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ABSTRACT

This paper discusses the background
and difficulties of using microcomputers
in computer education, It considers the
ways in which microcomputers can be
introduced onto the educational
institutions. The advantages and
disadvantages of the varlous options are
discussed. The paper also discusses the
problems faced by the educators in the use
of microcomputers 1n computer education,

1. INTRODUCTION

This
microcomputers
meanings of
and should

paper 1is about the use of

in computer education. The
these words are somewhat
be clarified.

vague,

A microcomputer, like a computer, Ais
many things to many people, Some have
called the microcomputer a marketing name
4 that a mlecrocomputer 1s just a computer.
However, there are some differences. A
microcomputer 1s small;. 1t 1s low in cost

in 1ts basic form; and, it 1s widely
avallable.
The microcomputers that we' are

exploring fit i1into three
small personal

interested in
general categories: the
computer; the standard microcomputer;
and the super®*microcomputer. The small
personal computer is typified by the
VvIic+20 bv Commodore, the ZX%81 by
Sinclair, or the Atari 1200, They feature
a language, almost always BASIC, and a
cassette tape to store lanformation. Thelr
main attraction Is low cost, which
typlcally approaches US $10045$200.

The second category of
1s the standard, business, educational or
sclentiflc type system., Lxamples of this
category are the CP/M or MS/DOS computers,
sold under such brands as Apple 1I, TRS480
Model IV, and IBM PC. These systems work
with floppy disks and are often being sold
in bundled packages with standard software

microcomputer
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such as a
language,

word*processor, a
and a spreadsheet,

programming

The third category of mwicrocomputer
is the super+microcomputer. This dis
usually a multi~user computer which often
has more capability than many
minicomputers available currently. It dis
similar 1in usage to many of the larger
computers. Variations of UNIX operating
system are usually avallable. The
Wincheater hard disk s normally used for
mass storage.

The term "Computer Education" has
generally been referred to as inquiry into
the applications and implications of

computers in education (EAST,1983).
Computer Education has Dbeerz applled to
many things: studylng about <computers
ltself; teaching mathematics by CAL
lessons; teaching microprocessor
interfacing techniques to electrical
englneers and computer scilence students,

In 1ts most riglid form, however, computer
education should apply to teaching
computer based disciplines such as

computer sclence and information systems.
The second meaning 1s the teachling the use
of computers as a tool for other
disciplines such as linguistics, fine arts
or physlcs, where a computer 1s used as a
working instrument. The third category of
computer education {s the use of the
computer as a tool in education * for
computer assisted instruction (cal),
computer managed learning (CML), computer
asslsted learning (CAL) and similar forms.
Here, the relation of the computer as a
tool and the <computer as a subject of
study often become confused, slnce the
lesson developer must be a progiamumer. It
1s useful to remember trhat ‘“programmed
learning" was availlable completely without
computers!

Briefly, the contents of the
are as follows.

paper
In section 2 we describe
the evolution of microcomputers, This is
followed in section 3 by an outline of the
development of computer c¢ducation at the
secondary and wundergraduate level. Some
of the difficulties and objections to the
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use of microcomputers in computer
education are discussed in section 4. In
sectlion 5, we describe the various forms

of microcomputer
implemented
advantages

can be
thedir

systems that

costteffectively;
and disadvantages are
discussed. Section ©6 describes some of
the implementations of microcomputer
systems i1n the universities, colleges and
secondary schools. The problems faced in

the wuse of mierocomputers din computer
education are discussed 1in section 7.
Finally, section 8 contains our concluding
remarks,

2. THE EVOLUTION OF MICROCOMPUTERS

the Intel
This was a
limited

The first microprocessor,
4004, was produced in 1971,
four bilt processor with very
instruction set and memory space, Intel’'s
next processor, produced in 1972, the 8008
was an 8 blt processor which started the
microprocessor revolution., It was quickly
followed by a faster, larger memory silze
processor, the 8080, The 8080 was the
firsy Ll COProcessor to compete in
performance with minicomputers, such as
the DEC’s PDPA8 minicomputer, Several
other manufactures, such as Zilog,
Motorola, and MOS Technology soon started
to produce competing mieroprocessors.,
Logie designers startef to manufacture
computers from various of these
processors. The first successful personal
computer, the Altair 8800, used the Intel

