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Editor’s Notes

The last issue of SACJ, a special issue on IT and Develop-
ment, was sponsored by a generous grant from the Devel-
opment Bank of Southern Africa. Unfortunately, confirma-
tion of the sponsorship was only received after the edition
had been printed and it was therefore not possible to for-
mally acknowledge the grant at that stage. It is a pleasure
to emphatically and gratefully do so now. The fact that the
special issue has been very well received, both locally and
internationally, is a testimony to the fact that it was money
well spent.

The next issue of SACJ will also be a sponsored special
issue and deal with the theme of Computer Security. It is
being compiled at the initiative of Basie von Solms who
will be acting as the edition’s guest editor.

This present edition, sandwiched between the two spe-
cial editions, contains the customary fare of local research
contributions. It also contains a guest contribution by Ed-
win Blake that was initially compiled as a joint response
by several leading academics to the recent Green Paper on
Science and Technology. It was vitally important to give
an IT perspective to this document, and the IT community
is indebted to those colleagues who took the initiative to
do so. This edition of SACJ also contains the results of
a survey taken last year by Judy Bishop on academic IT
resources. The figures make for interesting reading. They
will no doubt be deployed by every IT department to prove
how much worse off they are than everyone else, thereby
applying maximal pressure on their respective administra-
tions te get more resources.

Readers will notice that the editorial board of SACJ
includes several new names and that three former board

members have declined invitations to continue their mem-
bership. On behalf of the readers, I would like to thank
these former members for their encouragement and ser-
vices rendered. In the early years, Gerhard Bath provided
a delightful survey of neural networks; Steve Schach con-
tinually supported the journal with articles and feedback
at a time when there was substantial pressure on overseas
academics to do otherwise; and Pieter Kritzinger can right-
fully claim to be the prime inspirer of many improvements
brought about by the journal over the years.

We welcome the new members to a three year term
of office and trust that their association with SACJ will be
mutually beneficial. SACJ is priveleged to have so many
distinguished international names offering such visible sup-
port to its efforts in building up IT research in this part of
the world.

The new blood in the editorial board highlights the
need to replace SACJ’s aging editor. Having done the job
for several years now, it is clear to me that a fresh ap-
proach, bringing new enthusiasm and ideas, is precisely
what is needed at this stage. In fact, some might say that a
change is rather overdue. The matter is in the hands of the
SAICSIT executive committee who is currently seeking a
suitable candidate. I will continue with the job until such
a person is identified, and I will gladly assist in ensuring a
smooth transition. The rest of the editorial team — Lucas
Introna as IS subeditor, and Riél Smit as production editor
— will remain at their posts to continue their stirling work.

Derrick Kourie
Editor

SAC] is produced with kind support from
Mosaic Software (Pty) Ltd.
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- Guest Contribution

The Green Paper on Science and Technology

South Africa’s Green Paper on Science and Technology
was prepared by the Department of Arts, Culture, Science
and Technology. It is a consultative document and forms
the first step in preparing legislation on Science and
Technology Policy for South Africa. It is to be followed
by a white paper and then the submission of legislation to
parliament. The Green Paper consists of chapters and
sections that explains the context of issues facing the
country: the issues themselves are phrased as questions
with a choice of possible options being proposed.

The Green Paper introduces the “Crisis in South
African Science and Technology” and shows that there has

been a decline in spending on Science, Engineering and
Technology (SET) research and development. Research
and development is needed to improve the quality of life
for all, improve our international competitiveness and
develop a well-educated population. The paper proposes a
National System of Innovation that embraces the broad
range of activities from high technology to the promotion
of incremental technical changes in traditional activities
— it covers all domains of innovative activity.

The document itself can be consulted on the web at
“http://wn.apc.org/technology/stgreen/”.

Information Technology and South Africa’s Green Paper on Science and
Technology

Collected comments on South Africa’s Green Paper on Science and Technology by researchers
on the information technology related programmes of the Foundation for Research Development.

Edwin Blake

Department of Computer Science, University of Cape Town, Rondebosch 7700.
edwin@cs.uct.ac.za

Abstract

If an effective national system of innovation is the main proposal of the green paper then information technology (IT) has
to play a very central role in that system. Supporting IT effectively will also mean supporting innovation in IT.

Information technology both enables, and crucially depends on, a national system of innovation. Any white paper on
Science and Technology should devote special attention to information technology in view of its crucial and exceptional
role in technology innovation.

The IT industry in South Africa, particularly niche applications development, can become a major driver of the economy,
both to provide local IT solutions to development needs and to provide export products. It can be a major force in supporting
employment in small, medium and micro enterprises (SMME’s). The information society makes great demands on human
resources. Current deployment of IT is hampered by having far too few people with an ability for innovation in IT. Exploiting

the numerous potential benefits of IT will be greatly enhanced by having a more technology literate population.

1 Introduction

Information Technology (IT) is both a leading field of re-
search and development and a profound agent for radical
change in our economy and society. It seems set to become
the key enabler of scientific, technical and social advance
in the coming decades. In this role it may even surpass one
of its parent disciplines, mathematics.

We believe that the Green Paper does not recognize the

very special and exceptional role that Information Tech-
nology plays amongst the research disciplines. The special
enabling role of mathematics is recognized, for example,
but not that of information technology. (Note: the name
information technology is used to indicate a broad range of
converging fields encompassing, Computer Science, Infor-
matics, Telematics, etc).

Innovation plays a very central role in computer sci-
ence. In IT education mere factual knowledge has a partic-
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ularly and obviously limited life span, the educational goal
(once one goes beyond providing basic IT awareness) must
be one that fosters independent lifelong learning. Computer
programming is a creative activity more open to radical in-
novation than other engineering disciplines.

While South Africa was ranked very low in a recent
World Competitiveness Report its use of the internet, by
contrast, is ranked very highly. Although causes have not
been investigated one can note that the use of the internet
was pioneered by local universities and first established
commercially by small local entrepreneurial companies
spun off from our universities. This model of using cen-
tres of expertise to nurture SMME’s in IT has proven very
valuable worldwide: it is one of the strategies proposed
below.

1.1 Outline of the Document

The next section is a critical overview of the approach
adopted towards information technology in the green pa-
per. It identifies a major misunderstanding. Section 2.1
deals with mechanisms for IT development and deals in
more detail with the issue of intellectual property rights. A
major limiting factor on our effective use of IT is inadequate
human resources (Section 2.2).

The next major section (3) considers further comments
on the green paper in terms of the issues and questions
posed. Information infrastructure (Section 3.1) is followed
by research and development in the higher education sector
(Section 3.2). The vital role of IT in industrial competitive-
ness leads to a number of recommendations (Section 3.3),
these topics are also related to research and development
funding (Section 3.4). The special role of IT in education
is next discussed (Section 3.5). The impact of IT on soci-
ety with a number of illustrative examples is presented in
Sections 3.6 and 3.7.

A conclusion listing some policy objectives (Section
4) is followed by appendices on sections of the green paper
with passing references to IT and an overview of IT support
policy in Australia.

2 Approach to Information Technology in the
Green Paper

The green paper addresses itself to an effective national sys-
tem of innovation (NSI) in Science, Engineering and Tech-
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nology (SET) — this is the key proposal and the essence
of the document. It goes on to motivate the need for inno-
vation:

A coherent and adequately resourced NSI would
form the major instrument to ensure that science,
research and technology contribute to the national
objectives of:
o an improved quality of life for all
o improved international competitiveness for
South African economic activity
e a well-educated population capable of par-
ticipating fully in the new South Africa

Information Technology is mentioned in passing in a num-
ber of sections and they are listed in Appendix A. The
approach to information technology is mostly rather ac-
cepting of a current snapshot of the state of the art: it is
taken as a given fact of life. There is little questioning of
its role, its future innovations, its future possibilities. Cur-
rent commercially available advances, the ones that have so
transformed science in the eighties and developed societies
in the nineties (and certainly the whole world in the dawn
of the next millennium) are very properly mentioned: the
web, the internet, gigabyte storage on a postage stamp, etc.
But this is not seen as a point on an exponential curve of
development. It is recognized that IT changes, but deal-
ing with its astonishing rate of change and the profound
consequences is little emphasized.

