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I. BRIEF REPORT OF THE SEMINAR

A. Organization of the seminar

1. Background of the Seminar

1. The Seminar on Human Resources Development for Information Technology
was held in Seoul, Republic of Korea, from 5 to 7 September 2000. The Seminar
was organized by the Economic and Social Commission for Asia and the Pacific
(ESCAP) and the Korea Information Society Development Institute (KISDI) in
collaboration with the Asian and Pacific Centre for Transfer of Technology
(APCTT) with generous support of the Government of Republic of Korea.

2. The overall objective of the Seminar was to exchange experiences among
various countries in the Asia-Pacific region in formulating national policies and
strategies for human resources development for information technology (IT).
The Seminar provided a forum for member countries to examine the increasingly
important role of IT in the context of a knowledge based global economy and
take stock of the current human resources situation in the member countries.
The understanding of the participants of various planning and forecasting tools
for human resources development was enhanced.

2. Attendance

3. The Seminar was attended by 10 member countries of ESCAP namely,
China, India, Indonesia, Kyrgyzstan, Malaysia, Mongolia, Myanmar, Pakistan,
Republic of Korea and Thailand. Two consultants, one from the Republic of
Korea and the other from India, also attended the seminar. In addition,
representatives of the United Nations Development Programme (UNDP) and
the United Nations Educational, Scientific and Cultural Organization (UNESCO)
also attended.

3. Opening session

4. The Seminar was opened by Mr. Chang-Bun Yoon, President, Korea
Information Society Development Institute. In his address, Mr. Yoon mentioned
that in view of the rapid transformation into a knowledge-based economy, the
problem of shortage of qualified human resources in the IT sector is a serious
problem for both developing and developed countries. Increasing globalization
process is forcing businesses to enhance their productivity, better services to
their customers and improve both internal and external communications through
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newer and more advanced IT systems. He urged both developing and developed
countries to seriously nurture information technology to sustain their long-term
competitive advantage. Qualified human resources are an integral part of the IT
revolution and therefore its development is the key to the future of many
developing countries.

5. In his message, which was delivered by the Chief of the Technology Section,
the Executive Secretary of ESCAP mentioned that the expanding range of
applications of information and communication technology presented multifaceted
challenges and at the same time offered enormous opportunities to developing
countries. Unfortunately, there was also a significant threat of marginalization if
developing countries did not actively participate in the IT revolution. It was
pointed out that the main bottleneck for diffusion of IT in most countries of the
region was the lack of adequate human resources. Therefore, the Executive
Secretary emphasized that the adoption and development of new technologies
invariably required a large pool of multi-disciplinary professionals who could
combine an in-depth knowledge of technologies with an innovative approach to
improve productivity and competitiveness.

6. In his address to the Seminar, Mr. Hong Sohn, Director General, Ministry
of Information and Communication, Republic of Korea mentioned that qualified
human resources with creative ideas and up-to-date technical skills in IT industry
are prerequisite to strengthen the competitiveness of any country. However, the
shortage of IT-related workforce is a critical issue worldwide and developing
countries in particular. In this regard, he urged that necessary reforms be carried
out to reduce the shortage of qualified IT personnel, which has the potential to
widen the digital divide among nations.

7. In his statement, Mr. Jürgen Bichoff, Director of APCTT emphasized that
the “New Economy” needed people with changed knowledge and skills as
information and ideas were the key to it. Old business models that emphasized
fixed assets, working capital and economies of scale had become increasingly
vulnerable to nimbler organizations that employed new technologies to reduce
costs. Companies would thus need to undergo radical transformation in doing
business as the basic methodologies and strategies for doing normal business
had changed. Companies had to focus more on managing information than on
physical assets. This called for the creation of skilled and trained personnel to
power the system, as people not machines would drive this revolution.
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4. Election of officers

8. The Seminar unanimously elected the following officers: Mr. Jawalaksana
Rachpaetayakom, Thailand, as Chairperson, Mr. Inuk Chung, Republic of Korea,
and Mr. Y.K Sharma, India, as Vice-chairpersons, and Mr. Saifur Rahman
Usmani, Pakistan, as Rapporteur.

5. Agenda

9. The Seminar adopted the following agenda:
1. Opening of the meeting
2. Election of officers
3. Adoption of the agenda
4. Forecasting and planning of human resources for information

technology
5. Management of human resources development for information

technology
6. E-commerce needs for human resources development
7. Country experiences in human resources development for

information technology
8. Formulation of recommendations
9. Field trips to selected HRD centres for information technology
10. Adoption of the report
11. Closing of the meeting

B. Summary of the proceedings

10. The Seminar had before it the following two documents: (1) Forecasting
and planning of human resources for information technology (item 4 of the
agenda); and (2) Management of human resources development for information
technology (item 5 of the agenda). In addition, a presentation was made on “E-
commerce needs for human resources development”.

1. Forecasting and planning of human resources for information
technology (Item 4 of the Agenda)

11. Two categories of commonly used human resources forecasting
methodologies based on the use of past data were examined. Methods that do
not rely on the past data include employer’s survey, international comparisons,
and labour market signal analysis. On the other hand, examining of the past
trend is the basis for labour-output ratios approach or input-output analysis.
Though some advanced countries use sophisticated macroeconomic modelling
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techniques for workforce forecasting, these techniques also rely on parameter
estimates extracted from past economic data.

12. There is no perfect method in forecasting the workforce demand, especially
for IT. The availability of suitable data is a precondition for applying the methods
based on past trends to forecast the future. However, the dynamic nature of IT
suggests that the most reliable and detailed data of the past would be of limited
use. On the other hand, methods without the availability of past data have to
rely on subjective opinions, and using them for long-term forecasting would be
cumbersome. Therefore, it is desirable to use a methodology based on a
combination of the two approaches for forecasting and planning of human
resources for information technology.

2. Management of human resources development for information
technology (Item 5 of the Agenda)

13. The regional review paper on management of human resource development
for information technology tried to characterize the current global scenario as
growing market for information and communication technology (ICT) products
and services, explosive growth of e-commerce and widening gap between
demand and supply of qualified human resources for IT in terms of quantity,
quality and specialization. The paper noted that the countries in the Asia-Pacific
region are uniquely placed to bridge the global gap in human resources for IT,
provided systematic planning and action are undertaken to create the requisite
human resources in the region. It also identified some critical problems – such
as non-availability of qualified trainers and teachers, lack of adequate
infrastructure and access to educational materials – as serious impediments
towards achieving this end.

3. E-commerce needs for human resources development
(Item 6 of the Agenda)

14. In the emerging global economy, where IT is rapidly demolishing national
and international barriers, the potential of IT and e-commerce in channelling
the opportunities from across the globe is well understood. With the possibility
of opportunities being made accessible more equitably for an increasingly large
population in all corners of the world in the shortest possible time, IT and e-
commerce have demonstrated beyond doubt their high significance for economic
development and may give developing countries the chance to leapfrog into the
future instead of following the gradual path of development.

15. The explosion of e-commerce has spawned the concept of the new economy
as something distinct from the old economy. This has two dimensions: a sectoral
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shift from manufacturing to services, and a shift in production factors from
physical resources to the intellectual resources of knowledge. E-businesses are
the extreme example of a knowledge-based service with minimal physical assets.

16. The development of e-commerce has both direct and indirect impacts on
labour markets and the composition of employment. The rapid growth in e-
commerce is boosting the demand for jobs in e-businesses and driving widespread
changes in the labour market, shifting the composition of workers required to
produce and deliver a product or service. Faster rates of innovation and diffusion
may also be associated with more turnover of jobs. In such an environment, it
is important that employees have the opportunity to learn new skills and that
the policies do not prevent the swift reallocation of labour to the changing needs
of the economy.

17. While developing nations face major challenges in introducing and
developing e-commerce for their internal as well as external trade, related issues
such as technology, infrastructure, legal system, management and security
warrant coverage. The availability of high levels of skills of labour force and
management appears to be of critical importance and require concerted efforts
of all stakeholders, particularly, governments, the private sector and international
organizations.

4.  Country presentations (Item 7 of the Agenda)

18. Representatives of the participating countries presented the current human
resources situation in IT industry in the respective countries and detailed the
steps taken to deal with the shortage of qualified human resources in the IT
sector. A summary country reports is provided as annex to this report.

19. The Seminar also noted with appreciation the experiences and comments
of UNDP and UNESCO during the deliberations. Summary of their presenta-
tions are also included in the annex to this report.

C. Recommendations of the seminar

20. The Seminar made the following recommendations on the Management of
human resources for IT for further follow-up action:

(a) A comprehensive system needs to be established for assessment and
dissemination of information on the demand for and supply of human
resources for IT in each country and for the region.

A proper assessment by national governments of the demand-supply
gap in human resources for the IT sector at suitable periodic intervals
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(say every 2-3 years) is absolutely essential. In this context, the
classification of IT workers needs to be reviewed on a regular basis,
keeping in view the changing technology and the consequently changing
nature of demand. Certain standards could be evolved on a regional/
global basis by international bodies/organizations like the ESCAP and
UNDP for the purpose of classification and forecasting. Such
assessments need to integrate government, industry and academic
perspectives and resources.

Dissemination of demand and supply of information on the basis of
such assessments is essential since it would form the basis for action,
not merely for governments, but also for the industry – both the IT
industry and the IT training industry – which has blossomed into an
industry in its own right. It could also be the reference mark for national
and regional level initiatives. Such information could be kept in the
public domain through the Internet.

(b) As private sector initiatives in creation of human resources for IT are
critical at all levels, close integration needs to be brought about between
private sector, governmental and academic institutional initiatives to
fill the demand-supply gap.

The formal education sector, including continuing education, has
traditionally been viewed as a social sector. The cost and the rapidly
changing profile of IT education and training requirements strongly
point towards the need for private sector investment and initiative to
supplement government efforts. Present global trends in the demand
and growth of the IT training industry also clearly underline the need
to integrate private sector initiatives into the mainstream of IT education,
including retraining of existing workers. Liberalization of the education
sector accompanied by suitable safeguards to ensure quality is
recommended.

(c) Collaboration between partner countries at a regional level needs to be
fostered in the creation and dissemination of high-quality interactive
digital content for IT/non-IT and IT-enabled education. Such
collaborations may also cover training of teachers/facilitators in the
use of interactive digital training material.

The shortage of qualified human resources for IT has also resulted in
an acute shortage of faculty members for IT education and training.
This is a major constraint in ramping up supply in every country.
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Hence, there is a need to place a greater emphasis on information
and communication technology-based education and training. Digital
interactive content, by its very nature, is reusable and can be made
available at any location through telecom networks or physical media.
It is not necessary for each country to undertake the entire task
independently and a collaborative effort can benefit all countries. Each
country would still need to customize the content in terms of language,
etc. Further, training of teachers/facilitators in the use of such material
is as critical as creating digital content. Willing partner countries and
institutions could be identified for this purpose. A pilot project for this
purpose could be undertaken on a regional basis by international bodies
such as ESCAP.

(d) Special programmes need to be drawn up by countries to ensure that
the spread of IT education and opportunities reach women, youth,
and disadvantaged groups such as the rural poor and disabled persons.

The social and equity dimensions of the spread of IT education, and
thereby IT opportunities, are very important. The experiences of many
countries show that the use of IT can have a significant impact in
reducing disparities and increasing opportunities for development. Plans
for increasing the spread and reach of IT education and IT-based
education need to ensure that such groups are adequately addressed
through specially designed programmes.

(e) A regional forum needs to be created for sharing experiences in policies,
strategies and innovations for management of human resource
development for IT in a fast-changing scenario.

The need to evolve new methodologies, which go beyond the traditional
formal education system in each country, for tackling the demand-
supply gap in human resources for IT indicates the necessity for faster
dissemination of successful examples – for instance, in attracting and
integrating private investment, in raising quality standards, etc. The
fact that the market for human resources for IT has now become
global and country-wise planning has serious limitations is another
factor necessitating regular regional interaction. A regional forum,
perhaps under the aegis of an agency such as ESCAP or UNESCO,
could serve this purpose. The forum could also use technology options
like websites, linkages to national websites, video-conferencing, etc.
to maximize speed, efficiency, breadth of participation and frequency
of interaction, while minimizing costs, lead-time and logistical problems.
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D. Field trip

21. The participants of the Seminar expressed their appreciation to the officials
in the Korea Information Society Development Institute (KISDI) for arranging
a field trip to the Human Resources Development Centre of Korea Telecom in
Tejon Science Park.

E. Adoption of the report

22. The Seminar unanimously adopted the report on 7 September 2000.
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Annex: Summary of Country and Organization Reports

China

The development of high-tech industries, especially electronics and
information industry, is one of the main factors for rapid growth of the economy
in recent years in China. As a developing country, which has a large population
and relatively lags behind in education, China is faced with a serious shortage
of qualified IT personnel. Based on its current employment pattern, 570,000
new technical professionals will be needed in IT field during 2000-2001. The
Chinese government should adopt some new measures to improve public
education by attracting private investment and expand non-compulsory education
run by private organizations. Technical training and continuing education for
the employees, provided or supported by enterprises, should also be encouraged.

India

The overall objectives of human resources development plans for
information technology in India are to cater to IT industry’s needs for its export
and domestic market growth projections for the next eight years, and to act as
a driving force for taking the benefits of IT to the masses. At present, 1,270
engineering institutions are producing 131,000 graduates and post-graduates in
IT-related disciplines. The present strength of IT professionals in India is
340,000. This number is expected to grow to 2.2 million by 2007 out of which
1.1 million are expected to be in the hardware IT industry and remaining 1.1
million in IT-enabled business sector. Indian government is planning major
initiatives to strengthen IT education at various levels, including in schools.

The private sector is playing a significant role in IT education in formal as
well as non-formal sectors. It is expected that Indian IT industry will play a
more prominent role in formal IT education, and to assist in retaining the high
quality of IT education in the country. India is preparing itself in a well-planned
manner to not only cater to the domestic needs of IT professionals, but also to
address the demand in other countries for Indian professionals.

Indonesia

The Indonesian government through the Directorate of Higher Education
has been developing IT-oriented education facilities. An education curriculum
devoted solely to IT is currently rare, although there are diploma- and graduate-
level courses that contain IT programmes. The rapid development of the IT
sector has prompted the setting up of several private institutions to develop
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human resources for IT, though most such institutions are not of adequate
quality standards. There are some institutions that conduct internationally
recognized courses. Human resources development in the private sector takes
one of the two following routes: vendor training or in-house training. There
appears to be a marked reluctance to provide training in skills – including IT
skills – that increase the opportunities for inter-firm mobility of technical staff.

As educational institutions that work seriously to address IT human
resources demand are limited in number and resources, concerted efforts are
urgently needed to accelerate HRD. The operations of IT networks and centres
for human resource development in IT need to be monitored closely, and
international cooperation needs to be solicited for the development of content,
quality and infrastructure.

Kyrgyzstan

Human resources development (HRD) for information technology is an
important direction for further social and economic transformation in Kyrgyzstan.
The basic telecommunication and network infrastructure has been created within
the country. State administrative computer network has increased efficiency
and transparency of government, and increased computer skills of civil servants
through training. Academic research and educational networks are currently
being implemented in Bishkek City. For strengthening HRD in IT, an IT centre
will be established in Bishkek in the near future. A national policy on HRD for
IT needs to be developed and adopted in the programme of the World Bank’s
comprehensive development framework for Kyrgyzstan for a period of ten years.
It would help promote the development of information society in Kyrgyzstan.

Malaysia

Malaysia is preparing to be part of the information age society in the new
millennium by transforming itself into a knowledge-based economy. In this
context, information technology and multimedia form a unique enabling tool to
support the growth of economy and to enhance quality of life. The country
anticipates a rapid acceleration of IT applications in all economic sectors, with
a significant impact on the recruitment of IT and related personnel. Therefore,
the policy focus of the Malaysian human resources development is to develop
IT culture in Malaysian society. The education and training delivery system
will be expanded not only to produce highly qualified and technically competent
workforce, but also to provide training and retraining opportunities to the existing
workforce. This would enable IT-literacy in the country and help in meeting
the vision of Malaysia becoming an IT-based and knowledge-based economy.
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Mongolia

The Government of Mongolia considers development of information
technology as a key factor to foster economic development. The objectives of
the information and communication technologies development concept are to
develop a society based on knowledge and intellectual potentials and to improve
the quality of people’s lives. Currently, there are four Internet service providers
in Mongolia. In June 2000, an Internet network for education, science and
culture was established.

The interest to explore and gather knowledge on IT has been growing fast
in offices and homes. For the 1999-2000 academic year, there were 1,204
students studying IT programmes at the universities and colleges, of which 498
were new entrants. Opportunities to get desired job are increasing for holders
of a graduate or post-graduate degree in computer software. Universities and
institutions have started to offer post-graduate degrees in computer science
and related disciplines. However, the current number of graduates is not
sufficient to fulfil existing needs. Private companies in Mongolia have started
to implement e-commerce applications such as e-banking and e-commerce. In
this regard, the issue of human resources development will become prominent,
with emphasis on technical professionals and public out-reach.

Myanmar

The history of teaching of computer science began in 1973 at the University
Computer Centre (UCC) in Yangon, which offered post-graduate degree and
diploma courses in computer science. In 1996, UCC became the University of
Computer Studies at Yangon and the University of Computer Studies at
Mandalay was established in 1997. These two universities together offer several
undergraduate diploma, graduate degree and post-graduate degree courses in
computer science and technology.

Today, Myanmar is seriously implementing IT as a vital part of the National
Development Plan and is analysing the state of IT in the country to lay down
an IT Master Plan. To facilitate the systematic development of IT, the
government promulgated the Myanmar Computer Science Development Law,
under which several organizations were established to promote computer
awareness and spread of IT.

Both public sector and private sector entities use computers extensively,
creating a great demand for trained IT personnel. Even the two Universities of
Computer Studies are facing shortage of teaching staff, although the IT training
courses conducted by private computer training schools are currently producing
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about 3,000 certificate holders each year. In 1999, a private computer company
and the Ministry of Education jointly established a training centre for IT courses.
The centre has already trained 400 persons in four basic courses and 100
persons in two advanced courses.

Pakistan

The Government of Pakistan is giving high priority to the promotion of
information technology in the country, and the IT policy promulgated recently
focuses on human resources development (HRD) for IT and software export.
The government is playing the role of an enabler, facilitator and coordinator for
the private sector. Liberal funds have been allocated for HRD, and about 100,000
persons will be trained additionally by the end of the current year. Software
export is expected to grow from US$50 million to US$200 million by the end of
the year. A massive IT awareness programme has been initiated. Banks and
direct foreign investors are extending loans to private sector ventures, and
intellectual property is accepted as collateral for extending credit facility. The
private sector is doing well in the field of training (70 per cent of the training is
being provided by the private sector), education, software export and medical
transcription business. About 40,000 data entry operators are being trained by
private institutions, with the financial sponsorship of the government.

The government has earmarked US$80 million during the current financial
year for the promotion of IT and the estimated investment by the private sector
is US$1 billion. The government is planning to set up six IT universities, one
virtual university for distance education and six IT parks. Internet facilities
have been extended from 13 to 300 cities/towns recently, and access charges
have been reduced drastically. All private sector schools provide IT education,
while such education in government schools is being facilitated with the help of
the private sector. Major databases of national importance are being established.
Scholarships and stipends are being given for higher studies. The
telecommunication network is being updated/replaced. Legislation for security,
intellectual property rights and e-commerce is being carried out.

Republic of Korea

As of 1999, the employment in IT and related industries in the Republic of
Korea was about 560,000, and it is expected to grow to 700,000 in 2003, at the
annual growth rate of 4.4 per cent. The number of people with IT occupations
was estimated to be about 1 million in 1998, and expected grow to 1.43 million
in 2003. However, the supply of new IT workers is not expected to match the
increasing demand, resulting in substantial skills shortage.
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The Government of the Republic of Korea has responded to this challenge
by investing heavily in human resources development for IT. From 1998 to
2000, the Ministry of Information and Communication invested nearly US$270
million to promote IT education, both in terms of quantity and quality. Although
the private sector is also making significant efforts to tackle the problem, its
role needs to be expanded to meet today’s fast-changing requirements for IT
skills. In this respect, it is recommended that the government should make
efforts to create a harmonized system for IT education, incorporating both
public and private initiatives.

Thailand

Globalization is a continuing process that can be a powerful force for growth.
Together with the new information technology, globalization can help nations
and communities leapfrog the stages of developments. There have been several
initiatives in the preparation for human resource development in information
technology in Thailand. In public service, the office of the Civil Service
Commission has studied the improvements in position/classification, especially
of IT personnel. Forecasting workforce demand in science and technology has
been attempted. Several surveys on supply and demand in IT-related occupations
show a severe shortage of IT workers in Thailand.

Last year, the Cabinet agreed upon the proposal of the National Information
Technology Committee (NITC) to appoint a Chief Information Officer (CIO)
for every department. A training course had been arranged for the CIOs, and
a network created for them. While Internet users are increasing rapidly, projects
such as SchoolNet, Government Information Network, Electronic Data
Interchange and Software Park have been started. IT-related laws have been
reformed to enable e-commerce. In view of the shortage of IT workers, IT
education needs to be promoted. There is a training need for the teachers and
trainers who can improve the quality of IT education.

UNDP

The new information gap – the ‘digital divide’ – is real and growing. The
International Telecommunications Union estimates that 96 per cent of Internet
host computers reside in high-income nations. Recognizing the serious challenge
posed by the information and communication technology (ICT) revolution and
the ‘digital divide’, UNDP has defined the issue as one of the its most urgent
priorities in connection with the world poverty reduction. UNDP also strongly
believes that education is the main ingredient for making ICT work for
development. Any government that wants to be part of the ICT revolution has
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to be committed to spreading literacy and some basic ICT knowledge across
society. To help bridge the ‘digital divide’ in the age of globalization and ICT,
the United Nations Secretary-General proposed the creation of an Information
Technologies Volunteer Programme under the name “United Nations Information
Technology Service” (UNITeS), and the United Nations Volunteers (UNV) – a
sister organization of UNDP – has been called upon to help coordinate a
consortium of ‘high-tech corps’ programme that will train people and institutions
in developing countries on the uses and opportunities of the Internet and other
ICTs for development and poverty reduction worldwide. UNV is already
responding to the challenge of the widening information gap through a
“Connecting to People” strategy, based on the perceived massive ICT capacity
building needs in the developing world. UNV intends to develop synergies with
each UNDP country office to provide UNITeS with an unmatched institutional
network that covers the world.

UNESCO

Management of human resources cannot be considered in isolation, and
must take into account the environment in which the information professionals
operate, as it can obviously have a profound impact on the nature of training
and educational programmes. UNESCO has carried out a number of meetings,
missions and training programmes within information technology (IT). First the
Internet conference in Bali last year, then the awareness seminars in Lao People’s
Democratic Republic and the missions to Cambodia to identify needs within IT
(for engineers), and lastly several training of trainers courses in information
education in the Asia-Pacific region. Community multimedia centres are people-
oriented, community-owned, development support facilities that bring together
in a novel manner two areas in which UNESCO and other development partners
already have a well-established track record – long-standing involvement with
community radio and more recent involvement with the multi-purpose community
tele-centre. The combination of local radio by local people in local languages,
with IT applications in a wide range of social, economic and cultural areas,
ensures that IT is genuinely an enabling technology for all members of the
community. The strategies employed by UNESCO for managing human resources
development are to provide prospects for cooperative development. As UNESCO
is not a funding agency, it can only arrange for pilot projects to try out original
ideas. UNESCO also contributes seed money for electronic equipment and
provides evaluation devices.
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II. FORECASTING AND PLANNING
HUMAN RESOURCES FOR

INFORMATION TECHNOLOGY 1

Executive Summary

The purpose of this study is to create a policy maker’s guide for forecasting
and planning human resources for information technology (IT). It was prepared as
a background paper for the Seminar on Human Resources Development in
Information Technology, held on 5-7 September 2000, in Seoul, Republic of Korea.

Methodology of human resources forecasting and planning for
information technology

The first step for IT human resources planning is to determine which jobs
are classified as ‘information technology occupations.’ However, this task is
not simple, as IT occupations vary enormously in required skills and penetrate
virtually every sector of society.

Selection of a particular method for the classification of IT workers should
be based on the research goal and data availability. For example, if the goal of
the research is to investigate the possibility of a current shortage in IT skills and
the need for an immediate policy response, then classifications directly relevant
to IT skills would be more useful than standard schemes such as ISCO-88. As
for the scope of IT workers, broader definitions such as ‘IT-related occupations’
would be appropriate if the goal is to examine the overall impact of IT on a
skilled workforce. If the target were to devise education policies for building a
critical IT workforce, then the use of narrower definitions such as ‘core IT
workers’ would be more desirable.

Commonly used workforce forecasting methods can generally be classified
into two categories based on the utilization of past data. Methods that do not
rely on past data include employer’s survey, international comparisons and
labour market signal analysis. In contrast, examination of the past trend is the
basis for the labour-output ratios approach or input-output analysis. Some
advanced countries use sophisticated macroeconomic modelling techniques for
workforce forecasting, but these techniques also rely on parameter estimates
extracted from past economic data.

1 This paper was prepared by Mr. Namhoon Kwon, consultant to the International Trade
and Industry Division, ESCAP.
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There is no one perfect method for forecasting workforce demand, especially
for IT. The availability of suitable data is a precondition for applying the methods
based on past trends to forecast the future. However, owing to the dynamic
nature of IT, even the most reliable and detailed data of the past would be of
limited use. Yet, methods without the availability of past data have to rely on
subjective opinions that could prove cumbersome long-term forecasting.
Therefore, a methodology that combines the two approaches would be most
desirable for different applications.

Results of human resources forecasts for policy formulation

To formulate human resources development (HRD) policies from workforce
forecasts, it has to be ascertained whether the predicted imbalances are significant
in the economic sense. Interpretations will vary depending on the policy goals
and the detailed results available. If the policy goals are to reduce inefficiencies
that arise when the market fails to adjust, then adopting a cautious approach
will avoid introducing even more disturbances into the market. By contrast, if
the goal is to meet the workforce requirements of a target level of IT development,
a slightly more aggressive approach can be adopted. However, policy responses
should be different when addressing the shortage or the surplus of labour, since
a shortage in IT workers is known to be more harmful than a surplus. Lastly,
imbalances in high-qualification IT workers should be taken more seriously
compared with mid-to-low level workers, since highly qualified workers are
harder to replace and take longer time to train.

Given that policy goals are set and the proper interpretations of the forecast
results made, policy-makers need to set appropriate strategies for IT human
resources development. Policies need to be categorized depending on whether
they have a short or long lead-time. If there is no imbalance in the labour
market in the short term but expected in the long term, then policies with longer
lead-time should be implemented first. Policies with a short lead-time may be
considered later, especially if they are costly. If the situation is reversed, and
the prevalent shortage not expected to last long, then some of the policies with
longer lead-time should be implemented, though with caution.

Experiences of the Republic of Korea

The method used for forecasting the Republic of Korea’s IT workforce
demand is based on sophisticated macroeconomic modelling. Some errors,
however, are inevitably introduced because of the lack of well-defined data.
The supply of IT workforce is measured using educational statistics and
compared with the demand to assess the capacity of the current education
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system. Despite some limitations, the results were found to be reasonable enough
to be used as a basis for formulating the country’s HRD policies for IT.

As of 1999, the employment in the information, communication and related
industries in the Republic of Korea was about 560,000, or 4.3 per cent of the
total industry employment. In 2003, this number is expected to grow to 700,000,
at the annual growth rate of 4.4 per cent. On the other hand, the number of
people with IT occupation in the Republic of Korea is estimated to be about 1
million as of 1998, and it is expected to grow to 1,430,000 in 2003 at the annual
growth rate of 7 per cent.

Because of the high rate of growth in IT-related employment, the present
shortage in IT skills – mostly shortage in mid-to-high level workers with a
Bachelor’s degree or higher – will continue in the Republic of Korea throughout
the period of 2000-2004. In terms of skill area, there will be a severe shortage
of software workers, as the excess demand for workers with Bachelor’s degrees
or higher is expected to be almost 150,000.

The findings of the IT workforce requirements forecast in the Republic of
Korea have led to active policy responses. In particular, the policies are focused
on increasing IT workforce supply by elevating the number of new workers
and by raising the efficiency in utilizing current workers.

Conclusions and recommendations

Based on the research results, the study makes five recommendations
regarding general HRD planning for IT:

(a) Governments should make efforts to create a comprehensive system
that could track the demand for and supply of IT workers.

(b) Classification of IT workers should be reviewed and refreshed regularly
to reflect the rapidly changing nature of the demand.

(c) Governments should actively disseminate information on the market
for IT workers and boost public awareness on IT career and training
opportunities.

(d) Efforts should be made for better links between the industry IT
education and training system to increase the flexibility of the IT labour
market.

(e) Governments should assess the country’s needs for higher education
in IT and set up a long-term plan to meet the future demand.

The following recommendations are specifically made for the countries in
the Asia-Pacific region:
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(a) Countries need to regularly share their knowledge and experiences
about HRD planning and practices for IT.

(b) Exchanges of teachers, training methods, and curricula for IT between
countries should be also encouraged.

(c) Countries need to keep track of IT worker flows inside and outside
the region, and cooperate for the better utilization of the workforce at
the regional level.

A. Introduction

Information technology (IT) is transforming the world. A major shift in the
way we live, learn and work has already begun with the arrival of the information
society: students use computers at home and school to do homework;
governments supply information and services on line; and businesses and
consumers make transactions through the Internet. This phenomenon is evident
not just in the advanced countries such as the United States of America but is
rapidly spreading across the globe. As of June 2000, the worldwide on-line
population is estimated to be almost 333 million (Nua Research 2000).

The construction of the information society, however, cannot be done
without active governmental involvement in the creation of an information
infrastructure and the reformation of the education system. In particular, human
resources development (HRD) is seen throughout the world as crucial to the
development of information-based economies and the achievement of global
competitiveness. The current worldwide shortage of skilled IT workers only
adds to the seriousness of HRD, especially in countries such as the United
States of America and Germany where there is global competition to attract
such workers.

This poses a serious challenge for developing countries that want to keep
pace with the forerunners without lagging too far behind in the race towards the
knowledge-based economy. This is particularly so for many developing countries
in the Asia-Pacific region, where the information society remains a distant vision.
For example, as of spring 2000, the Internet penetration rate for developing
countries in Asia is estimated to be 10 per cent, whereas for North America it is
41 per cent, according to a study by Roper Research.2

Therefore, based on these observations, this report attempts to create a
policy maker’s guide for forecasting and planning human resources for

2 “Global consumers gaining mastery of PC and Internet, country study shows”, Roper
Research press release available at http://www.roper.com/news/content/news204.htm.
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information technology. To do so, in the next section, the modern methods of
workforce forecasting are reviewed and the most appropriate methods for HRD
planning for IT are analysed. Propositions are then made on how to formulate
policies based on the predicted results. Section D is a review of the experiences
of Republic of Korea as a benchmark study. Lastly, in section E, conclusions
are made with recommendations for policy-makers.

B. Methodology of human resources forecasting and
planning for information technology

1. Who is an IT Worker?

The first step for IT human resources planning is to determine which jobs
are classified as ‘information technology occupations’.3  This, however, is not a
simple task. As Freeman and Aspray (1999) noted:

“[IT occupations] vary enormously in the technical and other skills
required for the job. These jobs are not located solely in the IT
industry (the industry whose primary business is to make and sell
IT devices, software, services and systems), and they do not always
involve the design and creation of information technology artefacts.
Instead, they are distributed throughout virtually every sector of
society, including government, all sectors of industry and most
non-profit organizations; and they may involve many people who
propose, implement, enhance and maintain systems that rely upon
information technology. Not every job in an IT company is
necessarily IT work (Are the janitors at IBM IT workers? We think
not). Many jobs involve some contact with information technology,
not all would be considered IT jobs; otherwise, this category would
soon become so large as to be useless.”

3 In fact, the term ‘information technology’ itself does not have a clear definition and scope.
It usually refers to computer-based devices and software, but this is not always clear-cut as
computers are being embedded into almost every type of machinery. On the other hand, development
of the Internet has made ‘communications’ as an integral part of information technology. Therefore,
some countries use the term ‘information and communications technology (ICT)’, ‘information
technology and telecommunications (IT&T)’ or ‘information and communication (I&C)’, instead
of just ‘information technology (IT).’ Although there would be some distinctions among them,
these terms are considered interchangeable in this study since they imply similar sets of skills in
terms of HRD. However, when the reference is to ‘industries’ and not to ‘occupations,’ the
conventions of each country are followed.
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For example, if we follow the classic definition of Porat (1977), ‘information
workers’ include not only those who operate information machines and
technologies but also those who produce, distribute, coordinate and process
knowledge. This is certainly too broad a definition, as it includes even architects,
therapists, cashiers and salespersons.

Currently, there does not seem to be a commonly accepted definition for
IT workers. However, the following definition by the Governor’s Commission
on Information Technology (1999) for the State of Virginia, the United States
of America, is found useful:

“In its broadest sense an Information Technology job involves the
creation, storage, exchange and/or use of information through
technological means. More specifically, it encompasses occupations
that require designing and developing software and hardware systems;
providing technical support for computer and peripheral systems; and
creating and managing network systems and databases.”

The Department of Commerce of the United States, which has produced
several reports on IT workforce, adopts two separate definitions: core IT workers
and IT-related occupations. The former includes four occupations that are
deemed critical in the development of information technology and are also at
the centre of the IT skill shortage issues – computer scientists, computer
engineers, systems analysts and computer programmers (see box II.1). In
contrast, the latter includes 22 occupations that utilize IT intensively or are
closely related to the IT industry (table II.1).

Titles of these occupations are based upon the Standard Occupational
Classification (United States Department of Commerce 1980), which is different
from the ISCO-88 scheme (ILO 1990) whose variants are adopted by most
countries. Therefore, some adaptations are needed to perform similar analysis
using the ISCO-88 scheme.

It should be noted that even the most discrete level of classification in the
ISCO-88 has only 390 job categories. However, sorting out IT-related
occupations often requires further sub-division of categories, though in many
countries such detailed data are either unavailable or unreliable. With this caveat,
the IT-related occupations are selected from the ISCO-88 scheme as shown in
table II.2.
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Box II.1. Descriptions of Core IT Workers

Computer Scientists

Computer scientists generally design computers and conduct
research to improve their design or use, and develop and adapt
principles for applying computers to new uses. They are distin-
guished from other computer professionals by the higher level of
theoretical expertise and innovation they apply to complex problems
and the creation or application of new technology. Computer
scientists employed by academic institutions work in areas ranging
from theory, to hardware, to language design. Some work on multi-
disciplinary projects, such as developing and advancing uses for
virtual reality. Computer scientists in private industry work in areas
such as applying theory, developing specialized languages, or
designing programming tools, knowledge-based systems, or
computer games.

Computer Engineers

Computer engineers work with the hardware and software aspects
of systems design and development. Computer engineers may often
work as part of a team that designs new computing devices or
computer-related equipment. Software engineers design and
develop both packaged and systems software.

Systems Analysts

Systems analysts use their knowledge and skills in a problem solving
capacity, implementing the means for computer technology to meet
the individual needs of an organization. They study business, scientific,
or engineering data processing problems and design new solution
using computers. This process may include planning and developing
new computer systems or devising ways to apply existing systems to
operations still completed manually or by some less efficient method.
Systems analysts may design entirely new systems, including both
hardware and software, or add a single new software application to
harness more of the computer’s power. They work to help an
organization realize the maximum benefit from its investment in
equipment, personnel, and business processes.
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Table II.1. IT-related occupations in the Standard Occupational Classification

Engineers, science, and computer Electrical and electronics engineers
systems managers Computer engineers

Database administrators Computer support specialists
Systems analysts All other computer scientists
Computer programmers Electrical and electronics technicians
Broadcast technicians Duplicating, mail and other office
Computer equipment operators machine operators
Data processing equipment repairers Billing, posting, & calculating
Communications equipment operators machine operators
Electric power line installers and repairers Data entry keyers
Telephone and cable TV installers Electronics repairers, commercial

and repairers industrial equipment operators
Central office and PBX installers Electrical and electronic equipment

and repairers assemblers, precision
Electromechanical equipment assemblers, Electronic semiconductor

precision processors

Source: United States Department of Commerce, 2000.

