,
some form of computer

	

education

	

wa s
initiated

	

in

	

these

	

universities .

	

Thes e
" education programmes" usually consiste d
only of

	

a short course given by

	

th e
computing centre staff, with

	

the

	

aim o f
teaching the early users on how to use th e
computer equipments .

	

These

	

programme s
were similar to those conducted by th e
computer manufacturers

	

at

	

that

	

tim e
(FINERMAN,1976) .

With the rapid growth of

	

universit y
computing

	

installations during the 1960s ,
it became

	

necessary to establish mor e
formal

	

programmes in computing .

	

Many
efforts in formulating the programmes wer e
carried out at that time . The mai n
curriculum studies were carried out by th e
Association of Computing Machinery (ACM) .
The studies by the ACM resulted in th e
recommended undergraduate curriculum fo r
Computer

	

Science

	

(Curriculum

	

6 8
(ATCHISON,1968))

	

and

	

Information System s
(COUGER,1973) .

	

However,

	

with

	

the

	

rapi d
development in computer technology an d
education

	

in

	

the

	

mid t 1970s,

	

thes e
curricula were soon supgrseded by two ne w
recommendations .

	

They are

	

respectivel y
the Curriculum 78 for Computer Scienc e
(AUSTING,1979) and a

	

new

	

curriculum

	

for
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Information

	

Systems

	

(NUNAMAKER,1982) .

Many

	

universities,

	

industries

	

an d

professional

	

bodies

	

participated

	

in th e

development of

	

these recommendations b y

the ACM .

	

Besides

	

ACM,

	

a

	

number

	

of

	

othe r

professional bodies also contributed i n

the curriculum development process .

	

Among

the major efforts were the curriculum fo r

Computer

	

Science

	

and

	

Engineering

recommended by the IEEE Computer Societ y

(IEEE,1977) ;

	

and,

	

the

	

curricula

	

fo r

Information

	

Systems

	

proposed

	

by

	

th e

International

	

Federation of

	

Informatio n

Processing

	

and

	

the

	

Data

	

Processin g

Management Association (DPMA,1980) .

Although the recommendations provid e

only a guideline on how the computin g

courses

	

could

	

be

	

laid

	

out,

	

man y

institutions

	

view

	

this as the definitive

yardstick by

	

which

	

to

	

measure

	

th e
adequancy of their programmes . Th e

essential parts of the recommendations ar e
incorporated into the computing programme s

in many universities (SIGSCE,1982) . An

implementation of the Curriculum 78 at th e

University of South Carolina in USA wa s

described

	

in

	

CROSLAND(1982) .

	

Th e

development of

	

these

	

recommendations ,

however,

	

presupposes a

	

large universit y

with many students and extensive computin g

facilities .

	

In

	

many

	

small

	

department s

with limited resources, only a

	

subset

	

o f

the

	

recommendation

	

is

	

normall y

implemented .

	

For example,

	

FOSBERG(1982 )
described an implementation of a modifie d

version of Curriculum 78 in a smal l

department which emphasizes heavily on th e

use of microcomputers .

The computer education in the school s

started

	

in

	

the mid 1970s, following th e

popularity of low A cost microcomputers .

	

I n

the

	

beginning,

	

the

	

computers

	

were use d

mainly as an aid

	

to teach programmin g

(mainly

	

BASIC)

	

courses

	

and to assist i n

the

	

instruction

	

of

	

other

	

subject s

(IEEE,1981) .

	

The

	

experience

	

gained

	

i n

these computer programmes show that youn g
children can learn to use microcomputer s

effectively (WATT,1982) .

More recently, Computer Science wa s
introduced as a subject on its own in man y
secondary schools and junior colleges

	

i n

western countries .

	

Detailed

	

curriculu m
guidelines for high school level

	

compute r

studies

	

courses were

	

published

	

by

	

th e

Ontario Ministry of

	

Education

	

in Canad a
(ONTARIO, 1983) .

The progress of computer education a t

the

	

secondary school has been slow, owin g

to

	

the

	

acute

	

shortage

	

of

	

qualifie d

teachers .

	

In

	

many

	

cases,

	

qualifie d

teachers are virtually non Aexistent .