Actually one can say that currently IT is best char-
acterized as unrealized potential. It is the key field for
innovation! If there is one area a “NSI” cannot ignore it is
the innovations needed to make IT useful to our country.
Our industrial and commercial competitiveness, our educa-
tion, health care, “‘edutainment”, public awareness, quality
of life, will be crucially determined by our ability to take
part in the global information society.

A key area for spending R&D cents must be to make
South Africa a beneficiary and not a (marketing) victim of
an imported IT industry.

2.1 IT Development

As mentioned above, the green paper does notreflect adeep
understanding of the pace of changes in the field of infor-
mation technology and the consequences of that. It also
shows little appreciation of what it will take to have IT de-
velop to fulfil local needs. Section 10.2 of the green paper
shows this very well (it is quoted in Section 3.6 below).
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That section argues that IT will benefit automatically
from government support for the telephone network, radio
and television. It is a common mistake to confuse IT with
some sort of public utility whose function is to distribute
information. Information is not like water or electricity.
“Information” as such does not exist. Developing IT con-
tent and applications is a complex and creative engineering
task. IT is much, much more than the “pipes” for in-
formation. IT will never benefit unless there is explicit
government support for a development of user orientated
information technology.

The section goes on to talk of setting up a long-term
government plan to provide equipment countrywide over
10 to 15 years! Could one in 1980 have set in motion any
workable plan to provide IT services in 1995? And the rate
of change is still accelerating. IT planning must be very
different to other types of government planning.

IT planning should revolve around the establishment
of centres of excellence and innovation to guide IT devel-
opments in desired and continually researched local needs.
It should be coupled to national community access centres
(see below in Section 3.1) coupled to the proposed Centres
of Excellence in IT innovation (Section 3.3).

2.1.1 Intellectual Property Rights
A particularly pressing issue in IT development is that of
intellectual property rights (IPR). Section 6.10.1 (of the
green paper) deals with “Intellectual property rights”. It
mentions that “in our haste to conform to GATT and other
trade agreements, we [should] evolve a regulatory frame-
work which assists rather than hinders local innovation.”
This is particularly relevant to IT (along with the life sci-
ences). Developing countries need an intellectual property
rights system that encourages innovation and allows fair
rewards without stifling competition. ’
The various IPR systems have an increasingly impor-
tant economic exchange value beyond being a means of
protecting the fruits of innovation. IPR’s in the hands
of large companies of the three major economic powers
(US, Europe, Japan) are becoming a major factor in for-
eign trade. IPR’s allow the conquering of export markets.

For such companies extensive holdings of IPR’s are a valu--

able asset. Via cross-licensing agreements these IPR’s can
allow large companies to proceed with innovation while
preventing newcomers, who are not party to such agree-
ments, from entering the field. Thus there is an incentive
for such companies and countries to extend the scope and
lifetime of IPR systems far beyond what would be required
to encourage innovation.

Itis possible that IPR’s on software are being extended
in just such an innovation stifling way. The recognition of
patents on algorithms and software (as opposed to using
the mechanism of copyright), which is apparently being
pressed by the US, may be an attempt to curb the inherent
competitive advantage of developing countries in the in-
ternational software development market. Patents have a
relatively long lifetime (20 years is common, and in soft-
ware this covers 4-5 generations). An algorithm is more

an idea underlying an artefact rather than an artefact itself,
and traditionally ideas were not considered patentable. In
IT, with its high rate of innovation, patents are also a costly
protection scheme unsuitable to small businesses.

While further investigation is needed, it should be clear
that the wishes of the developed world may not be in the in-
terests of our country, nor in the interests of IT innovation.
Legislation is needed to regulate the situation. Unfortu-
nately no concrete recommendation can yet be made on
this complex issue, except to note that it needs to be ad-
dressed by a interdisciplinary team of legal and IT experts.

2.2 Human Resources for IT

A major issue not addressed by the green paper is the grow-
ing need for increased capacity in information technology
innovation, particularly in terms of people, but also in terms
of research equipment. IT demands will far outstrip the
supply of skilled people.

Human resources are thus the essential factor. Ini-
tial training must be complemented by a life-long training
system that constantly adapts skills in the face of the on-
going innovation in IT. The pace of IT change will only
be acceptable if workers are informed and educated. So
another implication of IT innovation is a pressing need for
IT skills at all levels. A nationwide system of certification
at lower levels is needed to regulate the current plethora of
commercial IT “qualifications”. At the tertiary level such
a national qualifications framework is more problematic
given the extremely high rate of innovation in the field —
any fixed curriculum is likely to be out of date by the time
it is approved.

Industry demands will draw increasing numbers of
staff and students away from the higher education sector.
The real danger exists that IT education will cease to be
effective at our universities. Students will not undertake
higher degrees and research staff will leave unless there
is a national priority assigned to increasing IT innovation
capacity. Without a national IT innovation programme the
seeds of South Africa’s information society will be con-
sumed before they can bear fruit.

3 Sections and Issues of Special Interest to IT

The green paper generally deals with issues that steer clear
of mentioning specific disciplines. However some do re-
fer to IT and some depend crucially on IT. In this next
subsections we consider these.

3.1 Information Infrastructure

The first section of special interest to IT is 6.9 (Information
Infrastructure for SET Performers). It is currently seen in
the context of libraries and the service is seen as comple-
menting and perhaps replacing libraries.

We believe, in line with the universal enabling role
of information technology, that this section should really
concern itself with universal access by all communities
to information technology services. The issue is one of

SACJ/SART, No 16, 1996



effectively extending the (telecoms) concept of “Univer-
sal Service” in the information age. The “Information
Infrastructure” links closely with telecommunications: es-
sentially specifying the bandwidth, quality of service and
other requirements of the telecommunications infrastruc-
ture. IT itself stretches into all modern processes of society
either in a self-contained role or in a network distributed
role.

Libraries and library-like services will be a part of that.
IT is not an “exciting” technology: it is a vital technology.
It is a great deal more cost effective than alternatives, once
one stops seeing it as a single application. A Community
Access Centre to the Global Information Society is much
more than a “capital intensive” library! It is a training
centre, an interactive consultation centre with centres of
expertise, a multimedia cultural centre, a communications
centre, a market price ticker, and so forth.

The issue raised in Section 6.9 is the following:

Issue 6.16:

What are the key elements of a strategy to address
the information infrastructure requirements of the
SET community and the broader public?

The key element must be a system of public access to a
national information technology infrastructure. Such an
infrastructure comprises the wires and other links to bring
the information to the remotest areas. Much more impor-
tantly it comprises relevant and useful content provided by
useable applications. The cost of providing such a “Uni-
versal Service” would be enormous even if limited access
is provided through community centres. What is required,
is a well thought through and regularly updated plan for a
staged deployment and updating of the Information Infras-
tructure. The regular revision of any plan in the light of
advances in the field of IT is absolutely vital. This plan
should be drawn up transparently and also define the role
of industry.

Keeping track of changes in IT necessarily implies a
system of innovation in that field. Unless such expertise
is cultivated one cannot keep abreast of the exponential
growth of the field and one is left at the mercy of the global
silicon snake oil peddlers.

Single coordinated approach to information provision
by government and a government wide IT strategy is sup-
ported — it is important to harmcnize all Information In-
frastructure initiatives. The role of this “single point of co-
ordination” will be multi-disciplinary in that role-players
from IT and telecommunications will be involved as well
as other stakeholders.