8080 and came with a memory of 256 bytes
(not 256 Kbytes),

The next generation of
microprocessors were the 16 bit
processors: the 1Intel 8086, the Zilog
Z&8000, the Motorola 68000, and the
Natlonal Semiconductor NS 16032, The
important feature of these processors is
the 1Increase 1n address space size,
allowing large programs to be written with
much less difficulty compared with the
8%4bit processors (NICHOLS,1982)., The
packaged computers based on these third
generation processors are just becoming
avallable. Among them are the IBM PC (and
its imitations) and the UNIX*based
super*microcomputers, The UNIX based

systems are typilcally MC68000 based (for
example, WICAT, Fortune, TRS480 Model 16,
SUN, etc),

While the inside of the microcomputer
system has been changing, so has the
external form. The first useful, packaged
computer system was the Commodore PET,
The next major achievements on the small
end of «computing were the Sinclailr ZX480
and the Sharp ©PC%1200 pocket computer,
These provided lowtcost portable computing
but poor file haandling. In terms of
useful computer systems, the Apple II had
set the price lead for a complete system,
Then came the Osbornetl which basically
halved the cost of Apple’s system. The
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next major change was the introduction of
IBM PC. The PC had no spectacular
features, just the right combination for

reliability and proven characteristics to
attract any professional personal computer
user, The newer developments in the small
computer industry are the QL from Sinclair

and the MacIntosh from Apple, both based
on the Motorola 68000. Their impact is
not known yet, but first appearances seem
to indicate that they will both be

important in future.
Some of the programs currently
running on mainframe computers are not as
good as those on microcomputers, Word
processing, spreadsheets and interactive
graphics sof tware are superior on
microcomputers., However, basic system
integrity, back*up, communications, and
sizes of programs allowed are better on
mainframes (or super mlcrocomputers).

The future 1s always difficult to
predict, But since 1954 when the first
commercial computer was dinstalled, the
performance of computers has Improved
exponentilally at an order of magnitude
every five years (PHISTER,1976). The
continuation of this trend will mean

cheaper and more powerful computers for at
least another decade.

3. THE DEVELOPMENT OF COMPUTER EDUCATION

The forer*runners of the modern stored
program electronlc computer were developed
in the universities in the west 1in the
1940s., However, the universities did not
begin their computer installations wuntil
the wmid 1950s. At about the same time,
some form of <computer education was
initiated 1in these universities, These
"education programmes" wusually consisted
only of a short <course given by the
computing centre staff, with the aim of
teaching the early users on how to use the
computer equipments. These programmes
were similar to those «conducted by the
computer manufacturers at that time
(FINERMAN,1976).

With the rapid growth of unilversity
computing installatlions during the 1960s,
it became necessary to establish more
formal programmes in computing. Many
efforts in formulating the programmes were
carried out at that time, The main
curriculum studies were carried out by the
Assoclation of Computing Machinery (ACM).
The studies by the ACM resulted 1in the
recommended undergraduate curriculum for
Computer Science (Curriculum 68
(ATCHISON,1968)) and Information Systems
(COUGER,1973). However, with the rapid

development 1Iin computer technology and
education in the mid*1970s, these
curricula were soon supgrseded by two new

They
for
new

are Trespectively
Computer Science
curriculum for

recommendations.
the Curriculum 78
(AUSTING,1979) and a



Information Systems (NUNAMAKER,1982).
Many universities, industries and
professional bodies participated in the

development of these recommendations by
the ACM, e

Besides ACM, a number of other
professional bodies also contributed in
the curriculum development process. Among
the major efforts were the curriculum for
Computer Sclence and Engineering
recommended by the IEEE Computer Socilety

(IEEE,1977); and, the curricula for
Information Systems proposed by the
International Federation of Information
Processing and the Data Processing