	

Suc h

problem

	

was

	

well

	

recognised in US A

	

(TOPICS,1983) .

	

In France, almost half

	

of

	

the money

	

spent in

	

the mid

	

1970s

	

i n

	

bringing computers into secondary

	

school s

has

	

been

	

to

	

train

	

teacher s

(HEBENSTREIT,1980) .
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Outside the academic environment,

	

a
number of

	

professional bodies exist wit h
the aims of maintaining

	

the

	

standard o f
and

	

providing continuing education t o

practising computer professionals (see fo r
example,

	

BCS,1983) .

	

Such bodies includ e
the ACM, IEEE Computer Society and

	

th e
British Computer Society .

	

The

	

Britis h

Computer Society also

	

conduct

	

regula r
examinations

	

for

	

practising

	

compute r
scientists (BCS,1979) .

	

These professiona l
bodies have gone a long way in setting th e
standard of computing outside

	

the

	

schoo l
walls .

Up to this time, there has been ver y

little

	

co .ordinar.ed

	

effort on the use of
microcomputers in computer education .

	

Th e
teaching

	

of

	

computer science at

	

the
university level has relied almost

	

solel y
on

	

mainframe

	

and

	

minicomputer

	

(o r

super xmini)

	

systems .

	

At

	

the secondary
school

	

level,

	

microcomputers

	

hav e
generally been

	

used

	

only

	

to

	

teac h
programming courses and to provide CAI i n
a

	

variety

	

of

	

subjects

	

(IEEE,1981) .
Microcomputers are beginning to be used a s
alternative to mainframes, following th e
development of more powerful microcompute r
systems with good software and distribute d
networking capabilities .

4 .

	

RESISTANCE

	

TO

	

MICROCOMPUTERS

	

I N
COMPUTER EDUCATIO N

Microcomputers are valuable to teac h
about simple programming and hardware o f
the computer .

	

They are also extremel y
useful in the instruction of mathematic s
and engineering courses particularly i n
subjects like the numerical simulation an d
CAD/CAM

	

systems

	

(BEREITER,1983) .

	

Th e
field

	

of

	

computer science, however, ha s
been

	

slow

	

in

	

introducing

	

th e
microcomputers

	

into their main strea m
education .

	

There are many

	

reasons

	

fo r
this reluctance to use microcomputers .

The quality of the

	

software

	

on

	

th e
microcomputers has been poor except fo r
the

	

word Aprocessing

	

and

	

spread A shee t
software .

	

The

	

processing

	

power

	

of th e
microcomputer on its own is also

	

limited .
This means that some form of networking i s
required

	

for

	

a

	

useful

	

teaching
configuration .

	

The area of microcompute r
networking, however, is still in the earl y
stage of development .

	

Many problems, lik e
system security and reliability,

	

need

	

t o
be

	

solved

	

(KILLEN,1982) .

	

Th e
microcomputer

	

networks

	

are

	

therefor e
difficult

	

to

	

use

	

for

	

teaching

	

larg e
computing courses .

	

Furthermore,

	

becaus e
of

	

the limited memory and storage space ,
large databases are usually not supported .
These

	

limitations

	

have

	

made

	

mos t
microcomputers unattractive compare

	

t o
mainframe

	

systems

	

for handling complet e
computer science programmes .

The second reason for not using th e
microcomputers

	

has

	

been

	

the cost .

	

The
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main attraction of a microcomputer is

	

it s
low l cost .

	

However,

	

the costs of man y
peripherals

	

are

	

still

	

relativel y
expensive .

	

The cost of a complete syste m
configuration

	

(with

	

printer,

	

disks

	

an d
monitor)

	

is

	

therefore

	

less

	

attractive .
There are also difficulties with

	

th e
purchase

	

of

	

software

	

for use

	

in th e
multi-Lusars education environment .

	

Man y
software

	

companies

	

do

	

not

	

allo w
educational discounts for multi-Lusers .
Other charge more for a multiple us e
license than for the same number of singl e
copies

	

(KILLEN,1982) .

	

Because of this, a
simple license is normally required

	

fo r
each

	

microcomputer for each piece o f
software .

	

The

	

administration

	

of

	

th e
software

	

foe

	

microcomputers

	

can

	

b e
extremely difficult and costly .