Box II.1. (continued)

Computer Programmers

Computer programmers write and maintain the detailed instructions,
called “programs” or “software,” that lists in logical order the steps
that computers must execute to perform their functions. In many
large organizations, computer programmers follow descriptions
prepared by systems analysts who have studied the task that the
computer system is going to perform. The transition from a
mainframe to a primarily PC-based environment has blurred the
once rigid distinction between the programmer and the user.
Increasingly adept users are taking over many of the tasks
previously performed by computer programmers. A growing
number of sophisticated software packages allow users and
systems analysts to write programs.

Source: Bureau of Labour Statistics, United States Department of Labour, adapted
from Meares et al. , 1999.
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Table II.2. IT-related occupations in ISCO-88 classifications

Computer professionals Computer systems designers and analysts (2131)
Computer programmers (2132)
Computing professionals not elsewhere

classified (2139)

Computer associate Computer assistants (3121)
professionals Computer equipment operators (3122)

Office clerks Word-processor and related operators (4112)
Data entry operators (4113)
Calculating-machine operators (4114)

Electronics and Electronics and telecommunications
telecommunications engineers (2144)
technologists Electronics & Telecommunications engineering

technicians (3114)

Mechanics, operators Broadcasting & telecommunications equipment
and assemblers operators (3132)

Electronics fitters (7242)
Electronics mechanics and services (7243)
Telegraph & telephone installers and

services (7244)
Electrical line installers, repairers, and cable

jointers (7245)
Electronic-equipment assemblers (8283)

IT-related managers, etc. Production & operations department managers
in transport, storage and communications

(1226)
Production & operations department managers
in business services (1227)
Computing & services department managers

(1236)
General mangers in transport, storage and

communications (1316)
General managers in business services (1317)
Librarians and related information professionals

(2432)

Table II.2 suggests probably the most feasible way of identifying IT
occupations from the standardized job classifications. However, these
occupations are too diverse in their characteristics, and there is no yardstick to
separate IT workers from other kinds of workers who sometimes use information
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technology in their jobs. Freeman and Aspray (1999) suggest an alternative
criterion by considering ‘whether certain jobs require IT knowledge or domain
knowledge’ (figure II.1).

Figure II.1 provides a useful tool for conceptualizing IT workers. For
example, each IT-related occupation is located at a single point on the graph. As
one moves from left to right, the occupations require increasing amounts of IT
knowledge, while moving upwards requires increasing amounts of domain
knowledge (knowledge of business practice, or other kinds of knowledge
particular to an application domain).

However, if there is no need to rely upon the pre-existing job classifications
of the government survey data, a more flexible definition of IT workers can be
applied. Such flexibility is particularly beneficial for the private sector, for which
maintaining historical consistency of data is not quite as important as obtaining
detailed information for the current market.

Therefore, most privately funded research works generally adopt their own
definitions of IT workers. For example, IDC (2000), in its study on IT skills
shortage in Western Europe, classified IT workers according to their technological

Source: Freeman and Aspray, 1999.

Figure II.1. Distinguishing IT workers from IT-enabled workers
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specialties: Internet-working, host-based, distributed, applications and
technology-neutral. Meta Group (2000) also adopted a similar approach. On
the other hand, ITAA (2000) used the concept of “career clusters” based upon
NWCET (1999) research on IT skills standards. It classified hundreds of IT
jobs into eight clusters according to their role and skill requirements. These
classifications are presented in table II.3.

Table II.3. IT career clusters based on skills standards

• Database administration and • Programming/software engineering
   development Software engineer
Data analyst Software tester
Database administrator Software application specialist
Database developer Software development engineer
Data architect Programmer/Analyst
Data modeller • Technical support
Knowledge architect Technical support representative

• Digital media Customer service representative
Animator Help desk technician
2D/3D Artist PC support specialist
Virtual reality specialist Sales support technician
Multimedia author  Maintenance technician
Media specialist • Technical writing
Media/instructional design Technical writer

• Enterprise systems analysis Document specialist
  and  integration Electronic publication
Systems analyst    specialist
Systems integrator Technical publication
E-commerce specialist    manager
Data systems manager • Web development and
Infrastructure analyst    administration
Chief information officer Web page developer

• Network design and administration Web site developer
Network technician Webmaster
Network engineer Web administrator
Network operations analyst Web designer
Data communications analyst
Network architect

Source: NWCET, 1999.

With such a diverse array of classification systems, how can one choose
among them? Part of the answer is dependent upon research goal and data
availability. For example, if the goal of the research is to investigate the possibility
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of a shortage in IT skills with an immediate policy response, then the use of
general-purpose databases may not provide the proper definition of IT workers.
In some cases, properly defined data may not exist at all. Moreover, if the goal
is to examine the overall impact of IT on a skilled workforce, then broader
definitions such as ‘IT-related occupations’ would be appropriate for the scope
of IT workers. However, if the target is building a critical IT workforce, then the use
of narrower definitions such as ‘core IT workers’ would be more appropriate.

2. Methods of forecasting and planning human resources for IT

(a) Traditional approaches in workforce forecasting

This section briefly reviews some of the well-known methods of workforce
planning, which has been used as a major policy tool in many countries over the
past several decades. This is only natural since human resources forecasting
and planning for IT is just a special form of workforce planning.

The following review is based extensively on several survey articles including
those of Hinchliff (1987), Psacharopoulos (1987) and Richter (1984). Those
who are interested in the theory of workforce planning methods and their historical
development should refer to the original articles.

(i) Employer’s survey

One of the simplest methods of assessing workforce requirements is to ask
employers to forecast their own levels of employment in the future. What is
appealing about this method is that it extracts information directly from the
employers who create the demand. In addition, as it does not require the know-
ledge of past trends, this method has become popular with less developed countries
that generally do not have well-established databases for local labour market.4

However, this method suffers from several problems. First, the employers’
information is somewhat limited within their corporate boundaries. Therefore,
their forecasts are often based on inconsistent assumptions of future growth
structured on output. With the great variances in the level of attention and effort
across these firms, weighing of individual responses poses another difficulty. A
similar problem may introduce a structural bias when the response rate is higher
for those who are suffering from a labour shortage and hoping for some
government intervention.

4 The designations “developed” and “developing” countries/economies are used for
convenience and do not necessarily express a judgement about the stage reached by a particular
country or area in the development process.
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Despite these problems, the employer’s survey method seems to remain
useful in many circumstances. In particular, for less developed countries, it is
often the only feasible option that generates meaningful forecasts. It is a useful
tool even for developed countries for short-term forecasting or for comple-
mentary studies.

(ii) International comparisons

Use of international comparisons is another popular option for less developed
countries, since the approach does not require well-established data of the local
labour market. The logic behind this approach is that all countries take similar
growth paths, and that one country’s workforce requirements can be judged
relative to the historical path of a more advanced country. Such comparisons
may take the form of either a time series with data from a single country whose
experience is regarded as particularly relevant or the cross-sectional data from a
range of countries.

Limitations of this approach are obvious. There is no reason to believe that
the less developed countries of the present and the more developed countries of
the past share the same common production function since they face very
different economic and technological environments. More fundamentally, the
approach is based on the unlikely assumption that referenced countries have an
optimal workforce structure for growth. The historical data only shows that a
certain type of workforce structure can sustain an economy with a given set of
conditions.

Still, international comparisons are popular among workforce planning
practitioners as a secondary analysis tool. The main reasons for its general
appeal are the benchmarking method employed and the relative ease of use.

(iii) Labour-output ratios

The use of labour-output ratios is the simplest forecasting method that uses
past labour market data based on the basic relationship between labour and
output. Suppose labour is differentiated into several occupational or educational
categories (subscript h). Then,

1
h

h

Y L
b

=

where L
h 
signifies the number of persons with the hth qualification, and b

h

stands for the labour-output ratio, which is derived by observing past labour
employment and output structures. Any increase in the output would materialize
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only if the necessary type h labour would also increase by a given amount.
That is:

1
h

h

Y L
b

∆ = ∆

Once a target level of output is set, the requirements for the corresponding
workforce increases are derived.

In general, b
h
 is unlikely to remain fixed over the years, because of either

the increased productivity or a shift in the distribution of skill requirements.
Therefore, the necessary adjustments are implemented, often by extrapolating
the trends over time.

Several assumptions are implicit regarding the use of labour-output ratios.
First, since input substitutions are impossible, there is only one combination of
inputs that lead to the desired level of output. Second, observed or projected
labour-output ratios should be optimal from a social point of view. Third, there
is nothing in the model for the supply of skills to be generated internally. Labour
productivity changes are also assumed to be exogenous in this model. Finally,
the expansion of one industry does not affect another industry in relation to the
demand for skills.

Although these are somewhat restrictive assumptions, labour-output ratios
are widely used in workforce forecasting. According to Hinchliff (1987), the
method has been used significantly for forecasting requirements in single
occupations requiring high-level qualifications such as engineers, scientists,
doctors and teachers.

(iv) Input-output analysis

An input-output table is a tool that describes the production processes of a
country. It is an accounting scheme concerning the flows of goods and services
across producers, intermediary users and consumers. It takes the form of a
matrix that lists vertically the cost composition of different industries in terms
of added value and intermediate output of other industries, and horizontally the
destination of the output of a given industry to intermediate users and to final
demands.

The usage of the input-output table takes into account the indirect inter-
sector effects on the demand for workforce. This is a significant improvement
over the simple labour-output ratios approach. Yet, they share the same restrictive
assumptions such as no input substitutability.
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(v) Sophisticated macroeconomic modelling

Some of the most advanced countries use sophisticated versions of the
input-output analysis to forecast workforce demand within a framework of
macroeconomic models that describe the overall economy.

For example, the United States of America’s Bureau of Labour Statistics
(BLS) is a specialist agency that produces – using a detailed macroeconomic
model of the United States economy – employment projections by industry,
occupation and state. BLS projections are based on labour productivity
calculations, and the industry-occupation matrix that shows occupational
employment patterns of industries. The size of this matrix can cover as many as
260 industries and 513 occupations, making BLS projections the most detailed
human resources forecast in the world (see box 2).

Australia also employs a sophisticated approach to workforce forecasting.
The MONASH model, a detailed macroeconomic model of the Australian
economy, is used as the basis of the workforce forecasting process. A set of
occupational and industry projections are produced every four years and covers
as many as 112 industries and 340 occupations.

The Netherlands is also known for its refined method for labour forecasting
based on an econometric model. The particular strengths of the Dutch approach
include a strong focus on the flows of workers into and out of the workforce
by skill. Furthermore, the Dutch approach also takes account of the mismatches
between the labour market, educational provisions and qualifications.

The forecasts created from these sophisticated models are used extensively
in these countries and are generally known to have relatively good performance
records. However, the reliability of the model is only as useful as the quality of
data, and poor data can be harmful to the outcome: ‘garbage in, garbage out.’
This and the relatively high cost of research make the approach largely
inaccessible to developing countries.

(vi) Labour market analysis

Each of the forecasting methods reviewed thus far has various weaknesses.
Many researchers claim that these problems are inherent in workforce
requirements forecasting and suggest that the labour market analysis be applied
as an alternative (Psacharopoulos 1991; Adams et al. 1992).

Labour market analysis focuses on detecting ‘signals,’ instead of making a
forecast. For example, a rise in wages or employment opportunities is a signal
of excess demand for the skills involved. Other signals such as unemployment
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rates, job vacancy rates, graduate placements and earnings, application-to-
admission ratios, etc. can all be used to assess the tightness of the labour market
for specific skill groups. A cost-benefit analysis based on the rate-of-return is
used to set priorities for spending on training.

Today, most sophisticated workforce planners conduct at least some type
of labour market analysis. However, this does not necessarily mean that they
are completely abandoning the workforce requirement approach. A reason may

Box II.2. Employment projections by BLS of the
United States of America

The Bureau of Labour Statistics has made forecasts on a medium-
to-long term employment pattern in the United States of America
since 1957. BLS approach is considered one of the most
comprehensive and consistent forecasts, and its results are widely
taken as a reference. Since the early 1970s, projections have been
prepared on a 2-year cycle.

BLS projections are developed in a series of six steps, each of
which is based on separate projection procedures and models,
and various related assumptions. These six steps deal with:

• The size and demographic composition of the labour force;
• The growth of the aggregate economy;
• Final demand or gross domestic product (GDP) sub-divided by

consuming sector and product;
• Inter-industry relationships (input-output);
• Industry output and employment; and
• Occupational employment.

Each component is solved sequentially, with the results of each
used as input for successive components and with some results
feeding back to earlier steps. For more details, refer to the Bureau
of Labour Statistics Employment Projections home page (http://
stats.bls.gov/emphome.htm)

One of the strengths of BLS projections is that forecast results
are available for detailed industries and occupations. This is
particularly useful when forecasts for specific worker groups –
such as IT workers or S&T human resources – are necessary.
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be that the labour market analysis does not provide the necessary quantitative
estimates. More importantly, however, the labour market analysis can only
provide a short-term diagnosis, whereas training of key human resources often
requires long-term planning.

(vii) Other options

There are some other options that workforce planners can take to analyse
the local labour market. The following approaches are especially popular in
developing countries because they are relatively simple, cost-effective and do
not require well-established statistics.

Job advertisements analysis

In some cases, analysing job advertisements in major national newspapers
and other journals can pinpoint supply and demand imbalances, especially in
the higher-skilled occupational categories.

Labour turnover surveys

Simplified and selective labour turnover surveys provide rapid information
on vacancies, hirings, dismissals, resignations and wage trends in occupations
or sectors and thus on relative labour market shortages and surpluses.

Tracer studies

This is to determine whether graduates/trainees found employment in the
occupations they were prepared for and how long it took them to do so.

Key informants surveys

This provides essentially qualitative and descriptive information obtained
through regular, structured questioning of persons with detailed first-hand
knowledge of particular labour markets or segments.

2. Problems of using traditional approaches for IT human resources
planning

A crucial characteristic of the IT sector is its dynamism. However, this
dynamism also imposes considerable limits on workforce forecasting. In many
countries, businesses related to IT have grown by geometric proportions –
often dubbed as the ‘hockey-stick growth’ because the shape of graph describing
the growth looks like a hockey stick. This makes the prediction for IT an
extremely risky business. For example, Table II.4 shows how world-renowned
research firms and organizations estimate and predict the size of business-to
consumer (B2C) e-commerce market in the United States of America. It reveals,
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for 2003, that the lowest and highest estimates are separated by US$87 billion.
To quote the source article, “You’d be better off throwing darts at a spreadsheet.”

Even if it were not for the difficulty of forecasting, IT research abounds
with problems owing to the data unreliability. The difficulty of classifying IT
workers, reviewed earlier in this paper, often makes it troublesome to see the
whole picture from the individual studies that adopt different classification
schemes. In addition, many private studies tend to suffer from a small sample
size problem that reduces credibility.

On the other hand, Freeman and Aspray (1999) noted that even the highly
reliable data sets collected by BLS, NSF and the Department of Education of
the United States of America suffer many problems if they are to be used by
HRD policy-makers. Some of their points are being reviewed below within the
context of this discussion.

First, data sets are generally too outdated to provide useful information on
the IT labour market. It takes time to collect high-quality survey data, to achieve
high response rates, and to clean and analyse data properly. This often makes
the most recent available data up to two years old. Furthermore, many surveys
are not conducted every year. This is especially significant in as rapidly changing
a field as IT where data that are more than a year old may be of limited use.

Second, data sets constructed by government agencies need to maintain
consistency in workforce classification but this may lead to the lack of explanatory

Table II.4. Forecasts for the size of the United States
business-to-consumer e-commerce market

(million $)

1999 2003

Jupiter Communications 14.9 Pricewaterhouse Coopers 60.0
Cyber Dialogue 19.2 Cyber Dialogue 65.6
Emarketer 19.4 IDC 75.0
University of Tennessee 19.8 Jupiter Communications 78.0
Forrester Research 20.2 Emarketer 104.7
Dataquest 20.5 Simba 108.5
The Yankee Group 24.2 The Yankee Group 125.6
IDC 24.2 University of Tennessee 140.2
Simba 25.7 Forrester Research 143.0
The Boston Consulting Group 39.0 Dataquest 147.0

Source: eMarketer, adapted from “The Numbers Game,” Business 2.0, 28 June 2000.
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power for current labour market issues. Likewise, even apparently sound
occupational categories, such as computer programmers, are too broadly defined
by today’s standard. For example, COBOL programmers and Java specialists
are considered as computer programmers even though their skills are not quite
interchangeable, and their demands are widely divergent.

The third point is related to measurement of labour supply. In general, the
forecast of workforce supply has been less of an issue in HRD planning, because
its main purpose is to find out how much education has to be supplied to meet
future workforce demand. Therefore, it is implicitly assumed that the supply of
workforce is not an object that should be estimated but a variable that can be
controlled by policy-makers. This has not been much problem since the supply
of workforce is created mainly through the formal education system such as
high schools and universities. In many countries, especially in less developed
countries, public authorities manage the size of the school education system by
either direct regulation or by controlled subsidies.

However, the supply of IT workforce is increasingly becoming dependent
upon non-degree training such as certificate programmes, short courses and
corporate universities. Generally, these programmes are beyond the control of
public authorities although governments can exert some influence using means
such as subsidies. Moreover, since these training venues have not been important
for national policy in the past, their statistics are generally nonexistent.

3. Which method should be used?

As reviewed so far, there is no one perfect method in forecasting the
workforce demand. The dynamism and complexities of IT sector makes it
more difficult to select the right method. The availability of suitable data is a
precondition for applying the methods based on past trends in order to forecast
the future. However, because of the dynamic nature of IT, even the most
reliable and detailed data of the past would be of limited use. On the other hand,
methods without the availability of past data have to rely on subjective opinions.
Although they could be more accurate in evaluating the contemporary market,
it would be somewhat cumbersome to use them for long-term forecasting.

It would therefore be the most desirable if the methodologies of the two
approaches are combined and used for separate purposes. For example, the
results from employer’s surveys and labour market analysis need to be taken
more seriously in terms of trying to understand the current market state and
short-term forecasts. In contrast, predictions based on macroeconomic modelling
or labour-output ratios are useful in planning for long-term education.
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In cases where conducting major research or national survey is difficult,
other methods such as international comparisons and key informants’ surveys
could provide useful results, and sometimes as good predictions, as any other
sophisticated method.

4. International case studies of human resources forecasting for IT

(a) United States of America

The United States of America has been taking the leading role in the
development of IT. The Department of Commerce (DOC) gives special attention
to the human resources development in IT, mainly because the growing demand
for IT workers is squeezing the labour market since the mid-1990s. Concerns
arose that, unless the shortage of IT workers is resolved, it would eventually
cripple the growth of the United States economy.

According to the Emerging Digital Economy 2000 (United States Department
of Commerce 2000), the most recent version of the series, there were roughly
5.3 million workers with IT-related occupations in 1998. From 1994 to 1998,
employment in IT occupations increased by 22 per cent while over the same
period, the total non-farm employment rose by only 11 per cent. On the other
hand, growth in employment of IT-production industries totalled 5.2 million in
1998 from just 3.9 million in 1992.

These numbers have significantly exceeded the employment projections
for 1996-2006 made by BLS. DOC has relied on BLS projections to produce
forecasts for IT-related employment. According to the Emerging Digital
Economy (United States Department of Commerce 1999), BLS projection shows
that, by 2006, there will be 5.7 million jobs in IT occupations and 6 million jobs in
IT industries. Judging from the current pace, however, these numbers might
have been already reached or will soon be reached. Of course, a revision must
have been made for the new BLS projections for 1998-2008. These new
projections released late in November 1999 are yet to report on the extent of
revision made for IT-related employment. This is another example on how forecasts
based on general-purpose surveys can be outdated to provide any useful results.

On the other hand, the DOC has published two key reports regarding HRD
for IT: America’s New Deficit: the Shortage of Information Technology Workers
(Mitchell et al. 1998) and The Digital Work Force: Building Infotech Skills at
the Speed of Innovation (Meares et al. 1999). These reports also used BLS
projections as the basis for their analysis, but they also conducted various types
of research based on the labour market analysis approach. These reports are
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different from others in that they focused on ‘core’ IT workers.5  DOC
presented three reasons for their focus on core IT workers:

(a) Analysis shows that labour imbalances do not occur in all IT
occupations but only in occupations requiring relatively high IT skills.

(b) Core IT workers can be clearly distinguished by their education and
skills requirements.

(c) The ability to conduct a quantitative analysis is limited by the availability
of data. Several data sources – including BLS data, Current Population
Survey (CPS), and Scientist and Engineer Statistical Data System
(SESTAT) – are available for core IT workers.

Based on BLS projections, DOC calculated that the core IT workers in the
United States of America will grow from 1.5 million in 1996 to 2.6 million in
2006. Among the core IT occupations, the growth rate will be more than 100
per cent for systems analysts, computer scientists and computer engineers,
whereas the growth rate for computer programmers is expected to be only 23
per cent. Therefore, the demand for the highest IT skilled workers will be much
stronger compared to slower growth for computer programmers. Possible reasons
may include: increased use of offshore contracting for code writing; automation
of code writing with tools such as Computer Aided Software Engineering (CASE);
and blurred distinction between programmers and users with the development
of PC environment.

In addition, the Information Technology Association of America (ITAA), a
trade association representing 11,000 companies, has conducted a number of
influential studies on core IT workers. The ITAA has so far produced three
reports (in 1997, 1998 and 2000) on IT skills shortage based on its survey
results. In the two earlier reports, ITAA estimated the vacancy rates by asking
employers about the number of IT jobs that remain unfilled. In doing so, it used
classifications similar to the core IT workers defined by DOC. The first study
involved telephone interviews with randomly chosen companies that employed
500 or more and estimated that 190,000 IT jobs were unfilled. The second
study increased the sample to include companies with 100 or more employees,
and this time, the number of vacancies was estimated to be as high as 346,000.

Not only did these studies make a significant impact on government policies
but they also stirred up a heated social debate. It is widely known that DOC’s
initial involvement in the issue was significantly influenced by these reports.
The reports were also used as one of the grounding facts for the enactment of

5 Refer to box 1 for the description of core IT workers.
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The American Competitiveness and Workforce Improvement Act, which
allowed the issuance of 142,500 additional H1-B visas to employ foreign IT
workers. However, the General Accounting Office (GAO 1998) sharply
criticized these studies for their small sample sizes and the low response rates
and claimed that the results from these studies cannot be regarded as concrete
evidence.

In April 2000, ITAA released a new study on the shortages of IT skills.
This study was different from the previous two in its definition for IT workers.
It defined IT workers by the activities they performed based on the IT skill
standards developed by NWCET6  instead of definitions that matched the
government statistics. Another feature of this study was that it asked for the
expected number of unfilled positions, instead of current vacancy rates. The
outcome of the study showed that there would be a demand for 1.6 million IT
workers over the next 12 months with a tremendous unmet need of approximately
843,000 workers. The increase in shortage predicted was mainly because of the
need for ‘non-core’ workers – such as technical support workers – which was
previously unknown owing to the limited definitions of IT workers.

Still, this new study is not entirely free from critiques that the previous
ITAA studies have suffered. As a result, another national level study is being
conducted to gather concrete evidence. The results are to be presented to the
Congress by October 2000. However, there is a basic consensus within the
United States of America that IT-related sectors will continue to grow to become
an integral part of the global competitiveness of the United States economy and
that an adequate supply of appropriate skills will be necessary to achieve this
growth. Therefore, the basic tone is expected to remain the same for IT human
resources development.

(b) Australia

As we reviewed in the survey of workforce forecast methodologies, the
Australian government uses a sophisticated macroeconomic model (MONASH)
to project future workforce demands. However, several other methods including
employer surveys have also been used to analyse the local labour market for IT
workers.

In 1998, the Department of Communications, Information Technology and
the Arts, the Department of Education, Training and Youth Affairs, the
Department of Employment, Workplace Relations and Small Business, and the
Department of Immigration and Multicultural Affairs jointly released a discussion

6 Refer to table II.3 for NWCET definitions based on skills standards.
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paper, Skill Shortages in Australia’s IT&T Industries. According to the
projections reported in this paper, most occupations in information technology
and telecommunications (IT&T) are likely to be among those occupations with
the strongest projected employment growth over the period to 2004-05. For example,
the following occupations are in the group of high employment growth prospects:

• Computing professionals;
• Computing support technicians;
• Electronic and office equipment tradespersons;
• Technical sales representatives; and
• Information technology managers

By contrast, some IT&T occupations are expected to show low growth
prospects of employment. These are:

• Electronic engineering associate professionals;
• Engineering technologists;
• Electrical and electronics engineers; and
• Communications tradespersons.

On the other hand, in May 1999, Australia’s IT&T Skills Task Force7carried
out a comprehensive survey on the current and future demand for IT&T skills.
Since the full report for this survey is kept proprietary, details of its methodology
and results are not available for this study. However, according to the executive
summary, the survey was able to find such detailed information on Australia’s
IT&T labour market as:

• Demand forecasts by qualification, skill level and experiences;
• Statistics and forecast by detailed occupations and areas of work;
• Difficulties in finding people with specific technical skills;
• Assessments of applicants pool and desirable skills; and
• Form of recruitment and outsourcing.

Information such as above is difficult or simply impossible to obtain from
official data but often crucial to the understanding of the labour market for IT skills.

The study provided the following implications as the results:

(a) Approximately 31,500 additional IT&T employees will be over the
next 12 months; 89,300 will be required over the next three years; and

7 The task force was formed in 1998 by board members of leading IT&T associations in
Australia (Australian Information Industry Association and Australian Telecommunications Industry
Association) and Telstra, a major telecommunications company in Australia.
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more than 180,200 by 2004.
(b) Every area of IT&T activity is expected to show strong growth over the

next five years from a minimum of 4 per cent annual  growth for computer
operation to above 40 per cent for Internet services and support.

(c) The organizations seeking to expand IT&T employment over the next
five years hold the overwhelming belief that skilled people will be
difficult to find.

(d) Business and other non-technical skills are considered desirable or
necessary by most IT&T employers but are also difficult to find.

(e) Most applicants for IT&T positions lack sufficient experience and the
desired level of broader business skills.

(f) Reliance on recruitment of people already working in the IT&T industry
to meet skill demands, combined with a declining reliance on training
and retraining of existing staff, will exacerbate the employee “churning”
and further drive up the price of acquiring scarce IT&T skilled resources.

(c) Western Europe

Compared with the United States of America or even Australia, there is not
much information available about the IT workforce status in Europe. A report
prepared by European Commission (EC 1998) indicates that, as of 1997, about
4 million people in Europe were employed in so-called ‘information society-
related industries’. This includes ICT industries plus contents such as
broadcasting, music and publishing.

On the other hand, the European Information Technology Observatory
(EITO 1999) estimated that the employment in the European IT industry was
approximately 928,000 in 1997, and the employment in IT-related industries
more than 8 million. It is also predicted that by 2000, the number of vacancies
in the IT departments in companies will exceed the total number of ICT
professionals in the industry. However, the methodology used by this report to
reach these estimations is unavailable.

Recently, International Data Corporation (IDC 2000) published a report on
Europe’s IT skills shortage where it defined the IT workers according to five
technology types – Internet-working, applications, distributed, host-based and
technology-neutral. It was estimated that the total IT skills shortage in Europe
as of 1998 amounted to 460,000. This shortage will continue to grow to reach
about 1,740,000 in 2003 (table II.5, figure II.2). In contrast, IDC expected that
the rate of growth for IT skills shortage would slow down beyond 2000. This is
due to the adoption of less labour-intensive means of utilizing technology by
organizations, and the resulting increases in the growth of supply as a result of
the action taken by government and IT vendors to address these shortages.
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To derive the forecasts, IDC used its database of more than 12,000
interviews with information systems (IS) managers across Europe. However,
the demand was not directly surveyed but derived from IS spending plans and
the assimilation of acquired technology for corresponding work needs. In
comparison, the supply of workforce was analysed and forecast by researching
output levels in the universities and other educational establishments, with a

Table II.5. IT Skills shortages in Western European countries

Country 1998 1999 2000 2001 2002 2003

Austria
Demand 304 710 333 125 369 711 393 131 434 229 474 098
Shortage 22 265 41 681 54 697 59 073 73 113 85 013

Belgium
Demand 362 694 392 003 431 005 464 651 503 249 541 220
Shortage 18 550 32 546 42 075 54 286 62 006 72 932

Denmark
Demand 116 044 127 555 140 253 150 194 161 577 174 219
Shortage 4 547 9 751 14 562 17 500 20 994 24 679

Finland
Demand 113 439 123 535 133 133 143 726 157 758 170 489
Shortage 4 698 10 225 12 248 15 465 18 986 21 314

France
Demand 1 514 132 1 612 473 1 752 033 1 850 102 1 978 430 2 087 175
Shortage 57 334 117 651 184 750 193 343 207 915 223 709

Germany
Demand 1 845 295 1 988 464 2 171 627 2 342 160 2 553 011 2 770 646
Shortage 106 777 220 892 297 637 333 262 362 772 404 951

Greece
Demand 14 649 14 976 15 582 16 075 17 045 18 502
Shortage 613 555 733 950 1 425 2 005

Ireland
Supply 44 456 46 276 48 662 51 716 55 667 58 845
Shortage 2 706 3 349 5 635 6 099 7 440 9 881

Italy
Demand 818 036 894 636 997 515 1 067 413 1 162 486 1 257 379
Shortage 36 765 68 737 113 177 129 418 146 035 167 439

Luxembourg
Demand 9 074 9 392 9 638 9 884 10 299 10 780
Shortage 529 465 531 596 793 967

Netherlands
Demand 587 361 662 403 741 299 807 041 886 534 956 708
Shortage 45 578 74 136 91 485 102 622 112 134 118 882

Norway
Demand 119 301 127 309 138 619 149 296 161 937 174 835
Shortage 6 243 8 420 14 385 16 331 20 346 22 969
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Country 1998 1999 2000 2001 2002 2003

Portugal
Demand 142 197 158 332 177 506 194 715 211 056 228 851
Shortage 4 413 7 506 13 700 16 587 19 183 21 913

Spain
Demand 435 957 480 228 571 750 633 660 693 794 752 998
Shortage 10 874 22 257 60 516 70 596 89 393 101 011

Sweden
Demand 376 596 408 646 453 343 485 637 528 672 569 897
Shortage 25 202 48 036 59 812 59 713 60 880 67 092

Switzerland
Demand 294 280 321 374 357 539 392 779 431 949 465 990
Shortage 15 247 31 152 45 666 49 449 58 957 65 898

United Kingdom
Demand 1 670 652 1 761 153 1 905 740 2 046 954 2 212 059 2 348 827
Shortage 96 704 155 211 220 468 264 691 297 422 329 573

Total WE
Demand 8 771 581 9 465 229 10 420 587 11 205 233 12 167 193 13 071 337
Shortage 459 046 852 573 1 232 076 1 389 981 1 559 794 1 740 228

Source: IDC, 2000.

Figure II.2. Total skills shortage in Western Europe, 1998-2003

Table II.5. (Continued)

Source: IDC, 2000.
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survey conducted for the academic community. In other words, the method
used by IDC can be regarded as the combination of surveys for employers and
key informants.

(d) Other countries

Many other countries have also conducted research on their IT workforce
demand. Although detailed methodology is not disclosed in most cases,
investigations reveal that most countries rely upon employer surveys for current
IT labour market assessments and short-term forecasts. The following are some
of the cases.

(i) Canada

An estimate by the Information Technology Association of Canada (ITAC)
and a local consulting firm, the Branham Group, indicated that, as of 1999,
there was a shortage of 20,000 people with the education and skills needed to
work in the information and communications sector. The Council also forecast
that the shortage would increase to 50,000 within a year. However, the estimate
is based on a survey of only 34 companies, which is too small a sample size for
the figures to be taken seriously.

In 1999, however, the Human Resources Development Canada (HRDC),
the Software Human Resources Council (SHRC) and the industry undertook
an ambitious multi-phase project to capture the details of the IT labour market.
The phases of this project include: a revision of the national occupational
classification scheme; IT employer surveys; reverse tracer studies on IT
employees; and case studies on supply and demand issues related to IT
occupations. This project is to be completed by Fall/Winter 2000.

(ii) Singapore

In Singapore, Infocomm Development Authority (IDA) conducts Infocomm
Workforce and Skills Survey to determine ICT skills profile and workforce
requirements (IDA 2000)

8
.  The survey consists of two questionnaires – an

Organization Survey, completed by the Chief Information Officers (CIOs) or
equivalent, and an Infocomm Workforce Web-based Survey, completed by
individual ICT workers. For the 1999 Survey, 580 organizations and 1,021 ICT
workers participated.

8 IDA is created in 1999 from the merger of the Telecommunications Authority of Singapore
and the National Computer Board. Before the formation of IDA, the NCB conducted the IT
Workforce & Skills Survey. After the merger, the scope of the survey has been expanded to
include Information and Communication Technology (ICT) workforce, called Infocomm workforce
in Singapore.
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According to the results, as of 1999, the number of ICT workforce in
Singapore was estimated to be 92,800. For the next two years, the ICT
workforce demand is projected to grow 10-12 per cent per year, which implies
that the total number of ICT workforce will reach 114,000 by the year 2001. In
terms of workforce growth by occupational categories, e-commerce development
(47 per cent), Internet development (24 per cent) and specialist support services
(15 per cent) are expected to reap the highest growth rate. However, the survey
did not investigate whether ICT skills shortage exists currently or will occur in
the future. As evidenced by the recent introduction of a strategic workforce
conversion programme9 , however, the government clearly views this as an
imminent problem.

(iii) Hong Kong, China

In Hong Kong, China, the Education and Workforce Bureau (EMB) and
the Vocational Training Council (VTC) prepare workforce forecasts. EMB’s
forecasts have been tailored towards planning educational provisions for the
whole economy, while VTC has focused on short-term forecasts of employment
requirements for specified industries. EMB’s approach is based on simple
projections of past employment trends, and the VTC conducts a survey every
two years of a stratified sample of companies operating within nine industry
areas. The VTC survey also asks employers about their perceptions of future
workforce demand. According to the latest results available, in 1998, 44,847 IT
professionals worked in Hong Kong, China, while the demand was for 48,710
– a shortfall of 3,863.

In March 2000, EMB released a report on the workforce and training
needs for the IT industry. The study conducted by Pricewaterhouse Coopers
made both low-end and high-end projections on the future demand for IT
professionals. At the low end, in the year 2000, demand will be 57,000, which
will grow to 85,000 by the year 2005 and 130,000 by the year 2010. Using
high-end estimates, the demand will rapidly grow from more than 61,000 in the
year 2000 to 112,000 in 2005 and nearly double to 213,000 by the year 2010.
The study also estimates that the shortage for IT workers will be between
4,570 and 31,000 in 2005 and between 23,000 and 106,000 in 2010. Details on
the methodology are unavailable for this study, but it seems to have extended
the VTC survey by adding information on IT trends and government policies.

9 “MOM and IDA to launch pilot phase of strategic manpower conversion programme in
infocomm sector”, Joint press release, 26 April 2000 (Singapore, Ministry of Manpower and
Infocomm Development Authority, http://www.ida.gov.sg/)
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C. Results of human resources forecasting for policy
formulation

1. How to interpret the forecast results

Regardless of the methods used, the workforce forecasts tend to generate
predictions on labour market imbalances to some degree. Therefore, in
formulating HRD policies from the workforce forecasts, appropriate
interpretations have to be made whether the predicted imbalances are significant
in the economic sense.

In general, interpretations will vary depending on what the policy goals are
and what detailed results are available. For example, if the policy goal is to
reduce inefficiencies that arise when the market fails to adjust, then one needs
to be cautious in making interpretations and careful enough not to exaggerate
the real implications of the forecast results. Failing to do so may lead to reckless
interventions that will introduce even more disturbances into the market.

If the goal is to meet the workforce requirements for the targeted level of
IT development, a more aggressive approach could be taken because securing
enough workforce is a necessary condition for successful industrial policies. It
is also true that while disturbances in market functions are to a degree an inevitable
nature of industrial policies, interventions through human resources development
are one of the least distortional policies.