A major growth opportunity, that should not be under-
estimated, is that as many as possible local SA expertise,
industry members, etc should be used to design, build and
maintain the Information Infrastructure.

There should also be a “single point of co-ordination”
for the harmonizing, stimulation, planning, monitoring,
etc of general IT development initiatives (applications re-
search and development, data content provision). This
group should closely liaise with the “single point of co-
ordination” on the Information Infrastructure but it should

SACJ/SART, No 16, 1996
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be a different group.

Although the “single points of co-ordination” are very
important to optimize activities, there is a danger that they
can become bottle-necks to new development. Therefore
their regulatory roles should be minimized. Innovation is
easily stifled by regulation and it should be appreciated that
many efforts to regulate IT boil down to attempts to regulate
research. Such attempts are recipes for obsolete technol-
ogy. “Harmonizing SET information infrastructure” is not
an easy task.

3.2 Research and Development in the Higher Educa-
tion Sector

Issue 8.2:
What national objectives should determine the
main orientation of the R&D activities of the HES?

There are three major objectives which apply particularly
in the case of IT: competitiveness, social upliftment and
development and long-term growth.

Competitiveness implies not only keeping up with
overseas industry, but identifying areas we can be ahead
of them. Higher education can address both, through edu-
cation in the first case, and advanced research in the latter.
However, more contact with industry to feed ideas both
ways is needed.

Social upliftment and development addresses the prob-
lems of the RDP. R&D can support this goal both by provid-
ing graduate students of disadvantaged groups with high-
end career opportunities and by doing research to support
the RDP’s objectives.

Long-term growth requires that there be advanced re-
search both in theory (which although not applicable now,
may have application later) and in analyzing and under-
standing industry trends. Understanding trends is espe-
cially important where computer technology is concerned,
since the rate of improvement in processing power for a
given cost is a factor of two every 12 to 18 months.

The general enabling role of IT implies that there is
not such a dichotomy between the two options presented
as may be expected.

Option 1

The national SET policy must be guided by eco-

nomic projections of HRD and R&D needs to cre-

ate a competitive advantage in specific key areas

such as agriculture, information technology, and

so on.

The specifics noted in Option 1 apply not only directly
to computer and related industries, but it should be noted
that all other sectors require broad infrastructure. That in-
frastructure includes computers, networks (especially but
not only the internet), telecommunications, transport, etc.
For this reason, Computer Science should be seen as an
enabling technology for all other sectors, and not only in
narrow terms.

Option 2

The aim of the HES must be an overall investment

in human capacity of a scientific and technical
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nature, not targeted too closely at specific capabil-

ities and markets, realizing that such investment

in capacity can by itself be a driving force in the

economy.
A broad goal in investing in human capacity also re-
quires that infrastructural technologies be available - espe-
cially those which are productivity amplifiers. Computers,
telecommunications, etc. again are important. However,
if we are purely consumers of these technologies, without
advanced research to find uses that suit our unique require-
ments, we will not be realizing the full potential of our
human skills in other areas. Example: computer visual-
ization is an area which can vastly improve productivity
in sectors such as geology and medicine. However, much
original work needs to be done to suit local problems. An-
other example: safety in manufacturing processes can be
enhanced by computer methods (more accurate control of
plant, simulation of potential problems).

3.3 Role of IT in Industrial Competitiveness and Re-

construction

Issue 8.7:

What mechanisms must be introduced to promote

better correlation between the R&D activities of

the HES and the industrial sector?
A first optionis to create a database of IT R&D projects that
~ currently or in future may contribute to RSA international
competitiveness. The database should contain indications
on which projects are considered so worthwhile that indus-
try would be willing to sponsor them.

Option 1

HES-Industry collaboration programmes, such as

the DTI-FRD’s THRIP programme, should be fur-

ther developed and financially strengthened. The

R&D statutory funding bodies should take respon-

sibility for bringing industry and the HES into ne-

gotiations on collaboration.
General incentives, e.g. THRIP programme, tax incen-
tives, and offset arrangements for foreign firms wishing
to sell to government, should be developed to encourage
co-operation between industry & HES. The current, re-
strictive, rule governed approach evident in some of these
programmes should be replaced by a delivery orientated
approach which focuses more on facilitating the desired
results.

Option 2

The HES must establish special programmes to fa-

cilitate the growth of R&D activities in the SMME

sector.
A particularly effective technique for stimulating inno-
vative IT SMME enterprises is to establish Centres of
Excellence and Expertise. This should target identified
niche applications fields in order to exploit and develop
competencies of researchers. Developers from HES and
industry/SMME sector can be supported in collaborative
projects.

IT development is a labour intensive activity of itself.
Increasing the effectiveness and competitiveness of indus-

try and commerce will further strengthen sustainable job
creation prospects. :
Channels should be opened up to international, espe-
cially USA, venture capital markets. Active development
of international IT export markets will act as a stimulus for
local IT industry and HES’ R&D An environment for more
significant co-operation with multinational companies will
leverage local skills and further development of such skills

- and abilities.

The recommendation is thus a combination of gov-
ernment funded initiatives and co-operative projects with
multinational companies that invest and transfer technol-
ogy. Currently IT enabled advances for local industry seem
usually induced via their international contacts. Estab-
lished local companies (with certain exceptions) have a
sorry record in IT innovation.

At local government and community level an eco-
nomic (micro level) atmosphere conducive to such activ-
ities should be established. Exact details could be learnt
from other similar countries that have succeeded in doing
this.

Tertiary institutions themselves do not have the re-
sources to bootstrap the process.

Issue 8.8:

- What structures, mechanisms and programmes
will reinforce the contribution the HES can make

to the reconstruction challenges facing South

Africa?

Option 1

The National Research and Technology Audit

should show up deficiencies in R&D supporting

reconstruction. This should form the basis for a

revision of research priorities of universities and

technikons to include projects in areas affecting
quality of life such as water reticulation, sanita-
tion, energy provision, etc.

Option 2 :

Universities and technikons should be encouraged,

via suitable funding incentives, to establish com-

munity interface mechanisms aimed at developing

effective outreach programmes
Measures which would contribute to the inter-
faces:
e creating units to provide an interface with
communities
o establishing partnership programmes with
CBOs and NGOs
e running community-based extramural pro-
grammes
o providing central facilities to facilitate com-
munity contact, for example, through an Of-
fice of External Affairs or Deputy Vice Chan-
cellor of Community Relations.
As remarked above (Issue 8.7) an internationally proven
and effective mechanism for stimulating effective SMME’s
in IT and related industry is the establishment of centres of
excellence and expertise in targeted fields.
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A useful measure, given the rate of advance of IT,
would be the establishment of an IT “wake-up” think-tank
whose brief is to identify key areas where IT technology
can be applied for the benefit of South Africa. Such a
unit should generate proposals and funding mechanisms
that will steer the local IT community to adapt to produce
these benefits. It should also identify the paradigm shifts
needed of the people that can potentially benefit from such
projects. Currently advanced IT resources in SA are very
thinly spread — a fact that will have to temper these plans
(see also Section 2.2).

3.4 HES Research and Development Funding
Issue 8.12: :
How can the funding of R&D in the HES be more
suitably organised so as to direct R&D activities
towards the needs of economic growth and recon-
struction?

Option 1
The statutory funding agencies should be ratio-
nalised so as to decrease overhead costs and im-
prove co-ordination and coherence. A model
could be to reduce the number of agencies to three:

o one for engineering, the physical, biological,

agricultural and geological sciences

¢ one for the medical sciences

¢ one for the human and social sciences.
Option 2
The universities and technikons must diversify
their research portfolios to facilitate increased
spending by the private sector in HES R&D. At
the present time the private sector contributes only
10% of the R&D funding in the HES. This is very
low by international standards.
Option 3
The R&D component of the GUF' should be
more directed in its distribution and utilisation,
and mechanisms should be developed to monitor
the utilisation and outcomes.