Management Association (DPMA,1980),

Although
only a guideline on
courses could be laid out, many
institutions view this as the definitive
yardstick by which to measure the
adequancy of their programmes. The
essentlal parts of the recommendations are
incorporated into the computing programmes
in many wuniversities (SIGSCE,1982). An
implementation of the Curriculum 78 at the
University of South Carolina 1in USA was
described in CROSLAND(1982). The
development of these recommendations,
however, presupposes a large university
with many students and extensive computing

the recommendations provide
how the computing

facilitiles. In many small departments
with limited resources, only a subset of
the recommendation is normally
implemented. For example, FOSBERG(1982)

described an implementation of a modified
version of Curriculum 78 1n a small
department which emphasizes heavlly on the
use of microcompukters.

The computer education in the schools
started 4in the mid 1970s, following the
popularity of lowtcost microcomputers. In
the Dbegilnning, the computers were used
mainly as an ald to teach programming
(mainly BASIC) courses and to assist in
the instruction of other subjects
(IEEE,1981). The experience gained in
these computer programmes show that young
children can learn Lo use microcomputers
effectively (WATT,1982).

More recently, Computer Science was
introduced as a subject on 1ts own 1in many
secondary schools and junior colleges in
western countries, Detailed curriculum
guidelines for high school level computer
studies courses were -“published by the
Ontario Minlstry of Education din Canada
(ONTARIO,1983).

The progress of computer education at

the secondary school has been slow, owing
to the acute shortage of qualifiled
teachers. In many cases, qualified
teachers are virtually nontexistent, Such
problem was well recognised 1n USA
(TOPICS,1983). 1In France, almost half of
the money spent din the mid 1970s dn
bringing computers 1into secondary schools
has been to train teachers

(HEBENSTREIT,1980).
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Outside the academic environment, a
number of professional bodies exist with
the aims of maintaining the standard of
and providing continuing educatlon to
practising computer professlonals (see for
example, BCS,1983), Such bodies include
the ACHM, IEEE Computer Society and the
British Computer Society. The British
Computer Soclety also conduct regular
examinations for practising computer
sclentists (BCS,1979)., These professional
bodies have gone a long way 1in setting the
standard of computing outside the school
walls.

Up to this time, there has been very
little <cotordinated effort on the use of
microcomputers in computer education., The
teaching of computer science at the
university level has relied almost solely
on mainframe and minicomputer (or
supertmini) systems. At the secondary
school level, microcomputers have
generally been used only to teach
programming courses and to provide CAI in

a variety of subjects (IEEE,1981).
Microcomputers are beginning to be used as
alternative to mainframes, following the

development of more powerful microcomputer
systems with good software and distributed
networking capabilities.

4. RESISTANCE TO
COMPUTER EDUCATION

MICROCOMPUTERS IN

Microcomputers are valuable to
about simple programming and hardware of
the computer, They are also extremely
useful 1In the instructlion of mathematlcs
and engineering «courses particularly in
subjects like the numerical simulation and

teach

CAD/CAM systems (BEREITER,1983). The
field of computer science, however, has
been slow in introducing the
microcomputers into theilr main stream
education. There are many reasons for
this reluctance to use microcomputers,

The quality of the software on the

mierocomputers has Dbeen

the word4processing and
software. The processing
microcomputer on its
This means that some
required for a

configuration, The

poor except for
spread4sheet
power of the
own 1s also 1limited.
form of networking dis
useful teaching
area of microcomputer
networking, however, 1s still in the early
stage of development, Many problems, like
system securlty and reliability, need to
be solved (KILLEN,1982), The
mlicrocomputer networks are therefore
difficulg to use for teaching large
computing courses, Furthermore, because
of the limited memory and storage space,
large databases are usually not supported,
These limitations have made mos €
microcomputers unattractilve compare to
mainframe systems for handling complete
computer sclence programmes.,

The second reason for
microcomputers has been

the
The

not
the

using
cost,



main attraction of a mlcrocomputer is 1ts
lowtcost, However, the —costs of many
peripherals are still relatively