	

When al l
of

	

the

	

costs

	

are

	

included,

	

the
microcomputer is often

	

comparable

	

o r
greater in cost than the large computer .

	

Maintenance of microcomputers

	

ca n
also

	

present difficulty , as vendor suppor t
is often lacking .

	

To do

	

one's

	

ow n
maintenance,

	

however.,

	

would

	

requir e

additional

	

costs in

	

the

	

hiring

	

an d
training of personnel, if this is possibl e
at all .

	

If the systems were

	

stand-alone ,
there will be the administrative overhead s
in

	

the distribution and management

	

o f
software,

	

diskettes

	

and

	

documentation .
Furthermore, the microcomputer systems ar e
a

	

prime

	

target of

	

theft and vandalism .
This means that additional safeguards ar e
required .

	

In

	

addition

	

to

	

physica l
security, there are also problems wit h
system

	

information

	

security .

	

In on e
college that uses a low-cost microcompute r
network,

	

it was

	

reported that a studen t
managed to compromise the security of

	

th e
system in 15 minutes (KILLEN,1982) .

Much of the software difficulties

	

o f
microcomputers

	

disappear

	

wit h
super1microcomputer systems that run th e
UNIX operating

	

system .

	

UNIX has larg e
system features with

	

reasonably

	

goo d
security and some communication capabilit y
(CO11EN,1983) .

	

A large library of softwar e
is available on UNIX .

	

However, the mai n
problem of

	

the UNIXA-based microcompute r
system

	

is

	

the

	

cost .

	

A complete syste m
with UNIX software is

	

presently

	

price d
starting

	

at

	

around US $6500 for a singl e
user

	

system,

	

and

	

around US

	

$3000

	

pe r
terminal for a multi L user system .

	

Th e
cost is still rather high

	

for a smal l
department .

	

Although this is cheaper tha n
the mainframe setup (which requires aroun d
US

	

$5000 per terminal), the problems wit h
the maintenance,

	

reliability

	

and

	

ver y
large database access remain .

	

For larg e
computer

	

science courses,

	

this

	

proble m
will

	

be

	

more acute as a number o f
super amicrocomputer.

	

systems

	

would

	

b e
needed .

Most universities already

	

own

	

a
mainframe

	

system .

	

To

	

convert

	

th e
mainframe

	

set-up

	

into

	

a

	

distribute d
microcomputer

	

set L op •

	

may

	

not

	

b e
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cost ;effective for a number of years .

	

Th e
mainframe is still normally used to handl e
the main computing

	

requirements

	

of

	

th e
university .

In summary, resistance to the use

	

o f
microcomputers

	

in computer education ha s
been based on poor software quality ;

	

hig h
system

	

cost ;

	

problems

	

in maintenance ;
and,

	

previous

	

investment

	

in

	

large r
computers .

	

The

	

resistance is decreasin g
as these factors change .

5 . FORMS OF MICROCOMPUTERS IN COMPUTE R
EDUCATIO N

A variety of

	

hardware and

	

softwar e
must

	

be

	

available

	

to support: a compute r
programme

	

such as

	

the Curriculum

	

78 .
Microcomputers will co Lexist with othe r
types of computers, but will play

	

a mor e
significant role, in future compute r
education . The various ways in which th e
microcomputers are being introduced ont o
the campus are discussed in this section .

5 .1 . THE MAINFRAME BASED MICROCOMPUTE R
SYSTEM

Most universities already have

	

a
mainframe computer system .

	

A simple wa y
for the large

	

scale

	

introduction

	

o f
microcomputers

	

is a " networking " solutio n
with

	

the

	

existing

	

mainframe .

	

Th e
microcomputers

	

are

	

connected

	

a s
' intelligent ' terminals to

	

the

	

mainfram e
system .

	

There are

	

many

	

advantages

	

to

	

thi s
micro and mainframe

	

solution .

	

First o f
all, there are no problems of software an d
storage

	

space .

	

The microcomputer can us e
its own software or the main library o f
software available on the mainframe .

	

Thi s
allows the microcomputers to be used a s
free

	

standing

	

units

	

to

	

teach

	

th e
mic_roL based

	

courses,

	

or

	

linked

	

to

	

th e
mainframe

	

if

	

necessary

	

to

	

access

	

th e
databases and other facilities .