Option 1 appears to be unworkable: how could one agency
with reasonable staffing and expertise handle “engineer-
ing, the physical, biological, agricultural and geological
sciences”?

Option 2 goes to the heart of the matter: the semi-
colonial and often exploitative nature of many international
companies that do business in SA. Particularly in IT they
appear to be only interested in selling their products. They
offer their local staff sufficient training to sell and main-
tain (where maintain is in fact replace parts) their products.
They are not interested in developing products or technolo-
gies in SA. Only government, by means of incentives, can
oblige them to do so. In this regard, Australia forms a
possible model for SA. )

In Appendix B some material is attached on how Aus-
tralia has attracted major multinational high technology
companies into collaborative ventures with Australian uni-

! GUF = Government University Fund
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versities, and how incentives have been made available to
Australian universities to focus their research into product-
oriented activities. It also contains a critical evaluation of
the Australian experience.

3.5 The Role of IT in Education and its Relation to
Mathematics
Issue 9.1
What mechanisms should government introduce to
improve the teaching and learning of mathematics,
science and technical/technological subjects at the
pretertiary level?

Use aggressive teacher re-training programmes in holidays.
Distance education can play a role here.

Issue 9.2:

Should mathematics and science be compulsory

subjects for all pupils for the duration of their

pretertiary education? A motivation should be

provided for the answer to this question.
No. School children should not be forced but convinced of
the importance of mathematics. There are many ways to
do this. Although mathematics is important if you want to
follow a SET career it is not that critical for all people. A
working knowledge of computers is much more valuable
to everybody.

Issue 9.3

Should technology education be part of the com-

pulsory education curriculum? If so, how should

it be implemented? Please provide a motivation.
No. School children should not be forced but convinced of
the importance of technology. A major component of tech-
nology education should be computer literacy. Hands-on
lessons will not be possible in all schools but it is extremely
important and industry should be encouraged to help. Ag-
gressive teacher training programmes in holidays should
be followed to create the teaching staff. A good way of
motivating teachers to cooperate is to ensure that adequate
facilities are provided and to pay all technology and mathe-
matics teachers and additional allowance. Basic computer
literacy can be taught as an interim measure even on ob-
solete equipment, provided support for such equipment is
available.

Issue 9.4:

What mechanisms should be introduced at the lo-

cal, provincial and national levels to integrate in-

formation and communication technologies into

the education process to improve the utilisation of

the education resources and the quality of learn-

ing?
The deployment of IT based distance learning country-
wide in schools over the next decade will be limited by the
expense. School students should be given access where
possible but in the short run the target groups for this tech-
nology should be teachers and university students.

It is important to remember that linking education in-
stitutions is a very small part of the problem. The major
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part involves particularly the production of lesson material,
but also end equipment, application software, trained staff
and procedures.

Distance learning can and will certainly play an impor-
tant role in work-force training (they are more motivated
and it will be paid for by industry) and in universities /
technikons (it is cheaper to link them together). It is also
logical to start by linking tertiary education institutions be-
cause more can be gained with less investment.

3.6 IT to Support Democracy and Society
Refer to green paper Section 10.2 (Impact of Technology
on Democratisation)

While we believe that IT can help to make informa-
tion available and to exchange information, it is a poten-
tially powerful force to either enable or prevent democracy
(Was IT not used by the apartheid regime to control pass
books, keep track of exiles, etc?). Unfortunately IT is not
a guarantee for a good government, not even a guarantee
to democracy.

Issue 10.3:

How can we enhance the role of information tech-

nology in making information, needed to exercise

public policy options, readily available?
Information technology will benefit automati-
cally from ensuring the technological capacity ex-

ists to maintain and extend the telephone network,

radio and television to all parts of the country, and

also from enhancing the capacity of the local pub-
lishing industry. What else could be done?

Option 1

All major national issues, on which public input is
required, be set out with the necessary supporting
information and made available on the internet or
world-wide web servers. This facility could even-
tually be extended to regional and local issues.
Computers linked to the network could be made
available at schools or public libraries for ready
public access.

The government and various political parties are
already using this method to increase access to in-
formation. A long-term plan could be put into
place to provide the required equipment country-
wide over 10 to 15 years. Innovative solutions
should be applied such as workstation access to
internet via low cost terminals, using the memory
of a central server rather than having their own
internal memory. Adopting such a plan would
stimulate the local electronic and information in-
dustry, with major economic and HRD spin-offs,
in addition to its benefits of providing modern in-
formation technology countrywide in support of
the educational development thrust.

The assumptions on the nature of IT development underly-
ing this section are particularly problematic, it is critically
analyzed in Section 2.1 above.

Making policy options accessible can be vastly en-
hanced if there is easy access to the internet. However
the goal of: participatory democracy is not met if access
is restricted to an elite. Work needs to be done in rural
telecommunications, strategies for making internet access
publicly available (libraries, community centres, etc.).

Funding such development should be pursued by a
combination of public funding to seed projects, and finding

- ways of selling small value added services (publishing on

the internet for example), to make development sustainable.

Widespread access to the internet as proposed is a good
idea — but some thought should be given to content provi-
sion, not merely providing “terminals”.

Content should be set up in the form of local ency-
clopaedias, on-line school text books, discussion forums,
etc. Publishing on the internet for the school system should
be encouraged; there should be a vast body of free infor-
mation, and the best should be rewarded by payment, to
encourage the best authors to do more.

If a “terminal” policy is used, the terminals should be
designed to upgrade to a full computer, for those whose
usage warrants it. Otherwise we will see the Beltel phe-
nomenon: a technology that dates fast, with no upgrade
path.

Care should be taken to avoid building an assump-
tion of highly centralized servers into the system. This
should instead be seen as the initial point, from which
growth can occur, once skills become more widespread. A
true “information” society includes programmers, and new
languages designed for adding functionality in small com-
ponents, like Java, make entry to the programming market
much easier’. But highly controlled centralized servers
with no local computing power is not an environment that
will encourage innovation.

To speak of deployment over 10 to 15 years is not real-
istic. 15 years ago, there were no windows-based personal
computers, and a 5 Mbyte hard drive was an expensive
luxury. Even the internet was not in wide use in 1980; the
World Wide Web appeared less than 5 years ago. Today, a
window-based personal computer faster than a mainframe
of 1980 and with a 1 Gbyte disk can be had for about R5000.

Instead, short-term goals should be identified, and a
plan for the next 5 years adopted. Even a 5-year plan has
to make allowance for major unexpected innovations, and
be open-ended in the way goals are specified.