The cost of a complete system

(with printer, disks and
monitor) is therefore less attractive.
There are also difficulties with the
purchase of software for use {n the
multitusers education environment, Many
sof tware companies do not allow
educational discounts for multi*tusers.
Other charge more for a wmultiple use
license than for the same number of single
copies (KILLEN,1982). Because of this, a
simple license is normally required for

expensive,
configuration

each microcomputer for each plece of
software, The administration of the
sof tware for microcomputers can be
extremely difficult and costly. When all
of the costs are included, the
microcomputer i1s often comparable or

greater in cost than the large computer.

Maintenance of microcomputers can

also present difficulty,as vendor support
is often lacking. To do one’s own
malntenance, however, would requlre
additional <costs in the hiring and

training of personnel, 1f this {s possible
at all, 1If the systems were stand*alone,
there will 'be the administrative overheads
in the distribution and management of
sof tware, diskettes and documentation.
Furthermore, the microcomputer systems are
a prime target of theft and vandalism.
This means that additional safeguards are
required, In addition to physical
securlty, there are alsoc problems with
system information securlty, In one
college that uses a lowkcost microcomputer
network, It was reported that a student
managed to compromise the securlty of the
system in 15 wilnutes (KILLEN,1982),

Much of the software difficulties of

microcomputers disappear with
supertmicrocomputer systems that run the
UNIX operating system, UNIX has large
system features with reasonably good

security and some communication capability
(COHEN,1983)., A large library of software
{s available on UNIX. However, the main
problem of the UNIX*based milcrocomputer
system 1is the cost, A complete system
with UNIX software 1s presently priced
starting at around US $6500 for a single
user system, and around US $3000 per
terminal for a multituser system. The
cost is still rather high for a small
department, Although this 1s cheaper than
the mainframe setup (which requires around
US $5000 per terminal), the problems with

the mailntenance, rellability and very
large database access remain. For large
computer science courses, this problem
will be more acute as a number of
superfmicrocomputer systems would be
needed.

Most unilversities already own a
mainframe system. To convert the
mainframe set*up into a distributed
microcomputer settup may not be
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costreffective for a number of years. The
mainframe 1s still normally used to handle
the main computing requlrements of the

university,

In summary, resilstance to the use of

microcomputers 1In computer education has
been based on poor softWware quality; high
system cost; problems in maintenance;
and, previous investment in larger

computers, The resistance 1s decreasing
as these factors change.,

5. FORMS OF COMPUTER

EDUCATION

MICROCOMPUTERS IN

A variety of hardware and software

must be available to support a computer
programme such as the Curriculum 78,
Microcomputers will <co*exist with other
types of computers, but will play a more
significant role, in future —computer
education. The various ways 1in which the

microcomputers are belng introduced onto
the campus are discussed in this section.

5.1. THE MAINFRAME BASED MICROCOMPUTER
SYSTEM

Most universities already have a
mainframe computer system, A simple way
for the large scale introduction of
microcomputers 1s a '"netwoxrking" solution
with the exlsting mainframe. The
microcomputers are connected as

‘intelligent’ terminals to the mainframe
system.

There are many advantages to this
micro and mainframe solution. First of
all, there are no problems of software and
storage space, The microcomputer can use
i1ts own software or the maln library of
sof tware avallable on the mainframe. This
allows the microcomputers to be wused as
free standing units to teach the
micro*based courses, or linked to the
mainframe 1f necessary to access the
databases and other facilities. Secondly,

there 1s 1little extra c¢ost involved as a
lowtcost microcomputer (without the
peripherals) costs as much as a good
terminal in many cases,

Lastly by dmplementing a campus wide
network system around the mainframe with
outlets at convenient locations, and by
choosing a sultdbly "lowtcost"
microcomputer, much of the problem of
limired access to the mainframe system can
be alleviated, The students can buy their
own mlcrocomputers or wuse those at the
univervsity, They «can carry out their
preparation work or develop their programs
on the microcomputers at thelr own free
time. These work can then be sent
directly to the mainframe for processing
or stored 1n a diskette for future use,
This versatildty would enable the students
to do their work much quicker and



alleviate the mainframe from much of the
burden of supporting interactive users i1n
keying and editing programs. Furthermore,
the users of these microcomputers are
protected against mainframe failure, which
1s a major source of frustration to many
mainframe users.