Next, policy responses should be different according to whether it is
addressing the shortage or surplus of labour, particularly for IT workers. This
becomes clear if one considers what would happen if a surplus or a shortage
occurs for IT skills. When there is a surplus of IT workers, wages will drop,
and some workers who cannot find employment in IT occupations will be
forced to search for jobs elsewhere. This, however, might not be so detrimental
for social welfare. First, the reduced wage level for IT workers will increase the
competitiveness of IT-related industries and could be an attraction point for
many multinationals. Often, this could be exactly what policy-makers desire to
achieve in the first place. Second, as IT becomes an increasingly a generalized
technology, workers who find jobs in non-IT occupations could be still benefited
from having IT skills and knowledge. Finally, with the IT skills shortage being a
worldwide phenomenon, workers who are unable to find jobs locally will have
a higher probability of finding jobs elsewhere, provided they have the necessary
skills.
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Comparatively, a shortage in IT skills could be extremely costly. First, IT
skills, in particular the highly specialized IT skills, are not easily replaceable.
Therefore, a shortage of skilled IT workers would invariably slow down
innovation and product development in related sectors, which in turn would
harm exports and wealth creation. Second, companies will become less
competitive globally because higher wages for IT workers will push up the
prices of related goods and services, or because the companies cannot get their
products on the market rapidly enough. This is particularly serious for today’s
global market where goods and services are increasingly being traded through
e-commerce. Likewise, as IT is leading to productivity enhancements in a number
of industries, a lack of IT workers would lead to a slowdown in productivity
improvements. Third, IT labour shortages in a tight labour market are often
characterized by “churning,” the increased movement of the employees from
one employer to another. Churning significantly increases recruitment and
retraining costs for employers. Finally, these problems will be further exacerbated
if IT graduate students and faculty are attracted away from schools to join in
the industry. Then there would not be enough teachers/scholars left to train the
next generation of IT workers.

The last point to be made about interpreting forecasts is that imbalances in
high-qualification workers should be taken more seriously compared with the
mid-to-low level workers. One reason is that high-qualification workers are
more difficult to replace. More importantly, the supply of such workers cannot
be adjusted easily. The market cannot adjust more quickly than the amount of
time it takes to train an adequate supply of workers. For the shortage of mid-to-
low level workers, restoring the balance would not require much time and effort
– possibly six months of retraining. However, it takes more than ten years to
prepare a computer scientist, on top of the time required for the creation and
development of the right training programmes. Finally, highly qualified
professionals are particularly important for IT since it is often said that, “not all
programmers are created equal”. A few highly qualified workers will show
disproportionately higher productivity than others. This means that raising high-
qualification workers is a key for the development of IT.

2. Strategies for human resources development in IT

Given that policy goals are set and proper interpretations of the forecast
results are made, policy-makers need to set relevant strategies for IT human
resources development. Here, we focus on strategies for addressing the shortage
of IT workers. Although dealing with a surplus may require strategic approaches
in some cases, it tends to become less of a concern for industrial policy and
more a social issue.
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Policies are categorized depending on whether they have short or long
lead-time. If labour market imbalances do not exist in the short term but are
expected to occur in the long term, then policies with longer lead-time should be
implemented first. Policies with a short lead-time may be considered only later,
especially when high costs are involved. If the situation is reversed, and the
current shortage is not expected to last long, then some of the policies with
longer lead-time should be implemented with caution. Such a case, however,
would be rare in IT workforce planning. In several countries, IT development
is a social imperative that pushes for proper policy responses in order not to be
left behind.

(a) Policies with shorter lead-time

Policies are needed to produce an immediate or near-term impact when a
significant shortage for IT workers exists. Naturally, it is more difficult to
generate such policies for high-qualification workers who have a longer cycle
of training. The following are some policies that can be applied towards short-
term goals:

(i) Import of IT workers

Countries such as the United States of America, Germany and the United
Kingdom have increased the issuance of immigration visas to attract foreign
IT professionals. For some countries, this could be regarded as the best quick
fix for the shortage of IT workers. However, just like “churning” of employees,
which just shifts employees between companies, reliance on importing does
not solve the problem; it simply moves one country’s problem to another.
Furthermore, the policy aggravates discrepancies between affluent countries
and poor ones, with poorer countries finding it considerably more difficult to
attract IT workers.

(ii) Retraining of current workers

This is an important policy tool because it can solve the shortage problem
by increasing the productivity of current workers. The policy is easier to swallow
politically since existing workers would oppose purposeful increases of supply
that would reduce their wage level. Many individual companies, however, do
not have any incentive in providing such training to their employees, considering
the expenses involved. The high level of competition and the short product life
and development cycles make it tough for companies to retrain existing
employees for significantly different jobs. Furthermore, companies would worry
that workers might leave for better jobs after they have received training.
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(iii) Conversion training for unemployed and non-IT workers

This is an option that is politically tempting because it can solve, at least
theoretically, two problems at once – unemployment and IT skills shortage.
However, experiences indicate that the effectiveness of this policy is rather
limited, particularly for IT skills that require significant amount of knowledge
and creativity.

(iv) Subsidies for private learning centres and short-course programmes

This is also a significant policy tool to help solve shortage of IT workers.
As previously mentioned, non-degree programmes and short-course programmes
are having an increasingly important part in the IT education, and it is only
natural that the government pays more attention to these. However, there are
limits to the knowledge that this type of education can offer, and too much
focus on it could distort the national education system.

(v) Promotion (and revision) of certificate programmes

Many countries have national skills certificate programmes, but they are
often outdated and managed inefficiently. It has been suggested that nationalized
certificate programmes are not suitable for IT owing to the rapid changes in
required skills and the tendency to be vendor-oriented. In this regard, it could
be more desirable for the government to promote private or vendor certificates
programme for immediate impact.

(vi) Better links to the industry with education and training systems

This is a policy that is often easier preached than practiced. However, the
utilization of overall IT workforce can be improved through the promotion of
industry-university joint research, or introduction of joint appointments such as
adjunct professors.

(b) Policies with longer lead-time

(i) Increase in school sizes

This is the most basic response for the long-term shortage of IT workers.
However, it is not easy to increase the size of enrolment without degrading the
quality of education. Furthermore, the increased demand for faculties may make
the labour market shortage even worse.

(ii) Revision of school curricula

There is always a gap between skills that industry demands and what are
actually taught at schools, and this gap is significantly wider for IT skills. Revising

46



curricula to better meet the industry demand is a challenging but necessary
task. However, there is disagreement over how much of the school education
should be geared towards vocational training as opposed to academic training.

(iii) Boosting awareness of IT careers

This is a must policy for governments that want to promote IT education,
as it is the individual who will make the final decision on whether or not to
pursue an IT career. Without proper incentives and knowledge of market needs,
however, the expectations of high-quality people flowing into IT education
become difficult to meet.

D. Experience of the Republic of Korea in human
resources forecasting and planning for information

technology

1. Background

Currently, the Republic of Korea does not have a national level workforce
forecasting and planning system. Although the Ministry of Education (MOE)
tightly controls the size of school education system, it does not take labour
demand into explicit consideration; but elements such as the quality of education
and regional parity are deemed important. The Ministry of Labour (MOL) does
not make forecasts of employment demand on a regular basis, although it annually
seeks advice from other ministries to plan for the number of National Skills
Certificate awardees. Other administrative agencies such as the Ministry of
Commerce, Industry and Energy (MOCIE), Ministry of Science and Technology
(MOST), and Ministry of Information and Communication (MIC) occasionally
conduct workforce forecasts for their own purposes.10

In the case of IT workforce forecasting and planning, MIC takes the main
role. It was not until recently, however, that systematic forecasts were made for
IT workforce requirements. Since 1997, Korea Information Society Development
Institute (KISDI), a major research think-tank for IT policies in the Republic of
Korea, has been consulting for MIC on IT workforce planning.

10 This situation could change as early as in 2001, with the promulgation of the law on
government organization, which is currently under revision. According to the law, the Minister of
Education is to be promoted as a Vice Prime Minister and will coordinate national HRD policies.
It remains to be seen if this will also lead to the establishment of a national workforce forecasting
system.
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2. Current status and prospects for the Republic of Korea’s I&C
sector

The information and communication (I&C) industry in the Republic of
Korea has been showing robust double-digit growth in recent years, and the
trend is expected to continue for the next five years. According to the Mid to
Long-term Information and Communication Industry Market Prospect Report
(2000∼2004) compiled by KISDI (Hong et al. 2000), the revenue produced by
the I&C industry in the Republic of Korea recorded 103 trillion won in 1999,
growing 17 per cent since 1998 and 73 per cent since 1996. This revenue is
expected to increase to 199 trillion won in 2004, at an annual growth rate of
almost 14 per cent. The strong performance of the I&C industry is evident in
the increase in its share of the total GDP – from 8.1 per cent in 1996 to 9.9 per
cent in 1999 and expected to increase to as much as 12.3 per cent in 2004.

There are other statistics that attest to the spectacular growth of the I&C
industry. For example, the sales of packaged software are growing at an annual
rate of 30 per cent, recording US$1.5 billion in 1999 and expected to record
US$2 billion in 2000. The digital contents business is also flourishing, with its
market size reaching US$200 million in 1999. Particularly significant is the
growth of I&C start-ups, as their sales and profit in 1999 increased 71 per cent
and 4 per cent, respectively, compared with the industry average growth rates
of only 2 per cent and 2.9 per cent.

The advance of “informatization” and the scheduled introduction of new services
are providing fertile ground for the growth of the I&C industry in the country. For
example, the number of wireless subscribers reached 27 million (more than 50 per
cent of the total population) in March 2000, surpassing the number of wired
subscribers in October 1999. In 2002, the introduction of the new generation of
mobile service called IMT-2000 to commercial services is expected to fuel the
growth of the I&C industry by opening a new era of multimedia mobile services.
The revenue forecast for IMT-2000 service is US$1.6 billion in 2002 and as much
as US$8.3 billion in 2005. On the other hand, the number of Internet users in the
Republic of Korea has been growing in geometric proportions: from mere 140,000
in 1994 to 11 million in 1999. At the current pace, the number is expected to reach
30 million in 2002, or 60 per cent of the total population. In particular, the number
of subscribers for high-speed Internet services – such as cable modem, asymmetric
digital subscriber line (ADSL) and integrated service digital network (ISDN) – is
almost 1.6 million as of June 2000 and is expected to increase to 3 million by the end
of the year. As a result, the Republic of Korea is becoming one of the leading
countries in terms of e-business proliferation and broadband multimedia services.
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3. Recent research results on HRD in IT11

(a) Methodology

The methodology that is applied to forecast the IT workforce requirements
of the Republic of Korea is similar to the one used by BLS of the United States
– forecasting based on input-output analysis and macroeconomic modelling.
Employer’s survey and labour market analysis are also used as complementary
approaches.

The following are the reasons for adoption of this method:

(a) BLS approach is suitable for analysing long-term trends of human
resources. It is known that the Republic of Korea’s policy imperative
for IT workforce is to meet the demand for high-qualification workers.
However, since training of high-qualification workers takes a con-
siderable amount of time, the long-term planning of IT human resources
is necessary.

(b) The United States of America is currently the most advanced nation in
virtually every aspect of IT. Therefore, as a country that wants to
catch up with the United States, the Republic of Korea makes frequent
references to data from that country for benchmarking. With BLS
data and forecasts constituting the basis of the HRD policy for IT,
statistics that are comparable to BLS data become particularly useful.

However, the BLS method cannot be easily applied to the Republic of
Korea owing to the lack of well-defined data. As noted, the Republic of Korea
does not have a national level system for workforce planning. Although MIC
collects detailed data for the I&C industry, this is not enough for a correct
assessment of the IT workforce demand.

To overcome this problem, some compromises have to be made. First,
both macro and microeconomic approaches are used to forecast workforce
demand for the I&C industry. This is because the most detailed long-term
forecast for the Republic of Korea’s economy provides data for only 24 industry
categories, thus making it enormously difficult to extract useful information at
this level. Therefore, sector forecasts based on labour-output ratios are made
separately using the MIC data, and the results are combined with the national
level forecast to derive final results.

11 Details of the most recent research on IT workforce resources in the Republic of Korea
can be found in Kwon et al., 1999.
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Second, the industry-occupations matrix used to derive occupational demand
forecast is built based upon data from the Survey on Wage Structure published by
MOL. Although this I-O matrix is not officially provided, the survey collects
occupational data classified by industries and uses them as a substitute for an I-O
matrix. However, the resulting matrix too has only about 60 occupational categories,
which do not provide enough information for IT-related occupations. Therefore,
the need to further break down the forecast resulted in a separate survey conducted
by the Korea Labour Institute (KLI) in 1999.

On the other hand, the measuring and forecasting of IT workforce supply are
based on the Statistics of Education published by MOE. As this publication reports
the number of graduates from the formal education system according to their degrees
and academic majors, those who graduated with an IT-related major are counted
and classified by degree level. Some adjustments have to be made to the data to
derive the effective supply of IT workforce. For example, only 60 per cent of IT
graduates are known to have jobs related to their academic majors.12  Hence, the
number of graduates tends to overestimate the effective supply of IT workforce.
Furthermore, the number of graduates includes those who proceed to higher-level
education and unless they are properly subtracted, double counting can occur. Also,
a significant number of high-qualification workers receive their degree by studying
abroad, and they should also be counted as supply to avoid underestimation.

Finally, direct comparisons are made between the forecast demand and supply
to assess whether the current education system would be able to meet the future
demands for IT workforce. In doing so, both supply and demand are sub-divided
according to skill level and category. This can be done relatively easily for the
supply side with the available information for the number of graduates of a specific
degree and academic major. However, for the demand side, a sub-division is made
based on the information of the survey results that indicate the academic level of
current IT professionals.

An important caveat for this type of skill gap analysis is the implicit assumption
that the labour market for IT workers is balanced in the base year. However, it is
likely that a shortage or surplus already existed and this could either offset or
exacerbate future imbalances.

12 Since this percentage is affected by labour market variables such as relative wage level
of IT occupations, it might be argued that discounting the supply of IT workers based on this
number is inappropriate. However, every year, a portion of graduates takes jobs unrelated to their
academic majors regardless of labour market condition. This is due to individual tastes, poor
quality of education and other factors. On the other hand, an important share of IT workers do
not have IT-related degrees, and it would be safe to assume that they have received some
alternative types of IT education and count them as the supply from non-school education.
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In summary, the method used for forecasting the Republic of Korea’s IT
workforce demand is similar in nature with the BLS method, but some errors
are inevitably introduced owing to the lack of well-defined data. On the other hand,
the supply of IT workforce is measured using MOE statistics, although they do
not include the supply from non-school education such as non-degree training and
vendor certificates programmes. Finally, direct comparisons are made between
future demand and supply to assess the capacity of the current education system,
based on the assumption that any past imbalances have been already resolved.

Despite these limitations, the results were found to be reasonable enough
to be used as a basis for formulating the Republic of Korea’s HRD policies for
IT. The following two sub-sections will introduce some of the results from the
latest forecast.

(b) Workforce demand forecast for I&C industries

As of 1999, the employment in I&C and related industries was about
560,000, or 4.3 per cent of the total industry employment. Of these workers,
nearly 250,000 were employed in I&C equipment manufacturing, which includes
the manufacture of computers, semiconductors, LCDs and wireless handsets.

The number of workers employed in the I&C industries is expected to
grow to 700,000, at the annual growth rate of 4.4 per cent, amounting to 4.9
per cent of total industry employment. In 2010, the number is expected to grow
to 850,000, or 5.4 per cent of total industry employment.

Within the I&C sector, the software industry is expected to show the fastest
growth from 1999 to 2004 at a high 14.6 per cent (table II.6). The number of
workers in the software industry is expected to double in five years from 45,000
to 90,000. By contrast, employment in the I&C equipment manufacturing
segment is expected to grow slowly with the productivity increase catching up
with the output growth. Employment in the I&C services segment is expected
to grow 4.3 per cent annually, largely because of new investments associated
with IMT-2000 and the digital TV broadcasting services that are scheduled to
launch during the period.

(c) Demand forecast for IT-related occupations

Jobs that can be classified as IT-related occupations under the ISCO-88
scheme were earlier listed (section B). Since the Republic of Korea uses the
occupational classification scheme (Korea Standard Classification of Occupations,
KSCO) that is compatible with ISCO-88, the results in this sub-section are
interpreted accordingly.
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Table II.6. Forecast of employment in I&C industries
in the Republic of Koreaa

I&C industries 1998 1999 2000 2001 2002 2003 2004’99-2004
(CAGR)

I&C servicesb 98 159100 406 109 795 113 984 118 172 119 849 123 7864.3%

Manufacture of 235 169 247 090 271 222 278 322 281 364 279 489 280 6282.6%
 I&C equipment

Software 43 406 45 814 54 488 62 712 71 566 80 606 90 497 14.6%

Other I&C- 169 025 171 736 178 136 184 883 192 002 199 517 207 4553.9%
 related industriesc

Total I&C  industry 545 759 565 046 613 641 639 902 663 105 679 461 702 3654.4%

Source: Kwon et al., 1999.

Notes:
a Historical data is based on Quarterly I&C Employment Report,  MIC (2000). Currently, there
are two sources of the I&C industry statistics in Republic of Korea: Report on the Information
and Telecommunications Survey by National Statistical Office, and Quarterly I&C Employment
Report by MIC. These two sources are mostly in accordance with each other, but the latter
provides more up-to-date picture of labour market and adopted as the official statistics by MIC.
b It should be noted that the industry classification in this table is different from the Korea Standard
Industrial Classification (KSIC). In Korea, there exists an independent classification scheme for
I&C industries named I&C Product and Service Classification. This is because KSIC codes do
not provide proper classifications for today’s dynamic I&C industries.
c Other I&C-related industries include I&C-related construction, wholesale and retail.

 Based on these classifications, the number of people with IT-related
occupations in the country is estimated to be about 1 million as of 1998. Among
the job categories, Mechanics, Operators and Assemblers make up the largest
group, with 440,000 workers. The next category is composed of Computer
Professionals (158,000), and Electronics and Telecommunications Technologists
(138,000). Among individual occupations, Electronic Equipment Assemblers
(ISCO 8283) is the largest group with 145,000 people, followed by Computer
Programmers (ISCO 2132) with 94,000 people.

The employment for IT-related occupations is expected to grow to
1,430,000 in 2003, at the annual growth rate of 7 per cent (figure II.3). In
2010, this number will increase to 1,990,000 – nearly twice the level of 1998 –
at an annual growth rate of 5.7 per cent.

In 2010, the occupational category of Mechanics, Operators and Assemblers
will still be the largest, but its share will drop from 43.2 per cent to 34.6 per
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cent. In contrast, Computer Professionals as a group will show the fastest
growth, jumping from 15.5 per cent to 27.8 per cent. This implies that the
demand for computer and software professionals will grow more rapidly than
basic level technicians or non-professionals.

Figure II.3. A forecast of employment in IT-related occupations

In 1998, most workers in IT-related occupations were employed in the
computer and related services sub-sector (KSIC 72), where 62.4 per cent of
workers were classified under IT-related occupations. Other segments that
employed a large share of IT workers were: computer and office machinery
manufacture (KSIC 30); radio, television and communication equipment and
apparatus manufacture (KSIC 32); and post and telecommunications (KSIC 64).

It is quite natural that industries that have a high share of IT workers are
the I&C industry and the electronics industry. Also, in case of computer and
related services, the share of IT workers is far greater than other in segments,
reflecting the knowledge-intensive characteristics of software and related services.

The forecast shows that by 2010 the share of IT workers will increase in
all industries, though the shares of the top ten industries will not change much
(table II.7). This indicates indirectly that the future increase in IT workers will
not be due to the shift in industry-occupation relationship but to the growth of
I&C industries and the “informatization” of all industries.

Source: Kwon et al., 1999.
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Table II.7. Top 10 industries with large share of IT workers
(per cent)

Year 1998 Share Year 2010 Share

1. Computer and related services 62.4 1. Computer and related services 70.6
2. Manufacture of computer and 25.8 2. Manufacture of computer and 30.4

office machinery office machinery
3. Manufacture of radio, television 20.5 3. Manufacture of electrical

and communication equipment machinery and apparatus, n. e. c. 22.2
4. Post and telecommunications 20.2 4. Construction 18.4
5. Manufacture of electrical 18.7 5. Post and telecommunications 17.5

machinery and apparatus, n. e. c.
6. Electricity, gas, steam and hot 14.8 6. Manufacture of radio, television 15.6

water supply and communication equipment
and apparatus

7. Construction 13.2 7. Electricity, gas, steam and hot 15.5
water supply

8. Manufacture of motor vehicles, 11.6 8. Manufacture of motor vehicles, 15.4
trailers and semi-trailers trailers and semi-trailers

9. Research and development 11.4 9. Retail trade (except motor 12.7
vehicles/cycles)

10. Manufacture of medical, 11.2 10.Collection, purification and 12.2
precision and optical instruments,       distribution of water
watches and clocks

Source: Kwon et al., 1999.

 Figure II.4. A forecast of the share of IT-related occupations in total
employment increase

Source: Kwon et al., 1999.
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The next question is how much the increase in IT workforce demand
would contribute to the overall job creation. From 1999 to 2003, the overall
increase of employment in the Republic of Korea is expected to be about
2,150,000, while the increase in IT-related occupations will be about 406,000
or 19 per cent of total increase (figure II.4). In the following six years, the total
employment is expected to grow to 2,240,000 while the increase in IT-related
occupations will be about 580,000 (25.7 per cent of the total). On average, 22
per cent of total employment increase from 1998 to 2010 will be created in IT-
related occupations, which is quite a high proportion considering the fact that
IT workers constituted just 5.5 per cent of the total employment in 1998. As a
result, the share of IT workers in total employment will also increase to 6.3 per
cent in 2003, and to 8.6 per cent in 2010.

(d) Forecast on skills shortage

According to the forecast made by KISDI, skills shortage in IT will exist
and continue throughout the period of 2000-2004, largely because of the shortage
in mid-to-high level workers with Bachelor’s degree or higher. In terms of skill
areas, there will be a severe shortage of software workers, as the excess demand
for workers with Bachelor’s degree or higher is expected to be almost 150,000.
In contrast, the expected surplus in software workers with an associate degree
or less shows that there is a mismatch between the level of education and the
market demand. Furthermore, it is indicated that the Republic of Korea is in
need of nearly 20,000 more holders of Master’s degree and about 3,000 more
Ph.D. holders in software for the next five years. Considering the time and cost
required to train holders of Master’s and Ph.D. degrees, this strongly suggests
the need for some government intervention.

In hardware and electronics, a general skills shortage is expected in 2000 and
2001. However, this is chiefly due to the recovery of the production capacity that
had been deeply slashed since the financial crisis of 1997. By 2002, the market
will experience a slight oversupply of workers in this area. Similar temporary
shortages exist in telecommunications, but will disappear to a greater extent by
2001. However, a slight shortage in holders of Master’s and Ph.D. degrees will
continue owing to the introduction of advanced services such as IMT-2000.

(e) Ongoing research

To increase the understanding of the labour market for IT workers and to
correct the problems of previous studies, a series of new studies are in progress
and are scheduled to deliver results by the end of the year 2000. In the first part
of the series, an update for the current forecast is in progress with the new
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release of macroeconomic data. Second, to assess the current market
imbalances for IT workers, a survey of 700 employers is currently under way.
The results from this survey will replace the current short-term forecast for IT
skills shortage. Finally, a reverse tracer study for IT workers will be conducted
to find out their educational and career backgrounds, IT skills, and current
employment patterns.

Table II.8. Demand gap in IT workers (demand – supply)

Skill area Degree 2000 2001 2002 2003 2004 2000-04

Software Associate -17 481 -17 422 -18 658 -21 238 -17 487 -92 287
   or below
Bachelor 26 326 27 568 23 651 19 277 25 411 122 233
Master 3 896 4 080 3 847 3 363 4 188 19 373
Ph.D. 745 717 593 469 636 3 160

Hardware and Associate 24 564 8 583 39 -10 742 -6 986 15 459
   electronics    or below

Bachelor 6 394 1 083 -1 686 -5 539 -3 695 -3 443
Master 725 276 51 -293 -124 634
Ph.D. -160 -386 -534 -594 -583 -2 256

Telecommuni- Associate or 3 021 -484 -654 -2 200 -1 215 -1 532
  cations    below

Bachelor 1 663 -122 -187 -744 -235 376
Master 425 187 191 100 191 1 094
Ph.D. 137 31 19 3 11 201

Source: Kwon et al., 1999.

All these studies will contribute to the enhancement of understanding of
the IT labour market in the Republic of Korea. In addition, these studies will be
utilized to overcome the limitations of the current approach of forecasting and
planning of IT workforce.

4. Policy responses

The findings of the IT workforce requirements forecast in the Republic of
Korea have led to the following policy implications:

(a) High education for IT, especially in software, is severely in short supply
and therefore needs to be expanded;

(b) Efforts are needed to improve the quality of IT education in order to
resolve the mismatch between supply and demand;

(c) Retraining of IT workers has to be reinforced to increase efficiency in
utilizing the current pool of IT workers; and
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(d) Increasing the overall IT literacy in the Republic of Korea will help
widen the base for long-term supply of IT workers.

These implications form the basis for MIC’s HRD policies in IT and are
reflected in its year 2000 HRD budget.

In the Republic of Korea, MIC has been responsible for HRD in IT since
1993. The Framework Act on Informatization Promotion, enacted in 1995,
stressed the importance of human resources in IT and called for government
action in this area. As a result, investments in HRD for IT increased nearly ten-
fold in 1997 and were almost doubled again in the following year (table II.9). By
1999, the total amount of investments had reached almost 300 billion won.

For the year 2000, the total budget for HRD in IT is as much as 79.5
billion won for more than 20 programmes. These programmes can be grouped
into five categories according to their primary emphasis; they also reflect the
policy imperatives drawn from the workforce requirements forecast (table II.10).

Table II.10. MIC’s HRD investments for IT in year 2000
(billion won)

Categories Budget

Improving the quality of IT education in the universities, colleges 35.0
   and vocational high schools
Promoting and providing opportunities for higher education in IT 20.4
Retraining for current workers and conversion-training for 12.3
   college graduates
Widening of the base for future IT workers 9.5
Others 2.3
Total 79.5

Source: MIC, 1999 (with some modifications).

Table II.9. MIC’s investments in HRD for IT
(billion won)

Year 1993 1994 1995 1996 1997 1998 1999 2000 Total

Investments 3.5 4.5 4.0 6.5 59.4 116.0 105.0 79.5 378.4

Source: MIC, 1999.

Notes: 1. The investment for 2000 is as in the provisional budget.
   2. Exchange rate in 2000 is approximately 1,120 won = US$1.
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E. Conclusion and recommendations

The extraordinary growth in e-commerce and the continually emerging
technological innovations have created a global situation where the supply of IT
skills needs to grow as rapidly as the increasing demand. This has led many
countries to become actively involved in the planning of human resources for IT.

There are several methods that can be used to forecast the demand for IT
workforce, and the selection of a specific or a combination of methods is
determined by the situation and policy goals of a particular country. In general,
the dynamism of the IT sector and the knowledge-based characteristics of IT
warrant both current market analysis and long-term demand projections. On
the other hand, as a method to keep up with the demands in IT workforce
through evaluations for skill capacity, it is essential to consider non-school
education, such as short course programmes and vocational training, that are
becoming an increasingly important part of IT education.

Governments should be more responsive in formulating HRD policies for
IT, particularly when a shortage of IT workers is observed or expected, since it
can cause more serious damage than a surplus situation. It is important, and
crucial for the development of IT, to plan ahead to secure an adequate supply
of highly skilled workers through long-term investments in education and training.
The governments should, however, take special caution not to over-stimulate
the labour pool and thus introduce more disturbances into the market. Experiences
of the Republic of Korea as well as others show that countries are increasingly
taking a significant role in assessing the states of the labour market for IT and
making proper responses.

In conclusion, this study makes the following recommendations:

(a) Governments should make efforts to create a comprehensive system
that could track the demand for and supply of IT workers.

(b) Classification of IT workers should be reviewed and refreshed on a
regular basis to reflect the rapidly changing nature of the demand.

(c) Governments should actively disseminate the information on the market
for IT workers and boost the public awareness of IT career and training
opportunities.

(d) Efforts should be made for better links between the industry IT
education and training system to increase the flexibility of the IT labour
market.

(e) Governments should assess the country’s needs for higher education
in IT and set up a long-term plan to meet the future demand.
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The following recommendations are specifically made for countries in the
Asia-Pacific region:

(a) Countries need to share their knowledge and experiences about HRD
planning and practices for IT on a regular basis.

(b) Exchanges of teachers, training methods and curricula for IT between
countries should be also encouraged.13

(c) Countries need to keep track of IT worker flows inside and outside
the region and cooperate for the better utilization of the workforce at
the regional level.

13 For example, this could be achieved by setting up a regional portal website such as
GO4IT by the Department of Commerce of the United States.
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III. MANAGEMENT OF
HUMAN RESOURCES DEVELOPMENT
FOR INFORMATION TECHNOLOGY 1

Executive Summary

The revolution in information and communication technologies (ICTs) is
drastically altering the way things are done in nearly every field of human
activity. The competitive pressure of the global economy is compelling businesses
and countries to embrace ICTs at a frenetic pace for competitive advantage,
convenience, quality of life, affordability, creativity and many other factors.

The advent of ICTs has resulted in dramatic changes in employment patterns,
skill-sets needed and the range of opportunities for employment and economic
advancement over the whole world. In particular, an unprecedented window of
opportunity has opened up for developing countries. The key to exploiting the
opportunity lies in creating the kind of human resources that are needed by the
global information economy. Extremely rapid and continuous change in skills
needed makes the task a complex and challenging one.

A huge shift occurring in white-collar jobs globally. Technology is redefining
many of these jobs and making them increasingly location-independent. Tens
of thousands of jobs are shifting en masse across the globe, thanks to innovations
by IT-enabled service companies. A tidal wave of change is taking place also in
employment patterns and opportunities for IT workers. The IT worker is now
clearly a global resource and increasingly, the white-collar worker is fast becoming
one. For highly skilled and highly paid IT workers, relocation is a possibility.
But the trend is towards outsourcing and offshore activity, both for white-collar
workers and, at increasingly higher levels of technical competency, for the IT
worker. The global supply-demand scenario now determines salary levels.

The emergence of this technologically intermediated global human resource
marketplace offers breathtaking opportunities and challenges for the entire Asia-
Pacific region and, in particular, for the developing countries.

The global scenario is characterized by:

• A growing market for ICT products and services;

1 This paper was prepared by Mr. Rentala Chandrasekhar, Consultant to the International
Trade and Industry Division, ESCAP.
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• An explosive growth in e-commerce;
• A rising need for IT skills in all professions;
• A declining trend in enrolment for IT in developed countries; and
• A billowing gap between demand and supply of qualified human

resources for IT in terms of quantity, quality and specialization.

The global gap between demand and supply of qualified human resources
in the IT sector is prevalent in the Asia-Pacific region as well and arises on
account of four factors:

(a) Rising demand owing to rapid growth of ICTs usage in the domestic
economy;

(b) Rising demand owing to increase in export of software and services;
(c) Attrition of highly qualified human resources to developed countries;

and
(d) Inability of the conventional education system (technical and higher

education) to keep pace with the demand.

The countries in the Asia-Pacific region are uniquely placed to bridge the
global gap in human resources for IT. However, there is a need for systematic
planning and action to create the requisite human resources in the region.
Appropriate policies and strategies need to be evolved for this purpose. Many
countries in the region – including China, India, Malaysia and the Philippines –
have already initiated some steps to augment the supply of skilled IT workers.
Yet, these countries are encountering many critical problems in their efforts
such as non-availability of a sufficient number of qualified, trained teachers,
lack of adequate infrastructure, and access to educational materials, libraries,
etc. There is also a paucity of high-quality interactive, digital educational content,
constraints in delivery mechanisms (lack of telecommunications infrastructure,
Internet access and bandwidth), as well as lack of front-end equipment needed
for distance learning.

The role of government in human resource development for IT is based on
three imperatives:

(a) It is necessary to use ICTs for teaching in schools, colleges and technical
education institutions in order to improve quality and to overcome
shortage of teachers;

(b) Government-funded initiatives in this regard have serious limitations
because of various factors; and

(c) It is necessary to create an appropriate framework for the involvement
of the private sector and to attract non-government funding.
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Consequently, the role of the government should be:

• To liberalize the educational sector;
• To enable private investment in and loan funding for higher and

technical education;
• To take the lead in the creation of high-quality, interactive teaching

material, utilizing the private sector to the extent feasible;
• To establish necessary institutional mechanisms to certify education content;
• To evolve a suitable policy framework for telecommunications to make

connectivity available at affordable or subsidized cost to educational
institutions;

• To encourage research and innovation in the use of wireless broadband
technologies in education, as this could greatly help remote rural areas;

• To effectively complement government and private sector spending to
create front-end infrastructure, including computers, network resources
and facilitators;

• To encourage language technology research that aims at making network
resources and content language-neutral;

• To plan and implement a massive project aimed at retraining existing
teachers;

• To evolve a suitable mechanism to register private training institutions
without curbing their freedom to innovate;

• To evolve suitable policies to enable used computer hardware to go
from institutions of higher learning, industry or developed countries to
schools without tax/duty;

• To use existing institutional resources more intensively;
• To adopt a suitably phased programme of introduction of computer

education in schools;
• To experiment with different models of utilization of ICTs in education;
• To encourage use of broadcast media for education (distance learning,

TV education); and
• To provide suitable tax incentives for institutions engaged in teaching

and training.

The most fundamental change in the role of the government is from being
a doer to a facilitator through a series of graded steps. The role of the government
in school education is, however, likely to remain high.

Areas identified for national level action and those suitable for regional
level initiatives are:
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• A proper assessment of the demand supply gap in human resources
for the IT sector;

• Development of high-quality digital training and education content;
• Collaborations for teachers’ training in selected areas;
• Collaboration in language technology research; and
• Experience sharing in terms of different models of public-private

partnerships or in liberalization of education policy.

Actions proposed at the regional level are:

• Fund a regional project to undertake an assessment of the human
resource needs and gaps for IT in various countries in the region;

• Identify willing partner countries that wish to collaborate for the creation
of high-quality, interactive digital content for IT and non-IT training
and fund a pilot collaborative project;

• Identify countries willing to offer institutional resources on a cost basis
to other countries and establish a mechanism for such resource sharing
on a continuous basis, particularly for teachers’ training;

• Establish collaborative projects between institutions working on
language technologies in member countries; and

• Arrange regional workshops for experience sharing.

A. Introduction

The ongoing revolution in the field of information and communication
technologies (ICTs) is an unstoppable juggernaut that is impacting every aspect of
human activity and endeavour. These technologies are completely and swiftly
redefining the way things are done in nearly every field of human activity. For
example, the competitive pressure of the global economy is driving businesses to
rapidly adopt a wide range of computer systems to improve productivity, manage
production, improve both internal and external communications, and to offer
customers new services. Countries see ICTs as critical to their long-term competitive
advantage and so continue to invest in it, even in the face of economic downturns.
The world is embracing ICTs at a frenetic pace for competitive advantage,
convenience, quality of life, affordability, creativity and many other factors.

Experts often draw comparisons between the impact that the machine age
had on manual workers in the industrial and agricultural sectors and the impact
that ICTs are having on white-collar workers, or the whole class of workers
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more fashionably termed “knowledge workers”. The new ICTs are, however,
readily distinguishable from the earlier capital-intensive industrial technologies
in two major respects: they are cheap in relation to the cost of human labour,
and their rapid spread is nearly impossible to control resulting in their ubiquity.

These factors have resulted in dramatic global changes in employment
patterns, required skill-sets and the range of opportunities for employment and
economic advancement. In particular, an unprecedented window of opportunity
has opened up for developing countries. The key to exploiting this opportunity
lies in realizing that the market for many kinds of human resources is increasingly
becoming global. Since technology is rapidly shrinking the range of human
activities that require physical relocation of a person, opportunity is gravitating
to those countries that provide the kind of human resources needed by the
global economy. Opportunity also goes to those who discern emerging global
trends in human resource requirements and prepare for them. This is easier said
than done, as the extremely rapid and continuous changes in skills needed
necessitate constant retraining, thus compounding the problem.

The sheer pervasiveness of ICTs in the world of today also leads to a
definitional problem in the context of analysing its human resource implications.
Who is an “IT worker”? Normally, the term is applied to one who creates or
applies information/communication technologies. In the broadest sense, however,
it can also include users of these technologies, who also need a significant
degree of training and familiarity with the technologies. This broader definition
includes data entry personnel, and workers using computers in manufacturing
and services, transportation, healthcare, education, government and so on. The
broader definition is relevant since many of the opportunities for developing
countries arise in the area broadly termed “IT-enabled services” or computer
and data processing services.