The biggest risk in planning too far ahead is in com-
mitting to country-wide infrastructures such as networks,
without a clear vision as to what will connect to them —
and what people will eventually want to do. If we can
decide the functionality, the technology will fall into place
(at least to the extent that we can see far enough ahead).
We cannot plan based on what we could buy today. The
biggest strength of computer technology is the exponential
improvement in what you can buy for your money (hyper-
inflation in reverse); the biggest weakness is the difficulty
of upgrading fixed infrastructure such as networks, to keep

2To reiterate the obvious: the above is based on today’s technology, the only certainty is that tomorrow’s “Sumatra” will be orders of magnitude better!
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up with general progress in other areas of computer tech-
nology. .
Here are some examples of potential goals:
o give all schools access to a community centre with
internet access by 2001
e aim to move from all centres in a region / province
using the same server, to a server per resource centre
over 5 years :
— training in server maintenance over that period
will be required
— at the same time, higher-level skills such as web
page authoring and programming should become
more widespread
e as funds permit, “terminals” should be gradually up-
graded to full computer systems to permit local work
such as word processing, recording lab experiments
and programming
— a strategy which assumes cheap internet “termi-
nals” will quickly turn out to be too limiting
— many “analysts” have proposed that there will
be a massive market for such “terminals” but it
seems likely that users will quickly discover that
a fully fledged computer is still necessary
o design the infrastructure so that it is a relatively easy
upgrade to improve the network bandwidth to at least
HDTV standards, with potential for further upgrades
to at least 1 Gbit/s
— this can be achieved by a fibre optic backbone
linking urban resource centres, with cheaper con-
nections wherever the budget doesn’t permit the
full fibre connectivity

- the design should allow for upgrading to full fibre ‘

incrementally as funds become available (even-
tually to all urban schools)

- rural areas will have to use radio or satellite links;
the expense will preclude rapid deployment, but
a 5-year time-frame may be realistic to cover at
least the more populated areas

- universities should be included in the network, so
they become resources for the school system

By 2001, if a plan is adopted around the above goals,
most school graduates will be very familiar with current
technology, and we will have an infrastructure in place
for adopting technologies of the next century. We should
even have a base for contributing to innovation, rather than
merely being consumers of technology.

3.7 Appropriate and Entrepreneurial Technology

Section 10.5 of the Green paper addresses the appropri-
ate use of technology in marginalized and disadvantaged
communities. Urban and rural communities of develop-
ing countries will clearly derive benefit from becoming
the end users of first world technology and infrastructure,
but, without local involvement, communities will become
more (rather then less) reliant on foreign expertise, and less
(rather than more) able to compete in a world technology
market. Information Technology is an area in which a lo-
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cal content and service industry can grow up, hand-in-hand
with the installation of new infrastructure. The costs of
setting up small enterprises in the Information Technology
is much lower than in most other areas of Science and
Technology.

Broadening the local content, and including previously
marginalized groups, will require the working together of
government, business, and institutions of higher education.

- South Africa is a substantial world market for Information

Technology (estimates currently place us somewhere be-
tween 17th and 20th), and has considerable customer clout
to avoid becoming a dumping ground for foreign technol-
ogy.

Issue 10.6:

What should government do to motivate perform-

ers of SET to help provide effective solutions

to improving the quality of life of the poor and

marginalized?

Option 3

Institutional support is given specifically to the de-
velopment of appropriate technology for commu-
nity needs. In many cases the most useful methods
will employ low or intermediate technology, but
in some cases (for example, related to information
and communication facilities), even in impover-
ished areas, high technology may be appropriate.

Collaborative ventures which combine technology trans-
fer with local development require the support of political
leaders, as well as entrepreneurs and educators. Forums
such as the G7 ISAD conference (and others) are ideal
platforms for taking a stand on this issue, and for encour-

. aging foreigninvolvement in local Information Technology

development.

Information Technology is an area in which high tech-
nology is often appropriate, even in impoverished areas.
Institutional support for the development of appropriate
technology is an obvious mechanism for encouraging the
development of specific directions.

Section 10.6 of the Green paper addresses unemploy-
ment and opportunity. Information Technology is a field
of Science and Technology which increasingly underpins
other branches of SET, as well as every other field of pro-
fessional endeavour. Information empowers people in their
work place and in their private lives; access to Information
Technology is essential in a modern society. IT in any
economy must become a “driver” of the economy.

Issue 10.9:

How can curriculum design and educational strate-
gies be utilised to create a technology-sensitive en-
trepreneurial culture and diffuse technical skills in
the marginalized communities?

This can largely be done through existing ed-
ucational institutions, provided they develop the
appropriate courses in collaboration with local or
overseas groups who have expertise in these areas.
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Option 1

Existing secondary and tertiary educational institu-

tions and NGOs are encouraged to design courses

aimed at developing the required abilities in ur-
ban and rural communities. In particular, adult
education centres, based in existing institutions

or developed from scratch, are set up to provide

suitable training, with both a technological and en-

trepreneurial character, for the unemployed popu-

lation in the townships.
Information Technology will diffuse naturally into less de-
veloped communities if professionals working for private
_ and government institutions in those communities take In-
formation Technology into their work places as a natural
means of becoming productive. This requires Information
Technology skills to be spread far wider than traditional
science and technology programmes, into the educational
curricula of all professional directions. Government should
accelerate this essential spread of Information Technol-
ogy by providing incentives to educational institutions to
turn out students with appropriate Information Technology
skills to complement their chosen profession. At the very
least, this would abate the number of graduates in low mar-
ket related fields who are not readily absorbed into the job
market.

In all areas of Science and Technology, but partic-
ularly in Information Technology, higher educational pro-
grammes would benefit substantially from the increased in-
volvement of industry. Many institutions, including South
Africa’s technikons, have adopted the cooperative educa-
tion model, incorporating practical work experience with
academic study®. This ensures the marketability of grad-
uates, and has a natural market tuning effect on curricula.

A greater commitment from industry and educational insti-

tutions needs to made in this direction. Government at all
levels would play a key role through appropriate incentive
schémes.

The only option mentioned in the Green paper under
this section (option 1) is currently unsupported by Gov-
ernment. The tertiary educational sector needs to be given
support for efforts that attempt to redress past inequali-
ties, and that fall outside of their traditional roles. This is
especially urgent for study directions in Science and Tech-
nology.

4 Conclusion

The vision of the Green paper is one of preparing South
Africa for the 21st century. This vision is one of meeting
the needs of individuals and communities through new so-
lutions to problems: powerful solutions that leap-frog old
obstacles. Such solutions depend upon innovation, that is,
new discoveries that are effectively applied. This is clearly
as much a social and economic vision as it is a scientific
and technological one.

Legislation which eventually springs from the forth-

3Waterloo University in Canada has become world famous for this.
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coming white paper must have an impact beyond the limits
of arts, culture, science and technology if it is to be ef-
fective. Information technology innovation in particular
must impact trade and industry and form an integral part of
the strategy for the reconstruction and development of the
country. Otherwise the greatest weakness of our science
and technology, namely the limited capacity to convert
scientific and technological advances into industrial and

- commercial innovations, will remain unaddressed.

Legislation should involve the implementation of var-
ious policies:
1. policy on support for SMMEs, this is broad but includes
initiatives mentioned below in terms of community ac-
cess centres and centres of excellence and expertise.

2. industrial policy to support information technology
transfer, including general IT Development Coordi-
nation Point — Section 3.1.

3. regional and local IT deployment and IT infrastruc-
ture policy (including Community Access Centres, and
Telecommunications and IT Infrastructure Coordina-
tion Point) — Section 3.1.

4. policy on the establishment of Centres of Expertise and
Excellence in IT Innovation to support both SMME’s
and community access centres — Section 3.3.

5. national priority programme for information technol-
ogy innovation in HES to support the South African
information society, coupled with strategic support for
human resources in IT at HES — Section 2.2.

6. coordinated certification for education and training in
IT at non-university levels — Section 2.2.

7. competition policy covering intellectual property
rights and standardization — Section 2.1.

8. HES—industry collaboration incentives (tax, offset) —
Section 3.3.

9. HES-IT multinational cooperation — Section 3.4.

The white paper will have to identify and formulate the
necessary measures which will develop the capacity for
innovation in South Africa. The 21st century will be the
century of the global information society. A substantial
chapter of such proposals will have to deal with infor-
mation technology and South Africa’s preparation for the
information age. The objective will be to see that IT will
be enabled to provide better living conditions for all peo-
ple more efficiently. Another objective must be to avoid a
further deterioration of South Africa’s competitive position
in the face of increasing worldwide reliance on knowledge
and IT for market advantage.