5.2 THE SUPER MICROCOMPUTER SYSTEM

The teaching of computer
the departmental level
out using the 16%bit

courses at
could be carried
"super" mlcrocomputer
systems. Already, most of these systems
have the hardware <capable of supporting
multituser environment, Most systems also
run the UNIX operating system which has a
large library of software available. The
abllity of the microcomputer system to run
UNIX improves its sof tware quality
considerably over the standard
mirrocomputer sof tware, Many computer
sclence departments have used UNIX as a
base for teachling their entire computing
programme * before supertmicrocomputers
become avallable,

The UNIX opevrating system also has
built*in support for communication with
other UNIX systems via the UUCP (the Unix
to Unix Copy Program (UNIX,1983)). This
allows the UNIX*based computers to
communicate readily with one another., The
UUCP has been used in the setting up of a
regional UNIXAbased computer mnetwork in
the USA * the USENET (EMERSON,1983). Such
network enables the rapid exchange of
information over large geographical areas.

makes
running
the
(the Computer
(COMER,1983).

which
systems

One further development
the superfmicrocomputer
UNIX software more attractive is
setting up of the CSNET
Science Network) in the USA

CSNET aims at connecting all groups
engaged 1in computer science vresearch in
usa by the year 1987, The wailn
communication software of the CSNET dis
implemented under the Berkely VAX UNIX
operating system. This means that the
future UNIX users will bhe able to access
the CSNET and other international networks
readily.

5.3 THE LOWACOST MICROCOMPUTER NETWORK

A lowtrcost microcomputer network is

an ideal me thod for introducing
microcomputers onto the campus at a cost
less than a mainframe or a
supertmicrocomputer based method.

Networks can be located in each building
or small area, with a high performance
trunk connecting them. Such configuration
allows the sharing of resources by all the
and

systems provides an easy means of
expanslion in the future,

There are over 12,000 lowtcost
microcomputer networks installed

throughout the world (KILLEN,1982). These
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networks typlcally
microcomputers,

consist of 20 to 30
connected to a master
station which has a printer and hard*disk
storage. One example of such popular
network 1s the Corvus Omninet. A survey
of other similar networks can be found in
(KILLEN,1982).

Although the dnitial settup costs of
these networks are low, many problems
inherent in the low*cost microcomputers
remain. The wmain problems are the slow
transmlission speed; poor system security
and reliabillity; the lack of software;
and, the difficultles in maintenance,

More recently, microcomputer networks
for connecting mainly the 1IBM PC’s are
beginning to appear (MACHRONE,1983). Some
of these networks are based on the popular
Ethernet dnterface (METCALFE,1976) and
thus offer the possiblility of connections
to other larger networks. These networks

tend to have better security and
reliabildity, The potentilal of these
networks 1in the fileld of education 1s

enormous.
5.4 STANDAALONE MICROCOMPUTERS

The wuse of low*cost stand*alone
microcomputers provide the cheapest way of
providing computers, The cost of a
stripped down microcomputer capable of
being used for teaching programming ranges

from under US $100 to $200. The cheapest
computer can be wused only for 1limited
teaching. However, the more expensilve
(for example, an IBM PC with 2 disks,
monitor, a low*cost printer and some
software) <can be ecmployed for fairly
extensive use. They are ldeal for

teaching technlques of word4processing,
integrated sof tware, and spreadtsheet
usage ., The major objection to stand*alone
microcomputers 1s the lack of
communication facilitites and the related
diskettes and software management problem,