	

Secondly ,
there

	

is

	

little extra eost involved as a
low-'cost

	

microcomputer

	

(without

	

th e
peripherals)

	

costs as

	

much

	

as a goo d
terminal in many cases .

Lastly by implementing a campus wid e
network system around the mainframe wit h
outlets at convenient

	

locations,

	

and

	

b y
choosing

	

a

	

suitably

	

" low.L cost "
microcomputer,

	

much

	

of

	

the

	

problem

	

o f
limited access to the mainframe system ca n
be alleviated .

	

The students can buy thei r
own microcomputers

	

or use

	

those at th e
university .

	

They can carry out

	

thei r
preparation work or develop their program s
on the microcomputers at

	

their own

	

fre e
time .

	

These

	

work

	

can then

	

be

	

sen t
directly to the mainframe

	

for

	

processin g
or

	

stored

	

in

	

a diskette for future use .
This versatility would enable the student s
to

	

do

	

their

	

work much quicker and
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alleviate the mainframe from much of

	

th e
burden of supporting interactive users i n
keying and editing programs .

	

Furthermore ,
the users of these microcomputers ar e
protected against mainframe failure, whic h
is a major source of frustration to man y
mainframe users .

5 .2 THE SUPER MICROCOMPUTER SYSTE M

The teaching of computer courses a t
the departmental level could be carrie d
out using the 1 6 1-bit "super" microcompute r
systems . Already, most of these system s
have the hardware capable of supportin g
multiluser environment .

	

Most systems als o
run the UNIX operating system which has a
large

	

library of software available .

	

Th e
ability of the microcomputer system to ru n
UNIX

	

improves

	

its

	

software

	

qualit y
considerably

	

over

	

the

	

standard
microcomputer

	

software .

	

Many compute r
science departments have used UNIX as a
base

	

for

	

teaching their entire computin g
programme

	

before super. lmicrocomputer s
become available .

The UNIX operating system also ha s
built l in support for communication wit h
other UNIX systems via the UUCP (the Unix
to Unix

	

Copy Program (UNIX,1983)) .

	

Thi s
allows

	

the

	

UNIX I based

	

computers

	

to
communicate readily with one another . Th e
UUCP has been used in the setting up of

	

a
regional UNIXI based computer network i n
the USA 1 the USENET (EMERSON,1983) .

	

Suc h
network enables

	

the rapid exchange o f
information over large geographical areas .

One further development which make s
the

	

super-1-microcomputer

	

systems

	

running
UNIX

	

software

	

more attractive

	

is

	

th e
setting

	

up

	

of

	

the

	

CSN,ET

	

(the Compute r
Science Network) in the USA

	

(COMER,1983) .
CSNET

	

aims

	

at connecting all group s
engaged in computer science research i n
USA

	

by

	

the

	

year.

	

1987 .

	

The mai n
communication software of

	

the CSNET i s
implemented under the Berkely VAX UNI X
operating system .

	

This

	

means

	

that

	

th e
future UNIX users will he able to acces s
the CSNET and other international network s
readily .

5 .3 THE LOWICOST MICROCOMPUTER NETWORK

A low l cost microcomputer network i s
an

	

ideal

	

method

	

for

	

introducin g
microcomputers onto the campus at

	

a cos t
less

	

than

	

a

	

mainframe

	

or

	

a
superlmicroc_omputer

	

based

	

method .
Networks can be located in each buildin g
or small area,

	

with a high performanc e
trunk connecting them .

	

Such configuratio n
allows the sharing of resources by all th e
systems and

	

provides an easy means o f
expansion in the future .

There

	

are

	

over.

	

12,000

	

low l cos t
microcomputer

	

networks

	

installe d
throughout the world (KILLEN,1982) .

	

Thes e
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networks

	

typically consist

	

of

	

20 to 3 0
microcomputers,

	

connected

	

to a

	

maste r
station which has a printer and hard ldis k
storage .

	

One example of

	

such popula r
network is the Corvus Omninet . A surve y
of other similar networks can be found i n
(KILLEN,1982) .