Appendix A Sections of the Green Paper with
Passing References to IT

2.3 Policy Context
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3.1 The Changing Role of Government in Support of the
National System of Innovation

3.4 Toward the 21st Century

6.1 The International Experience

6.9 Information Infrastructure for SET Performers

7.8 The Regional and International Dimensions of Inno-
vation ;

8.1 The Research and Development Orientation

9.3 The Appropriate Role of Technology in the Process of
Learning Mathematics and Science at the Pretertiary
Level

10.1 Technology and Public Choice: Sustainable Devel-
opment and Ethical Issues

10.2 Impact of Technology on Democratisation

10.5 The Appropriate Use of Technology in Marginalized
or Disadvantaged Communities

Appendix B Information Technology (IT)
Policy in Australia

Anthony E Krzesinski, University of Stellenbosch

This appendix follows on from points raised earlier in Sec-
tion 3.4.

IT products and services currently account for 20 per-
cent of world trade and are growing at 10 percent per an-
num. The overall growth in world trade is 6 percent per
annum: IT is an industry that no nation can afford to ne-
glect. ‘

The dynamic growth of the Asia/Pacific Region has
lead many corporations to re-focus their long-term strate-
gies for the Region and for Australia. The mutual benefits
are enormous: Australian firms provide specialized skills
and techniques to help international companies win new
niche markets, and in return international companies pro-
vide new markets for Australian products and services.

Corporations are encouraged to benefit from Australian
innovations and advances in IT — Australia compares very
favourably with other countries in the Region as a source of
specialized IT skills, products and services. International
companies bring the markets of the world to Australia’s
doorstep. They help Australian firms establish or expand
their overseas markets through proven marketing and sup-
port networks. They provide immediate cost effective ac-
cess to new technologies, innovative product development
and improved economies of scale.

B.1 Partnerships for Development

Because of its geographic isolation from IT centres of the
world, Australia was one of the first nations to become
aware of the need to capture future IT opportunities. The
Federal Government operates two schemes which encour-
age international companies to expand their strategic global
activities in Australia and to seek out Australian products,
services and skills with international prospects and mutu-
ally beneficial returns. These schemes are Partnerships for
Development (PFD) and Fixed Term Arrangement (FTA)
Programs.
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PFD Program Partners agree to implement within 7
years strategic business plans to commercialize Australia’s
competitive strengths in the IT and communication indus-
tries. FTA Partners agree to a 4 year program. Partners
only undertake activities that make commercial sense. The
activities must be strategic and should be commercially
sustainable after the Partnership expires.

Many of the world’s leading IT companies participate
in the programme. PFD Partners are: Alcatel, Amdahl, Ap-
ple, Bull, Cincom, DEC, Ericsson, Fijitsu, HP, IBM, Mi-
crosoft, NEC, Nokia, NorTel, Oracle, Pyramid, Siemens
Nixdorf, Sun Microsystems, Tandem, Unisys and Wang.
FTA Partners are: Acer, Canon, Compag, Fuji Xerox, GPT,
Hitachi Data Systems, Ingres, Oki Electric, Storage Tech-
nology, Toshiba and NCR. Some 300 Australian companies
benefit from the PFD and FTA Programmes.

The policy is working. In 1987 Australia exported
AU$650 million of IT products and services. In 1991 this
figure rose to AU$1.5 billion, and by 1995 will have ex-
ceeded AU$3 billion. By the year 2000 the IT industry is to
become Australia’s biggest employment and export sector.

B.2 Incentives to Collaboration

International companies with annual IT sales to govern-
ment of between AU$10-AU$40 million are encouraged
to enter into a FTA program. International companies with
annual IT sales to government in excess of AU$40 million
are encouraged to enter into a PFD program. In practice
this means that an international company that qualifies for
PFD/FTA membership must allocate 15 percent of its sales
to support the PFD/FTA program otherwise it cannot sell
to government. ' -

When entering into a PFD/FTA, the company under-
takes to maintain a specified level of R&D and exports
over a 7/4 year time frame. A business plan is drawn up in
collaboration with the Commonwealth Department of In-
dustry, Trade and Regional Development to determine how
the PFD/FTA strategic activities complement the parent
company’s global business strategies, to identify potential
local partners and to specify projects, activities and annual
milestones. :

The agreements are formalized in a Memorandum of
Understanding between the Australian government, the in-
ternational company’s head office and the local subsidiary.
Companies report annually on their progress as to how they
have achieved the milestones specified in the business plan.

Australian companies are encouraged to become
PFD/FTA partners by providing products, skills and ser-
vices to international IT companies. Local companies must
identify international IT partners, identify a mutually ben-
eficial area of collaboration, understand the contractual ar-
rangements required by the international partner, provide a
detailed business, financial and marketing plan and investi-
gate the international company’s standards, quality control,
volume, delivery and pricing procedures.

An external auditor provides an ongoing and consis-
tent review of the effectiveness of the program. Partners
are audited every two years at government expense and an
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annual report is published by the auditors summarizing the
effectivengss of the program.

B.3 Collaborative Research Centres

The Federal and State Governments encourage research
collaboration between universities and industry. Govern-
ment grants are available to develop Collaborative Re-
search Centres (CRC’s) to facilitate collaborations. After
an initial period (usually 3 years) of government support,
CRC'’s must be self funding from revenue raised from in-
dustry contracts. CRC’s have ambitious goals and some of
them already attract funding in excess of the competitive
research funding available from the government.

As an example, the Centre for Information Technol-
ogy Research Institute (CITRI) was established in 1990
by the Victorian State Government, the Royal Melbourne
Institute of Technology (RMIT) and the University of Mel-
bourne. CITRI hosts 4100 researchers (faculty members
of the hosting institutions who double up as part-time asso-
ciates in CITRI) and in 1993 earned AU$7.3 million from
industry contracts. CITRI hosts research groups which are
active in telecommunications, database design, multimedia
and neural networks. CITRI provides applications develop-
ment, strategic research, consulting and training courses to
industry. CITRI forms strategic alliances with large corpo-
rations to perform long term research in selected areas. For
example, CITRI has an alliance with Ericsson Australia to
develop a Software Engineering Research Centre (AU$2
million over 5 years) focusing on performance analysis
of Telecommunications Information Networking Architec-
ture (TINA) and telecommunications software. CITRI has
a successful track record in winning competitive research
grants, developing generic research technologies and com-
mercializing products. CITRI’s education services include
a Postgraduate Certificate in software engineering as well
as courses designed for major engineering organizations.

12

CITRI provides facilities for postgraduate student training
in its host departments of computer science and engineer-
ing.

B.4 Some Critical Remarks

Industry-university collaboration involves 3 partners: gov-
ernment, local and international companies and the univer-
sities. Government provides the legislative and financial

- incentives for industry and university to collaborate. This

involves substantial expense in terms of the grants allo-
cated to start up the many CRC’s. On the other hand,
university research funding has been reduced since Aus-
tralian universities are expected to meet 40 percent of their
budgets from outside sources that are facilitated by the
CRC mechanism. Industry is collaborating: many inter-
national IT companies are members of the Partnerships
for Development Programme. However, PFD member-
ship often involves equipment discounts and donations of
previous generation equipment rather than hard currency.
Thus government and industry have met their obligations
in terms of the PFD programme. It is essentially up to the
universities to provide the manpower and skills to make
the PFD programme work. However, few new university
staff are appointed - academics are expected to maintain
their current levels of teaching, research and administra-
tion and in addition to function as CRC associates. This
may be possible: government may be of the opinion that
Australian academics are not overworked and that they can
become more productive. '

It can be argued that the CRC mechanism is incon-
sistent with the university ethos and that the university’s
right to chose its areas of academic investigation was be-
ing restricted. Universities do not necessarily have the
managerial and financial acumen to make a success of the
CRC.