In summary, this section outlines the
forms of microcomputer systems Lthat can be
implementated to support a computer
sclience programme., A sultable cholce of
the system will depend on the <constraints
and the available resources of the
department. For a large lunstitutlon with
extensive resources, the envisaged system
willl be a mainframetbased network, with
multi®user super*microcomputers at the
departmental level, and the lowtcost
microcomputer networks at the lower level,

For a small d4institution, however, the
supertmicrocomputer system wlth UNIX
software seems to offer the greatest

potential in the future,

6. THE INTRODUCTION OF
EDUCATION

MICROCOMPUTERS IN

The
prompted

mierocomputer  revolution has
many educational institutions to



rethink thelir education strategy,
particular with respect to computer
education. Many institutions have plans
to introduce microcomputers or are
undergoing large scale dintroduction of
microcomputers in thely campus
(BIRCHALL,1983).

The most ambitlous project was the

one planned for Carnegie*Mellon University
(CMU) in Pittsburgh, USA. In
collaboratilon with IBM, CMU plans to
introduce a network of microcomputers in
1986 that would link every student to the
university mailnframes and a computerised
library system. The network will also
support an electronic mail system. The
students using the network will be able to
use the processing power of the
microcomputers to do thelr work, check
library resources, or link to the US $30
million worth of computing machinery
curreantly available in the university.

Brown university of USA has also been
involved for a number of years in the
introduction of microcomputers in their
campus. Recently, DBrown University and
the Apple Computer Inc agreed to a plan to
introduce US $2 million worth of computing

equipment, Undex the plan, each
department will have thelr own
microcomputer network, with a Lisa l6%bit
microcomputer in control, These
departmental network will be 1linked to

RRUNET (Brown’s campus wide coaxlal cable
network) which connects to the campus
mainframes.,

DEC and IBM are also donating
number of microcomputers to the
Massachusetts Institute of Technology for
a far reaching curriculum development
program., Many other colleges, such as the
Stevens Institute of Technology, Drexel
University, Clarkson College, Rochester
Institute of Technology etc, are now
requiring thelr freshmen to use
microcomputers in thelr «courses. The
students graduating from these ~colleges
will have 3 to 4 years of experlence on
microcomputers,

large

The introduction of* microcomputers

secondary school education has been

mainly at the national or
level. The most spectacular
projecr was the one dimplemented i1in the
state of Minnesota in the USA, using the
Minnesota Educational Computing Consortium
(MECC) (HAUGO,1980)., MECC was established

into
carried out
regional

in 1973 to assist and coordinate the use
of computers in education. It also
developes educational courseware for the
affiliated dnstitutions. It owns a CDC
Cyber*73 computer with around 2000
time*sharing terminals, distributed over
200 educational institutions across the
Minnesota state. Recognising the
potential of microcomputers, it signed a

statetwide contract with Apple Computer

Inc in 1979 to supply Apple II computers
to the schools. It also embarked on a
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development programme to convert
educational programs for the Apple II. In
less than a year, more than 1000 Apple Ils
were supplied to the Iinstitutlons under
MECC (HAUGO,1980),

In France, a 5 year plan was set up
in 1979 to introduce 10,000 miecrocomputers
in secondary education (HEBENSTREIT,1980).
Under the plan, the computers were to be
introduced in batches over the 5 years,
choosing the best machine available each

time, The plan also standardizes on the
computer language, LSE, to be used on all
machines, This 1s to facilitate the

training of
of courseware,

teachers and the development

The trend of standardization has also
been followed 1n other European countriles.

The "SMARY’ microcomputer system,
developed by the Swiss Institute of
Technology, was chosen for school wuse in
Switzerland (MOREL,1980), 1In the UK, the

actlve support of the government resulted
in the widetspread wuse of the Sinclair
ZXA81 and the BBC microcomputers in
schools. In Denmark, France, Switzerland
and other countries, experiments are being
carried out to devise a new curriculum and
examine the effects of microcomputers and
computer education in school (TAGGC,1980).
Currently, however, the microcompufers are
mainly wused as an ald to teaching other
subjects because of the Yack of coherent

programmes in computer education in
school.
Outside the academic environment,

television
microcomputer

plays a great part in

education. The series of TV
programmes on Computer Literacy produced
by the Britdish Broadcdéting Corporation
brings microcomputer education to the
homes of millions (BRADBEER,1982).