Although the initial set lup costs o f
these networks are low, many problem s
inherent in the lowl cost microcomputer s
remain .

	

The main problems are the slo w
transmission speed ;

	

poor system

	

securit y
and

	

reliability ;

	

the

	

lack of software ;
and, the difficulties in maintenance .

More recently, microcomputer network s
for connecting mainly

	

the

	

IBM PC ' s are
beginning to appear (MACHRONE,1983) .

	

Som e
of these networks are based on the popular.
Ethernet

	

interface

	

(METCALFE,1976)

	

and
thus

	

offer the'possibility of connection s
to other larger networks .

	

These

	

network s
tend

	

to

	

have

	

better

	

security

	

and
reliability .

	

The

	

potential

	

of

	

thes e
networks in the field of

	

education i s
enormous .

5 .4 STANDALONE MICROCOMPUTER S

The use of

	

lowl cost

	

stand lalon e
microcomputers provide the cheapest way o f
providing computers .

	

The cost

	

of

	

a
stripped down microcomputer capable

	

o f
being used for teaching programming range s
from under US $100 to $200 .

	

The cheapes t
computer can be used only for limite d
teaching .

	

However,

	

the more expensiv e
(for example, an

	

IBM PC with

	

2

	

disks ,
monitor,

	

a lowA cost printer and som e
software)

	

can be employed

	

for

	

fairl y
extensive

	

use .

	

They

	

are ideal

	

fo r
teaching

	

techniques

	

of

	

wordl processing ,
integrated

	

software,

	

and

	

spread lshee t
usage .

	

The major objection to standlalon e
microcomputers is the lack o f
communication facilitites and the relate d
diskettes and software management problem .

In summary, this section outlines th e
forms of microcomputer systems that can b e
implementated

	

to

	

support

	

a

	

compute r
science

	

programme .

	

A suitable choice o f
the system will depend on the constraint s
and

	

the

	

available

	

resources of

	

th e
department .

	

For a large institution wit h
extensive

	

resources, the envisaged syste m
will be a mainframe l based network,

	

wit h
multi l user

	

superl microcomputers at th e
departmental

	

level,

	

and

	

the

	

lowl cos t
microcomputer networks at the lower level .
For a small institution,

	

however,

	

th e
super. l microcomputer

	

system

	

with

	

UNI X
software

	

seems

	

to

	

offer

	

the

	

greates t
potential in the future .

6 . THE INTRODUCTION OF MICROCOMPUTERS I N
EDUCATIO N

The microcomputer

	

revolution

	

ha s
prompted

	

many educational institutions to



3 0

rethink

	

their

	

education

	

strategy ,

particular

	

with

	

respect

	

to compute r

education .

	

Many institutions have plan s

to

	

introduce

	

microcomputers

	

or

	

ar e
undergoing large scale introduction o f

microcomputers

	

in

	

their

	

campu s

(BIRCHALL,1983) .

The most ambitious project was th e

one planned for. Carnegi e ;Mellon Universit y

(CMU)

	

in

	

Pittsburgh,

	

USA .

	

I n

collaboration

	

with IBM, CMU plans t o

introduce a network of microcomputers i n

1986

	

that would link every student to th e

university mainframes and a computerise d

library system .

	

The network will als o

support an electronic mail system .

	

Th e

students using the network will he able t o

use

	

the

	

processing

	

power

	

of

	

th e

microcomputers

	

to do their work, check

library resources, or link to the US

	

$3 0

million

	

worth

	

of computing machiner y

currently available in the university .

Brown university of USA has also bee n

involved for a number of years in th e

introduction of microcomputers in thei r

campus . Recently, Brown University an d

the Apple Computer Inc agreed to a plan t o
introduce US $2 million worth of computin g

equipment .

	

Under

	

the

	

plan,

	

each

department

	

will

	

have

	

their

	

ow n

microcomputer network, with a Lisa 16 Abi t

microcomputer in control . Thes e

departmental network will be linked t o

BRUNET (Brown ' s campus wide coaxial cabl e
network) which connects to the campu s

mainframes .

DEC and IBM are also donating larg e

number of microcomputers to th e
Massachusetts Institute of Technology fo r

a

	

far reaching curriculum developmen t

program .