Received: March 1996
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An Approach for The Standardisation of Policies for Selection of Computer
Hardware and Software

D Petkov

Department of Computer Science and Information Systems, University of Natal, Private Bag X01, Pietermaritzburg 3209,
South Africa, petkov@comp.unp.ac.za

Abstract

This paper suggests an approach for the selection of microcomputer equipment in a decentralised ennvironment. It is based
on a modification of the procedure of the Analytic Hierarchy Process (AHP) by T.Saaty. The structuring of the selection
procedure allows top-level management decisions to be propagated down the organisational structure. An illustration of
this idea is its implementation for the selection of hardware andsoftware in a university environment but it may be applied

also for decisions in other areas as well.

Keywords: Decentralised Decision Making, Multiple Criteria Decision Support Systems, Analytic Hierarchy Process

Computing Review Categories: X.6.2, K.8.1.

1 Introduction and Problem Formulation

The problem under consideration is related to the possibil-
ity of facilitating standardisation of top level managerial
policies on the issue of information technology selection
in a decentralised decision making environment. It should
be noted that the area of application of the technique was
selected merely as an illustration of its applicability and
on the basis of its real life importance but the approach
was implemented by the author on other problems like the
decentralised selection of University staff applicants and
may be easily adapted to a broad range of management
problems,

Traditionally modelling has been viewed as a tool for
expressing policy [4, p85). For a detailed discussion on
the nature of modelling look at [4, 9] and numerous other
sources. Evaluating the areas of use of most of the types of
models used in Operations Research we will easily find that
they are mainly applicable to a centralised single person de-
cision making setup. A major problem is how to propagate
the wider use of a model at various levels of management
and in all of the scattered branches of an organisation. As
Saaty putsit “.. an individual with a technical model needs
the ability to persuade others to use it...Simply because one
has an ingenious idea is no guarantee that others , if they
appreciate it, would take the trouble to use it.” [9, p13]. An
attempt will be made to identify the requirements of a suit-
able model that would be useful in a decentralised decision
making environment.

The framework of organisational cybernetics devel-
oped by S.Beer in his Viable Systems Model, described
and enhanced by M.Jackson [3, pp.104-119], will be used
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as a starting point. According to Jackson “... the parts
must be granted autonomy so that they can absorb some
of the massive environmental variety that would otherwise
overwhelm higher management levels. The only degree of
constraint permitted is that necessary for overall systemic
cohesion and viability, and this constraint facilitates the
exercise of liberty rather than limits it”[3, p119]. There-
fore the ideal model should be capable of imposing some
systemic constraints in accordance with the views of top
management and on the other hand, it should allow the
actual decision making to take place at the lowest manage-
ment levels in a decentralised setup.

An important issue is the significance of assumptions
in policy preferences [12]. It may be argued that a suitable
way to reflect that is to use a multicriteria decision mak-
ing approach. Then the question is how that may be used
for the propagation of management policies. Miller and
Katz identify the following requirements towards a model
management system for policy analysis: communication
and interfaces among members of the analysis team, in-
terfacing of submodels, accommodation of learning and
changing views on the problem”[6, p57]. These require-
ments may be easily applied towards a prospective model
that may be used for decision making in a decentralised
environment. As such it should allow for the communi-
cation of decisions made at higher levels of management
to lower decentralised levels and for the changes of certain
parameters of the model to reflect the deeper understanding
of the management problem under consideration as a result
of the use of the model. An appropriate technique for that
purpose would be the provision of “what-if”’ analysis.

The suggested solution is based on the use of a multiple
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criteria decision support system that utilises the Analytic
Hierarchy Process (AHP) by T. Saaty. The latter is a the-
ory for the structuring of complex problems in a hierarchy
and finding a solution that satisfies a number of prespeci-
fied criteria simultaneously. The hierarchy is a traditional
way to handle complexity [14]. AHP “organises our ba-
sic reasoning disposition by breaking down a problem into
its smaller constituent parts and then calls for only simple
pairwise comparison judgements to develop priorities in
each hierarchy” [11, p561]. Although a detailed analysis
of AHP is out of the scope of this paper it may be claimed
that the modification of its standard procedure presented
further, together with its other features discussed in detail
in[10] make it a modelling tool that satisfies most of the
above formulated requirements. The use of the AHP is also
motivated by the fact that it is a technique allowing the in-
corporation of both quantitative and qualitative variables in
the model. In addition, it has internal mechanisms to con-
trol inconsistent judgements. Another important feature
is that despite the complexity of .the mathematics incor-
porated in the AHP procedure, once it is implemented in
a computer package the tasks of the user are very simple
and do not require any special skills. It also allows for the
exploration of the effects of small changes in some of the
comparisons on the overall results (“what-if”” analysis). A
modification of the technique as outlined later also allows
the communication of decisions made at higher levels of
" management in a decentralised decision making environ-
ment. It is assumed that the reader is familiar with the
Analytic Hierarchy Process. A brief presentation on it is
givenin Figure 1.

'The standard AHP procedure may be briefly outlined as

follows:;

Step 1 The criteria and factors affecting a given manage-
rial problem are arranged in a hierarchy (main goal,
subgoals, factors, alternative choices).

Step 2 The elements in each cluster of the hierarchy are
compared pairwise with relation to their importance
with respect to the root of the same cluster. The
comparison scale used as defined by Saaty has val-
ues from one to nine depending on the degree of
importance.

Once the comparison matrices are fed into a com-
puter then the priorities of the factors in a cluster are
calculated as the elements of the normalised eigen-
vector corresponding to the largest eigenvalue of the
matrix. These are defined as local priorities. They
serve as a basis for the calculation of the overall pri-
orities of the elements in the hierarchy towards the
main goal, taking into account all the subgoals in the
second level of the hierarchy. For more information
see [9, 10].

Figure 1. Summary of the Analytic Hierarchy Process
The increasing competitive impact that information

systems are having makes information technology a new
concern of senior management [2]. In the United States
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alone information processing equipment as a percentage of
all the durable equipment bought by private enterprise (ex-
cluding farms) increased from 11 per centin 1970 to 51 per
cent in 1989[5]. The amount of investment in monetary
terms is huge. The American information services industry
related to database systems only is estimated at $10 billion
per year[13]. Thus the proper management of the intro-
duction of information technology can be considered as a

_ problem of vital importance for businesses.

A descriptive attempt to indicate some of the relevant
issues in the selection of information technology is made
in[1, 16] and a number of other sources. Traditionally
the selection of software and hardware was based on cost
and functional considerations according to lists of desired
features [8, 15]. New criteria that may be included as a
part of a holistic approach to the problem are ease of use,
perceived satisfaction and vendor support[7]. The deci-
sion is difficult because available techniques have not kept
pace with the needs of current practice [2]. Its complexity
increases significantly if the decision making environment
is decentralised. This is usually a great obstacle to the pro-
motion of standardisation of top level management policies
on the selection of information technology. ,

The Analytic Hierarchy Process provides a far more
objective solution to the traditional approaches used in
computer hardware or software selection which use ma-
trices with weights and ratings or feature lists found in
journal surveys. It may be pointed out that the result of
the decision making in such a problem should be the rank-
ing of alternatives. Often even a serious analysis such as
that by [2] assumes that “when it is not possible to com-
pute explicit, precise values associated with embarking on
strategic programs, it may be possible, with enough accu-
racy, to rank alternatives” just on the basis of one of the
simple approaches mentioned above. Most of them are
highly subjective and that makes them less effective. AHP
has been applied before to software and hardware selec-
tion (see[7, 9, 10], and other sources). The novelty of
the ideas in this paper is that they go further in suggesting
a way in which to promote standardisation of managerial
policies with that regard in a decentralised organisational
environment.