7. THE PROBLEM AREAS

The use of microcomputers Iin computer
education 1s still a relatively new field.
Many problems remain to be solved. The
main problems 1nclude the selection of
suitable microcomputers; the
Intertconnection of large oaumbers of
microcomputers; and, the ddentification
of areas in the curriculum suiltable for
microcomputer applications.,

The main obstacle over the
{introduction of microcomputers 1is the lack
or absence of coherent currilculum in
computer education and the inability to
identify areas in the curriculum that can
be better taught wusing milcrocomputers.
This 1s especially so for the sccondary
school education, The curricula at the
undergraduate level (the Curriculum 78 and
the Information Science Curriculum by
NUNAMAKER(1982)) were developed mainly
based on the mainframe concept, The ways
in which many of the subjects are devised
and taught need revision in the light of



microcomputers., For example, the hardware
introductory courses, data communications,
operating systems courses ete can be best
taught using the microcomputers.
Furthermore, because of the widely use of
microcomputers 1n society, heavy emphasis
should now be placed in the curriculum to
train the students to be competent in
handling the microcomputers.

To support a curriculum with heavy
emphasis on microcomputers, a large
network of microcomputers i1s needed. The
implementation of a large microcomputer
network 1in the way as described in section
5 1s not easy, especlally when different
types of microcomputers are involved. The
main difficulty i1s not with the physical
wiring of the computers, but rather on the
development of network management software
to provide reliable and wuser*transparent
network services (BEREITER,1983),. The
essentlal network services are the
transfer of files, and electronic mail,

At the secondary school level, the
mailn concern 1s the costs; the costs of
both the hardware and the development of
suitable educational sof tware, Also,
there is the problem of training
suffilcient number of qualified teachers to
teach the computer sclence course
(TAGG,1980),

Lastly, computer education must be
considered on a world wide basis, and the
question of differences in local languages
must be taken into account, TIf different
languages are used for instruction, 1t 1s
necessary to have the educatlional software

and documentation translated into all
relevant languages., The translation
process 1s not easy especilally with

respect to the software, There will also
be difficulty in the handling of different
character sets on the computer, This 1s
especlally 8o for languages 1like Thail
(WAHAWISAN,1984), Chinese (LOH,1984),
Arable or Japanese. It 1s wuseful to
remember that the majority of people in
the world do not speak or even read
English language., In fact, the majority
of the people Iin the world do not use the
Latin script,

8. CONCLUSIONS

In this paper, we have discussed the
various forms of mlcrocomputer systems
that can be implemented and the problems
inherent 1n them, especially with respect

to computer educatilon, Some of these
problems, like the lack of sultable
curriculum, lack of teachers and the
teaching courgeware etc, are nore

formidable, These can only be tackled
through long term planning at national or
reglonal level, Other problems, like the
hardware and software maintenance, need
careful consideration as ‘well. Most of
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these problems, however, can be alleviated
by "standardization", By restricting to a
single type of hardware or operating
system, much development <costs may be
saved. Also the tralning of teachers and
the development of courseware will be
easler.

In conclusion, we would 1like to
suggest the areas that need careful study
in the application of microcomputers 1n
computer education:

. The development of curricula for
computer education wilith emphasis
on the use of microcomputers;

2. The standardization of computer
hardware and/or operating systems
for computer education to reduce
development and instructor training
costs;

3. The study and implementation of
microcomputer networks to support
microcomputer education; and

4, The development of teaching
courseware with consideration
for the problem of different
national languages,
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A SURVEY OF COMPILER COURSES - continued from page 24

In the second course our students
will compile an Ada-like language in
Pascal. They will initially write parser
to produce quadruples. We will supply
them with an interpreter to eXecute most
of the quads. The students will generate

code for one or two features, A little
optimization will be done. Thus, we hope
to keep the size of the project
manageable,
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