	

Many other colleges, such as th e

Stevens

	

Institute of

	

Technology, Drexe l

University,

	

Clarkson College,

	

Rocheste r

Institute

	

of

	

Technology etc,

	

are now

requiring

	

their

	

freshmen

	

to

	

us e

microcomputers

	

in their courses .

	

Th e
students graduating from these college s
will have 3 to 4 years of experience o n
microcomputers .

The introduction of microcomputer s
into secondary school education has bee n

carried out mainly at

	

the national o r

regional

	

level .

	

The most spectacula r
project was the one implemented in

	

th e
state of

	

Minnesota in the USA, using th e
Minnesota Educational Computing Consortiu m
(MECC) (HAUGO,1980) .

	

MECC was establishe d
in 1973 to assist and coordinate

	

the us e

of

	

computers

	

in education .

	

It

	

als o
developes educational courseware

	

for

	

th e

affiliated

	

institutions .

	

It owns a CD C

Cyber'73

	

computer

	

with

	

around

	

200 0

time.L sharing

	

terminals,

	

distributed over.

200 educational

	

institutions across

	

th e

Minnesota

	

state .

	

Recognising

	

th e

potential of microcomputers, it

	

signed

	

a

state L wide

	

contract with Apple Compute r

Inc in 1979 to supply Apple

	

II computer s

to

	

the schools .

	

It also embarked on a

SIGCSE
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development

	

programme

	

to

	

conver t
educational programs for the Apple II .

	

I n

less than a year, more than 1000 Apple li e
were supplied

	

to

	

the institutions unde r
MECC (HAUGO,1980) .

In France, a 5 year plan was set u p
in 1979 to introduce 10,000 microcomputer s
in secondary education (HEBENSTREIT,1980) .
Under the plan, the computers were to b e
introduced in batches over

	

the

	

5

	

years ,
choosing the best machine available eac h

time .

	

The plan also standardizes

	

on

	

th e
computer language, LSE, to be used on al l
machines .

	

This

	

is

	

to

	

facilitate

	

th e
training of

	

teachers and the developmen t
of courseware .

The trend of standardization has als o
been followed in other European countries .
The

	

' SMAKY '

	

microcomputer

	

system ,
developed

	

by

	

the

	

Swiss

	

Institute

	

o f
Technology, was chosen for school use i n
Switzerland

	

(MOREL,1980) .

	

In the UK, th e
active support of the government

	

resulte d
in

	

the widel. spread

	

use

	

of the Sinclai r
ZX. 81 and the BBC

	

microcomputers

	

i n
schools . In Denmark, France, Switzerland
and other countries, experiments are bein g
carried out to devise a new curriculum an d

examine the effects of microcomputers an d
computer education in school (TAGC,1980) .
Currently, however, the microcomputers ar e
mainly used as an aid to teaching othe r
subjects because of the lack of

	

coheren t

programmes

	

in

	

computer

	

education i n
school .

Outside

	

the academic

	

environment ,
television

	

plays

	

a

	

great

	

pare

	

i n
microcomputer education .

	

The series of TV
programmes

	

on Computer Literacy produce d
by the British Broadcasting Corporatio n
brings

	

microcomputer education

	

to

	

th e
homes of millions (BRADBEER,1982) .

7 . THE PROBLEM AREA S

The use of microcomputers in compute r
education is still a relatively new field .
Many problems remain to be solved .

	

Th e
main problems

	

include

	

the

	

selecCion o f
suitable

	

microcomputers ;

	

th e
inter A connection

	

of

	

large

	

numbers

	

o f
microcomputers ;

	

and,

	

the

	

identificatio n
of

	

areas

	

in

	

the curriculum suitable fo r
microcomputer applications .

The

	

main

	

obstacle

	

over

	

th e
introduction of microcomputers is the lac k
or absence of coherent curriculum

	

i n
computer education and

	

the inability t o
identify areas in the curriculum that ca n
be

	

better taught

	

using microcomputers .
This is especially so

	

for the secondar y
school education .

	

The curricula at th e
undergraduate level (the Curriculum 78 an d
the

	

Information Science Curriculum b y
NUNAMAKER(1982))

	

were developed

	

mainl y
based on the mainframe concept .