2 A Suggestion for a Possible Solution to The
Problem

For the purposes of further discussion an illustration of a
hierarchical model for the selection of a microcomputer is
introduced in Figure 2. The second level of it contains
the subcriteria that will guide the manager in making the
decision : technical features, characteristics of the distribu-
tion channel, policy and financial issues like prices, budget
constraints and compatibility with existing hardware and
software. As is evident from Figure 2, these subcriteria are
further decomposed into groups of factors that are affected
by the characteristics at the fourth level of the hierarchy.
The last, and fifth level contains the alternatives from which
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Al
Bl B2 B3
Ci 2 C3 C4 Cs C6
)
D1||D2||D3 D4||D5||D6||D7 D8 | | D9 | |D10| |D11 D12} |D13 314 D15
El En

The overall goal is depicted in the first level of the hierarchy:

Al

SELECT. OF MICROCOMP

selection of microcomputers.

The subgoals in the second level are as follows:

B1
B2
B3

TECHNICAL FEATURES
DISTRIBUTION CHANNEL
POLICY & FINANCE

technical features.
distribution channel.
policy and financial issues.

The criteria in the third level are as follows:

C1
C2
C3
C4
(68)
C6

USER INTERFACE
CONFIGURATION
DIRECT CHANNEL
DEALER CHANNEL
COMPATIBILITY
COST

user interface.

hardware configuration.
channel of supply and support.
channel of supply and support.
with hardware and software.
initial and maintenance.

The subcriteria in the fourth level are as follows:

D1
D2
D3
D4

D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15

KEYBOARD FEATURES
VIDEO FEATURES
INPUT/OUTPUT

CHIP SET MANUFACTURER

TYPE OF MICROPROCESSOR
DIMENSIONS

RANDOM ACCESS MEMORY
DIRECT WARRANTY
DIRECT SERVICE

DEALER WARRANTY
DEALER SERVICE

EXISTING HARDWARE
EXISTING SOFTWARE
CAPITAL COSTS
MAINTENANCE

an aggregation of keys, cable length, connector, layout.
modes supported and the bit interface.

represents the different ports (i.e.serial, parallel, mouse).
represents the chip set manufacturer, who manufactures
the electronics.

type and speed of microprocessor.

height, width, depth (usually in inches).

min/max random access memory.

guarantee that the direct channel offers.

service that the direct channel offers.

guarantee that the dealer offers.

service that the dealer offers.

compatibility with existing computers.

compatibility with existing software.

initial outlay or cost of the microcomputer.

cost of the upkeep of the computer.

The last level includes the alternative models of equipment.
Figure 2. Analytic hierarchy for the selection of microcomputers
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a choice is to be made.

Note that any judgements about the pairwise compar-
isons between elements of the first three levels of the hier-
archy reflect top level managerial policies on the problem
for the selection of information technology. The lower lev-
els reflect features that are to be considered at the level
of operational managers since these tend to illustrate char-
acteristics that are far more likely to be affected by the
requirements of the particular organizational unit which is
going to use the prospective technology.

Many organizations strive to achieve standardisation
in their policies on the problem under consideration. Such
standards are recommended as an useful source of infor-
mation during the research of the various alternatives [16].
On the other hand, a decentralised environment of deci-
sion making creates the prerequisites for ignoring those
standards. Obviously new robust approaches are needed
to ensure that such standards are maintained. Often stan-
dardisation is enforced through a centralised selection and
procurement approach. In such a case it is inevitable that
there is a certain distortion in the presentation of the re-
quirements of the actual users since they are not involved
in the final decision making. If the decisions on the prob-
lem are taken in a decentralised manner by the actual users
then there is usually a distortion of the presentation of the
policy considerations of the top management. The latter are
usually presented in the form of guidelines set by a central
department. Since its representatives are often not involved
directly in the decision making under that pattern inevitably
such guidelines may be difficult to follow. Therefore it is
necessary to find a tool that will bring the decision making
process closer to the operational level of management and,
on the other hand, will still allow for the strict adherence
to the guidelines of top level management. An attempt to
solve this problem is made through the modification of the
AHP procedure presented below.

Obviously top level management requirements will be
reflected in the priorities of the elements of the hierarchy
if the judgements on the model are made by its represen-
tatives. Such a complete solution captures the expertise
of the particular top manager and can be compared to a
certain extent with the first stage of building an expert sys-
tem. The key to the question under discussion here is in the
“freezing” of those judgements related to the higher two or
three levels in the hierarchy. This means that if somebody
else later retrieves the solution of an existing model from
memory he/she will not be able to modify the structure
and comparisons of the frozen levels. He or she will still
be able to adjust the lower level parameters of the hierar-
chy to his or her particular needs, eg. instead of two one
may consider four alternative models as options at the last
level. The comparisons at the last levels will demonstrate
the adequate requirements of the actual users. After the
calculations, the global or overall priorities of the lower
level elements in the hierarchy are affected by the “frozen™
comparisons of the top management at the higher levels of
the model due to the nature of the AHP algorithm.

The practical implication of this idea is that, once cap-
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tured in the form of comparisons of the subcriteria in the
hierarchy, top management policies will always be adhered
to in a decentralised decision making environment. This
is achieved using a decision support system based on AHP
and allowing for the “freezing” of the comparisons at cer-
tain higher levels. The idea was implemented in a decision
support system for the selection of computer hardware and
software. It should be noted that its architecture is differ-

- ent from the one implementing the traditional procedure of

AHP.

A particular problem is solved in two stages. In the
first one, the user is provided with a hierarchy structure and
comparisons at all levels with the exception of the lowest
one. The alternative choices at that level and their com-
parisons are to be entered by the user. Thus the solution at
this stage reflects both the requirements of higher levels of
management, reflected in the predetermined comparisons
and those made by the decision maker evaluating the last
level of the hierarchy which on their own reflect the realities
at operational level. In the second stage the decision maker
at this lowest level is allowed to change the comparisons
at the higher levels of the hierarchy with the exception of
those made at the second level. Note that these reflect most
strongly the priorities of top management and they may not
be altered. The other possible changes allow for the incor-
poration of various factors that may have a greater effect
on a particular problem from the point of view of the de-
cision maker who is directly associated with that problem.
Such “what-if” analysis provides a basis for comparisons
of the results obtained after the first stage, reflecting a com-
plete set of centralised requirements, with those obtained
in different subcases of the second stage reflecting the ef-
fect of different decentralised alternative decisions that are
still complying with the overall centralised requirements as
they are demonstrated in the second level comparisons.

The system incorporates six models representing the
most widely used groups of information technology in an
university environment as indicated below:

Hardware: Microcomputers;
Dot matrix printers;
Laser printers.
Software: ~ Wordprocessing packages;

Spreadsheet packages;

Database management systems.
The system assists the staff in the Computer Services Di-
vision of the University of Natal, Pietermaritzburg in con-
sulting various departments on their decisions on the acqui-
sition of new equipment. They are allowed to define their
own parameters of the problem at the last level and enter
the corresponding judgements. Then they may evaluate
various other alternative policies by varying the compar-
isons at the third, fourth and fifth levels of the hierarchy.
On the other hand they are not allowed to change the com-
parisons between elements at the second level since those
were fixed or “frozen” by the Computer Services Division
in accordance with its understanding about a university-
wide standardisation of the requirements for the selection
of new hardware and software.
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3 Conclusion

The usefulness of the Analytic Hierarchy Process as an un-
derlying modelling technique in a multiple criteria decision
support system has been demonstrated widely before. A
modification to its procedure suggested in this paper allows
for the building of decision support systems that support
top management policies in a decentralised environment.
The practical implications of the idea create opportunities
for finding a better balance between delegation of author-
ity and the adherence to central policies in large complex
organisations.
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