In most of the analyses and statistics (including those referred to in this
paper) the narrower definition is adopted, although, even in these cases, the
actual definition can vary significantly from one study or statistic to another.
Hence, all statistics need to be appreciated in this light. For example, the
Information Technology Association of America (ITAA) defines (Mitchell et al.
1998) an IT worker in this context as a person involved in the “study, design,
development, implementation, support or management of computer-based
information systems, particularly software applications and computer hardware.”
Some studies, such as the one by the United States International Trade
Commission on the competitiveness of the United States computer software
and services industries, include only those individuals who have software-related
skills that fall into five general categories. These are applications software
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developers, systems software developers, systems integration service providers,
outsourcing service providers and custom programming service providers. On
the other hand, the Bureau of Labour Standards (BLS) of the United States
Department of Labour classifies computer scientists, computer engineers, systems
analysts and computer programmers as IT workers. Variations or inconsistencies
in data gleaned from different sources may be attributed to these differences.

Aside from IT workers as defined above, there is also a huge shift occurring
in white-collar jobs globally. Technology is redefining many of these jobs and
making them increasingly location-independent. Jim Clark of Netscape launched
Healtheon/WebMD, which is squeezing hundreds of billions of dollars of waste
out of the United States healthcare system. While doing so, it is also moving a
large number of health-sector support jobs to developing countries like India.
Many firms are establishing call-centres and service support centres in countries
like Ireland, India and the Philippines where operational costs are significantly
lower. Tens of thousands of such jobs are shifting en masse across the globe,
thanks to innovations by IT-enabled service companies. Michael Dertouzos,
outsourcing expert of the Massachusetts Institute of Technology, estimates that
outsourcing could easily result in a shift of 50 million white-collar jobs from the
West to India in the next few years. At an average salary of US$20,000, they
could add a staggering US$1 trillion to the country’s gross domestic product
(GDP)! Some experts, like consultant Tom Peters, make the dramatic prognosis
that 90 per cent of white-collar jobs in the United States of America (and
perhaps in most developed countries) “will either be destroyed or altered beyond
recognition within 10 years”!2

There is thus a tidal wave of change taking place in employment patterns
and opportunities for IT workers globally. The white-collar worker is following
suit (through IT-enabled services), a little behind perhaps, but in vastly greater
numbers. The IT worker is now clearly a global resource. Increasingly, the
white-collar worker, is also becoming one. For highly skilled and highly paid IT
workers, relocation is a possibility. But the trend is towards outsourcing and
offshore activity, both for white-collar workers and at higher levels of technical
competency for the IT worker. Demand and supply are reckoned globally. The
global supply-demand scenario now determines salary levels.

The emergence of this technologically intermediated global human resource
marketplace holds breathtaking opportunities and challenges for the entire Asia-
Pacific region, particularly for the developing countries. This paper attempts to
address some of the key issues in this context.

2 Time Magazine, Asia Edition, 22 May 2000

65



B. Current status of human resources development for
information technology in Asia-Pacific countries

Since the market for high-tech workers is global, human resource
development (HRD) for IT in the Asia-Pacific region has to necessarily be seen
against the backdrop of the global scenario, beginning with the macro picture
and then on to the regional picture.

Global scenario

Growing market for ICT products and services

According to a study by the International Data Corporation (IDC) for the
World Information Technology and Services Alliance (WITSA) released in
October 1998, the world IT marketplace was approaching a size of US$2 trillion
in the second half of 1998 (WITSA 1998). It is also growing at a rate substantially
faster than worldwide GDP. Data for the study were gathered from the 50
largest country markets in GDP terms. In all, this group represents 98 per cent
of worldwide ICT spending and 97 per cent of global GDP. Annex I gives the
details. According to the study, the 1997 spending on ICT by the top five
countries in the world was as in table III.1. Asia-Pacific countries, other than
Japan, that figure in the top 50 IT spending countries in the world in 1997 are as
in table III.2.

Table III.1. The top ICT spending countries, 1997

Country US$ spent (billion) Share of global spending (%)

United States 643 35.5
Japan 317 17.5
Germany 119 6.5
United Kingdom 102 5.6
France 91 5.0

In the last five years, the Asia-Pacific region3  has been the fastest growing
ICT market, moving at a compound growth rate of over 14.5 per cent. Latin
America, the next highest, grew at 13.6 per cent, while Western Europe was the
slowest at 3.5 per cent. PC installations grew at almost 80 per cent in Asia-
Pacific – more than twice as fast as the next fastest, Latin America. Viet Nam
and China, with growth rates of 44 per cent and 28.5 per cent, respectively,
were the fastest growing IT markets in the world in 1997.

3 The term ‘Asia-Pacific region’ as used here excludes Japan, unless otherwise mentioned.
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The study also showed that the ‘information economy’ contributes 6 per
cent to the aggregate global GDP. World Wide Web utilization was projected to
grow from 100 million users by end 1998 to 320 million by 2002. Every year,
50 million people gain access to telephone lines in their homes.

Table III.2. Top IT spending countries in the Asia-Pacific region, 1997

Country US$ spent (billion) Rank in top 50

Australia 33.5 9
China 27.9 10
Republic of Korea 27.8 11
Taiwan Province of China 12.1 18
Hong Kong, China 12.0 19
India 7.8 26
Singapore 7.4 27
New Zealand 5.6 31
Malaysia 5.4 32
Indonesia 4.8 36
Thailand 4.4 38
Philippines 2.4 44
Viet Nam 1.4 47
Rest of Asia-Pacific 4.4 -

Explosive growth in e-commerce

Goldman Sachs, a leading global investment banking and securities firm,
expects that the world business-to-business (B2B) market will grow at a
compounded annual growth rate (CAGR) of 96 per cent till 2003, accounting
for 90 per cent of the total e-commerce market4 . The business-to-consumer
(B2C) market is expected to grow at a CAGR of 58 per cent, accounting for 10
per cent of the total e-commerce market. Goldman Sachs also predicts that
growth in Internet usage in regions like Asia and Latin America would outpace
growth in the United States and Western Europe. By 2003, at least one-third of
Web-users in Asia would become Web-buyers. As Internet commerce grows
from near negligible levels in 1998 to 2-3 trillion dollars by 2003 (mostly B2B),
the need for skilled technical workers to manage this transition by creating and
applying newer technologies is also increasing.

4 Reported in The Hindu newspaper (India) dated 15 August 2000
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Rising need for IT skills in all professions

Futurework, a report authored by Leslie Eaton and issued by the United
States Labour Department in September 1999, predicts that in the United States
within a few years, “most workers will need basic computer skills to enter their
chosen occupations and additional specialized training in field-specific applications
to advance.” 5  It was also estimated that “at least half the entry level jobs for
people who have not graduated from college involve computer use”. IT industry
compensations were also rising rapidly, with an increase of 9-15 per cent over a
period of just one year (1998-99). IT professionals with the hottest skills are
often receiving base pay increases of 10-20 per cent per year against a national
average of around 5-6 per cent. The salary levels of the IT workers were also
significantly higher than the national median income. Employee turnover rates
ranged from about 16 per cent to as much as 35 per cent.

Declining trend in enrolment for IT in developed countries

While the growth of IT employment opportunities in the United States and
other developed countries has outstripped supply, paradoxically there was a
decline of over 40 per cent in the number of Bachelor’s degrees in computer
science awarded by United States universities between 1986 and 1994 – the
number fell from 42,195 in 1986 to 24,553 in 1994. There were, however,
some increases in the number of Master’s and doctoral degrees.

Another trend that has been noticed is that foreign students make up a
significant share of computer science graduates in the United States. Foreign
nationals comprise around 50 per cent of the student population for advanced
degrees and computer engineering. Asians have a disproportionately high share
of degrees (Bachelor’s, Master’s and Ph.D.) conferred by United States
universities in relation to their populations, with the disproportion being higher
for higher degrees. About 20-25 per cent of all Master’s and higher-level degrees
conferred by United States universities go to Asians.

Some of the causes for the reduction in supply of IT workers in the United
States and the declining number of United States students earning degrees in
computer and information sciences are given in annex II.

Demand-supply gap in human resources

The global demand-supply scenario presents a picture of a huge gap in the
availability of IT workers. There are several documented studies that point to large
gaps in availability in terms of quantity (number), quality (level of skills) and

5 Reported in New York Times dated 20 October 1999.
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specialization, leading to a situation of rising compensation levels and high turnover
of employees. A sampling of some of these reveals the enormity of the problem:

(a) A 1999 study by International Data Corporation found that the shortage
of IT workers worldwide stood at over one million.6  The study
predicted that the United States alone would experience intense
recruiting problems for about 850,000 IT jobs by 2002. In the same
year, the shortage of skilled IT professionals would exceed one million
in Europe alone. By 2002, the openings for IT worker positions could
exceed one-fourth of 1998’s total IT workforce.

(b) West Europe estimates a staggering shortfall of 1.7 million IT workers
by 2003, of which 400,000 unfilled positions will be in Germany.

(c) At present, Japan is not in a position to fill 210,000 engineering jobs.
(d) A study by the Meta Group found that there were 400,000 IT jobs in

the United States that were unfilled in June 1999 and that the number
was increasing by about 25 per cent every year. Financial, banking,
utility and insurance industries were hit particularly hard by shortages.
The study also found that IT staff turnover was rising, reaching 15 per
cent in “the current year” (1999).

(e) According to a United States Department of Commerce report of  June
1999 (Meares et al. 1999), the demand for IT workers will continue to
mushroom, with 1.4 million more IT workers (computer programmers,
computer scientists and engineers) needed by 2003. This is not
surprising, considering that IT accounted for 35 per cent of United
States economic growth in the previous year.

Regional scenario in selected countries

General scenario

The demand-supply gap in qualified human resources in the IT sector that
is found globally is prevalent in the Asia-Pacific region, including Japan, as well.
The gap arises on account of four factors:

(a) Rising demand for qualified IT workers owing to rapid growth of ICT
usage in the domestic economy;

(b) Rising demand for qualified IT workers owing to increase in export of
software and services;

(c) Attrition of highly qualified human resources to developed countries; and
(d) Inability of the conventional education system (technical and higher

education) to keep pace with the demand.

6 Reported in Newsbytes 21 September 1999
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Analysing the demand-supply gap

The software spending and IT services spending of the top 50 countries in
the world (including Asia-Pacific countries), given in annexes III and IV, give a
measure of the demand side. The demand for qualified human resources, how-
ever, can be better understood by examining the turnover of the software industry
(both domestic and export) in these countries. The turnover of a country’s
software industry can yield a reasonably good approximation of the human
resources employed. The historical and projected growth rates of the industry can
lead to a reasonable understanding of future human resource needs in the sector.

On the supply side, the formal university and college education system
figures need to be looked at in conjunction with the non-formal channels like
adult or continuing education, TV or net-based education and private training
centres. Along with the enrolment in IT disciplines, it is desirable to look at the
enrolment in science and general engineering disciplines as well, since these
streams can potentially be converted into IT workforce to bridge the supply-
demand gap through policies and strategies that are discussed later in this paper.

The following section examines the IT workforce supply-demand scenario
in selected countries.

China

Supply side data in China reveals a large potential supply base. There are
over 1,000 universities, with 468 of them offering computer major (computer
applications, computer science, computer engineering and computer software).
There are TV-based education channels for adults with 45 TV universities.

In 1997, the total number of undergraduate students in all universities and
colleges was 3.17 million, of which 0.33 million students were in natural science
and 1.26 million in engineering. While about 1 million students entered the
undergraduate programme in 1997, 0.83 million students graduated, of whom
0.65 million were in natural science and engineering. The adult education system
produced 0.89 million graduates in 1997 and a cumulative total of 9.7 million
graduates, accounting for about 40 per cent of the total number of graduates
produced. About 30,000 computer engineers are produced every year as against
a requirement of around 40,000 (both hardware and software), thus leaving a
shortage of about 10,000 computer engineers each year. The cumulative shortage
is expected to rise to 200,000 by 2007.

On the demand side, computer software exports in 1999 stood at US$80
million, while computer software production totalled US$2.15 billion. The
software industry employs 150,000 people, while the software applications
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industry employs 300,000 people. The hardware industry is much larger, with
exports (computer hardware, telecommunication equipment, ICs and electronic
components) in 1999 totalling nearly US$40 billion.

High staff turnover rates afflict the IT industry in China, like in other
countries around the world. For example, Beijing Stone Investment Company,
a leading high technology company in Beijing with revenues of Y1.4 billion in
1999, employs about 3,000 people and about 150-200 people join annually.
The attrition rate of employees has increased from 11.5 per cent last year to 14
per cent in the first half of the current year. Thus, attrition rates are on the rise
and a key question for the company is how to attract and retain talent.

India

In India, the growth in software exports over the last few years and the
implications in terms of number of employees are shown in table III.3:

Table III.3. Revenue and employment from Indian software exports

Financial year Revenue Number of Increase in
(US$ million) employees employment

1998 1 750 91 000  30 000
1999 2 600 128 000  37 000
2000 3 900 184 000  56 000
2001 5 900 266 000  82 000
2002 8 250 355 000 89 000

Source: Infosys Corporation.

As against the dramatic rise in industry employment taking place and the
even more dramatic projected rise in employment in the IT industry, the supply
side data are presented in table III.4:

Table III.4. Number of S&T degree holders
(in ‘000s)

Cumulative number as on Average increase
1.1.1991 1.1.1996 per year

Graduates in science 2 430  3 155 145
Post-graduates in science  482 626  29
Engineers (degree holders)  520 705 37
Engineers (diploma holders)  859  1 139 56

Source: Statistical Outline of India 1999-2000, Tata Services Limited.
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Given the supply constraints for IT workers, many of the engineering
graduates, after some training, are moving into the vacuum. It should also be
noticed that the demand projections for skilled IT personnel in the near future
add up to a significant proportion of these numbers. A joint report by the
National Association of Software and Service Companies of India (NASSCOM)
and McKinsey estimated an annual demand for 140,000 IT workers in India
compared with 73,000-85,000 people who graduate annually.7

In August 2000, the Government of India constituted a Task Force on
Human Resource Development in IT. This Task Force is expected to draw up a
plan to optimally use existing infrastructure of premier technology institutions in
the country to enable a quantum increase (2-3 times the existing levels) in the
student intake within the next 1-2 years. It will also make recommendations on
creating mutually beneficial cooperation between educational institutions in IT
in the formal (government controlled) sector and those in the private sector.
Further, it would make suggestions on how to ensure the diffusion of high-
quality IT education into the hinterland, as well as recommend measures to enhance
use of ICT and Internet to improve teaching of non-IT subjects for all students.

Malaysia

The enrolment in first degree courses in public educational institutions in
Malaysia in various years was as shown below (table III.5):

Table III.5. Enrolment of S&T degree students in Malaysia

Number of students enrolled Total output
1990 1995 2000 1996-2000

Pure sciences 4 610 5 580 8 130 7 590
Engineering degree 5 520 10 430 24 750 14 110
Engineering diploma 6 010 11 040 17 790 19 780

Source: Seventh Malaysia Plan, 1996-2000

A sizeable number of Malaysian students pursued their studies abroad. For
example, in 1995, the level of enrolment abroad was as shown below:

(a) Enrolment abroad in degree courses 50,600
(b) Of (a), number sponsored by government 18,300
(c) Of (b) those enrolled for S&T courses 10,980

7 Reported in Business Standard newspaper (India) dated 9 August 2000
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The output of and demand for IT workforce were estimated at 20,166 and
27,174, respectively, during the period 1991-95, indicating a gap of about 7,000
persons during the period (without considering quality and specialization gaps.)
It is estimated that, by the end of 2000, all 197 Malaysian universities and
institutes of higher learning (including private diploma/degree granting institutions)
would turn out 24,000 graduates in IT. Thus, the human resources problem is
expected to ease out.

As per the mid-term review of the Seventh Malaysia Plan 1996-2000, the
total number of IT workers was about 87,000 by the end of 1998. Of these,
28,000 were technical support personnel and about 8,000 were software
engineers. Skills in demand were systems development and integration, operations
management, R&D, software development, database management and
telecommunications networking. The total enrolment of students in IT and
multimedia courses at certificate, diploma and degree levels in public and private
institutions was 65,200. By 2001, 349 companies of ‘Multimedia Super Corridor’
status are expected to take in 40,000 skilled workers (cumulative). Foreigners
constitute ten per cent of knowledge workers.

Philippines

The Philippines had an early start in boosting its export of IT services.
While the growth in early years was impressive, subsequent growth of (and
consequently demand for) human resources has been moderate. The export
earnings from this sector are shown in table III.6 (NITC 1997):

Table III.6. Philippine export revenue from IT services
(US$ million)

Year Export revenue

1993 60
1994 125
1995 206
2000 300

On the supply side, there are 30 colleges and universities offering degree
programmes in computer science and engineering. In 1996, there were 200
private training centres. In 1997, the total number of computer schools, colleges
and training centres rose to 357. The total enrolment of students in various IT
courses at these institutions and the number of IT graduates produced in various
years are given in table III.7.
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Table III.7. Enrolment in and graduates from IT courses

Academic year Enrolment Number of IT graduates

1992-93 55 000 -
1993-94 70 000 -
1994-95 91 829 11 598
1995-96 117 799 14 944

C. Institutional support and infrastructure requirement
for human resources development

A broad picture of the institutional support and educational infrastructure
in various countries in the region was presented in section B. This section looks
at specific research and development facilities, training and educational institutions
in some of these countries.

China

The Beijing University is widely regarded as one of the best universities in
China. One empirical indicator of this is the fact that one-third of the graduates
of this university went abroad in 1998.

The Beijing Polytechnic University is one of the 100 universities that came
into focus under the “211 Project” since December 1996 for national focal
construction of the 21st century. While it has all types of courses including
management and social sciences, the focus is on engineering courses. It has
10,000 full-time students and an additional 6,000 in night school. One-third of
the students are in IT-related courses.

The Beijing Institute of Technology (BIT), a pivotal institution for IT
education in China, has a total of 13,000 students. It has added more IT content
in traditional engineering courses by making full use of funds from many sources,
such as the World Bank loan provided through the Government of China. It has
established a ‘Megatronics Centre’, which focuses on control processes, and a
Centre for Development and Research in Mobile Communication Technology.
The Institute has cooperation agreements with domestic and international
corporations, and is exploring opportunities to establish contacts with IT majors
like Microsoft Corporation. BIT, which is one of the 22 distance universities in
China, has played an important role in establishing and extending cooperation
with local and international companies. In the span of just 5 years, it attracted
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30,000 students. From March 2000, an interactive Net-based programme has
been launched. Enrolment has been raised from 1,000 to 4,000 in the current
year (2000).

The High Technology Development Zone (HTDZ), Beijing, has set up an
Innovation Institute, which runs certificate programmes in various disciplines.

The Centre of Computer and Microelectronic Industry Development (CCID)
is a government-authorized organization under the Ministry of Information
Industry of China. It is a national research and development body that specializes
in offering to industries authoritative information services for policy-making,
research and consultation. It serves as the link between government bodies,
trade authorities, industrial community, manufacturers and end users. The
Chinese Information Processing Open Lab (CIPOL) has for years been engaged
in research and development on Chinese information processing. It has developed
a practical Chinese-English machine translation system, which was ranked first
in a national evaluation of 863 high-tech projects. Since 1996, CIPOL has
taken part in an international cooperation project on Universal Networking
Language (UNL) launched by the United Nations University. This project aims
to remove language obstacles for millions of Internet users in the world and
thus pave the way to sharing abundant network resources. Apart from services
to industries and to society, CCID offers consulting and information services to
government agencies on government policies, strategies, projections, market
information, etc.

Many students from Chinese universities go abroad for higher studies and
work. For example, from the 1998 graduates of the Beijing University, 50 per
cent of Physics graduates, 35 per cent of Chemistry graduates and 32 per cent
of Biology went abroad. In all, 300,000 students have gone abroad in the last
20 years, and 50 per cent of these students were sponsored by the government.
Only about one-third of those who went abroad (100,000) have returned to
work in China.

India

In an article in the issue dated 24 July 2000, Time magazine notes:
“California’s Stanford University gets a lot of the credit for the rise of the new
(information) economy.” It then adds, “don’t underestimate the contribution
made by the IIT (Indian Institute of Technology) system, five elite colleges
founded by tech-minded Prime Minister Jawaharlal Nehru in the 1950s. IITs
have produced about 110,000 graduates since the 1960s and a fourth of them
left India for the United States. But nowadays, more and more are...building
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their careers at home.” It continues: “The newest star in the system is the
Indian Institute of Information Technology in Hyderabad in the Southern state
of Andhra Pradesh. Just two years old, IIIT is a cutting-edge collaboration
between big business and Andhra Pradesh’s tech-minded government.... and its
ambition of becoming a high-tech hub seems within reach. IBM, Microsoft,
Oracle, Satyam and Metamor have already opened multi-million dollar research
centres on the campus.”

Apart from the well-known IITs, the country also has several reputed
engineering institutions of high standard including the two Birla Institutes of
Technology and the Regional Engineering Colleges. In 1997-98, there were 229
universities and 2,075 professional colleges in India.

In the wake of the IT boom, a very large number of private training
institutions have mushroomed all over India offering a wide variety of short-
term training courses. Such course offerings do not require any approval or
permission from any government body. There are however, concerns about the
variable quality and high fees in respect of many of these institutions. No accurate
or reliable data are available about the number of such institutions or the number
of students enrolled in them.

Malaysia

The inflow of foreign investment and technologies into the country
necessitated Malaysia to produce competent workforce with advanced skills in
specialized areas. In response, the Government of Malaysia set up two advanced
skill training institutions – the German-Malaysian Institute (GMI) in the area of
industrial electronics and production technology, and the Malaysia-France
Institute (MFI) in electrical equipment installation, welding technology and
maintenance of automated systems. A Business and Advanced Technology
Centre (BATC) under the management of Universiti Teknologi Malaysia was
established in 1992 to produce more engineering managers.

As an adjunct to the establishment of the Multimedia Super Corridor (MSC),
Malaysia has established a Multimedia University as an international university
to produce the next generation of knowledge workers for the MSC. The country’s
first virtual university was established in 1998.

Philippines

The Technical Education and Skills Development Authority (TESDA) is
charged with the responsibility of supervision of short-term IT training
programmes (less than 4 years), including curriculum design and assessment of
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requirements. It is mostly metro-centred with a focus on Manila, Cebu and
Davao. Most programmes are hardware related (such as computer repair), but
some of them include training on software packages like MS Office. TESDA
has also entered into a partnership with STI, a private training school, to promote
distance learning. Almost 95 per cent of the IT-related training programmes in
the country are run by the private sector. Registration of a programme with
TESDA is necessary for getting credits for the courses for degree-related
programmes. TESDA has also launched some initiatives with cable TV operators
for TV-based training programmes. Negotiations are on with other private
agencies for establishing distance-learning programmes. A loan package from
the Asian Development Bank (ADB) for technical education in the Philippines
has a specific component for distance learning and for student loans to enable
needy students to undertake technical training courses. About 80 per cent of
private schools and colleges are at the tertiary level. Private institutions need a
licence/approval to offer degree/diploma programmes.

The Advanced Science and Technology Institute (ASTI), located at the
University of the Philippines campus, conducts various courses in commu-
nications, computer software, etc. It has a Special Projects Division, which has
facilities such as PCB phototyping that is open also to external use by local
industry, schools, etc. ASTI undertakes research projects and has linkages with
the University of the Philippines and with the industry. It has about 20-30
technical positions, and focuses on applied research through collaborative
initiatives. Interestingly, the learning environment and not the salary motivate
most people who join ASTI. Employees also have an opportunity to enrol for
graduate courses. About 5-10 per cent of IT graduates from the University of
the Philippines go abroad. There is an Engineering Science Education Programme
available to students for pursuing doctoral studies abroad. Private institutions
produce about 70 per cent of all technical personnel in the country. According
to ASTI, there are more than enough graduates for meeting the demand of local
IT companies, and more emphasis on science and mathematics is needed at the
school level.

The Department of Science and Technology (DOST) is responsible for the
development of the IT industry and for the government’s Information Systems
Planning. National Computer Centre, a part of DOST, is responsible for
application development and training. Mid-term aim of HRD efforts in the
Philippines was to concentrate on short-term training courses, such as on Oracle
and Java, for 5,000 people. It was later realized that there was a gap in terms
of higher skills and experts, Ph.D.-holders, etc. The National Information
Technology Council (NITC), chaired by DOST Secretary, and E-commerce
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Promotion Council were merged recently, and HRD is now a part of the mandate
of the merged body. S&T Manpower Development Council, also chaired by
DOST Secretary, makes forecasts of demand and supply for various disciplines.
The Council for Higher Education is responsible for IT in colleges, while IT in
school education is dealt with by the Department of Education. The University
of the Philippines Open University has been established for distance education.
Many private software development schools have been established, but standards
are a problem. Some of them operate without permissions but monitoring
resources are limited. Students of non-recognized institutions are required to
pass national level tests.

D. Policies and strategies for human resources
development for information technology

Systematic planning is needed to create the requisite human resources for
IT in the region. This task entails several steps, as discussed below.

Assess the demand and supply for IT workers

It would be clear from what has been said in the earlier sections that there
is a critical shortage of human resources for IT in the world. The countries in
the Asia-Pacific region are uniquely placed to bridge this global gap in the short
(partly), medium and long terms. This, however, is unlikely to happen beyond a
point unless appropriate strategies and policies are evolved to this end. Data
show that the business-as-usual approach would very quickly expose the
limitations of the current supply line for high-quality IT workforce in the region.

In many countries, there is not enough clarity about who is responsible for
what in this context. The number of departments and agencies involved in the
management of human resources for IT is large: the departments of education
(both school and higher education), science & technology, IT (where it exists),
labour, human resources, commerce, telecommunications, industry, etc. are all
involved to some degree. Historically, in most countries, the education department
has little direct contact with the industry. As such, it is not well positioned to
interact with the IT industry to ascertain demand and enlist support for joint
initiatives. Assessment of the gaps in terms of quantity and quality of workforce
and the specializations needed is a complex task. The rapidity of technological
change and, consequently, the nature of human resources needed make the
target a fast moving one; at best, one can get a snap shot at a point in time and
that too with some delay.
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Lack of adequate and timely data is a problem that plagues all countries,
including the United States and Western European nations. Paucity of accurate
data, projections or estimates is a serious problem for planners. Of course,
there is also the question of whether the situation merits or is amenable to
solution by a planned response. It may be difficult, but concerted action is
better than relying entirely on market forces to provide correctives. Unless
there are well-researched estimates of demand and supply (even if they are not
totally accurate), neither the government nor the industry can take any corrective
action. Another aspect to examine is the relevance of a country-wise estimate
of the demand and supply for human resources, as these are increasingly global.

In the current scenario of a global scramble for high-tech workers, a country
needs to develop a vision of its own role in the global IT human resources market.
This can be done based on the current and expected growth of the IT industry
in the country, the need for qualified human resources for e-governance initiatives
and the global demand-supply gap. Given such a vision based on an assessment
of the comparative advantage that a country has in this field, the next task is for
the government and industry to work out a joint strategy to achieve the vision.

The process of making such assessments regularly or continuously and
working out suitable strategies and actions needed requires new institutional
mechanisms or augmentation and redefinition of the roles of existing ones. In any
event, the process requires government and industry to work closely together.

As pointed out earlier, such assessments in developing countries in the
Asia-Pacific need to take into account not only the demand of the country for
its own industry and economy, but also the potential that it has for meeting part
of the global gap. Failure to do so would cause a global opportunity to be lost
and, inevitably, lead to gaps in the country’s own demand and supply, since
many of its people would migrate to more lucrative markets overseas.

Strategies adopted by different countries in the region

Most countries in the region have not systematically analysed the human
resource supply and demand scenario for the ICT sector. However, many of
them are acutely aware of the general problem in this regard and have taken
important initiatives to correct the imbalance. Different countries in the region
have adopted different strategies to assess the situation.

China

Telecommunications, computer hardware, computer software and
networking professionals are in high demand. Strategies recommended by CCID
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to tackle the growing deficit of IT workers include expanding the scale of
education, cultivation of non-IT major people (for example, by taking people
from banks) and cooperation with foreign companies or institutes. Another key
recommendation is that primary and secondary schools put more emphasis on
IT. Full use of Internet in education has been recommended as an important
strategy (some universities are already doing this). This approach is particularly
useful for remote areas. Investment in education should combine government,
social and private streams. Used computers are being sent to remote districts.

A major reform has taken place in universities and the higher educational
system. China now encourages private institutions in education. There is no
longer the promise of a government job after graduation. Before the reform in
the educational sector five years ago, only 20-30 per cent of high school students
could enter a university. Now, about 50 per cent of high school students are
entering the university (75 per cent in Beijing). In China, education is compulsory
up to middle school, but only one-third of middle school students enter high school.

Quality of education, particularly in IT and high technology areas, is an
issue in China. A major reason is the language barrier. Teachers feel that in
countries like India, where teaching and learning materials are in English, there
is no barrier to progress. But the Chinese population needs time to learn English.
Only 10 per cent of teaching staff can read and teach English. Advanced teaching
material is said to be not easily available. China is now introducing foreign texts
and books, but the main text is still in Chinese. Consequently, professors and
students are not satisfied. There is a 3-5 years time lag in Chinese textbooks
with reference to international standards. Translation software available is
effective.

The lack of adequate funding is another problem. The range of equipment
available in educational institutions is limited and many are out-dated. It is
difficult to provide adequate facilities to the increased number of students; for
example, it is difficult to provide new software for 4,000 students. Universities
enrolled in the 211 Project have received improved funding. Fees increase from
1990 levels is almost 60 per cent and the current fees are considered high,
though student fees still fund only 25 per cent of costs. There is a significant
salary difference between the industry and the academia. One of the chief
problems in academic institutions is attracting and retaining talent.

There is a relatively high emphasis on higher education in Chinese families.
In the view of CCID, measurement of demand and supply is necessary, but it
needs cooperation of many government departments. The Labour Department
could perhaps undertake this task.
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India

In May 1998, India established a National Task Force on Information
Technology and Software Development, to make recommendations on the steps
necessary to realize India’s ambition of becoming an IT superpower. The Task
Force made 108 recommendations, including some relating to HRD. Introduction
of IT in schools and distance/IT-enabled learning were recommended. Estab-
lishment of Indian Institutes of Information Technology, on the lines of those
set up in some states, was another recommendation.

In India, some states are experimenting with different models for combining
public and private initiatives in IT education at school and college levels. In the
southern state of Tamil Nadu, for instance, the government has introduced a
programme to impart IT education in all high schools in the state at the 11th and
12th classes (the last two years of high school). Under this innovative programme,
private companies were invited to establish computer labs in all 600 schools and
to operate the entire programme according to a prescribed syllabus. The
companies were allowed to use this facility outside school hours to offer
commercial IT education to adults. This enabled such education to be provided
to the school children at a total cost of Rs.1-1.8 million (US$22,000-40,000),
including the cost of teachers, per school over a period of five years. This was
much cheaper than what the government would have incurred had it attempted
to provide the education directly, besides the operational and logistical problems
that such a move would have created.

In another South Indian state, Andhra Pradesh, a unique industry-government
partnership was structured to establish the Indian Institute of Information
Technology at Hyderabad, the state capital. Attempts are now being made to
introduce a massive distance-learning programme to impart an MS degree in IT
to nearly 10,000 students in collaboration with Carnegie Mellon University.
The programme is planned as a self-financing initiative, with student loans being
given to those who take up the programme.

Malaysia

Malaysia has been thinking ahead and systematically preparing itself for
the Information Age. In 1996, the National Information Technology Council
formulated a national IT plan, the National Information Technology Agenda
(NITA), with the objective of ensuring a coordinated and integrated approach
towards the transformation of the Malaysian society into a knowledge-based
one. NITA provided a framework for a three-pronged strategy involving the
balanced development of three strategic, demand-driven elements – human
resources, info-structure and IT-based applications. Key programmes were
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identified for implementation by relevant agencies. A unique pilot project is
under way at E-Baruyu where, taking advantage of convergence of technologies,
IT-based teaching is provided in the school, based on community ownership of
assets. Another unique project is a mobile computer lab for schools. A 20-
computer bus with Internet connection visits schools for computer training.
Suggestions for improving human resources development in the country were:
TV education for schools, establishment of a virtual university, providing
broadband connectivity and more distance learning centres.

There has been a general awareness of human resource needs in the country,
but focused awareness came after the advent of the Multimedia Super Corridor,
which has caused parents to think more about IT. A Multimedia University was
established in the country. University education in Malaysia was liberalized and
decentralized 7 years ago, leading to opening of many institutions offering skills
of varied types. Some observers have expressed concern regarding the quality
of some of these training institutions. One view holds that the lack of a strong
science or mathematics base in Malaysia is part of the problem. Output from
private higher learning institutions in ICT increased from 4,800 in 1996 to
10,300 in 1999. These institutions offer degrees, diplomas and certificates.

According to the Economic and Planning Unit in the Prime Minister’s
Office, the human resource problem is accentuated by lack of trainers. One
notable cause is the pay difference between government institutions and
universities on the one hand and the private sector on the other. An eight-month
human resources study was funded by the United Nations Development
Programme (UNDP) in 1997 at a cost of US$500,000, and the report was
submitted in 1998. In ICT, the report contains an analysis of courses run and
their output, and a demand analysis. Registration of training institutions with
the Department of Education is compulsory. The general findings of the UNDP
study indicate that while general computer literacy is at acceptable levels,
specialized skills are lacking at higher levels. The recommendations for action
cover both schools and colleges. Malaysia has initiated a project for establishing
90 ‘Smart Schools’, which will have one personal computer for every six
students. Other schools are starting computer labs. About 50 per cent of existing
schools will have computer labs by mid-2001. ICT programmes are developed
by the curriculum development wing of the Department of Education.

The Malaysian Administrative Manpower Planning Unit (MAMPU) has
constituted a human resources study group (HRSG) to look into, among others,
the human resources requirements for various e-governance applications. There
are human resources constraints (quantity, quality and specialization) in both
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government and private sector for flagship applications. INTAN provides
training for government employees. Originally, 10 per cent of the 100,000
employees were proposed to be covered using 13 authorized centres with private
partners. Later, it was realized that everybody needed to be trained. In late
1998, the IT Skills Assessment and Certificate (ISAC) programme was
introduced. Training in programming is being given to government employees,
as the government is not getting programmers from universities. Even in flagship
applications, departmental people were undertaking the task, not outside
agencies. One view was that the six-month training programmes in Java,
COBOL, etc. were not adequate.

Philippines

Apparently, there have not been any systematic programmes of assessing
the availability of and demand for human resources for the IT sector. However,
as mentioned earlier, the S&T Manpower Development Council chaired by
DOST Secretary did make a forecast of demand and supply of human resources
for various disciplines.

IT21, an IT Action Agenda for the 21st century prepared by the National
Information Technology Council in October 1997, has set out certain objectives
and strategies for the creation of human resources for IT. One line of action has
proposed more investments in dual training systems, distance education
institutions and open universities. Adoption of IT in education by public and
private education and training institutions is expected to develop a critical mass
of IT professionals and an IT-literate workforce. Other specific actions proposed
to develop the IT workforce base were:

• Incorporate IT in the primary, secondary and tertiary curricula;
• Implement IT-based/computer-aided learning in basic education,

including the pre-schools;
• Upgrade competencies of educational/training institutions with IT-based

tools and programmes;
• Re-orient engineering and other IT-related courseware towards greater

responsiveness to industry needs;
• Develop instructional/learning materials, especially in sciences,

engineering, mathematics and technology;
• Designate IT centres of excellence from among IT training institutions,

universities or colleges, as a form of recognition and reward;
• Organize a nationwide network of core competency institutions in IT;
• Conduct continuing IT education for teachers/trainers, ITpractitioners
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and workers;
• Establish high-quality distance education and learning programmes;
• Adopt dual tech approach in IT education and training; and
• Develop and implement life-long learning through the Internet.

Critical issues

A key problem in HRD for the IT sector is the non-availability of a sufficient
number of qualified, trained teachers. This problem is particularly acute because
of the following reasons:

(a) Shortage of IT workers in the IT industry has led to an exodus of
teachers from education and training institutions to the industry.

(b) High industry salary levels owing to the shortage of IT workers have
led to a high disparity between industry compensations and the
university/college salaries, especially in countries where the government
runs most higher education institutions, leading to attrition of teaching
staff.

(c) High employee turnover in the industry has also led to attrition of IT
faculty members from the teaching institutions.

(d) General impoverishment of governments in the wake of globalization
has seriously limited the ability of governments to make substantial
additions to the number of IT teaching institutions or greatly augment
IT infrastructure in existing institutions.