	

The way s
in which many of the subjects are devise d
and

	

taught need revision in the light of



microcomputers . For example, the hardwar e
introductory courses, data communications ,
operating systems courses etc can be bes t
taught

	

using

	

the

	

microcomputers .
Furthermore, because of the widely use

	

o f
microcomputers

	

in society, heavy emphasi s
should now be placed in the curriculum t o
train

	

the

	

students

	

to

	

be

	

competent i n
handling the microcomputers .

To support a curriculum with heav y
emphasis

	

on

	

microcomputers,

	

a larg e
network of microcomputers is needed .

	

Th e
implementation of

	

a large microcompute r
network in the way as described in sectio n
5

	

is

	

not easy, especially when differen t
types of microcomputers are involved . Th e
main difficulty is not w4th the physica l
wiring of the computers, but rather on th e
development of network management softwar e
to provide reliable

	

and

	

user.x transparen t
network

	

services

	

(BEREITER,1983) .

	

Th e
essential

	

network

	

services

	

are

	

th e
transfer of files, and electronic mail .

At the secondary

	

school

	

level,

	

th e
main

	

concern

	

is the costs ;

	

the costs o f
both the hardware and the development o f
suitable

	

educational

	

software .

	

Also ,
there

	

is

	

the

	

problem

	

of

	

trainin g
sufficient number of qualified teachers t o
teach

	

the

	

computer

	

science

	

cours e
(TAGG,1980) .

Lastly, computer

	

education must

	

b e
considered

	

on a world wide basis, and th e
question of differences in local language s
must

	

be taken into account .

	

If differen t
languages are used for instruction, it

	

i s
necessary to have the educational softwar e
and documentation translated

	

into

	

al l
relevant

	

languages .

	

The

	

translatio n
process is not easy

	

especially

	

wit h
respect

	

to the software .

	

There will als o
be difficulty in the handling of differen t
character

	

sets on the computer .

	

This i s
especially so

	

for languages

	

like Tha i
(WAHAWISAN,1984),

	

Chinese

	

(LOH,1984) ,
Arabic

	

or Japanese .

	

It

	

is

	

useful

	

t o
remember

	

that

	

the majority of people i n
the world do not speak or even rea d
English language . In fact, the majorit y
of the people in the world do not use th e
Latin script .

8 .

	

CONCLUSION S

In this paper, we have discussed

	

th e
various

	

forms

	

of microcomputer system s
that can be implemented and the problem s
inherent

	

in them, especially with respec t
to

	

computer

	

education .

	

Some

	

of

	

thes e
problems,

	

like

	

the lack

	

of

	

suitabl e
curriculum,

	

lack of

	

teachers and

	

th e
teaching

	

courseware

	

etc,

	

are

	

mor e
formidable .

	

These can only be

	

tackle d
through long term planning at national o r
regional level .

	

Other problems, like

	

th e
hardware and

	

software maintenance, nee d
careful consideration as 'well .

	

Most

	

of

these problems, however, can he alleviate d
by "standardization" .

	

By restricting to a
single

	

type of

	

hardware or operatin g
system,

	

much development costs may b e
saved . Also the training of teachers an d
the development of courseware will b e
easier .

In conclusion,

	

we would like

	

t o
suggest

	

the areas that need careful stud y
in the application of microcomputers

	

i n
computer education :

1. The development of curricula fo r
computer education with emphasi s
on the use of microcomputers ;

2. The standardization of compute r
hardware and/or operating system s
for computer education to reduc e
development and instructor trainin g
costs ;

The study and implementation o f
microcomputer networks to suppor t
microcomputer education ;

	

an d

The development of teachin g
courseware with consideratio n
for the problem of differen t
national languages .
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'c*************************a*aa•***************a****•*********•a*******•******a*a***a********a**************** *
A SURVEY OF COMPILER COURSES - continued from page 2 4

In the second course our student s
will compile an Ada-like language i n
Pascal . They will initially write parse r
to produce quadruples .

	

We will suppl y
them with an interpreter to execute mos t
of the quads .

	

The students will generat e
code for one or two features .

	

A littl e
optimization will be done .

	

Thus, we hope
to

	

keep

	

the

	

size

	

of

	

the

	

projec t
manageable .
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