(e) Government/university control over the salary structure of teaching
faculty on a generic basis, coupled with rising trends in industry
compensations for IT workers, has led to a widening gap between the
two.

These problems are applicable equally to schools as well. High illiteracy
rates, few trained teachers, insufficient number of schools, inadequate access
to libraries or educational materials and, in general, inadequate infrastructure
are common problems in most developing countries that thwart efforts to develop
human resources. A World Bank report issued in 1993 had pointed out that
primary education is by far the largest contributor to the growth rates of the
high performance East Asian economies (Word Bank 1993a). School education
cannot therefore be left out of the areas for concerted action in respect of HRD
for IT.

Solutions to these problems are neither obvious nor easy. Information and
communication technologies, however, make it feasible to solve the problem to
a certain extent. The ICT revolution has brought in its wake an education
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revolution that has changed the way instructors teach and students learn.
Software-based learning programmes and specially equipped computers are
already providing hands-on learning opportunities that emphasize exploration,
problem solving and creativity to children.

Distance-learning applications allow students in remote areas to access a
wide range of educational resources. They can be taught by master teachers,
making use of advanced materials from digital libraries. Powerful networks
enable students, classrooms and teachers to get interconnected.

Without an educated, ICT-savvy populace, no community can reap the
benefits of a knowledge-based society or participate in it effectively. To foster
this, ICTs must be incorporated into the learning system. Despite the enormous
potential of these technologies to offer high-quality, cost-effective education,
the opportunity presented here is one that is distinguished by the extent to
which it remains unused, misunderstood and underestimated.

Schools must integrate ICTs into their learning processes. A school’s
readiness in terms of ICT access can be broken down to different components:
number and type of computers available, physical access to the technology,
diffusion of the network, access to and organization of electronic content, and
quality and speed of connectivity. In general, the diffusion of ICTs is driven by
unit cost per pupil. Computers tend to be adopted first at the university level,
then by the secondary school system, and finally by primary schools.

ICTs need to be properly harnessed to improve the learning process itself.
Teachers must be trained to use the Internet and computers as tools for the
students benefit; this training is central to effective usage. Curricula must be
redesigned to encourage the use of ICTs in the pursuit of problem solving,
group learning and research. Students need to be taught from the earliest age
possible to use ICTs to enhance and improve their learning experiences. Full
integration of ICTs into the learning process is optimal and collaborative, and
project-based learning can make up a solid pedagogical strategy for ICT-enhanced
education. ICTs can also be used to offer continuing training to ICT workers
themselves to enhance and update their skills.

Use of ICTs in schools and institutions of higher learning entails three
components: content, delivery mechanisms and front-end infrastructure.

Content

The creation of high-quality, interactive teaching material is the key to
unlocking the potential of ICTs usage in teaching. A uniform and consistently
high quality can be ensured even in remote, far-flung areas once high-quality

85



content is created.

Delivery mechanisms

Delivery of content over long distances needs communication infrastructure
in the form of broadband connectivity, such as fibre-optic lines, cable TV,
satellite links and equipment, etc.

Front-end infrastructure

This includes computers, network resources and facilitators. Also, teachers
in schools using interactive learning technologies must first be trained in their
usage.

On the whole, the economic viability of using ICTs for education, particularly
school education, in developing country environments is still an open question.
Hence, various models need to be experimented with in order to evolve the best
possible combination.

E. Role of government in human resources development
for information technology

Key inferences that can be drawn from the preceding section are summarized
below:

• It is imperative to use ICTs for teaching in schools, colleges and technical
education institutions in order to improve quality and to overcome
shortage of teachers;

• Government-funded initiatives in this regard have serious limitations
because of the high cost of IT infrastructure per student; and

• It is necessary to create an appropriate framework for the involve-
ment of the private sector and to attract non-government funding.

With this background, it is now possible to look at what exactly the role of
the government should be. It should be:

• To make strategic investments in education and training that cannot be
made by industry or private sector and which are necessary to enable
feasible private investments or loan funding, particularly in higher or
technical education.

• To liberalize the educational sector, wherever this has not been done.
In particular, tight controls by government on the establishment of
universities, colleges or training institutions, over syllabi, over pay-
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scales, over methods of inducting students and faculty, etc. should
give way to a more market-driven arrangement, wherein the
government ensures mandatory, automatic registration of such
institutions and enforces the provision of certain minimum information
to students.

• To lead in the creation of high-quality, interactive teaching materials,
utilizing the private sector to the extent feasible. This is the key to
unlocking the potential of ICT usage in teaching, and a uniform and
consistently high quality can be ensured once high-quality content is
created. Considering the technological complexity of the task in terms
of maximizing quality and efficacy of teaching aids, leveraging private
sector competencies and entrepreneurship is critical. Government should
undertake the task of broadly defining what is required, and invite private
sector participation in creating high-quality interactive material. Maxim-
izing quality, not minimizing cost, should be the sole objective here.

• To establish institutional mechanisms for taking necessary decisions
regarding the syllabus, selection of master teachers, best teaching
method, etc. in consultation with industry. While the involvement of
government in this activity is obviously necessary, the precise nature
of tasks that it should take on directly and those that should be out-
sourced needs careful evaluation. The government should evolve
mechanisms to certify content of acceptable quality for usage in schools/
colleges.

• Delivery of content over long distances needs communication infra-
structure in the form of broadband connectivity involving fibre-optic
lines, cable TV, satellite links and equipment, etc. Evolving a suitable
policy framework for telecommunications to make such connectivity
available at affordable, or even subsidized, cost to educational
institutions is a key enabler that governments have to provide and
ensure.

• To encourage research and innovation in the use of wireless broadband
technologies in education, as this could greatly help remote rural areas.

• To create a front-end infrastructure – including computers, network
resources and facilitators – to effectively complement government and
private sector spending. The cost of these technologies and the ability
of students to pay for them or access bank loans that can be repaid
after getting a job need to be carefully assessed at every level to ensure
that, to the extent feasible, the diffusion of these technologies is self-
sustaining. Governments should encourage innovation with several
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models in order to identify the best solution(s). This will ensure the
most optimal combination of affordability and rapid spread. Govern-
ments need to also evolve a suitable policy of providing loans to
deserving students.

• To encourage language technology research that aims at making network
resources and content language-neutral.

• To plan and implement a comprehensive project aimed at retraining
teachers.

• To evolve a suitable mechanism to register private training institutions
without curbing their freedom to innovate in terms of course offerings,
teaching methods, fee structures, etc. For certain standard courses, a
national-level testing programme could be evolved.

• To evolve suitable policies to enable trickling down of used computer
hardware from institutions of higher learning, industry and developed
countries to schools without tax or duty.

• To use existing resources more intensively by, for example, enhancing
the number of seats in existing institutions (provided the teacher student
ratios are not too adverse) or introducing shift systems and night colleges.

• To adopt a suitably phased programme of introduction of computer
education in schools.

• To experiment with different models of utilization of ICTs in education
in order to understand the psychological and intellectual benefit and
potential of these technologies, as well as the management issues
involved.

• To encourage the use of broadcast media for education (distance
learning, TV education, etc).

• To provide suitable tax incentives for institutions engaged in teaching
and training.

The most fundamental change in the role of the government would be
from being a doer to becoming a facilitator through a series of graded steps. The
role of the government in school education, is however, likely to remain high.

F. Role of private sector in human resources
development for information technology

Given the high cost and rapid change involved in the creation of human
resources for the information and communications sector and the limitations of
government initiatives (despite their importance), the role of the private sector
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in HRD becomes particularly crucial. Traditionally, industry has looked upon
the government and the university system to create the human resources needed
for its own growth. Various factors indicated earlier have led to a fair degree
of clarity both in government and industry that private sector involvement is
critical in bridging the current and future gaps.

This realization has led to two outcomes. At one level, private educational
and training institutions including universities have come up very rapidly in
countries that have liberalized or not regulated this sector of the economy. At
another level, there has been a trend of greater collaboration between the industry
and educational institutions (mostly universities and colleges). Some companies
have also entered into training as a strategic business decision, either to support
their products or as an independent business activity. For example, Motorola
has set up a centre for research at Beijing, Cisco has set up a Regional Academy
of Training, and IBM earns about 8 per cent of its revenues from training.
Several other major IT companies – SAP, Baan, Oracle, Peoplesoft, Microsoft
and others – have established large chains of training institutions either directly
or through partnerships and alliances.

Information technology companies in India, for example, have aggressively
pursued education and training at the college level for the past several years.
Recently, there has been considerable focus on school education and several
corporate partnerships have mushroomed across the country. Hewlett-Packard,
for example partnered a well-known school, Sardar Patel Vidyalaya, in New
Delhi and set up a computer laboratory at a cost of Rs.1.625 million (US$36,000).
The company indicated that it plans several such initiatives in other cities and
schools as a part of its “good citizens” initiative. The school so supported will,
in turn, extend IT education to another five neighbouring schools. The company
projects that by 2008, the country would need 2.2 million IT professionals and
they would come from the children who are in schools today.

Intel too is preparing “teachers and students for tomorrow’s demands”. In
1999, it initiated Project Vidya, its educational programme in India with two
school-related ventures in collaboration with the Department of Education of
the Government of India. The first is a pilot project, which will determine how
a technology-supported education system can be favourably implemented in
India. Three schools run by the Government of India in different parts of the
country were selected for this purpose. Teachers’ training is the primary focus
of the programme. The second project involves the setting up of an Education
Multimedia Centre at the National Council for Educational Research and Training
(NCERT) of the Government of India. The Centre, managed by NCERT, serves
as a resource organization and assists and advises the central and state governments
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on academic matters related to school education. In February 2000, Intel
launched a third large-scale “Teach to the Future” programme in six major
cities in the country, with a schedule to expand to 20 other cities. Here too, the
focus is on teachers’ training. This is seen as the first step to make students
computer literate, as shown by Intel’s research on the needs of education
worldwide. Intel plans to train a minimum of 10,000 teachers in India during
the current year and 100,000 teachers in the next 1,000 days.

Apple Computer International launched Macademia Soft Corner, a
multimedia learning and education centre that will impart hardware, software
and Internet offerings to enhance education at the primary and middle levels.
The programme provides one computer with Apple software for each child, a
high-tech theatre, an adventure course, a reference centre and an arts and crafts
room.

Some Internet companies that have sprung up also offer exclusive services
for school-going children in India, like helping them with their homework
(egurucool.com), clearing fears and doubts (bachalog.com), teaching children
(classteacher.com) and so on. In a relatively smaller number of cases, there is
collaboration between schools and major ICT companies that see a strategic
objective in such interventions. Most of these initiatives are local in nature and
depend on the institutions, individuals and companies involved. As of now, no
models that are being adopted on a really wide scale have emerged.

Growth of private sector institutions has generally led to concerns about
quality. Suitable mechanisms need to be evolved to highlight or measure the
qualitative aspect of courses offered by such institutions without curbing their
enterprise.

G. Regional level initiatives

At the regional level, a proper assessment of the demand-supply gap in
human resources for the IT sector at suitable periodic intervals (say, every 3
years) is absolutely essential. It could form the basis for action, not only for
governments but also for the industry – both the IT industry and the IT training
industry, which has blossomed into an industry in its own right. It could also be
the reference mark for national level initiatives.

Content is the key to using ICTs for IT education. The Asia-Pacific region
could emerge as the dominant supplier of high-quality training and educational
content to the world. In view of the enormity of the task, it is desirable to have
collaborative efforts between different countries to cover a range of subjects
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and topics and to establish the requisite infrastructure for conversion into any
language. Intergovernmental projects should confine themselves to areas that
are not rapidly changing, while the private sector is best equipped to handle the
fast-changing areas.

Keeping in view the paucity of teachers for IT-related subjects, countries
in the region could offer seats in under-utilized institutions to students of other
countries in the region so that the latter could build up a critical mass of trained
IT personnel. In particular, there could be collaborations for teachers’ training
in selected areas.

Language technology is one vital area for collaborative effort. Institutions
engaged in research in this area in the region could establish linkages with each
other and undertake joint projects.

Lastly, the whole field of IT education is in a state of flux and rapid
innovation. Sharing of experience in terms of different models of public-private
partnerships or of liberalization of education policy could be one major area of
interest and could help accelerate spread of IT education in the most cost-
effective manner. This would help the region to achieve its full potential in
filling the global gap in human resources for the IT sector.

H. Conclusions and recommendations

Based on the regional level initiatives suggested in the previous section, the
following proposals are made for action at the regional level:

• Fund a project to undertake an assessment of the human resource
needs and gaps for IT in various countries in the region by rotation.
Industry could also be persuaded to participate in funding such a study.

• Establish collaborative projects between institutions working on
language technologies in member countries.

• Identify willing partner countries, which wish to collaborate for the
creation of high-quality interactive digital content for IT and non-IT
training and fund a pilot collaborative project.

• Identify countries willing to offer institutional resources on a cost basis
to other countries and establish a mechanism for such resource sharing
on a continuous basis, particularly for teachers’ training.

• Arrange regional workshops for experience sharing, as it is necessary
in the fast-changing scenario to have a deeper understanding of
experiences of different countries in HRD initiatives for IT in order to
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ANNEX II: REASONS FOR THE DWINDLING
SUPPLY OF IT WORKERS IN THE UNITED STATES

Some reasons cited for the reduction in supply of IT workers in the United
States and the declining number of United States students earning degrees in
computer and information sciences:*

• Only half of all high school graduates complete algebra or chemistry,
which are prerequisites for college mathematics and science.

• Defence industry cutbacks and corporate downsizing have left many
students with the impression that there are fewer job opportunities in
the computer field.

• Many students believe that the universities do not provide proper training
for the marketplace, particularly with respect to understanding the
software development process in an industrial setting.

• On-the-job training is increasingly substituting the formal four-year
university education in computer science.

• Computer science is not a particularly popular choice of academic
study. Only 1.1 per cent of women and 3.35 per cent of men earning
Bachelor’s degrees in 1994 earned them in computer science.

• Many employers find that some skill sets are lacking in many university
graduates that are needed by the industry.

• Most IT companies provide retraining to IT employees.

• There are also other channels of skill development for IT workers in
the United States than the four-year university programmes. Examples
are the two-year associate degree granting community colleges, special
university/community college one year programmes designed to
upgrade the skills of IT workers already in the workforce or those
with backgrounds in other technical fields, private sector computer
learning centres, in-house company training and computer user groups,
Internet forums, etc.

1 This is the textual version of a presentation made by Mr. Jürgen Bischoff, Director, Asian
and Pacific Centre for Transfer of Technology (APCTT), New Delhi, India.
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IV. HUMAN RESOURCES DEVELOPMENT
NEEDS FOR E-COMMERCE1

Abstract

The potential of information technology (IT) and electronic commerce (e-
commerce) in channelling opportunities from across the globe is well understood
in the emerging global economy, where they are rapidly demolishing national
and international barriers. With the possibility of opportunities being made
accessible more equitably for an increasingly large population across the world
in the shortest possible time, IT and e-commerce have demonstrated their high
significance for economic development.

The explosive growth of IT and e-commerce has spawned the concept of
the new economy as something distinct from the old economy. This has two
dimensions: a shift from manufacturing to services, and a shift in production
factors from physical resources to knowledge resources. E-businesses are the
extreme example of a knowledge-based service with minimal physical assets.
The rapid development of e-commerce is likely to have direct and indirect
impacts on the labour markets as well as on the composition of employment. It
would boost the demand for jobs and is likely to drive widespread changes in
the labour market, changing the composition of workers required to produce
and deliver a product or service.

This paper seeks to explore issues related to e-commerce and their
implications for the labour market and human resources development.

A. Introduction: what do we see?

The impact of ‘electronic commerce’ (e-commerce) is pervasive, both on
companies and on society as a whole. It is the first mass application of information
and communication technologies in the movement towards “digital economy”.
E-commerce offers opportunities of breakthrough changes, changes that radically
redefine the market or create entirely new markets. It is changing the basic
methodologies and strategies used for normal business. For example, e-commerce
has brought about a shift in the priority of production factors, from labour and
capital to knowledge and information. It has affected virtually all industry and
business sectors, including banking, publishing, business-to-business procurement,
retail sales, tourism and travel.
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Although the United States of America, Japan and Europe are leading the
way, e-commerce is essentially global in both concept and realization. Ongoing
innovations in information technology (IT) and the rapid growth of the Internet
have combined to accelerate the development pace of e-commerce:

• In 1999, e-commerce was already larger than telecom and airline
industries, and will be larger than publishing and health-care industries
by 2003.

• E-commerce has shown a growth rate of 127 per cent during 1998-99.

3 These include, but not limited to, such transaction as any trade transaction for the supply
or exchange of goods or services; distribution agreement; commercial representation or agency;
factoring; leasing; construction of works; consulting; engineering; licensing; investment; financing;
banking; insurance; exploitation agreement or concession; joint venture and other forms of industrial
or business cooperation; carriage of goods or passengers by air, sea, rail or road.

2 “Digitized” means the physical form of a good or service that is coded using digital technology
to enable its distribution by electronic means, particularly over the Internet.

Figure IV.1. Asia-Pacific e-commerce, 1997-2004
(in US$ billion)
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• 400,000 e-commerce jobs were created in the United States in 1998-99
and there are 2.3 million Internet-related jobs in the country as of 1999.

• One-third of the Internet-related companies came into existence only
from 1996.

According to Anderson Consulting, by 2004, 90 per cent of top managers
in large companies in Europe are expected to use e-commerce for sales and
marketing, while 83 per cent will use it also for purchasing and procurement.
Among them, 64 per cent view e-commerce as giving an important competitive
advantage, and 44 per cent have a clear idea on what to use e-commerce for.

The growth of Internet, which is around 70-80 per cent per year, is expected
to take the number of total Internet users to over 800 million by the year 2004.
Asia has an estimated 53 million users in the year 2000 and this is expected to
rise to 157 million by 2004. The declining Internet access fees, larger on-line
communities and readily available technology of payment gateways are
additionally strengthening the e-commerce infrastructure.

Forrester Research Inc. of the United States forecasts that e-commerce
will reach between US$1.4 trillion and US$3.2 trillion worldwide in 2003. The
International Data Corporation (IDC 1999) estimates that the e-commerce in
the Asia-Pacific region may reach a volume of US$88 billion in 2004 (figure
IV.1). The Nasscom-McKinsey report (NASSCOM 1999) predicts that India
has the potential to create an e-commerce value worth US$1.5 billion by 2004
and US$10 billion by 2010.

E-commerce and the Internet are creating large employment opportunities
for specific talents and skills across the globe. Many industrialized countries are
attracting foreign talent to offset their chronic shortage of skilled help and services
are sourced out to countries that have a specialized workforce.

B. What is e-commerce?

The term e-commerce has no widely accepted definition (Coppel 2000). In
a loose sense it means doing business over the Internet, selling goods and services
that are delivered offline as well as products that can be digitized2  and delivered
on-line, such as computer software. One definition describes e-commerce as: “Using
electronic methods and procedures to conduct all forms of business activity,
including governance.” Another, by the United Nations Commission on International
Trade Law (UNCITRAL 1996), defines it as: “Commercial activities3  using a
data message generated, sent, received or stored by electronic, optical or similar
means including, but not limited to, electronic data interchange (EDI), e-mail,
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telegram, telex or telecopy.”

E-commerce can be broadly classified into three categories: business to
business (B2B), business to consumer (B2C) and consumer to consumer (C2C).
The Internet also encompasses a wider spectrum of potential commercial
activities and information exchanges. For instance, it offers firms, individuals
and governments an electronic infrastructure, which enables the creation of
virtual auction markets for goods and services (table IV.1).

Table IV.1. E-commerce and broader Internet applications

Government Business Consumer

Government G2G G2B G2C
e.g. coordination e.g. information e.g. information

Business B2G B2B B2C
e.g. procurement e.g. e-commerce e.g. e-commerce

Consumer C2G C2B C2C
e.g. tax compliance e.g. price comparison e.g. auction markets

Governments in some developed and developing countries are beginning to
reorganize the management of public procurement systems – equivalent to some
10 per cent of GDP – over the Internet, opening the prospect of sizeable business-
to-government (B2G) transactions. The technology is also being used by
governments for the transmission or receipt of information (G2B, G2C) to
improve the convenience and lower the cost of payment systems and tax
compliance (C2G), and by businesses to manage after sales service and to
develop direct consumer marketing.

Network infrastructures such as telecom, wireless, cable TV, Internet and
Intranet are used to implement e-commerce transactions. The focus is currently
on Internet-based e-commerce. An e-commerce activity, which typically involves
the following steps, invokes a wide variety of services:

• The customer sits down at a computer terminal or other access device
(computer service);

• Goes to a website with promotional information (advertising service);
• Logs onto the Internet (communication service);
• Orders a product (distribution service) and pays for it (financial service);

and
• Downloads the product, if digitized, or has it mailed to an address

(delivery service).
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Absence of centralized control or authority over its use has helped e-
commerce spread fast: It is the fastest growing medium in human history, with
over 171 million people using it since 1992. Internet and World Wide Web are
accessible in 205 countries, and e-commerce sales are projected to touch
US$1,000 billion in 2003/5 compared with US$26 billion in 1996/7. On the
other hand, the rapid development, wide access and extensive opportunities
that the Internet technology offers have created some problems too. For instance,
there were more than 8,000 “cyber crimes” reported in 1999; and there was a
1,500 per cent increase in the number of new computer viruses reported in the
two days around the new year of 2000. On-line security and identification,
particularly for financial transactions, still pose some challenge.

Building on the existing strength in mobile communications, mobile e-
commerce (m-commerce) is developing in industrialized countries, while some
developing countries are planning to deploy the well-developed cable TV system
for e-commerce.

C. What are the major concerns?

Many countries of the Asia-Pacific region are undergoing fundamental shifts
stemming from the globalization of economy, as well as from the growth of the
new knowledge-driven economy that has resulted from the information and
communication revolution. They are setting new strategic goals, and embracing
Internet and e-commerce as important for economic development.

The practice of e-commerce brings on the interplay of various issues related
to legal and self-regulatory mechanisms, access to and availability of technology,
and impact on society and economy.

Legal and self-regulatory problems

The arrival of Internet and e-commerce, particularly their global nature,
has brought with it a host of new legal and regulatory problems – from issues
related to website content to concerns on the security of web-based financial
transactions. Some of these are listed below:

• Borderless nature of e-commerce;
• Recognition of electronic records;
• Security (encryption standards);
• Digital signatures and certification authority;
• Legal cases;
• Intellectual property protection;
• Fraud management; and
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• Content regulation.

Issues of access to or availability of technology

E-commerce presupposes the availability of or access to information and
communication technologies, as well as the extent of development of technologies
involved. The issues are:

• Costs of technology, equipment and/or service;
• Convergence of technologies (PC, TV, mobile phone);
• Telecom infrastructure;
• Internet availability and coverage; and
• Inter-operability of networks.

Impact on society and economy

The issues at hand involve:

• Old economy;
• Employment;
• Digital divide;
• Taxation; and

Figure IV.2. The main obstacles to e-commerce

Source: ITU, 1999.
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• Business model.

The impact of the new knowledge-based economy on the old labour- and
capital-based economy is an issue that warrants a close study, especially from
the angle of employment opportunities and the set of qualifications required. As
with older technology regimes, the unequal development of and access to the
new information and communication technologies are widening the gap between
the “haves” and the “have-nots” and causing a gap between the “knows” and
the “know-nots” (the “digital divide”). An indication of this is the lopsided
growth in the number of Internet hosts: 64.1 per cent from the United States
and Canada; 24.3 per cent from Europe; 7.0 per cent from Japan and the
Oceania; and 4.6% from the rest of the countries.

D. What are the main barriers?

The Internet and e-commerce have been built on the strength of the private
sector rather than on government or institutional initiatives, and the Internet
companies will continue to drive the development. There is, however, considerable
scope for cooperation at all levels to remove barriers to the growth of e-commerce.

Large companies view the following as causing hindrance to e-commerce:

• Lack of skills;
• Lack of understanding at senior management level;
• Lack of culture adapted to change;
• Lack of teamwork
• Difficulty to present the business case;
• Problems with business process integration;
• Rapid market changes;
• Difficulty of integration with legacy systems;
• Concerns about security; and
• Concerns about privacy.

Small and medium enterprises (SMEs) share the views of large companies
in terms of lack of skills and qualified personnel, and security and privacy
concerns. To SMEs, however, costs are understandably a major barrier. Lack
of appropriate business models and lack of clarity about benefits also hamper
e-commerce.

Some studies, by agencies such as Pricewaterhouse Coopers and OECD,
have found that among the SMEs in the United States concerns are more about
impediments to the practice of e-commerce (‘implementation stage’), while
the concerns in other regions are more about the validity of the concept of e-
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commerce (‘conceptualising stage’). Figure IV.2 compares perceptions on the
main obstacles to e-commerce in Europe and the United States on the one
hand, and Latin America on the other.

In general, the main barriers to e-commerce are seen in the following areas.

1. Access and connectivity

With the tremendous growth of Internet and e-commerce activities, there
is urgent need for access, connectivity and local hosting. In many countries,
operational speed and pace of downloads are regarded as slow.

2. Authentication and standardization

E-commerce growth in the B2B and B2C segments will be strongly
dependent on wide availability of the appropriate security authentication
infrastructure, as well as on standards for goods sold over the Net. These
would help remove security concerns and boost confidence in e-commerce
transactions.

3. Cyber laws

The streamlining of cyber laws related to taxation, protection of intellectual
property rights and cyber crimes would help cross-border e-commerce. Fraud
and morality issues still dominate most people’s fears about the Internet and e-
commerce.

4. Technology

E-commerce growth will be centred on new technologies. The use of mobile
phones in e-commerce, for example, would extensively depend on WAP
authentication protocols. The introduction of WAP mobile phones will widen
access to the Internet.

E. What are the major opportunities?

The Internet, in its early incarnation as the ARPA-DOD network, was born
in the United States. Its growth into the commercial environment took place in
the 1990s, after international carriers and other operators were allowed to operate
the Net. The United States has had significant early starter advantage in many
areas – domain name registration, Internet technology and global Internet
resources, to name a few.

All over the world today, the private sector is taking the lead in the
development of e-commerce. The IT industry has already matured, with a
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large pool of talented software professionals, and financial institutions such as
banks and stock exchanges are already acquiring e-commerce capabilities. Many
governments have embarked on establishing e-commerce community systems
and e-governance.

E-commerce impacts upon a large number of business activities in a majority
of industrial sectors, as it provides such advantages as:

• Global presence;
• Improved competitiveness;
• Novel business possibilities;
• Customization;
• Shorter or no supply chains; and
• Considerable cost savings (table IV.2).

Table IV.2. E-commerce and reduction in business costs

Industrial sector Estimated savings (per cent)

Aerospace machining 11
Chemicals 10
Coal 2

Source: ITU, 1999.

Figure IV.3. World on-line shopping revenues by category in 1997
(US$ million)
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Communications 5-15
Computing 11-20
Electronic components 29-39
Food ingredients 3-5
Forest products 15-25
Freight transport 15-20
Health care 5
Life sciences 12-19
Machining 22
Media and advertising 10-15
Oil and gas 5-15
Paper 10
Steel 11

E-commerce encompasses activities such as:

• Marketing, sales and sales promotion;
• Pre-sales, sub-contracts, supply;
• Banking and insurance;
• Commercial transactions (ordering, delivery, payment);
• Product-related services;
• Cooperative product development;
• Distributed cooperative working;
• Use of public and private services;
• Transport and logistics; and
• Procurement.

The following section examines how e-commerce affects different business
sectors.

Professional services

Professional services – including all forms of consultancy, accountancy,
medical and education services – are increasingly available on-line. In fact, any
information-based service easily lends itself to electronic delivery. Improved
access to the Internet for individuals and small firms increases the ability of
self-employed professionals and small businesses to compete effectively in
national and international markets.

Distribution services

Distribution services add the capability of delivery by electronic means to
telephonic and mail order. Electronic wholesaling and retailing are growing rapidly
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– mostly business-to-business – and electronic shopping by consumers is also
on the increase (figure IV.3). Goods or services that cannot be delivered
electronically (hotel reservations, airline tickets, etc.) can still be ordered on-
line for later delivery by conventional means.

Trading services

Services are increasingly traded electronically, as many services can easily
be converted into digitized information flows. While business-to-business trade
has a long history, the advent and spread of Internet has increasingly brought
the ordinary consumer into the picture: tourism over the Internet is a good
example (figure IV.4). Cross-border trade is greatly enhanced by electronic
means for delivery, with e-commerce increasing the accessibility of foreign
products for domestic consumers and businesses. It can also help consumers
and businesses get a better deal on imports.

Figure IV.4. Tourism over the Internet

Source: Andersen Consulting (left) and Jupiter Communications (right).

Financial services

Electronic financial transaction has been in vogue among banks and
securities traders for some time now. Many major banks provide on-line retail
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banking services – the pace of change is dramatic (figure IV.5). Transaction
through electronic means is increasingly being used among businesses also.
Financial advisory services are especially suited to electronic delivery. On-line
insurance sales and services are expected to replace sales through agents or
telephone.

Figure IV.5. Business costs of on-line financial services

Source: Andersen Consulting.

E-commerce allows businesses to raise global awareness about their products
and services, and to expand their participation in international trade. The economy
can make better use of existing capital and labour, and can attract new capital
investments. New business and employment opportunities will be generated, if
opportunities to obtain appropriate skills can be made available. For instance,
content creation alone employs 2.6 million people in the United States and 1.8
million in Europe. The United States President’s Council of Economic Advisers
estimated 500,000 new jobs in the new economy. The Breton Report estimates
that the French market for tele-service would be worth 90-190 billion francs by
2005. Japan’s Ministry of Posts and Telecommunications has projected 2.4 million
new jobs by the year 2010 and 56 trillion yen worth of revenue for new applications.

4 See Business Week, 21-28 August 2000

104



In India, the National IT Task Force estimated that 3 million software
professionals would be required by 2008 to achieve the projected software
exports of US$50 billion. The development of new technologies – IP V6, WAP
and others – may open opportunities for countries in the Asia-Pacific region, if
an early initiative could be taken to secure the commercial advantage of such
technologies.

F. What are the new businesses?

New technologies and e-commerce are effecting a radical transformation
in the way business is done. They are changing the basic methodologies and
strategies used for normal business; they are breaking the barriers of distance,
time and costs; they are impacting on quality management, distribution, delivery,
packaging, marketing, trading and how services are rendered; they are
necessitating changes in organizational structures; and they are modifying the
relationship between producers and consumers, suppliers and partners, and
bankers and businesses (figure IV.6).

Figure IV.6. Paradigm change: transformation in business

To be successful, the businesses will now have to have several important
features:4

• The most profitable companies will manage information instead of
focusing solely on physical assets. By using information to better serve
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customers, companies will be able to do and deliver things cheaper
and faster.

• The companies of the future will tailor products to the requirement of
each individual by turning customers into partners and giving them the
means to design exactly what they want.

• The successful companies of the future will call on talent, services and
resources wherever they can be found globally, as every outpost will
be connected by the Internet to make collaboration possible in real
time.

• Companies will be able to complete their work in the shortest possible
time, as the speed of action, deliberation and information has increased,
thanks to the Internet.

• In the near future, the management structure of the companies is likely
to look like a web that links partners, employees, external contractors,
suppliers and customers in various collaborations.

Information technology and e-commerce will dramatically lower the
interaction costs – the expenses incurred to get different people and companies
to work together – and will speed up the related processes. This will increase
speed and efficiencies and result in better productivity (figure IV.7).

Figure IV.7. E-commerce and new business models

An aspect that makes e-commerce unique is the wide scope for third party
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operators. In general, third party operators in e-commerce are agencies that
offer a value service in the transaction between two parties, be it B2B or B2C.
In conventional commerce, for example, credit card companies form third party
operators who provide payment service between a business establishment and
a consumer. In e-commerce, because of its open and decentralized nature,
more such services are required to effect transactions. These go beyond the
electronic shopping mall (e-mall), providing services such as:

• Purchasing and transaction support;
• Payment;
• Logistics and tracking;
• Shipping of goods;
• Common branding; and
• Other value-added services such as packaging, insurance, website

maintenance customer profiling, sourcing of suppliers, providing
statistics, assembling, testing, etc.

There are several well-known third party operators such as Tradezone and
Vertical Market in B2B operations, and Virtual Vineyards (for wines) and Amazon
e-shops (for books and other items) in B2C operations. Providing security for
financial operations and guaranteeing authenticity of transaction parameters form
two other major areas for third party operations.

As 50 per cent of all e-commerce operations are maintenance and repair
operations (MRO), third party operators have a large presence in the field. The
third party marketplace in B2B operations is both cross-sector and sector-specific
(hospital supplies, construction materials), and 3,000 such markets are expected
to be up and operating within the next few years. The potential market for third
party operators in B2B operations is estimated to touch Euros 40 trillion by 2003.

In B2C sector, aggregation of small producers of items such as specialty
foods and furniture would offer one huge marketplace for third party operators.
Large producers who have weak brand images are also expected to tap into the
third party marketplace for marketing their wares such as CDs, books and PCs.

New businesses will be using value networks that link up more than one
business entity to cater to a customer (a consumer or another business) more
efficiently and speedily. The value increase will be effected through a few,
highly committed, medium- to long-term internal relations. The nature of the
markets will be dynamic, with their value increasing through several short- to
medium-term external relations that are characterized by low mutual commitment
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and low investment (table IV.3). An overview of a typical electronic business
is presented in figure IV.8.

Table IV.3. Examples of value networks and dynamic markets

Value network Dynamic market

• Extranet-based (Marshall) • Buyer/seller coalition (LetsBuyIt)

• Virtual factory (defence, aerospace, • Futures market in perishable items
 CALS-based)  (fish, fruit – Informar)

• Supply chain management • Auctions (eBay, QXL)

 (food – HAK; PCs – RosettaNet) • Distributor markets (Ingram)

• Collaborative engineering (Klotz) • Dynamic MRO trading (GEIS TPN)

• Virtual enterprise construction • Associate schemes (Amazon)

 (VIVE) • Virtual projects (Supplypoint)

Figure IV.8. An electronic business

G. What may be the future development?

E-commerce and the Internet are going to be potentially big winners, as the
consumers want it (easy access to global markets, low transaction costs/prices,
extensive information, open seven days a week and 24 hours a day, easy pay-
ment) and so do industry and commerce (easy access to global markets/consumers,
low business costs, perfect platform for marketing, unlimited business hours).
E-business will:
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• Affect marketing, selling and procurement of goods and services;
• Impact on the structure of offerings and how they are delivered;
• Affect operations, infrastructure and customer service; and
• Restructure a wide array of business sectors such as banking, stock

trading, publishing, utilities, advertising, entertainment and travel.

The key growth areas would include the Asia-Pacific region, where the
number of users is expected to grow three-fold by 2004. E-commerce is expected
to mature and develop region-wide with revenues exceeding US$80 billion by
modest estimates. Internet via new devices – such as wireless and TV – is
expected to make a major breakthrough in the use of the Net. E-commerce
(both B2B and B2C) as well as “digital content delivery” (e-publications, audio
and video) would be widespread, with 80 per cent of all e-commerce being
B2B (figure IV.9). New areas, such as trading and commodity exchanges, will
open up and would be significant factors that govern business operations and
the way products and services are delivered.

Figure IV.9. E-commerce in the future

Source: IDC, 1999.

Significant technologies – including the Internet via high-speed optical fibres
and satellites, and widespread use of wireless devices – would come into play. For
instance, by 2003, 65 per cent of the population in the European Union will have
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mobile phones and 85 per cent of these phones will be Internet-enabled. A global
survey by Digital Mobility has indicated that significantly more people have
access to mobile phones than to PCs, except in North America (figure IV.10).

Figure IV.10. Access alternatives: scope for m-commerce
(in millions of users)

Source: Digital Mobility.

Figure IV.11. European initiatives in e-commerce
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To a significant extent, what can or cannot be achieved in the next three
years depends on how the regulatory environment and the cyber laws in each
country encourage the development of these new areas. Europe has already
taken some major initiatives in e-commerce (figure IV.11). Regional cooperation
would be the key to the development of e-commerce and even the growth of
the Net, particularly in the Asia-Pacific region. An early initiative in regional
cooperation would lead to strategic advantage for the countries in the region to
achieve greater gains of the new technology and to retain an early mover
advantage into the new technology real state.

H. Conclusion: what job in which area?

The development of e-commerce is likely to have both direct and indirect
impacts on labour markets and the composition of employment. The rapid
growth in e-commerce should boost the demand for jobs in e-businesses.

Although the direct employment consequences of e-commerce may not be
large, it is likely to drive widespread changes in the labour market, shifting the
composition of workers needed to produce and deliver a product or service. For
example, a retail sale via the Internet does not require the same intensity of sales
staff, but it requires people with IT skills to develop software, operate and maintain
computer servers and networks, people skilled in graphics design to keep the web

Figure IV.11. European initiatives in e-commerce

111



site attractive, and others to process orders. Thus, the focus in the sector is likely to
be on white-collar, skilled jobs such as creative, direct marketing, customer
service and managerial positions. Particularly, there will be high demand for those
who combine technical and network program skills with business application skills.

In addition, firms will implement modifications to their production processes
and set-up in order to exploit the potential of B2B and B2C commerce over the
Internet. Certain jobs – especially those characterized by the transfer of infor-
mation from one party to another such as travel agents, insurance and stock
brokers – are likely to be redefined and become less common. Manufacturing
industry may see a reduction of employment, and there will be less people taking up
activities such as farming, fishing and manual labour. Knowledge-based and
information-intensive service industry will register increased employment, and
creativity and information management skills will find favour. Globally, there
might be an increase in telecommuting work and small-office-home-office
(SOHO) business. The number of telecommuting workers in the United States
increased almost three times, from 4 million in 1990 to 11 million in 1997.
According to the United States Department of Labour, the jobs of the future
will predominantly be IT-related (table IV.4).

Table IV.4. Top five jobs in percentage growth, 1998-2008

Jobs Jobs added Growth (per cent)

Computer engineer 323 000 108
Computer support specialist 439 000 102
Systems analyst 577 000 94
Database administrator 67 000 77
Desktop publishing specialist 19 000 73
Overall 20 300 000 14

Faster rates of innovation and diffusion may also be associated with more
turnover of jobs. In such an environment, it is important that workers have the
opportunity to learn new skills and that policies do not prevent the swift
reallocation of labour to the changing needs of the economy. Otherwise, the
new opportunities offered by the Internet may be missed or unnecessarily
delayed.

Many industrialized countries are very short of skilled staff for the new
economy (figure IV.12) and depend on migration from developing countries,
which, as a consequence, are already facing brain drain and shortage of qualified
staff for their own development. India, for example, forecasts a shortage of
500,000 skilled technology workers for e-commerce by 2002 alone!5  Developing

5 NIIT Forecasts in Hindustan Times, 14 July 2000.

Figure IV.12. Gap in skills availability in the European Union
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nations – especially those that have an education system that promotes writing/
speaking skills in English, and have comparatively low labour costs and highly
skilled labour – can cash in on this dependence by boosting technical education,
training and investment in telecom networks.

The global e-economy is coming on faster than most CEOs and politicians
have thought, and probably still think. In view of this, the developing nations
need to pay attention to the following aspects:

• Accelerating the widespread use of e-commerce;
• Completing, with the support of technology, enabling legislation and

self-regulation;
• Exploring new business models, new competitive structures, new

technology and new applications; and
• Understanding network effects and the economy of intangibles

(wherein wealth production is driven by intangibles such as R&D and
proprietary know-how, intellectual property, worker skills, supply
networks, etc.).

1 By Mr. Yang Qiquan, Senior Researcher, National Research Centre for Science and Technology
for Development, Ministry of Science and Technology, China.
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V. COUNTRY PAPERS

China1

1. Introduction

Information technology (IT) industry is a broad term that covers a wide
range of manufacturing and service industries involving the whole process of
generation, collection, processing, storage, transmission and utilization of
information. This paper focuses on the management of human resources
development for computer manufacturing, electronics, telecommunications and
software industries – hereafter referred to as the electronics and information
(EI) industry – in China.

The development of high-tech industries, especially the EI industry, is one
of the main factors that spurred the rapid growth of Chinese economy in recent
years. During 1993-98, the annual growth rate of output value of high-tech
industries averaged 26.2 per cent and that of the whole manufacturing industry
was 13.4 per cent. Affected by the ASEAN financial crisis in 1997, the output
value of the manufacturing industry went down by 1.78 billion yuan from the
1996 level, and industries other than high-tech ones lost a total of 139.85 billion
yuan. On the contrary, high-tech industries gained by 96.27 billion yuan, up
23.0 per cent from the figures in 1996. The EI industry, which accounts for 77
per cent of the output value of all high-tech industries, has become the core of
high-speed growth of the manufacturing industry in China.

High-tech industry is characterized by intensive knowledge-based labour.
Shortage of highly qualified labour has become a major impediment to the
development of high-tech industries worldwide. As a developing country with a
huge population and relatively backward education system, China is faced with
a serious shortage of qualified personnel for the EI industry. China’s high-tech
industries are much harmed by the brain drain – migration of highly qualified
electronics and information technology personnel to developed countries.
Development and utilization of human resources in the field of electronics and
information technologies therefore form an important strategic issue for China.

2. Review of current status

There was a very rapid development in China’s EI industry in the 1990s. The
output value of the industry increased from US$10.74 billion in 1991 to US$94.33
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billion in the early 1999 – nearly an eight-fold growth. Product exports increased
from US$433 million in 1991 to US$39 billion, again an eight-fold growth. In
1998, telephone users totalled 87.35 million and telephone sets in use numbered
135 million. TV broadcasts were reaching 87.8 per cent of the population or
1.13 billion people, and 42.76 million TV sets were being produced annually.

An enormous information consumption market is steadily taking shape in
China. Urged by market forces, the EI industry has been expanding dramatically.
In 1999, the annual average growth of the output value of computer manufac-
turing and software industries touched 46.8 per cent, with an output value of
US$16.14 billion (21.5 times the value in 1991). The pace of technological
progress has been increasing and the gap between China and developed countries
narrowing in many aspects. At present, the development, manufacture and
marketing of new PC products almost keep pace with international levels.
Domestically made machines have captured nearly 80 per cent share of the
home PC market in the country.

The telecommunications industry, which is a significant component of the
EI industry in China, registered an output value of US$17.5 billion in 1999, a
19.3-fold rise over 1991. There have been key technology breakthroughs in
telecommunications equipment such as program-controlled switchboard, mobile
communications equipment, ATM, etc. The market share of Chinese program-
controlled switchboards exceeded 90 per cent during the period 1995-99. In
1999, the gross output and value of integrated circuits increased by 20.4 (2.45
billion pieces) and 13.8 times (US$870 million) over the 1991 figures. Seven
major chip manufacturers accounted for 96.7 per cent of the total sales.

Employment in the EI industry has steadily increased along with
development of high-tech industries. In 1998, the industry employed a total of
1.86 million people, accounting for 3.5 per cent of the whole manufacturing
industry. The 1997 ASEAN financial crisis heavily impacted on the global market
competitiveness of China’s industry, especially that of the manufacturing industry.
During the subsequent structural adjustment period of the domestic industry,
traditional manufacturing industries lost a large number of jobs. In 1998, the
number of employment in cities and towns decreased by 9.05 million.

The computer manufacturing industry, however, has been growing much
faster than other industries, and its employment level has also increased rapidly.
In 1998, when the national employment increased just by 0.5 per cent over that
in 1997, the computer industry provided jobs for 215,000 people, an increase of
25.8 per cent. As the largest among all high-tech industries in China both in
terms of size and employment, the electronics and telecommunications industry
has provided 1.483 million jobs in 1998 (though 59,000 less than the previous
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year).

At present, there are 150,000 professionals engaged in research, devel-
opment, marketing and service of computer software. If one adds the technical
personnel engaged in computer application in other areas and related industries,
the number of software-related professionals total 500,000. Students who
graduated majoring in computer-related fields numbered 41,500 in 1998. Based
on the recent growth rate of employment in the computer and software industries,
it is estimated that there would a demand-supply gap of 20,000-30,000 persons,
even if all the graduates mentioned above received employment in domestic
enterprises.

The EI industry has an important position in the country’s economy. It is
predicted that its output value would rise by more than 20 per cent annually
during 2001-05 to reach US$242.4 billion and its exports would touch US$80-
90 billion by 2005. To realize this goal, however, the number of people employed
in this industry should be 2.43 million, even with a doubling in its labour
productivity. On the basis of current employment strength, this means that
570,000 new technical personnel would need to be taken in by the industry,
with 115,000 among them in the software industry.

3. Role of public sector

(a) Primary education

In 1998, there were 609,600 primary schools (six years of education) in
China with 139.538 million pupils. The enrolment rate of school-age children
was 98.9 per cent, and 90.5 per cent of them kept going to school for five
years. Across the country, junior high schools totalled 65,400 (including 1,472
vocational schools) with 54.4973 million students (including 867,000 in vocational
schools). More than half (50.4 per cent) of the students graduated from junior
high school entered senior high school. In 1998, there were 5,819,400 and
3,054,700 full-time teachers working in primary and junior high schools,
respectively. Senior high schools numbered 13,900, with 9.38 million students
(with about 3.6 million new enrolments) and 642,400 full-time teachers.

(b) Higher education

In 1998, China had 1,022 general institutions of higher learning, among
which 590 were universities and 432 colleges with specialized courses. Of these,
736 institutions – including 408 universities and 328 scientific research institutes
– conducted post-graduate courses. There were 1,083,600 new students enrolled,
including 653,100 in universities, and the total enrolment reached 3,408,7000 –
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that is, 25.7 undergraduate students per 10,000 people. Full-time teachers in
higher education totalled 407,200 and the teacher-to-student ratio was 1:8.37.
During the year, 15,000 and 57,500 post-graduate students began their doctoral
and Master’s courses, respectively. The total number of post-graduate students
reached 198,900 (including 45,200 doctoral students).

(c) Current situation of educational development

Nine-year compulsory education has been enforced in China. Primary school
enrolment of school-age children is almost 100 per cent, much higher than the
average of 85.7 per cent for developing countries (table V.1). Enrolment rate of
secondary schools is 70 per cent, also higher than the average of 60 per cent for
developing countries. Enrolment rate of youth of right age in higher education,
however, is only 5.7 per cent, which is not only much lower than the world
average (16.7 per cent) but also lower than the average for developing countries
(9.6 per cent).

Table V.1. Number of students in public education in 1997
(Unit: 10,000 persons)

Primary Secondary Higher
Junior Senior

New student enrolment 2 462 1 805  735 100
Graduates 1 960  1 442  476  83
Total enrolment  13 995  5 167  1 826  317

(d) Education in computer and related areas

Primary education is mainly the responsibility of local authorities. There
are big gaps in teaching levels and facilities between individual provinces,
municipalities and cities, as the level of economic development varies greatly.
In Beijing, Shanghai and other cities in developed areas, computer courses and
training are arranged for students from the fifth grade of primary school. There
are about 60,000 primary and middle schools, which have arranged courses on
computer. Education is not compulsory at the senior higher level. The number
of such schools is also less, though the facilities and student-teacher ratio are
much better. It is common for senior high schools in cities to run computer
education courses (table V.2).

In universities and colleges, students majoring in natural sciences and
engineering make up 62 per cent of the total. For them, the curricula required
by the state contain courses on computer and related subjects, including
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programming. In 1997, there were 332,000 science students and 1,263,000
engineering students. There were 468 departments or schools of universities
and colleges specialized in computer studies, from which more than 30,000
students graduated annually.

Table V.2. Number of students majored in computer and related areas in
higher education in China, 1994-98

Level 1994 1995 1996 1997 1998

Postgraduate
- Ph.D. 63 83 89 107 119
- Master’s 962 1 239 1 494 1 455 1 646
Undergraduate 16 743 28 300 34 662 38 479 41 543

Information regarding computer education is widely publicised, since a
basic knowledge on computers is a requirement for national examinations, which
must be passed by a professional in fields of natural science or technology if he/
she wants to move up on the career ladder. Thus, those who have passed the
national examinations will have the knowledge to use computer, though they
need not necessarily have the ability to develop software.

4. Role of private sector

There are many differences in the role that the private sector in China
plays in education when compared with the role of the private sector elsewhere
in the world. This is mainly because of the different nature of the socio-political
system in China. Adult education institutions in the form of “governmental
bodies with assistance of non-governmental organizations” make up a large part
of the national education system in China, besides full-time institutions of higher
learning. Institutions of adult education, whose creation has to be approved by
authorities in charge of education, receive funds in two ways: one from the
government, which can be used only for start-up and buildings and
administration, and the other from the fees collected from students, which are
used for teaching expenses. In 1997, there were 70.08 million students studying
in adult schools, of which 2.72 million were in higher education schools, from
which 892,000 graduated that year. Remote and multimedia teaching are
powerful means of modern education. TV and radio broadcasts are an important
tool for adult education in China. In 1997, there were 45 “TV and radio
universities” that produced 185,000 graduates, and 152 “TV and radio specialized
secondary schools” that produced 181,000 graduates.
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Private universities and colleges appeared in China in the early 1980s. By
1996, the number of private institutions of higher learning totalled 1,230,
outnumbering public institutions. Over 200,000 students were registered in about
90 universities and colleges in Beijing alone. However, the profile of private
universities is very low. Only 21 of them are authorized to confer diplomas that
are recognized by the state; the rest is just allowed to provide courses for
students who would like to take national examinations and for those who get
their higher education through self-teaching. Each year, about 60-70 per cent of
students trained by such private institutions pass the national examinations; but
only one-eighth of the students enrolled complete their studies and successfully
get the qualifications of higher learning recognized by the state.

5. Conclusion and recommendations

China has suffered severely from shortage of educational resources. The
output from higher education, in particular, is much short of demand, with only
5.7 per cent of the youth in the right age category getting the opportunity to
enter universities or colleges. Measures should be taken to attract private
investment into education and actively expand non-compulsory education run
by private organizations, while vigorously developing the public education system.
Efforts should be made to encourage the establishment of more private
universities, through measures such as discarding the practice of strict quota for
new student enrolment in universities and colleges.

Currently, private wealth totals more than 4 trillion yuan in savings and
other forms, and the annual interest from this has exceeded the total government
input to education. Therefore, there are both huge demand and relatively
abundant financial sources for the development of private higher education.
The urgent need now is to abolish the practice of treating universities and colleges
differently according to their position (in the hierarchical order of national,
provincial and private institutions). Various types of institutions of higher learning
need to be given equal opportunity in their creation and operation, under one
set of policies and legal frame. To promote private education, laws, regulations
and policies related to the legal status of non-profit institutions should be
formulated and put into effect as soon as possible. This would help private-run
schools to accept donations and enjoy preferential tax treatment legally.

The serious lack of qualified personnel in the electronics and information
industry will be a long-term issue in the country. Technical training and continuing

2 By Mr. Y.K. Sharma, Deputy Director General, National Informatics Centre, Ministry of
Information Technology, India.
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education provided or supported by enterprises for their employees should be
encouraged, in parallel with enlarging the capacity of various formal schools in
training students in computer software and hardware. Foreign companies in
China, which are specialized in the fields of electronics and information
technologies, have been increasing their investment in training and education,
envisaging the market potential. For example, the “Intel Education for Future”
project will be investing US$100 million in the coming three years to offer
500,000 teachers’ training courses for using network and multimedia software.

The Government of China is welcoming foreign investment in education. It
especially encourages cooperation between domestic and foreign companies to
jointly invest in projects related to educational development in West China, as
part of its national strategy on “West Development”.

India 2

1. Introduction

Development of human resources is the most important requirement for
growth and development of any society. It becomes much more prominent if
this development is to be led by a newly emerging technology, such as information
technology, which even in its relatively nascent stage is all set to engulf the
entire spectrum of socio-economic development around the world. If any single
technology is to have a revolutionary effect on the lives of the people in the 21st

century, it will undisputedly be the information technology.

Over the decade of 1990s, India has positioned itself as a major provider
of world-class quality of information technology (IT) professionals. During this
period, Indian engineers and scientists have earned a high degree of esteem
around the world for their professional and innovative contribution to technological
advancements in this field. A large number of Indians occupy senior positions
in IT industry’s most reputed companies in the United States of America and
other industrialized countries. In India, compared with any other industry, the
IT industry has shown the highest growth rates consistently over the last many
years. Of late, stocks of Indian companies in the financial markets have, in line
with similar trends in the United States and some of the other developed countries,
showed robust growth and resilience. The stocks of some of the leading IT
companies have been the major stimulant for the rise in index at most stock
exchanges in India. While this does reflect the sound financial position of Indian
IT companies, what is more important in this context is the indication that IT in
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India has started moving out of the realm of technologists and has started
being noticed by business and industry in general.

Recognizing the vast potential of IT industry, the Indian government has
set an ambitious target to raise India’s share in the international IT industry to
the level of US$50 billion per annum by 2008, and thus emerge as a major IT
power in the world. Sustenance of such a prominent position requires a strong
and vibrant domestic IT market. The government has therefore decided to use
IT as a major vehicle of all-round development in the country. With a view to
specifically focus on taking the benefit of IT to the masses in India, a Working
Group was recently constituted to suggest measures in this regard. This Working
Group has suggested a target of 100 million Internet connections and 1 million
Internet kiosks in India by 2008. A major programme of use of IT in government
services and IT education at school level has been suggested. A mass campaign
to educate people about the benefits of IT in their day-to-day lives has been
chalked out by this Working Group. As a result of these efforts, the domestic
IT market is targeted to reach a size of around US$37 billion by 2008, and the
IT hardware industry is poised to touch a turnover of US$20 billion by that
time. Indian IT industry is thus expected to reach a size of more than US$100
billion by 2008, emerging as the single largest contributor to the country’s GDP.

One of the key issues in achieving and sustaining this level of growth in the
IT industry is the availability of high-quality IT professionals in adequate numbers.
This paper presents the current scenario and lists some of the major initiatives
being planned by India in this regard.

2. Review of current status

As a follow-up to the targets set by the government for the IT industry,
NASSCOM, the Association of Software and Services companies in India,
commissioned a study to work out an approach to achieve this target. According
to this study (NASSCOM 1999), various segments of the software industry and
their contributions to the overall targets by the year 2008 are as shown in table V.3.

Different segments of the IT industry require different skill levels. While
the workforce for software products segment should be of the highest skill
level, the segment of IT-enabled services could be served by professionals from
even non-IT disciplines but having adequate proficiency in handling IT tools
relevant to the sector for which the services are to be provided. In accordance with
their skill levels, the per capita productivity of IT professionals will also vary.

Table V.3. Projected profile of the Indian software industry by 2008
(In billion US$)
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Export Domestic Total

IT services 23 15 38
Software products 8 12 20
IT-enabled services 15 4 19
E-business 4 6 10

Source: NASSCOM, 1999.

The workforce growth projections, as estimated by NASSCOM, indicate
that the number of IT professionals required by 2008 will be 2.2 million. Of
this, 1.1 million will be required to have a formal degree in an IT-related discipline.
This implies that the country must plan for producing 760,000 hardcore IT
professionals from the formal stream in the coming seven years. In view of the
large demand for Indian IT professionals in a number of countries – such as the
United States, Japan, Germany and the United Kingdom – it is estimated that
an additional 20% additional workforce will need to be generated to fulfil this
demand. This brings the total requirement of IT professionals by 2008 to
912,000. The academic system in the country is expected to add around 1.06
million graduates during this period. The country has thus carefully planned for
meeting the requirement of IT professionals for the following seven years to
help the industry meet the projected growth.

It is estimated that about 340,000 software professionals are currently
working in the IT industry in India. The total pool of software professionals in
the country at the end of 1985 was estimated to be 6,800. The growth in direct
employment in the Indian IT industry has thus been around 50 times during
1985-2000.

At present, IT education and training in the country can be broadly classified
as falling into formal education system or non-formal education system. The
formal education institutions that teach courses in IT-related disciplines can be
grouped into four categories, as shown in table V.4.

The estimated annual output of trained labour force from these institutions
in the formal sector in 2000-2001 is given in table V.5.

The growth of a large non-formal sector of computer education and training
in the country in the last few years has been a very encouraging development. As
per the estimates of NASSCOM survey, there are more than 2,300 private training
institutes in the country. These consist of nationally spread institutes, franchisees

Table V.4. Institutions offering formal IT education in India
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Category No. of institutions

National institutions 9
Engineering colleges 776
Colleges/universities offering Master
of Computer Applications degree 494
Diploma colleges 1 300

Table V.5. Number of professionals in different categories

Degree Number of professionals
Total IT-related disciplines

Post-graduation  17 800 2 900
MCA  24 000 24 000
B. Tech.  209 000 104 000
Diploma  219 000 64 000

Table V.6. Workforce availability projections for 2008

Degree holders 1 404 000
 - Post-graduates 263 000
 - Graduates 785 000
 - Addition in current year 16 000
 - Existing 340 000
Diploma holders 742 000

and local institutes. These computer-training institutes (CTIs) provide short-
term as well as long-term programmes, and have become extremely popular in
recent years. Although majority of students in these institutes learn computer
appreciation and related activities, these institutes are becoming a major point
for upgrading the knowledge of students coming out of formal stream of
education, as the formal system of IT education is not always in a position to
keep its infrastructure and technological resources at state-of-the-art levels. Large
number of engineering graduates and other students are joining these private
training institutes to obtain up-to-date specialized knowledge in high-end
applications such as ERP, Java, software engineering, Web designing, net-
working, data warehousing, etc. Many specialized training schools have been
opened during 1997-98 to train in Y2K-related issues. Some leading national
CTIs have introduced 2-3 years’ integrated programmes. With the current trend,
this sector is estimated to produce around 0.5 to 0.6 million trained IT personnel
per year, fulfilling the needs of the IT-enabled services sector.
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Over a period of time, it is expected that the formal and non-formal IT
education and training systems will work in a complementary manner to provide
workforce of desired quality to the IT sector (table V.6).

3. Role of public sector

Human resources development (HRD) in IT is perceived as an essential
component of the national strategy to achieve the targets set for IT industry for
2008. Policy formulation and management of HRD in IT are done through the
following institutional mechanisms:

(a) Ministry of Human Resource Development coordinates all aspects
related to the educational system for various levels of IT education.

(b) Ministry of Information Technology coordinates issues related to
industry requirements and providing technology inputs to IT education.

(c) All India Council for Technical Education is responsible for coordinating
all aspects related to the creation of educational facilities in technical
education, including IT education, and also managing the quality of
education.

(d) Universities in central/state government sectors manage programmes
related to HRD in IT in their respective universities/colleges.

In addition to being responsible for managing HRD in IT as per the insti-
tutional framework given above, the public sector plays a very prominent role
in actually imparting IT education in the country. Of the 776 engineering colleges
in the country, 205 colleges are either owned or aided by government. All
universities in India have been set up by the central government or the state
governments. To provide additional impetus, various governments have set up
two national-level institutions – called Indian Institute of Information Technology
(IIIT) – and four state-level IIITs, the latter in close collaboration with the IT
industry.

Some of the issues that have been receiving considerable attention from
the government with regard to managing HRD in IT in India are as follows:

(a) Sustaining the quality of IT education;
(b) Need to provide state-of-the-art IT infrastructure to educational system

to produce highly skilled workforce with knowledge of latest trends in IT;
(c) Availability of quality faculty in academic institutions; and
(d) Close linkages between academic institutions and the industry.
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4. Role of private sector

During the last decade or so, several engineering colleges have been set
up through private initiatives: 571 of the total 776 engineering institutions are
presently managed by the private sector. As a result, these institutions have
begun to make major impact on the quantity and quality of IT professionals in
the country. The Indian government has been fully conscious of the need to
maintain high quality of IT professionals produced by these institutions. To
encourage quality consciousness, it has given autonomous or deemed university
status to a number of institutions managed by non-government agencies.

5. Conclusions

HRD in IT has acquired significant importance in India in view of the
specific export and sales targets set for the IT industry for 2008. Investments
in HRD in IT have, therefore, been perceived as an investment to achieve
targeted turnover of the industry and not merely as an investment required in
education sector. While there have been several private initiatives in the country
to offer engineering education in general and IT education in particular, the IT
industry has not taken adequate interest in the task. The IT industry is, by and
large, assuming that educational system will fulfil its requirements and that the
industry would be able to supplement the needs for upgrading skills of output
from educational system by providing in-house training. However, there is an
urgent need for the industry to play a much more direct role in IT education.

One of the areas of serious concern is the large disparity in the salaries of
IT professionals in academics and industry that prompts most IT professionals
to not opt for a teaching career. If this problem is not addressed on priority, it
will affect the quality of graduates being produced by the educational system.
This, in turn, will affect the quality of products and services developed by the
IT industry and will have an impact on their business in the long run. The
industry has, of late, started recognizing these issues. There have been recent
attempts to forge much closer linkages between the industry and academic
institutions, though at present it is confined to a smaller number of highly reputed
institutions in the country. In view of mutual needs and benefits, it is hoped that
these linkages will spread widely and all IT education institutions would develop
direct linkages with the industry to strengthen quality of their education on the
one hand and to fulfil the industry’s needs on the other.

3 By Mr. Suhono Harso Supangkat, Coordinator, Option for Graduate School Information
Technology, Bandung Institute of Technology, Bandung, Indonesia.
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Indonesia3

1. Introduction

As part of the process of improvement in social and economic activities,
the world is entering an “information era”. Information systems are being used
in many sectors, such as trade and business (electronic commerce), education
(tele-education), health (tele-medical), tele-working, transportation, industries,
tourism, environment and entertainment. An information system consists of the
ways to collect, store, process, produce and disseminate information from and
to industries and society in a fast and effective manner.

Computer technology, the spread of communication network and multimedia
technology are on their way to becoming the backbone of the 21st century. The
convergence of telecommunication technology, computers and content yields
new products and services. However, for this technology regime to function in
an effective and efficient manner, knowledge of social and economic activities
and their development is a necessity. Development of an effective information
system involves:

(a) Designing an information system that contributes to social and economic
activities;

(b) ‘Mapping’ of that system into computer and communication system
technology; and

(c) Application of the system developed in real conditions.

In view of this, the Indonesian government has planned a national information
infrastructure, named Telematika Indonesia, through a Presidential decree. Telematika
Indonesia comprises three main components: infrastructure, applications and
telematic resources. The development of this national information infrastructure is
expected to have far-reaching benefits, and succeed in generating human resources
that can support, use and develop information technology.

2. Review of current status

(a) Indonesian society: its condition and development

The first stage of the long-term national development plan (1969-1994)
brought Indonesia to a level of economic development that enabled it to compete
with other nations on the economic front and provided the base for further
growth. Significant progress achieved during those 25 years is reflected in the
economic and social indicators such as: the increase of GNP per capita from
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less than US$250 at the beginning of Pelita I (the first 5-year development
plan) to US$1,000 by the year 1996, which propelled Indonesia out of the group
of under-developed countries; the decrease in population growth from 2.3 per
cent in 1971 to 1.7 per cent in 1990; the increase in urban population from 17.4
per cent in 1971 to 30.9 per cent in 1990; the increase in life expectancy from
45.7 years in 1971 to 59.8 in 1990; the decrease in infant mortality per 1,000
births from 145 in 1971 to 71 in 1990; and the decrease in poor people from 63
per cent in 1975 to 15 per cent in 1994.

During that period, the Indonesian government had developed key
infrastructures such as transportation, energy and communication facilities, which
were adequately suited to the requirements of the country. However, various
constraints and difficulties were still encountered owing to the relatively poor
quality of human resources available.

In March 1997, the Kompas newspaper had presented a profile of the
workforce in Indonesia:

• The total national workforce amounted to 80 million people;
• 70 per cent of them, mostly with elementary school qualification, work

in the fields of agriculture, forestry, fisheries and mining;
• 15 per cent, mostly with high school qualification, work in the trade

and services sectors; and
• 3.5 per cent are university degree holders who work in the field of

business.

In the coming 25 years, Indonesia is expected to achieve significant
improvements in people’s welfare. Economic growth is expected to be an average
7 per cent per year, while the population growth rate is expected to decrease to
less that 1 per cent. It is hoped that by the end of the second stage of the long-
term national development plan (in the year 2018), the GNP per capita would
have increased four times in real value.

The economic transformation from an agricultural society into an industrial
society will, it is envisaged, be accompanied by a cultural transformation from a
traditional society into a modern society and a shift from the rural to the urban.
The Indonesian population in the year 2018 is expected to attain higher education,
acquire technologies that are more sophisticated, interact extensively with the
international world, be healthier, possess a broad general knowledge and have
specialized occupations.

The vision of Indonesia in the future can be summarized as follows:
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(a) The level of people’s welfare and health will be higher; life expectancy
is expected to increase to 71 years.

(b) A stronger middle class society will become the backbone of the national
economy.

(c) A higher quality of democracy will be achieved.
(d) The government will be self-sufficient in development financing,

independent of loans from other countries.
(e) Sixty five per cent of the population (155 million) will live in the cities.
(f) Abject poverty will be eradicated.
(g) The spread of development projects will be more even and regional

disparities will decrease.
(h) Law and order will be strictly enforced and protected.
(i) The people of Indonesia will be more active in ‘self-help’. The emphasis

in education will shift from a teaching-based system to a learning-
based system.

Learning from recent financial instabilities in ASEAN countries, emphasis
needs to be on the importance of economic growth based on people’s productivity
and not just on the strength of foreign investments. A growth based on the
productivity of human resources will guarantee a more sustainable development.

Information technology will play a very significant role in helping Indonesia
face the challenges of economic growth and cultural transformation to the year
2018, particularly in preparing qualified human resources. Using information
and communication technologies, the education and training of human resources
can be accelerated and consequently, development programmes and economic
activities can be carried out efficiently. Appropriate measures and strategies
have to be adopted to change the present Indonesian society – which is
characterized by a telephone density of 2.1/100 inhabitants and a computer
density of 0.3/100 inhabitants – into an information society, which will maximize
the use of national information infrastructure to support production activities
and to better the quality of life. It is noteworthy that the current number of
Internet users is limited to 0.1 per cent of the population, and most of them are
university degree holders.

In the field of education, the government is planning to set the following
targets of gross participation by the year 2018: from around 38 per cent in 1997
to 100 per cent for lower secondary school; from around 20 per cent in 1997 to
80 per cent for upper secondary school; and from 10 per cent in 1997 to 25 per
cent for higher education. This means that the present capacity of universities
of 1.2 million students has to be raised to 6 million students by the end of the
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second stage of the long-term national development plan. To illustrate the
importance and magnitude of the task, it may be pointed out that currently
there are 52 public universities and around 1,300 private universities that are far
from providing quality education.

In general, the plan for higher education development conforms to the
target of gross participation set in the second stage of the long-term development
plan (tables V.7 and V.8).

Table V.7. Projected gross participation in higher education development

5th period 6th period 7th period 8th period 9th period 10th period

10.5 % 12.8 % 15.0 % 19.0 % 21.0 % 25.0 %

At the end of 2020, the proportion of higher education in engineering is
expected to be 42 per cent, while students in other science fields will make 23
per cent and those in social and education studies will be 35 per cent. Assuming
that the population of information technology (IT) students is 7 per cent, it can
be calculated that the IT student population at the end of 2020 will be about
430 000.

Table V.8. Projected population of university students in 1995-2020
(in ’000)

University type 1995 2000 2005 2010 2015 2020

State 500 590 715 850 1010 2020
Private 1 400 2 200 2 900 3 600 4 200 4 700
Others 400 350 305 250 220 200
Total 2 300 3 140 3 920 4 700 5 430 6 100

(b) Human resources development for information technology

Development of human resources in the IT sector will be based on two
kinds of approaches: responding to market demand (demand driven) and
generating skilled human resources (human driven). Although the first approach
is based on data accuracy, if the human resource requirements cannot be fulfilled
in time from within the nation, skilled workforce from other countries will have
to be tapped. The second approach involves the planned development of a
skilled, strong and creative workforce and requires a sound base in IT. This
approach is deemed to have a better impact because IT changes rapidly and the
experiences of other countries show that the IT sector still needs a lot of human
resources. Furthermore, the very availability of powerful human resources in

Figure V.1. Information technology development strategy
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IT can create many new fields and job positions (United States Department of
Commerce 1999). Figure V.1 illustrates this approach.

The quantity of IT human resources needed in Indonesia, based on market-
driven factors, can be calculated from the target of the IT market. Table V.9
shows the target of export growth for the IT industry.

Human resources in IT can be classified into three broad categories –
developer, user and observer. The ‘developer’ category consists of industries
that produce IT products/services. The ‘user’ category is formed of people
who are consumers of IT products/services. Regulators, facilitators, etc., who
are neither producers nor primary users of IT products/services, form the
‘observer’ category.

However, based on the occupational structure of the IT profession, the
structure of human resources for IT can be classified into (World Bank 1993b):

• Hardware professional
• Software professional
• Managerial personnel
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• Marketing and sales personnel
• Services and support personnel

Yet another classification of human resources in IT has the following types:

• IT developer
• IT programmer
• Operator
• Technician

Table V.9. Targets for export growth in electronics in Indonesia
(million US$)

Sector 1998 2003 2010

Information technology 780 1 500 8 200
Components/modules 616 1 400 8 000
Semiconductors 170 550 4 000
Consumer electronics 815 1 400 4 000
Telecommunications 263 500 1 800
Home appliances 265 400 1 500
Others - 790 2 500
Total - - 30 000

The Department of Industries and Trade of Indonesia proposed a forecast
of IT human resources based on the needs of industry/export market, as shown
in table V.10.

Table V.10. Human resources forecasting and its productivity in 2010

Sector Export Human Production
(million US$) resources (US$/person)

Information technology 8 200 350 000 23 000
Components/modules 8 000 1 000 000 8 000
Semiconductors 4 000 80 000 50 000
Consumer electronics 4 000 660 000 6 000
Telecommunications 1 800 40 000 45 000
Home appliances 1 500 187 500 8 000
Others 2 500 100 000 25 000
Total 30 000 2 417 500 -

4 Under process at the time of preparing this paper.
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3. Role of public sector

The Indonesian government through the Directorate of Higher Education
has been developing education facilities that are oriented towards IT. However,
as the convergence of computer technology, communication and information is
a fairly recent phenomenon, an education curriculum that explicitly mentions
IT as one of the study fields is very rare. For diploma-level education, the
Polytechnic of Institut Teknologi Sepuluh Nopember Surabaya (ITS) has
established IT programmes. For graduate level, the Department of Electrical
Engineering of Institut Teknologi Bandung (ITB) has established an IT option.
Originally scheduled to start in 2000, it was started in 1998 with the cooperation
with two national telecommunication service companies, PT Telkom and PT
Indosat. ITB also delivers some courses in IT aimed specifically at human
resource development. The courses are delivered to executives, professionals
and others who need programming skills.

Universities have a pivotal position within the overall system for the
development of ‘high-skill’ informatics professions. As centres of knowledge
and learning, they provide linkages with international developments in informatics
and are a vital source of high-calibre professionals for the industry and for
future academic requirements. They are also expected to respond effectively to
the challenge of converting graduates of different disciplines into competent
informatics specialists through post-graduate programmes.

The public sector can play a crucial transforming role in diffusing general
informatics skills. These are skills that will generate broad social benefits and
permit equitable participation of different sections of Indonesian society in the
opportunities created by an information-based economy.

An example of graduate school curriculum for information technology in
ITB is shown in annex V. Recently, ITB has made arrangements with Cisco
System and Oracle4  to conduct training in ITB.

4. Role of private sector

The rapid development of the IT sector has prompted the setting up of
several private institutions that develop human resources for IT. Certificate
courses and other types of courses are available in large cities, though,
unfortunately, most such institutions have not paid adequate attention to
appropriate quality standards. There are, however, some institutions that conduct
internationally recognized courses, with the vendor – on whose behalf and
approval the course is conducted – usually delivering the certification. Private
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educational institutions are thus still needed to bolster the supply of qualified
human resources, especially for the small- and medium-size industries.

Human resources development in the private sector takes one of the two
following routes:

five plans of studies:

• Information System
• Computer and Intelligent Systems
• Information Networks
• Multimedia
• E-commerce & IT Business

8. Major Features of the Programme

• To develop awareness of entrepreneurship and management ability.
• Development of teamwork and interpersonal communication skills

5 By Prof. Askar Kutanov, President-Rector of the Academy of Management, Kyrgyzstan.
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• Development of professional expertise in designing, problem solving
and deployment of information technology.

• Research and projects are carried out in conjunction with
programmes undertaken by some surrounding companies, industries
or institutions within the Techno Park, Lippo Cikarang.

9. Overseas Collaboration

Overseas collaboration is performed in various forms:

• Joint research
• Visiting scholar (lecturer)

Kyrgyzstan5

1. Introduction

Kyrgyzstan is a new, independent, Central Asian state neighbouring
Kazakhstan, Uzbekistan, Tajikistan and China. The total area is 198,500 km2,
with mountains covering 95 per cent of the territory. Kyrgyzstan, which has a
population of 4.8 million, adopted the National Sustainable Human Development
Strategy in 1997. Sustainable human development (SHD) is viewed as a key
strategy for further social and economic transformations in the country. The
geographic location, mountain relief, size of the country and limitation of
information resources make Kyrgyzstan very interested in developing modern
telecommunication infrastructure and in creating an information society. In 1997,
Mr. Askar Akayev, the President of Kyrgyzstan, declared at the World Economic
Forum in Davos that Kyrgyzstan had chosen to become an information society.
The government gives high priority to the promotion of information technology
(IT) in Kyrgyzstan. The measures adopted include computerization of schools
and universities, development of telecommunication network and other
infrastructure, and establishing training programmes for human resources
development.

2. Review of current status

The first telecommunication project in Kyrgyzstan vastly improved the
telecommunication infrastructure in the country. A digital telecommunication
network – which employs a standard-A satellite earth station, SDH and PDH
digital microwave links, digital-switching exchanges and SDH fibre-optic
transmission – has been created. The digital microwave backbone (figure V.2)
has made it possible to connect the different regions with each other and have,
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even for rural subscribers, easy access to the rest of the world.

Figure V.2. Map of Kyrgyzstan and digital microwave network
within the country

With a literacy rate of 96 per cent, Kyrgyzstan has a large pool of educated
people. Computerization of schools is being actively implemented in the country.
In 1996, with a loan from the Asian Development Bank, 100 computer classes
were established in schools under local area network (LAN). Another 30
computer classes were established in schools with financial support from the
Soros Foundation in Kyrgyzstan.

At present, there are 44 universities in Kyrgyzstan and most of them have
educational programmes on computer science, computer engineering and
information systems. Nevertheless, the country has a shortage of human resources
for information technology (IT).

Human resources development (HRD) for IT could improve the life of
people, unite them within the country through computer-based networking and
provide to people living in rural areas and cities equal access to information.

3. Role of public sector

Public sector plays an important role in HRD for IT in Kyrgyzstan. Two
public networks were established under the United Nations Development
Programme (UNDP) projects on governance and decentralization. The admi-
nistrative government network, which interconnects all ministries and state
agencies, has brought in efficiency and transparency in governance. Several
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training seminars on Web-publishing were conducted for civil servants in the
Academy of Management (which is under the President of Kyrgyzstan) within
the framework of the UNDP project. There is need to develop a special
programme for training civil servants and public workers on long-term basis.

The academic research and education network, which connects Kyrgyz
Academy of Sciences and several leading universities, is in the process of
development (figure V.3). This project is sponsored by the NATO Science
Programme. The network is expected to stimulate HRD for IT in Kyrgyzstan,
especially for preparing a new generation of highly qualified specialists.

Figure V.3. Academic research and education network in
Kyrgyzstan (AKNet)

4. Role of private sector

There are several commercial Internet service providers in Kyrgyzstan.
Competition among these Internet providers helps establish better service and
lower market prices, besides linking more computer users and providing them
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access to Internet. Private computer companies in the country provide computer
assembly and maintenance services. Such companies create new jobs and train
young people in the use of IT.

5. Conclusion and recommendations

One important measure for HRD for the IT sector in Kyrgyzstan will be
the establishment of a national-level IT Centre in Bishkek. The rapid development
of computer technology and the growing number of Internet-enabled computers
have served to motivate the people to learn more about IT, and such a training
centre would capitalize on this interest to generate skilled human resources.

The IT centre could undertake the following activities:

• Provide training for students, civil servants and government workers on
computer skills, use of computer networks and information technology;

• Provide training in computer software development;
• Develop databases for scientific and technical information;
• Connect with the leading universities in Bishkek using high-speed

dedicated lines;
• Provide distance learning, video conferencing and information distri-

bution facilities; and
• Promote the development of e-commerce.

Thus, the establishment of a National Information Technology Centre would
help in the development of human resources in general, and in particular for the
IT sector, and facilitate the development of information society in Kyrgyzstan.
It would also help unemployed youth learn employable skills, as well as retrain
the employed to improve their skills and for getting better jobs.

6 By Mr. Kamarul Ariffin Ujang, Economic Planning Unit, Prime Minister’s Department, Kuala
Lumpur, Malaysia.
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Malaysia6

1. Introduction

Malaysia is preparing to be part of the information age in the new millennium
by transforming itself into a knowledge-based economy. In this context,
information technology (IT) is a critical enabling tool to support the growth of
economy and to enhance the quality of life of the population. Substantial
investments have been made by the government towards laying the IT
infrastructure, as well as facilities and services to accelerate the wider use of IT
in various sectors of the economy.

The rapid acceleration of IT applications in all economic sectors has
significant impact on the labour requirements of the IT and IT-related sectors.
Adequate supplies of highly educated, trained and IT-literate workforce are
required to support the development of IT industries and to service the
requirement of industries in related fields. Given the importance of human
resources as the strategic enabler for strengthening the development of IT and
the need for a strong foundation for becoming a knowledge-based economy,
concerted efforts have been made to enhance the human resources development
in IT-related fields.

2. Review of current status

IT was critical in enhancing Malaysia’s competitiveness in the global market.
Both private and public sectors have undertaken investments and developments
in computer hardware and software, as well as in other infrastructures including
telecommunications network, to facilitate the use of IT in producing goods and
providing services. Investment in IT in Malaysia expanded at the rate of 8.4 per
cent per annum during 1996-98, increasing from M$3.8 billion in 1995 to M$4.84
billion in 1998. The increase was attributed, in part, to a number of fiscal
incentives introduced to promote the use of IT, such as the removal of sales tax
on computers and components and granting of accelerated capital allowance for
expenses on computers and other equipment. There is also an increasing
awareness on the use of IT for home and personal use. This increased application
and information diffusion have resulted in a significant increase in the demand
for highly qualified, technically skilled and competent IT and related workforce
in the industries.

IT utilization in the private sector

In terms of IT expenditure by sector, the banking and finance sector had
the largest share and accounted for 27 per cent of total expenditure in 1998.
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This was followed by the manufacturing sector, which accounted for 17 per
cent of the total expenditure. Substantial investment was made in IT applications
in the banking and finance sector as part of the effort to improve customer
services, increase productivity, reduce cost and generate revenue. IT was also
important to the banking and finance sector for the introduction of new facilities
such as home banking, remote banking, integrated account statements and self-
service terminals. In the manufacturing sector, IT was used in the areas of
finance, payroll, personnel records and inventories. It was also utilized in strategic
functions such as product design, quality control, process planning, production
and material planning.

In the transportation sub-sector, IT was utilized as a strategic tool to improve
efficiency of operations. The introduction of Electronic Data Interchange (EDI)
system at Malaysian ports has facilitated trade documentation – including
electronic submission of documentation, tracking of consignment status and
fleet efficiency, warehousing and distribution – and helped standardize the use
of trade documents and processes to expedite the movement of goods as well
as duty payment in port operations. Malaysia Airline System (MAS) has enhanced
the utilization of IT system in front-line operations such as reservation, ticketing
and flight operations, while Malaysian International Shipping Corporation (MISC)
is using IT to facilitate information flow and to provide linkages to cargo booking,
maintenance and repair, container tracking, and documentation.

A survey undertaken in 1996 indicated that the highest percentage of
companies with more than 100 personal computers (PCs) was in the banking
and finance sector. Although almost all companies in the economic sectors
utilized PCs, the survey found out that only 13 per cent possessed more than
100 PCs. The survey indicated that the IT was most extensively used in finance
and accounting (financial control and administration). IT was also used, though
not extensively, in the more strategic production and operations for product
design, quality control, process planning and materials planning. The survey
found that internal networking was more used in finance and accounting functions.

IT utilization in the government sector

Several important initiatives were introduced by the Malaysian government
in response to the need to coordinate the planning and management of IT
development as well as to provide an environment conducive for the development
of IT industries. A national computer network with an Internet gateway has
been developed to provide an integrated communications network for the public
and private sectors as well as to enable interactive distance learning. It provides
Malaysian users with access to information from more than 140 countries.
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The Multimedia Super Corridor (MSC) was launched as a catalyst for a
synergistic expansion of IT-related and multimedia industries, products and
services. Two flagship projects were introduced under MSC development
programme:

• The multimedia project development applications category, comprising
electronic governance, multipurpose card, smart schools and tele-
medicine; and

• The multimedia environment applications category, comprising R&D
cluster, worldwide manufacturing webs and borderless marketing, to
provide opportunities for Malaysians and international companies to
operate in an environment of close cooperation with leaders in multi-
media industries, research and academic institutions and customers.

Other measures were also taken by the government to enhance productivity
and efficiency as well as improve the quality of services through IT. These
include computerization of various departments and agencies and implementation
of the Government Integrated Telecommunications Network (GITN). In line
with networking trends, GITN facilitates the exchange and sharing of information
between government agencies via a secure and reliable high-capacity Intranet.
IT applications, through GITN, in the government sector include the following
aspects:

(a) Supporting the R&D efforts of agencies such as Malaysian Agriculture
Research and Development Institute (MARDI), Forest Research
Institute of Malaysia (FRIM) and other R&D institutions;

(b) Improving information flow/sharing and enhancing communications
and interaction among government agencies, and also between the
private sector and the public sector, through computer network under
a local area network (LAN). This includes on-line services of the Public
Services Network (PSN) through network facilities at Post Offices
and Bank Simpanan Nasional (BSN) that enable these agencies to
offer services for licence renewal and tax /utility payments. The Civil
Service Link (CSL) provides a single access point to information on
various public administration matters, regulations and laws;

(c) Improving various over-the-counter services, including on-line revenue
collection and payment processing in agencies such as the Road Transport
Department, Immigration Department and Royal Malaysia Police; and

(d) Upgrading documentation and information management systems to
improve workflow management resulting in better services in agencies
such as the National Registration Department, Registrar of Companies,
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Registrar of Business, and Social Security Organization.

Demand and supply of IT workforce

The total number of core IT workers in Malaysia was about 87,000 at the
end of 1998. This included hardware engineers, software engineers, system
analysts, programmers, and technical support personnel for IT and related fields.
The last-mentioned category formed the largest group with about 28,000 personnel
(32.2 per cent of the total) while software engineer category was the smallest
group of about 8,000 (9.6 per cent). The skills required were in the areas of
system development and engineering, operations management, consultancy,
training, R&D, software development and database management.

On the supply side, a total of 12 public institutions of higher learning, seven
polytechnics and 154 private institutions offered courses on IT and multimedia
at certificate, diploma and degree levels. The total enrolment at these institutions
was 65,200 students. In addition, industrial training institutes conducted IT-
related courses at certificate level with a total enrolment of 735 students. About
50 per cent of the total number graduated from the public tertiary institutions.
However, the education and training capacities of public and private institutions
were not sufficient to meet the high demand for IT personnel, especially those
with higher qualifications (Master’s or doctoral level).

3. Role of public sector

Macro-economic policies on IT human resources development

Competitiveness in information-based economy will be very much dependent
on the availability and quality of human resources. There is a need to develop a
well educated, trained and IT-literate workforce. Therefore, policy focus of the
Malaysian human resources development (HRD) for the IT sector will be to:

• Enhance education and training in line with the anticipated demand for
IT-related skills, knowledge and expertise;

• Develop IT culture among the Malaysians; and
• Increase IT awareness among the population.

The role of the government in ensuring adequate supply of IT workforce is
very critical in ensuring that these objectives are achieved.

Education and training

The use of IT and computers in education has been intensified and expanded
to cover all schools as well as higher education and training institutions. Various
programmes were launched with the objective of enhancing students knowledge
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and skills in computer use and IT.

Primary and secondary education

Computer Literacy and Computer-in-Education Programmes were launched
at the school level with the objective of exposing students to basic knowledge
on computers at the early stage of education. At the primary school level, the
Computer-Aided Instruction Programme (CAIP), a computer-assisted teaching
and learning programme, has been implemented. CAIP employs a computer
software – developed by the Computer Technology Laboratory of the Ministry
of Education – for the teaching and learning of subjects such as mathematics,
Malay language, English language and sciences.

At secondary school level, Computer Literacy Programme was introduced
to provide students with a basic knowledge in computer applications such as
database, spreadsheet and word processing. IT was also introduced as part of
the co-curriculum activity. In secondary technical schools, the curriculum of
computer subjects included software-based designing and programming such as
computer-aided design (CAD) and computer-aided manufacturing (CAM). The
government has given special attention to school in rural and remote areas so as
to increase computer and IT literacy among these school children.

Recognizing the importance of education in the creation of knowledge-
based economy, the Smart School concept was launched to produce IT-literate
Malaysians who are skilled at using new technologies and capable of accessing
and managing information to enhance competitiveness and productivity. The
Smart Schools are provided with new teaching methods and curriculum, and
computers to access learning and teaching materials. In achieving the vision of
converting all schools to Smart Schools throughout the country, computer
laboratories will be provided to schools using the privatization concept. Under
this concept, the private sector will be asked to build, equip, maintain and
upgrade computer laboratories as well as provide courseware for every student
category and level.

Schools were encouraged to establish computer clubs as part of their co-
curriculum activities with the involvement of Parent-Teacher Associations (PTA)
and the private sector. The Ministry of Education established the Education
Management Information System (EMIS) network to facilitate communication
and interaction among the ministry, various state education departments,
teachers’ training colleges, state education resource centres, schools, student
activity centres and teachers.

The availability of trained and dedicated computer literate teachers will
encourage effective promotion of computer literacy and IT awareness among
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school children. In order to ensure adequate supply of teachers specialized in
IT, as well as to enhance the skill and knowledge in IT applications of existing
teachers, the Ministry of Education introduced pre- and in-service teachers’
training in IT at teachers’ training colleges. These colleges also introduced
computer courses as compulsory subject to all trainees.

Tertiary education and training

A total of 12 public institutions of higher learning and seven polytechnics in
the public sector offer certificate, diploma and degree level courses in IT and
related fields, including computer science, electronics and computer engineering,
computer science and education, computing and information systems,
telecommunications and multimedia, and information technology and systems.
These institutions take advantage of the existing IT infrastructure by expanding
usage in various IT-related areas through intensive use of computers and other
electronic means in teaching and learning.

Public higher learning institutions set up a campus-wide networking system
based on high-bandwidth fibre-optic backbone to facilitate linkages within and
between campuses and access to international information. The system provides
facilities for multimedia applications to upgrade distance learning and
communication. Electronic libraries were established to provide teaching staff
and students with quick access to learning and reference materials. These libraries
are linked to research institutions and institutions of higher learning through
JARING Network. The expansion of distance-learning programmes will also
contribute to the increase in the number of graduates in IT related fields and,
consequently, the supply to the IT labour market.

In addition, the industrial training institutes conduct IT-related courses such
as CAD-architectural, CAD-mechanical, CAD/CAM and computer maintenance.
Apart from being nationally accredited, these courses have also received inter-
national recognition with accreditation from established international agencies
including City and Guilds, British Computer Society and Australian Computer
Society.

IT workforce training

IT training in the public sector was intensified to upgrade computer
competency and enhance IT application so that a workforce, which is technically
capable and skilled for the effective implementation of e-governance, would be
created at the earliest. The National Institute of Public Administration (INTAN)
was assigned the tasks of implementation and coordination of IT training. INTAN
conducted information management courses at diploma level and programming
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courses at certificate level. INTAN also carried out training in latest technologies
– such as Java programming, multimedia and object-oriented technologies – for
technical personnel involved in the e-governance project.

Computer laboratories will be upgraded or provided in specific ministries
and departments to develop internal capabilities on conducting IT courses, and
thus further expand and expedite public sector training on IT. More IT-awareness
courses and seminars will be organized for public sector employees. The
government has also initiated joint-training and attachment programmes with
industries to provide exposure to, as well as enhance the skill and knowledge of,
the public sector workforce in IT-related technologies.

Scholarships and awards

The Government of Malaysia offers various scholarships and awards to
enhance Malaysian capability in IT-related fields. Agencies such as the Public
Services Department (PSD), National Higher Education Fund Council and Majlis
Amanah Rakyat (MARA) award scholarships to students to study IT at degree
level at local and foreign institutions. Special programmes introduced for the
public sector personnel help them pursue further studies at Master’s and doctoral
levels in local or foreign institutions.

The government has also introduced other programs to attract sufficient
number of Malaysians to pursue higher learning, especially at Master’s and
doctoral levels, as well as to undertake R&D activities in IT-related fields. The
Demonstrator Application Grant Scheme (DAGS) was launched to provide
opportunities for Malaysians to develop software products that are indigenous
in design, local in content and customized to the needs of the local community.
The government also started the MSC Research and Development Grant Scheme
(MGS) to provide financial assistance to “MSC status” companies, which have
at least 51 per cent Malaysian ownership, to undertake R&D activities and to
train Malaysians in R&D activities related to IT. Under the Science and
Technology Human Resources Fund, financial assistance is provided to
professionals and other research personnel to upgrade their skills and capabilities
through post-graduate and post-doctoral studies in IT-related fields.

4. Role of private sector

While the government will continue to be the main provider of education
and training, it is envisaged that the private sector also will play a significant role
in the creation of skills and in the development of new education and training
programmes in emerging technologies, including IT. Various measures were
introduced to encourage active and effective participation of the private sector
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to complement the government’s efforts to promote computer literacy. This
included the revision of existing rules, regulations and procedures that hinder
the introduction and enhancement of IT programmes, particularly in private
education and training institutions. Incentives were also provided to prompt the
private sector to establish IT education and training institutions at tertiary level.
These included flexibility in the recruitment of foreign experts as lecturers and
instructors, tax exemption for the purchasing of equipment and facilities, and
allowances for the building of training infrastructure.

Education and training

Major private institutions that conduct courses in IT and multimedia fields
include the Universiti Tenaga Nasional (UNITEN), Universiti Multimedia and
Universiti Telekom Malaysia. These institutions offer IT and multimedia courses
at graduate and post-graduate levels. The Universiti Multimedia was established
to cater to the skill requirements of companies located within the MSC. It aims
to be a world leader in the promotion, acquisition, generation and application of
knowledge in areas related to IT and multimedia. To promote further investment
in IT and multimedia education infrastructure, MSC status will be granted even
to multimedia faculties and colleges located outside the MSC. Apart from the
universities, 154 private institutions offer courses on IT and multimedia at
certificate, diploma and degree levels.

Recognizing that a strong base of knowledge workers is central to the
success of firms operating in MSC, the MSC Education Advisory Panel was
established. The Panel monitors and reviews the skill and attributes of knowledge
workers required by industries. This will help Universiti Multimedia and other
higher learning institutions in the development of curricula that meet the industry
requirements. Efforts were also made by local universities and training institutions
to develop a comprehensive computer network with adequate linkages within
campus and between campuses, as well as with access to international information
through JARING Network.

The Human Resources Development Council (HRDC) is an important
agency in terms of IT workforce training in the private sector. It works in
association with the Human Resources Development Fund (HRDF), which
reimburses companies the expense incurred to provide IT-based training to
their employees. Such training programmes – including in-service training for
employees at workplaces or approved training institutions – are arranged by
HRDC to ensure that there is continuous learning and upgrading of IT knowledge
and skills among the workforce.
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In addition, other agencies such as SIRIM and MIMOS complement these
efforts through specific programmes to introduce and promote the usage of
new technologies incorporating IT. SIRIM conducts training programmes in
CAD/CAM/CAE and Programmable Logics Controller (PLC), while MIMOS
offers training in Very Large-Scale Integrated Circuit (VLSI) design for both the
public and private employees. Industry associations also complement the training
efforts by encouraging and assisting their members, particularly the small and
medium industries, to achieve computer literacy and adopt IT technologies in
their production and services operations.

Scholarships and awards

There are various scholarships and awards offered by industrial associations,
large companies, as well as multinational corporations (MNCs) and international
organizations to encourage Malaysians to pursue studies at diploma, graduate
and post-graduates levels in IT and related fields. Generally, these scholarships
and awards can be grouped into two categories: pre-employment scholarships
and in-service scholarships.

Pre-employment scholarships are offered by a number of foundations and
large companies to students to pursue higher studies at diploma and degree
levels in local or foreign institutions. Foundations – such as the Yayasan Tun
Abdul Razak – and large companies – such as Petronas (national petroleum),
Telekom Malaysia Berhad (national telecom) and Tenaga Nasional Berhad
(national electricity) – offer such scholarships and awards. In-service or on-the-
job awards are offered by large companies and MNCs to upgrade the skill and
knowledge of their employees. Large companies – including Petronas, Telekom
Malaysia Berhad, Tenaga Nasional Berhad and Malayan Banking Berhad –
award scholarships and training fellowships to finance employees to pursue
studies at post-graduate and doctoral levels. MNCs, particularly those of Japanese
and German origin, conduct skill-upgrading programmes by sending their
employees to the parent companies on secondment. Other organizations,
including the Japanese International Cooperation Agency (JICA) and the British
Council Malaysia, also offer both pre-employment and in-service scholarships
and awards.

5. Conclusion and recommendations

Following the initiatives taken by the government, Malaysia now has an
environment conducive to the rapid development of IT. The provision of
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adequate IT infrastructure and facilities, favourable laws and regulations, and
fiscal and non-fiscal incentives have served to attract significant investments in
IT and related fields in Malaysia. Securing adequate supply of highly qualified
and technically skilled workers, who are required to support the rapid
development of IT products and services, has become the major focus of the
IT human resources development strategy.

An important strategy for rapid IT human resources development at national
level is to develop an information-based culture among the Malaysians. For this, the
current education and training system should be transformed into an IT-based
and knowledge-based one. Its capacity should be expanded and enhanced to
allow more intakes into IT education and training. IT education and training
programmes should be made compulsory to all students at different levels of
education, while post-employment training at reasonable costs should be made
available through full-time and part time-courses as well as distance learning.

In terms of regional cooperation, ESCAP member countries should exchange
information and share experiences on best practices in human resources
development. Regular seminars and workshops would provide useful forums to
share experiences and learn from each other. Developed countries that are
ESCAP members should continue to assist the less developed countries in
providing technical assistance and expertise in developing human resources.
Exchange of experts between ESCAP countries should be encouraged to enhance
the IT capacity and capability of the region.

7 By Mr. Ayush Batjargal, Head of Information and Statistics Division, Ministry of Education,
Culture and Science, Mongolia.
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Mongolia7

1. Introduction

Achievements in information and communication technology (ICT) have
become a moving force for social development. ICT has so profoundly affected
our lives that it has almost become a necessity of life.

Mongolia is a country that places “…the supreme objective of building a
humane, civil and democratic society”, as it is stated in Constitution Law. Despite
the rather recent introduction of the country to developments in ICT, the
Government of Mongolia considers information technology (IT) as one of the
key factors to foster economic development of the country. The government
places great importance on information infrastructure, and focuses on efficiency
and effectiveness to implement the country’s long-term objective of creating a
viable telecommunications infrastructure with a high rate of return. Another
reason for concentrating on IT development is the specific problem of Mongolia
being a sparsely populated country.

In February 2000, the Parliament of Mongolia adopted the “Concept on
Information and Communications Technology Development of Mongolia up
to the Year 2010”. The mission of the IT development concept in Mongolia is
“to develop a society based on knowledge and intellectual potentials and to
improve the quality of people’s lives”. This mission will be pursued under the
principle of ensuring accessible and flexible infrastructure that promotes dynamic
and sustainable development in an open and fair society. The government, the
private sector and the public sector, indeed all sections of the society and the
economy, need to harness the potential of the information and knowledge
revolution to improve the health, wealth and well being of everyone.

2. Review of current status

The issue of human resources development (HRD) for IT in Mongolia is
not separable from the issue of infrastructure development and capacity building.

Internet and IT development in Mongolia

Ten years had already passed since Mongolia’s transition from a centrally
planned economy to market economy, when competition started among industries
and business entities to get into IT specialization,. Currently, there are four Internet
service providers in Mongolia: Datacom Co., Computer Science and Management
School of Mongolian Technical University, Bodicomputer Co. and Mongolian
Telecommunications Company. The number of private companies practising
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IT-related activities has tripled since 1995.

Datacom Co. Ltd. started its Internet services in 1994, providing data
communications services such as domestic PC-mail, international PC-fax, World
Wide Web and Internet-based e-mail. Datacom Co. has VSAT Internet
connection to the United States with a bandwidth of up to 1 Mbps. It is planning
to shortly introduce e-banking and online shopping services.

Since 1998, the Computer Science and Management School (CSMS) of the
Mongolian Technical University has connected ten universities via radio modem
to access Internet. According to last year’s report, it had several hundred dial-up
users and had connected 33 secondary schools via dial-up and three secondary
schools via radio modem in Ulaanbaatar. In June 2000, CSMS and the Mongolian
University’s Consortium established an Internet network for education, science
and culture under a project funded by the Asian Development Bank.

Bodicomputer Co. Ltd. introduced Internet and e-commerce services in
1999 with a bandwidth of 374 kbps. Micom Co. Ltd., a subsidiary of the
Mongolian Telecommunications Company, started to provide Internet services
with a bandwidth of 1 Mbps.

The interest to explore and gather knowledge on IT has been growing fast
in offices and homes in Mongolia for the last decade. Currently, there are more
than 7,000 individual users connected to Internet, apart from the significant
number of corporate users who have access to World Wide Web and associated
facilities such as e-mail.

Current status of HRD for IT

Government and private companies give much attention to the development
of human resources for IT. An increasing number of private companies – and
government and non-government organizations as well – is getting interested in
hiring more specialists in IT-related areas. More and more students entering
public and private universities and institutions are getting interested to major in
IT. This has resulted in changes in the curricula of secondary school, high
school and university courses.

Public and private secondary schools have included information science as
a subject in their curriculum, while state universities and institutions offer
computer science and related courses. Short-term courses that concentrate on
Microsoft Office suite, together with Internet and e-mail applications, are offered
for a wider clientele.

During the last three years, the number of students studying at universities
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and colleges in IT-related fields has increased considerably. For the academic
year 1999-2000, there were 1,204 students – 498 of them new entrants –
studying IT programmes at various Mongolian universities and colleges. It is
expected that starting from 2002, the number of graduates in that field will
increase two or three times.

In spite of policies developed by the Government of Mongolia and its
ministries being directed to implement the latest technological achievements in
the fields of information and communications, there has been no substantial
effort taken on the management of HRD for IT. Furthermore, the absence of
any survey or research on the issue makes it difficult for anyone to assess the
related factors.

3. Role of public sector

As has been mentioned earlier, secondary and high schools, universities
and other educational institutions offer IT subjects to their students. Some of
these are focused on technical and programming aspects of IT, while some are
more user-oriented.

The National University of Mongolia, Mongolian Technical University and
Mongolian Pedagogical University are the leaders in training IT specialists. More
than two decades have passed since the training of IT specialists started in these
three universities. About 60 specialists in IT (both hardware and software) and
more than 50 trainees have received training each year from these institutions.
Opportunities to get choice jobs are increasing for successful graduates with
Bachelor’s or Master’s degree in computer software. Several universities and
institutions have started to offer post-graduate degrees in computer science and
related disciplines. However, the number of graduates is not sufficient to fulfil
existing needs. As the public sector pays low salaries to IT professionals while
private companies offer better opportunities, demand in the public sector for IT
personnel is far more than what the current supply levels can meet.

Information Science as a subject is being taught at secondary schools since
two decades. However, the schools still face shortage in the number of
professional teachers. Those trained to teach information science at secondary
schools generally prefer better paying jobs in non-educational sector. A recent
decision of the Ministry of Education, Science and Culture, has doubled the
number of hours for information science in secondary school curriculum. This
will necessitate increased training of teachers, and the issue is expected to be
resolved shortly.
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In order to clarify activities on information technology, mid-term policy
documents were approved at the beginning of this year, drawing attention at all
levels of governance.

While discussing the role of public sector in the development of human
resources for the ICT sector, it is impossible not to mention the inputs and
support provided by international and other donor organizations. With assistance
from donor organizations, such as the United Nations Development Programme
(UNDP) and the Mongolian Foundation for Open Society (Soros Foundation),
a number of measures to introduce IT in Mongolia were implemented. For
instance, the Computer Science and Management School of Mongolian Technical
University recently established the Cisco Networking Academy with assistance
from UNDP and the Asia-Pacific Development Information Programme. The
Academy currently has 40 students in the first year of training. The graduates
from the Academy will be awarded certificates by Cisco Inc.

Through UNDP and government projects, citizen information service
centres were established in six remote locations to enable citizens there to have
access to IT, and to impart some understanding about the technology and the
way to apply it. The Soros Foundation, together with the Internet service provider
Datacom, has established community centres in three places, mainly to give
citizens of outlying provinces the opportunity to access Internet and other IT
tools. Training of citizens in the use of computers is the main activity in both
information service centre and community centre.

4. Role of private sector

Private companies, which have introduced Internet and related services in
Mongolia, lay great emphasis on IT training and education. The students admitted
to universities and institutes for studying computer-related subjects have the
possibility to get scholarship from these companies to cover their tuition fee, get
social benefits upon successful completion of studies, summer internships, and
employment with the company on completion of studies. Many business entities
organize and/or arrange training for their staff on the use of computers and
accessing Internet and its services. Knowledge of the use and applications of
computers is now a basic requirement for new job seekers.

The number of providers of short-term training courses (two to three weeks)
is increasing substantially owing to a significant increase in the number of people
wanting to obtain basic knowledge on applications software. According to
unofficial sources, the number of such training institutes has reached 100. Students
of these courses can obtain 40-100 hours of training on computer skills and
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practice ability. As most Mongolian companies and organizations are seeking
professionals proficient in the use of computers and IT, the graduates of these
short-term courses stand a good chance of getting jobs or better positions.

The number of Internet cafés in Ulaanbaatar and other main cities of
Mongolia have substantially increased in the past three years. Currently,
Ulaanbaatar has about 40 private Internet cafés, which provide access to the
Web and its services. The main role of these Internet cafés is to facilitate Internet
surfing and e-mail service.

5. Conclusion and recommendations

For the implementation of the “Concept on Information and
Communications Technology Development of Mongolia up to the Year 2010”,
the Ministry of Education, Science and Culture approved in June 2000 the
“Guidelines for dissemination of ICT in education of Mongolia by year 2010”.
Implementation of activities is now underway.

The mission of the Mongolian Government activities in the dissemination
of ICT in education is to ensure:

• Free access of citizens to communication with the world and between
themselves;

• Creation of environment and conditions to gain knowledge and skills
needed for their active participation; and

• Equality in social life.

In view of this, it is critical to establish a flexible system for the implementation
and coordination of ICT training at all levels of education in line with the world
standards. In addition, mobilization of considerable human and financial resources
is required for the implementation of the following objectives stated in the
policy document:

• Two out of three persons should gain basic knowledge and skills through
an ICT universal education system; and

• Distance education should be ensured for 75 per cent of the population.

This could be done only through emphasising IT as a sector and drawing
up a detailed development plan for IT-related human resources. The issue of
HRD for IT is therefore at the very centre of attention of government and non-
government organizations as well as private companies. However, to satisfactorily
resolve the issue of HRD for the IT sector, certain measures need to be taken in
the public sector. The following recommendations are for some such measures,
which would improve the situation in human resources for IT in Mongolia.
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(a) Attract students’ interest in ICT by giving them basic concepts through
the application of ICT as demonstration tools in pre-school and primary
education.

(b) Revise the curriculum in lower secondary education to accommodate
minimum 70 hours of teaching of information science by completion
of the 8th grade. The teaching should be orientedtowards providing
knowledge on and application skills in some of the most popular word
processing and information exchange software.

(c) In upper secondary, vocational and technical education, provide
opportunities to gain knowledge and user skills in popular application
software, access to ICT application in the search and use of necessary
information in publishing, and communication through Internet and e-
mail.

(d) Provide education on basic ICT application in publishing to gifted
students or to those interested in continuing their studies on computers
and information technology.

(e) Ensure access to short-term courses in internationally accepted hardware
and software, computer networks and electronic publishing for the
young generation, and support training inaccredited specialties such as
Cisco, Microsoft Certified Engineers or Programmers, Web Master
Course, etc.

(f) In higher education, organize training for students to help them acquire
knowledge and skills in modern application software, ICT and networks
widely used in professional fields.

(g) In higher education, in addition to the training programs on Management
Information Systems and e-commerce, organize and support the degree
programmes in hardware and software, computer networking, electronic
publishing, etc.

(h) For students studying in ICT higher education institutions, provide
theoretical and practical knowledge in ICT, and provide opportunities
to acquire higher skills in diverse systems development and imple-
mentation of projects required for the society.

(i) For adult education, establish distance education in word processing,
networking and information supply, and in the practical application of
IT tools in their work.

(j) Support any activity to develop instructional materials, like CDs and
Web pages, for independent learners of word processing, networking,
and information search, retrieval and use.

(k) Support the establishment of electronic textbooks and multimedia
development centres, especially the production of CDs/DVDs and Web
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pages, in order to ensure wider application of ICT as demonstration
tools in all levels of education.

E-commerce application development currently going on worldwide has
come to Mongolia as well. Private companies have started to implement e-
commerce applications such as e-banking and e-trade. In this regard, the issues
of technical human resource development and public outreach will clearly attain
more importance. It is obvious that information on the experience of other
countries in these areas will assist Mongolia greatly in further development
initiatives.

Myanmar

1. Introduction

The pace of technological changes in information technology (IT) in recent
years has led to revolutionary changes in the processing and dissemination of
data and to the emergence of an information society with profound effects on
production, services, social and cultural values, economic development,
organization of labour, the environment, and society as a whole. IT is accepted
as the key technology for personal, organizational, national and even global
development. In this ever-competing world, the competitiveness of persons,
organizations and countries are clearly affected by the extent of their success in
IT application. The efficient use of IT not only assists in the development of
various economic systems but can also, by itself, be a major source of income.
IT has developed rapidly into being a driving force in nation building.

A country attempting socio-economic development has to rely much on its
internal resources, especially human resources. A well-educated workforce that
is trained in IT will be a major factor in socio-economic development. Therefore,
a country needs to exercise systematic and regular planning and control of
human resources development for the IT sector, as well as for all other sectors.

Technology is changing at a very fast pace and it is necessary to upgrade
the skills of the existing workforce by providing need-based training. For the
effective implementation of IT, the workforce needs to acquire specific skills. It
is important to train IT users to blend information support into their day-to-day
activities. This represents a change in work culture, and would require an attitude
appropriate to the development and absorption of IT solutions. With the support
of IT, the worker is upgrading into a knowledge worker, which is a qualitative
change. Therefore, it is necessary to prepare the workers for this transformation.
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2. Review of current status

It can be stated that attempts at human resources development (HRD) for
IT commenced in Myanmar in 1971, when the first mainframe computer (ICL-
1902S) in the country was installed at the University Computer Centre (UCC)
in Yangon. The history of teaching of computer science began in 1973, also at
UCC. Only post-graduate courses – M.Sc. degree in computer science and
D.C.Sc. diploma in computer studies – were offered and the enrolment was
very limited. UCC changed its set-up in 1985 and became the Institute of
Computer Science and Technology (ICST). In 1986, two undergraduate courses
(B.C.Sc. and B.C.Tech.) were introduced. Still, up to 1988, the enrolment was
as low as 90 students per year. In 1989, the intake increased to 200 per year
and from 1993 to 1999, 242 B.C.Sc. and B.C Tech. students have graduated
every year. Students who proceeded to post-graduate courses received Master
of Computer Science (M.C.Sc.) and Master of Computer Technology
(M.C.Tech.) degrees, and the holders of these degrees to date number 117. In
1993, the Institute introduced a Master’s degree course – Master of Information
Science, M.I.Sc. – for students who had qualified to join post-graduate classes
with other major like physics, mathematics, chemistry, commerce and economics.
Till 1999, 316 students have received the M.I.Sc. degree.

The Ministry of Science and Technology was established in October 1996.
ICST was transferred from the Education Ministry to this Ministry in January
1997. It had changed its name to University of Computer Studies, Yangon, in
1996. The University of Computer Studies at Mandalay (in upper Myanmar
region), which was established in 1997, offer degrees in computer science
(B.C.Sc.) and computer technology (B.C.Tech.).

Some of the students who had graduated from the University of Computer
Studies at Yangon are working aboard, while many others have joined private
companies in the country as system analysts, programmers, system operators
and desktop publishers. Some students opted to work at the university, while a
few others went abroad for further studies.

In 1998, undergraduate diploma classes – Dip. C.S. and Dip. C.M – were
opened in these two universities for those who have passed high school level,
and altogether 800 students were admitted. In the same year, such diploma
classes were started in various cities of states and divisions with the aim of
producing 5,000 undergraduate diploma trainees by the year 2001. For the
purpose of generating more post-graduates, the Ministry of Science and
Technology laid down a plan under which workers would have the opportunity
to attend classes and obtain the M.I.Sc. degree.
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In 1996, under the leadership of the Head of State, a far-sighted national
level project was initiated. Numerous computer sets were purchased and
installed in schools with a view to spread computer technology even among
those who receive just basic education.

Today, both public sector and private sector entities use computers
extensively, creating a great demand for trained IT personnel. Some private
banks are trying to change their computerized banking system from LAN to
WAN. Most government offices have installed computers and are in the process
of establishing office automation systems. As the usage of computers grow,
more persons trained in various fields of IT at different levels will be needed.
Even the two Universities of Computer Studies are facing shortage of teaching
staff. At present, the supply of qualified human resources seems to lag much
behind the need.

3. Role of public sector

Myanmar, being a developing country, is striving for all-round development
and is seriously implementing IT as a vital part of the nation’s Development
Plan. The government has placed special emphasis on the development of
knowledge and skills, correct national outlook, as well as spreading of modern
technology among students, youth and intellectuals.

As IT plays a strategic role in adding momentum to the development of
Myanmar, the promotion of computer technology, which is the foundation of
IT, has been carried out by computer experts under the leadership of the
government. Consequently, IT spread fast within a short period. Currently,
Myanmar is analysing the state of IT in the country and trying to lay down an
IT Master Plan. To facilitate the systematic development of IT, the government
promulgated the Myanmar Computer Science Development Law on 30
September 1996. Under the Law, the Myanmar Computer Science Development
Council was formed with the Secretary-1 of the State Peace and Development
Council as the Chairman.

According to rules and regulations, the Myanmar Computer Scientist
Association (MCSA), the Myanmar Computer Industry Association (MICA)
and the Myanmar Computer Enthusiast Association (MCEA) were formed in
1998. Later in the year, based on these three associations, the Myanmar
Computer Federation (MCF) was established.

The state, MCF and the Associations joined hands in promoting the
development of computer science, and several local and international symposiums
were held in Yangon and Mandalay. MCF and Associations, which have been
granted permission to interact with international organizations, approached CICC
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of Japan for furthering IT education. Under CICC’s sponsorship, 15 trainees
have been sent to Japan in 1999 for IT training in areas such as networking,
multimedia, project management and production management. Up to the present,
31 persons have been trained in such courses conducted in Japan. These persons
later conducted on-site training in Myanmar to share their knowledge gained
from Japan. Four training courses have been held and 80 trainees have completed
these courses. MCSA and MCEA conduct seminars on IT every weekend for
professionals and users. Any interested person can attend these seminars.

With the permission of the government, the Ministry of Science and
Technology has been sending its staff for further studies – doctoral degree,
Master’s degree, diploma, certificate, seminars and workshops, etc. – in the
area of IT with the aim of being at par with other ASEAN countries within
four years.

4. Role of private sector

After 1988, Myanmar changed its economic system to open market
economy. Since then, the role of the private sector has grown significantly and
the introduction of new technology has become much faster. Many private
companies and training schools have started functioning in the areas of distribution
of PCs and peripherals, hardware installation and maintenance, and computer
training. Before 1992, only a few computer companies were concentrating on
software development; now there are several software development companies.
Some companies accept trainees for software development courses conducted
by local or foreign IT professionals. Some companies send trainees abroad for
further studies, while some others invite foreign experts to conduct IT training
courses.

All types of IT training courses are conducted by private computer training
schools. Internationally recognized diploma courses, diploma courses in applied
IT and computer engineering, and graduate diploma courses are conducted by
private training institutions. These institutions are currently producing about
3,000 certificate holders each year. In 1999, a private computer company and
the Ministry of Education jointly established a training centre for IT courses.
The centre has already trained 400 persons in four basic courses and 100
persons in two advanced courses.

In late 1999, a few private computer companies have been granted

8 By Mr. Saifur Rahman Usmani, Director, Electronic Data Processing Cell, Finance Department,
N-W.F.P., Pakistan.
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permission to provide Internet service. It is hoped that this would help the
development of IT and enhance IT knowledge among the people.

5. Conclusion and recommendations

It is natural that, given the importance of fostering IT, every country is
developing its own IT Master Plan; the Myanmar government is also trying to
formulate its own. In laying down an IT policy for Myanmar, the following
basic factors should be taken into account:

(a) Human resources in terms of computer knowledge;
(b) The situation regarding computer hardware; and
(c) Computerization of industries.

Myanmar has sufficient human resources in terms of quantity, and good
foundations for IT because of the initiatives of and encouragement given by the
government. In building a modern and developed nation on the basis of the
existing resources, a strategic role will be played by IT. Since Myanmar possesses
qualified human resources in abundance for IT training, it would be prudent to
nurture and utilize them efficiently.

Pakistan8

1. Introduction

The Government of Pakistan is giving high priority to the promotion of
information technology (IT) in the country. It recently promulgated an IT policy,
with the guiding principle that the government shall provide an enabling
environment for the market forces to bring about a dramatic improvement in
the IT sector. In this regard, the government will make IT the highest priority
sector and promote IT at the highest level – privatize the Pakistan Tele-
communication Corporation Limited (PTCL), deregulate the telecommunications
sector, allocate massive funds, give lucrative incentives to attract local and foreign
investments, start highly visible projects that serve as role models, and work
towards establishing a competitive framework that unleashes creativity, innovation
and growth of the private sector.

In the years to come, there will be a widespread and constructive usage of
computers and Internet in homes, schools, trade, industry, agriculture, education,
health and other services. In line with this, the government plans to make efficient
use of this technology for its internal operation, and offer easy access to public
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information to all citizens in a transparent and equitable manner. It is expected
that there will be a thriving software industry in Pakistan, with the country
becoming one of the leading software exporters of the world. A comprehensive
and state-of-the-art national IT infrastructure, national databases, state-of-the-
art hardware design and development capability, and prevalence of electronic
commerce are also envisaged.

With the above policy objectives in sight, large funds have been allocated
for the promotion of IT. An Information Technology and Telecommunication
Division has been created in the federal government and IT Departments are
being set up in provincial governments. There have been regular brainstorming
and consultation sessions with leading experts from both the private and public
sectors, involving business leaders, chambers of commerce and industry,
educationists and planners. Major emphasis in the IT policy is on budgetary
provisions for human resource development (HRD) in the field of IT. An
ambitious and integrated short- and long-term strategy has been evolved for IT
awareness, education and training.

On the physical side, a major initiative is planned to ensure additional
100,000 IT-trained workers by the end of the current financial year. This would
be in addition to the present size of IT training programmes. It is estimated that
the software export will grow from the current level of US$50 million to US$200
million by the end of the year.

2. Review of current status

IT human resource development

Major issue in HRD in Pakistan is the training, nurturing and retention of
technically skilled workforce. This problem is even more severe in the IT field
as technology changes are very rapid and there is a massive loss of trained
workers owing to migration.

A comprehensive plan for education and HRD in IT has been drawn up for
meeting the present and future needs for trained IT workforce. The plan includes
efforts for a massive IT awareness programme aimed at all sections of the
society – including top politicians and bureaucrats/technocrats – review and
expansion of the IT education sector (degree/diploma programmes) and spreading
of IT vocational training (hands-on). To ensure that the HRD for IT is effectively
accomplished, incentives are being given to banks and foreign direct investors
who have been asked to set aside funds for the IT education and training.

Major areas of focus are:
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• Computer literacy;
• IT education;
• IT vocational training;
• Accreditation and standardization of IT training; and
• Placement services.

Computer literacy programmes are aimed at creating extensive awareness
regarding the use of IT as an everyday tool. IT education covers diploma/degree
and short-term courses and other relevant programmes on various facets of IT.

To keep government employees up-to-date on the latest developments, the
following four-pronged strategy has been adopted:

• Funding from the IT Implementation Fund to all government depart-
ments for IT training;

• Computer and IT literacy programmes for all secretarial staff for training
in management and office automation;

• Monetary incentives for the IT professionals working in the government
and universities; and

• In government service, weighting given to IT knowledge and ability of
employees at the time of promotion, computer literacy made mandatory
for fresh recruits in Grade 5 and above.

A massive IT awareness campaign is being undertaken, which includes:

• Extensive usage of electronic media to aid in the awareness drive;
• Conscious propagation of the use of IT in all public and private forums

by all key figures who can influence public opinion, such as the President,
Chief Executive and Ministers;

• Declaration of the current fiscal year as “IT Year”; and
• Arrangement of special events.

IT market in the country

The computerization process in public and private sector organizations is
in its middle stage. In the private sector, the process is fast and encouraging,
whereas in the public sector it is gaining momentum with the passage of time.
The government is moving towards mass-scale awareness and standardization.
Government is patronizing IT promotion programmes and have allocated large
funds for multi-dimensional activities like education, training, software export,
IT parks, call centres, etc.
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All the 35 universities in the public sector, majority of colleges and some
schools in the public sector are offering computer courses. The present education
system produces about 600 university graduates and about 40,000 diploma/
degree/certificate holders annually. There is a vast training network in the private
sector catering to about 70 per cent of training needs in the field of IT. Still,
these outputs are not adequate to meet domestic requirements, and a lot of
work remains to be done for computerizing various functions of the government
departments and private sector enterprises. Furthermore, a good percentage
of the IT professionals continue to seek jobs abroad.

3. Role of public sector

The government has, despite financial constraints, allocated a large budget
for IT promotion. A sum of Rs.4 billion (US$80 million) has been earmarked
for IT education, training and software export during the current financial year.
Major input is expected from the private sector. The public sector will be mostly
playing the role of a facilitator, enabler and regulator. It is hoped that the collective
investment in IT under private sector, provincial governments, non-governmental
institutions and foreign direct investment will reach the target of Rs.50 billion
(US$1 billion) during the current financial year (ending in June 2001).

The government is giving high priority to HRD. All IT job tiers and skill
levels have been addressed and their development actively pursued. The
government has, in collaboration with the private sector, launched an extensive
training programme for data entry and medical transcription operators. A 6-
week training programme for 4,000 persons has already been started, and it will
continue through the year with the target of having about 40,000 data entry
operators properly trained by June 2001. All expenses on this account are being
met by the government.

Simultaneously, the government is launching a long-term stipend/scholarship
programme for mid-level learning in IT. The trainees will be awarded diplomas/
degrees on completion of such courses. On the higher learning side, the govern-
ment is planning to set up six IT universities in various regions of the country
and one virtual university for facilitating distance learning. In addition to this, it
has also drawn up a plan to share the cost of expatriate trainers and teachers
who will be engaged for training in various training institutions of the country.

IT activities are growing at a fast pace in the country owing to the wide-
ranging incentives programme. Use of personal computers is increasing by 40
per cent and Internet use by 65 per cent each year. The Internet facility has
been extended from 13 cities to 300 cities in August 2000.
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In order to achieve the stated vision of the National IT Policy, the following
goals have been set and work has been initiated in all the areas:

• Develop an extensive pool of trained IT workforce to meet local and
export requirements;

• Set up of national databases that are reliable, secure and easily accessible
by all;

• Establish an efficient and cost-effective infrastructure that provides
equitable access to national and international networks;

• Promote widespread use of IT by the government for efficient function-
ing of organizations, with an aim to provide effective services and
information access to the public;

• Promote extensive usage of IT in trade, industry, agriculture, education,
health and other services;

• Develop e-commerce for both national and international transactions;
• Encourage and promote development of quality software aimed at

capturing export market;
• Legislate and provide legal framework for IT-related issues; and
• Provide business incentives for both local and foreign investors in

software and hardware industry.

To embark upon an aggressive programme of improving efficiency and
providing quality services to the citizens of Pakistan, it is essential to induct IT
at all levels in the government. The induction and effective use of IT by the
government would also help in motivating others to follow suit, since the
government has a large bearing on all segments of the society. For this purpose,
the following strategy has been adopted by the government:

• The ‘IT Implementation Directorate’ under the IT Board (ITB) is
made responsible for extensive IT awareness and promotion drive in
government, setting directions, devising strategies, and drawing up
guidelines for procurement of products and services, development of
human resources, incentives for individuals and organization/depart-
ments, and security and privacy of information.

• Majority of the implementation projects and operations of the
government IT facilities are being out-sourced to the private sector.

• Preference is being given to projects that are ripe for ‘Design-Implement-
Replicate’ strategy. The main characteristics of these projects are that,
once implemented and fully functional at any site, these can be replicated
easily at several locations all over the country. This strategy would
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result in extremely rapid computerization.
• All government organizations/department are making 3-year IT plans,

which shall be implemented under strict monitoring and control.

Software industry

In the face of rising cost of software development, availability of lower
cost, skilled workforce is of prime importance. A policy-guided programme has
been initiated to work in the following areas:

• Increased employment opportunity and prevention of brain drain;
• Development of infrastructure and facilities;
• Technology transfer;
• Attracting overseas Pakistani IT professionals;
• Increased foreign exchange earnings; and
• A wide range of incentive packages to the private sector working in

software export, medical transcription and call centres.

The main features of the software export policy are as follows:

• Market-oriented training programmes will be conducted for the software
industry.

• Financing from the Software Development Fund (SDF) will be extended
for activities that assist in expanding and improving software development.

• Financing will be provided for new start-ups, as well as for the growth
of existing software firms.

• Fiscal and tax incentives will be provided to the software industry.
• Software professionals will be given income tax and other incentives

to induce them to continue working in Pakistan rather than go abroad.
• Special rates instituted for communication and data transfer in IT parks.
• An IT specialist, responsible to promote software exports and attract

foreign direct investment, will be appointed in Pakistani embassies,
commercial consulates and Export Promotion Bureau offices in
countries that have the potential to import software from Pakistan.

• A one-window governmental interface through Pakistan Software
Export Board (PSEB) will be set up for software exporters.

• Encouragement will be provided for software export projects in IT-
enabled service areas, which require a minimum amount of time and
can be started with currently available skilled resources. These include:

- operational activities for banks/ airlines back offices;

9 Pakistan is a signatory to Trade Related Aspects of Intellectual Property Rights (TRIPs).
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- medical/legal transcription service;
- data entry;
- data conversion;
- data warehousing; and
- call centres.

• Special labour rules, which are specific to this industry, are being
prepared.

• Funding will be made available also against approved cash flow
projections, contract or other non-collateral items.

• Intellectual property is recognized as equity or collateral9  and in tech-
nology parks the companies can offer themselves as collateral for
securing credit financing.

Investments in software export

PSEB is encouraging local business to invest in the software industry. An
awareness campaign is being conducted to highlight the huge potential and high
returns of this industry. Special groups in PSEB and Pakistan Software Houses
Association (PASHA) are providing guidance and consultancy to investors on
how to establish software houses and other related service organizations. Large
corporations, industrial/trading groups are the specific targets, as most of them
are already involved in export activities and have their own marketing channels
abroad. They only need professional guidance for setting up software houses.

Major hardware and software vendors operating in Pakistan are being
encouraged to set up software facilities and get software orders from their
established international channels.

National database

Establishment of national databases is seen as vital for the economic well
being of Pakistan. These databases provide quick and easy reference to infor-
mation of national importance, which is essential for taking important decisions
and for efficient planning. A National Database and Registration Authority
(NADRA) established for the purpose has already commenced programmes for
establishing databases in the public sector. In the first phase, databases of identity
cards, voters lists, passports, land records, etc. are being established.

Technology parks

Technology parks provide space, utilities and infrastructure facilities of
international standards at considerably reduced costs. Local entrepreneurs as
well as foreign investors are being encouraged to set up shop in such parks.
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The government has invited the private sector to establish such parks on
Build-Operate-Transfer (BOT) or Build-Own-Operate (BOO) basis. On its part,
the government is setting up six IT parks in the country during the current
financial year. One such park is already functional at Islamabad, where IT
companies/individuals are being provided with necessary space, computers,
bandwidth and other facilities at very competitive rates. The IT parks are serving
as one-window operation for prospective IT vendors. Export financing facility
for IT exporters is being established and the software companies will be accepted
as collateral by the banks while extending credit facility. Computer hardware is
exempted from all import duties and sales tax. Income tax relief has also been
given to the IT sector.

IT infrastructure

The key enabling factor to stimulate rapid growth of IT is the availability of
a world class IT Infrastructure, which includes data networks and telecom-
munications facilities, national databases and technology parks.

Pakistan is replacing the existing telecommunication network with a state-
of-the-art National Data Network and Telecommunication Infrastructure,
ensuring equitable and quality access to all citizens. The main objective is to
provide both individual and commercial users with extremely low-cost and reliable
telecommunication facilities. Following are the policy guidelines governing the
networking and telecommunications infrastructure:

• The government shall be a stimulator as well as facilitator of private
sector efforts to expand, improve and modernize the National Data
Network and Telecommunication Infrastructure, ensuring a fair market
environment.

• The existing monopoly of PTCL shall be ended as soon as possible,
and both local and foreign investors will be encouraged to set up their
own network infrastructure with minimum regulatory hurdles.

• The government will fill the gaps in the telecommunication infra-
structure, where private sector fails to do so, to ensure equitable access
to all sections of the population.

• In recognition of the Internet as a vital IT tool, Pakistan shall first
develop a national data network followed by a national hub for the
Internet. The next phase would be to make Pakistan a regional hub.
Internet nodal facility shall be made available at each district
headquarters by the end of year 2000.

• The government shall develop a long-term, countrywide back-up
communication plan for Pakistan to ensure the availability and reliability
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of the telecom infrastructure.
• The government shall encourage local and regional consortia in

developing networks, which would link schools, universities, remote
sites, public libraries, local government entities and other agencies to
provide easy and fair access to information. This will ensure and
encourage use of IT by the community at large.

The government has also drawn up plans for developing consultancy services
for new entrants in IT business, who will be assisted in identifying areas and
resources so that they can have a quick start and establish their business fast.
Advisory services are also being provided in promoting e-governance, e-
commerce and trade in the country. The government is also contemplating to
establish business-generating offices (incubators) in countries like Canada,
Germany, Japan, the United Kingdom and the United States. These offices will
serve a source of contact between Pakistani IT companies and software importers
in those countries. Special regulations are being developed to encourage joint
ventures and attract direct foreign investment in IT sector.

4. Role of private sector

The private sector in Pakistan is the major source of HRD in IT. Private
colleges and training centres offer a wide array of education and training courses
in IT ranging from university degrees to diplomas and certificates. They cover
almost 70 per cent of the IT training facilities in the country. The number of
training institutes and capacity of the existing centres are expected to increase
shortly owing to the favourable climate created by the recently announced IT
Policy. Some training institutes are already world class. The concentration of
the private facilities, however, is in urban centres and the fees are not easily
affordable. This has prompted the government to step in with balanced
programmes that are economical and also cover the rural areas.

The emphasis of all the multi-dimensional steps taken by the government
is to enable and facilitate the private sector. Pakistan has a potential to play
major role in the global IT market, and the government is striving to encourage
active private sector participation in this vast area of economic potentials.

As noted earlier, with the promulgation of the IT policy, an ambitious
programme of awareness and large-scale specialized training programmes have
been launched in the country. It is expected that about 25,000 trained workers
in IT (degree/diploma-holders) will be produced through private sector initiatives

166



by June 2001, in addition to those who train from government-run facilities.
Besides, scholarships and stipend programmes have been initiated for supporting
IT students in degree and higher education and training. There is a wide gap
between the availability of and requirement for highly skilled IT workforce in
software development, training, data entry/processing, hardware maintenance
and other allied fields. It has also been borne out that only about 20 per cent of
the people trained have the desired aptitude in IT. Still, the private sector is the
major employer of IT professionals.

The private sector in Pakistan is developing software for both domestic
and international markets. The medical transcription activity is brisk and picking
up good speed. Small-scale call centres have been set up, and hardware assembly
and manufacturing facilities (to a limited extent) have been established. Internet
services are being provided solely through the private sector; there are at present
about 24 Internet service providers (ISPs).

5. Conclusion and recommendations

There is great need for HRD to cater to the demands of both domestic and
international markets, as the use of IT is spreading rapidly in all spheres of life.
The use of IT in commerce, trade and industry is increasing the efficiency,
quality and output. Pakistan has significant software development and export
potential because of the availability of skilled but relatively low-cost human
resources.

There is need for continuous updating of the knowledge and skill of the IT
professionals so as to keep them abreast with the rapid developments in the
field. Standardization is another important aspect. Organizations like ESCAP
and APCTT should make concerted efforts for increased coordination in this
area. Interaction of IT professionals provides an opportunity for sharing
experiences with each other, which will lead to a balanced growth of IT at
global level.

10 By Mr. Jawalaksana Rachapaetayakom, Senior Policy Analyst, National Economic and
Social Development Board, Bangkok, Thailand.
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Republic of Korea

Please refer to Section D “Experience of Republic of Korea in human
resources forecasting and planning for information technology” of the paper
“Forecasting and Planning of Human Resources for Information Technology”
(page 47).

Thailand10

1. Introduction

The basic information and communication technologies have improved
phenomenally during the past few years. The developments have been very
rapid also on the applications side, most significantly leading to the breakthrough
popularization of the Internet. That very rapid evolution has made it very difficult
for any one person to grasp a full picture of today’s information/communication
technologies.

In the new era of information society, it is information that is the most
important factor of production and wealth creation. How well an individual, an
organization and an entire society can harness, access, share and make use of
available information will ultimately decide their ability to generate economic
growth and enhance the quality of life. This, in turn, will depend on the ability
to integrate and apply a multitude of technologies – such as computer, telephone,
television, electronic mail, Internet search and multimedia – that make up what
is collectively called information technology (IT).

IT can play a pivotal role in supporting government policies aimed at:
ensuring better distribution of wealth and more opportunities to rural inhabitants;
equal opportunity for personal and corporate development; easy access to
healthcare and other public services; and solving the chronic traffic flow problems
and environmental issues. In addition, IT can also help make a country the
regional hub for finance, manufacturing, trade, transportation and tourism.
However, it must be realized that IT is certainly not an end in itself, but a tool
for achieving broader national objectives. If improperly developed and applied,
IT can do more harm than good.

The mere fact of having a written IT policy in itself has some value, as it
conveys the message that the government is forward-looking and has the political
will to pursue utilization of IT in society. However, a more positive situation is
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created when the government, acting as a role model, puts the policy content
into practice by applying IT in its own administration and services. IT
development, not to mention the technological leaps, does not take place by
itself; it requires a clear vision about the ultimate IT goal, solid technical designs

Figure V.4. IT personnel by age group

Figure V.5. IT personnel by employer
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and implementation plans to achieve it, and the organizational commitment to
follow those plans. Good IT policies, whether national or organizational, support
the achievement of long-term goals and therefore, by default, require the
participation of top-level people.

Figure V.6. Work experience of IT personnel

Figure V.7. Educational level of IT personnel
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IT policies are often inspired by an IT vision that describes the state of a
society or organization at a certain point in the future after the impact or planned
use of IT. A national IT policy is a useful tool among a larger set of policies that
eventually provide access to information. IT policy is different from other
technology policies in its role in directing information management, increasing
individual and organizational knowledge, and accumulating organizational
memory.

2. Development of science and technology for sustainable
development

To achieve economic development that promotes human development and
improved quality of life, the Eighth National Economic and Social Development
Plan (1997-2001) of Thailand, laid the foundations for sustainable development
and maintaining international competitiveness. It proposed guidelines for the
utilization of science and technology as instruments in the realization of sustainable
economic growth, to help in the efficient use of limited factors of production, to
increase skills and knowledge, and to promote the conservation of a good
environment suitable for a high quality of life. The guidelines aim to:

• Upgrade technology transfer capability;
• Develop science and technology infrastructure;
• Increase efficiency in research and technology development, particularly

in supporting the widespread use of IT to link public and private
agencies, and in developing information sources and media that are
appropriate for different user types to increase the effectiveness and
efficiency of public sector services and management; and

• Increase efficiency in science and technology management.

3. IT workforce situations and trends

The Science and Technology Manpower Survey (which included survey
of IT workforce) by the National Electronics and Computer Technology Centre
(NECTEC) in 1995 estimated that there were 22,450 IT workers (57 per cent
male and 43 per cent female) in Thailand. About 75 per cent of them worked
for the private sector. Approximately, one-third of the IT workforce was made
up of software professionals, followed by service/support personnel and hardware
professionals. Only 1.98 per cent of the total IT workforce were system managers.
About 55.45 per cent of the software professionals were programmers, 32.48 per
cent system analysts and 12.06 per cent system engineers. Among hardware
professionals, 79.15 per cent worked with computer hardware while the rest
(20.85 per cent) were in the communications field.
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Approximately 66 per cent of the IT workforce had direct education in an
IT field, and a little more than 95 per cent worked for the academia. Among
those employed by educational institutions, more than 56 per cent worked for
the state university. As far as work experience is concerned, 40 per cent had
more than six years of experience (38 per cent had worked for 1-3 years and 22
per cent had worked for 4–6 years). More than half the IT workforce was
constituted by people in the 25-34 age group, and only 0.94 per cent was in the
55-and-above age group. The following figures (figures V.4 to V.9) illustrate the
profile of the IT workforce in Thailand in 1995.

It is estimated that in 2000, there will be 6,333 university graduates
(computer, electrical/electronics) and 32,229 vocational graduates with IT educa-
tion. This is projected to increase to 8,554 university graduates and 42,915 vocational
graduates by 2006 (table V.11). The cumulative IT workforce supply in  infor-
mation and communications technology fields is shown in tables V.12 to V.14.

Table V.11. An estimation of IT graduates, 1992-2006

Year University graduates Vocational graduates
Computer Electrical/ Total Higher Lower Total

Electronics vocational vocational

1992 2 012 1 360 3 372 4 282 13 700 17 981
1993 2 269 1 473 3 743 4 631 15 131 19 762
1994 2 526 1 586 4 113 4 980 16 563 21 543
1995 2 783 1 699 4 483 5 330 17 995 23 324
1996 3 041 1 812 4 853 5 679 19 426 25 105
1997 3 298 1 925 5 223 6 028 20 858 16 886
1998 3 555 2 038 5 593 6 378 22 290 28 667
1999 3 812 2 151 5 963 6 727 23 721 30 448
2000 4 069 2 264 6 333 7 076 25 153 32 229
2001 4 326 2 377 6 703 7 426 26 585 34 010
2002 4 583 2 490 7 074 7 775 28 016 35 791
2003 4 841 2 603 7 444 8 124 29 448 37 572
2004 5 098 2 716 7 814 8 474 30 880 39 353
2005 5 355 2 829 8 184 8 823 32 311 41 134
2006 5 612 2 942 8 554 9 172 33 743 42 915

Source: NECTEC, 1995.

Table V.12. Estimated cumulative supply of IT workforce, 1993-2006

Year Cumulative supply
University Higher Lower Total
graduates vocational vocational
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1993 1 653 3 306 24 792 29 750
1994 1 855 3 729 27 607 33 191
1995 2 072 4 182 30 667 36 920
1996 2 303 4 665 33 969 40 936
1997 2 548 5 177 37 515 45 240
1998 2 808 5 719 41 304 49 831
1999 3 082 6 291 45 337 54 710
2000 3 371 6 892 49 613 59 876
2001 3 674 7 524 54 132 65 330
2002 3 992 8 184 58 895 71 071
2003 4 324 8 875 63 901 77 100
2004 4 670 9 595 69 151 83 416
2005 5 031 10 345 74 644 90 019
2006 5 406 11 125 80 380 96 910

Source: NECTEC, 1995.

Table V.13. Estimated cumulative supply of IT workforce
in the field of computers, 1993-2006

Year Cumulative supply
University Higher Lower Total
graduates vocational vocational

1993 5 903 3 542 1 181 10 625
1994 7 406 4 388 1 462 13 256
1995 9 062 5 294 1 768 16 124
1996 10 871 6 260 2 098 19 229
1997 12 833 7 285 2 453 22 571
1998 14 948 8 369 2 832 26 149
1999 17 217 9 512 3 235 29 964
2000 19 638 10 715 3 663 34 016
2001 22 212 11 978 4 115 38 304
2002 24 939 13 299 4 591 42 829
2003 27 819 14 681 5 092 47 591
2004 30 852 16 121 5 616 52 590
2005 34 038 17 621 6 166 57 825
2006 37 378 19 180 6 739 63 297

Source: NECTEC, 1995.

Table V.14. Estimated cumulative supply of IT workforce in the field of
telecommunications, 1993-2006

Year Cumulative supply
University Higher Lower Total
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graduates vocational vocational

1993 2 040 4 080 4 080 10 200
1994 2 714 5 350 5 488 13 552
1995 3 436 6 709 7 017 17 163
1996 4 207 8 157 8 669 21 032
1997 5 025 9 694 10 442 25 161
1998 5 891 11 321 12 336 29 548
1999 6 805 13 036 14 353 34 194
2000 7 768 14 840 16 491 39 099
2001 8 778 16 734 18 750 44 262
2002 9 836 18 717 21 132 49 684
2003 10 943 20 788 23 635 55 366
2004 12 097 22 949 26 260 61 305
2005 13 299 25 199 29 006 67 504
2006 14 550 27 538 31 874 73 962

Source: NECTEC, 1995.

Table V.15. Estimated cumulative workforce shortage in IT field, 1993-2006

Year Cumulative shortage
University Higher Lower Total
graduates vocational vocational

1993 7 003 5 620 -8 025 4 598
1994 7 758 6 385 -9 237 4 905
1995 8 570 7 271 -10 526 5 314
1996 9 421 8 273 -11 928 5 766
1997 10 277 9 374 -13 497 6 154
1998 11 191 10 634 -15 171 6 654
1999 12 246 12 140 - 16 859 7 527
2000 13 518 13 979 18 484 9 013
2001 15 108 16 264 -19 946 11 426
2002 16 647 18 696 -21 708 13 635
2003 18 390 21 526 -23 485 16 431
2004 20 455 24 898 -25 165 20 187
2005 22 900 28 905 -26 717 25 089
2006 25 748 33 617 -28 156 31 209

Source: NECTEC, 1995.

IT workforce is inadequate both in terms of quality and quantity. The
changing structure of production and the spreading use of IT have led to severe
shortages in IT labour. There has also been increasing movement of IT-qualified
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Table V.16. Estimated cumulative shortage of workforce
in IT production, 1993-2006

Year Cumulative shortage
University Higher Lower Total
graduates vocational vocational

1993 2 637 3 516 -7 210 -1 056
1994 3 033 4 079 -7 931 -819
1995 3 504 4 768 -8 648 -376
1996 4 050 5 584 -9 400 234
1997 4 665 6 521 -10 237 948
1998 5 372 7 621 -11 105 1 887
1999 6 206 8 944 -11 919 3 230
2000 7 202 10 553 -12 611 5 144
2001 8 406 12 532 -13 088 7 849
2002 9 709 14 706 -13 791 10 623
2003 11 209 17 246 -14 453 14 002
2004 12 967 20 261 -14 973 18 255
2005 15 025 23 835 -15 322 23 538
2006 17 418 28 037 -15 521 29 934

Source: NECTEC, 1995.

Table V.17. Estimated cumulative shortage of workforce
in the field of computers, 1993-2006

Year Cumulative shortage
University Higher Lower Total
graduates vocational vocational

1993 2 834 827 -307 3 354
1994 2 818 723 -440 3 101
1995 2 778 626 -584 2 820
1996 2 696 524 -742 2 479
1997 2 540 402 -916 2 027
1998 2 337 274 -1 103 1 508
1999 2 132 162 -1 300 994
2000 1 963 85 -1 503 546
2001 1 882 69 -1 705 246
2002 1 625 -17 1 934 -326
2003 1 345 -98 -2 175 -929
2004 1 096 -147 -2 422 -1 473
2005 889 -157 -2 673 -1 940
2006 709 -137 -2 931 -2 359

Source: NECTEC, 1995.
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personnel from the government and the public sector to the private sector. The
problems of worker turnover and the brain drain of university professors in the
fields of science and technology are acute, especially in the IT sector.
Furthermore, given the greater need for highly qualified personnel in research
and development activities, the demand for qualified personnel in the IT sector
can only increase, exacerbating the current problem of shortage further.

Estimates on IT labour shortage point to the strong demand for IT personnel
in both public and private sectors. The Seventh and Eighth Plans also highlighted
the expected quantitative and qualitative inadequacies in IT workforce. Serious
shortages, especially of skilled technicians and IT engineers, continue to be
experienced by the public sector, as well as both domestic and foreign companies
in the private sector (tables V.15-V.18).

4. The CIO/CEO programme

The government decision two years ago to appoint a Chief Information
Officer (CIO) in all ministries and departments is beginning to show its effec-
tiveness. Initially, the IT knowledge and competency of CIOs varied greatly,
with some even being IT-shy. However, considering the efficiency of these
senior officers in management tasks, an IT literacy programme was launched to
make them more familiar with IT equipment and operations. NECTEC, in
cooperation with the Office of the Civil Service Commission (OCSC), successfully
trained about 200 CIOs in 1999 in six two-week training courses. The course
helped CIOs overcome their IT-shyness and made them comfortable in handling
information technology.

Another move was made, with support from the top government executives,
to promote greater use of IT in the public sector. In early 2000, the Cabinet
approved a project to develop an IT vision among the high-ranking government
officials under which a mandatory half-day training course was proposed for
chief executive officers, permanent secretaries and directors-general. A course
programme was drawn up jointly by NECTEC and OCSC and a series of
training classes – with approximately 30-40 attendants per class – for these top
officials started from 2000.

A project in the pipeline is a study to develop guidelines and standards for
a public information system. The system will help the government to operate
more effectively and efficiently by enabling government agencies to obtain up-
to-date data from other government agencies via the information network. This
concept, which promotes sharing and exchange of information among
government agencies, aims to make a seamless flow of public services possible.
This scheme will enable Thai government to provide e-services to its citizens
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Figure V.9. Capability assessment of IT personnel

Figure V.8. IT personnel by job classification
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within two years or less thorough many agencies.

Table V.18. Estimated cumulative shortage of workforce in the field of
telecommunications, 1993-2006

Year Cumulative shortage
University Higher Lower Total
graduates vocational vocational

1993 1 531 1 277 -509 2 300
1994 1 907 1 582 -866 2 623
1995 2 288 1 877 -1 293 2 871
1996 2 675 2 165 -1 787 3 053
1997 3 072 2 451 -2 345 3 179
1998 3 482 2 739 -2 963 3 259
1999 3 908 3 034 -3 639 3 303
2000 4 353 3 340 -4 370 3 323
2001 4 820 3 663 -5 152 3 331
2002 5 313 4 007 -5 982 3 338
2003 5 836 4 379 -6 857 3 358
2004 6 392 4 784 -7 771 3 405
2005 6 985 5 228 -8 722 3 491
2006 7 621 5 717 -9 704 3 634

Source: NECTEC, 1995.

5. Information technology laws

In 1998, Thailand set about enacting six laws to cover IT and the Cabinet
appointed NECTEC, in its capacity as the secretariat office of the National IT
Committee (NITC), to manage the drafting process. These laws are meant to
ensure that Thailand is not left behind in the old economy while the global
economy is electronically linked.

On 14 March 2000, the Cabinet approved the Electronic Transactions Bill
and the Electronic Signature Bill, which are currently being processed by the
Council of State of Thailand for submission to the Parliament. Once the bills
receive parliamentary approval and the signature of His Majesty the King, they
will become laws.

The Electronic Transactions Act considers electronic records to be equal in
legal status to paper documents, if they are properly handled. The Act also defines
the scope of legal recognition of transmission and reception processes for elec-
tronic records, as well as the time and place of occurrences of such transmissions.

The Electronic Signature Act defines the electronic equivalent of a signature
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as proof of identity of the signing party (i.e., authentication) and requires that
the signer approve the content that is being signed. The law is neutral to the
choice of technology used for electronic signatures and recognizes the well
established and trusted third-party system of Certification Authority (CA) and
the Public Key Infrastructure (PKI) based on encryption technology. It also
gives a freedom of choice for business parties to select their electronic signature.

These two laws have been identified as the most significant planks of the
legal infrastructure that is necessary to expedite the development of e-business
in Thailand. While many Thai companies have already embraced e-business,
the more conservative ones are still considering the risks involved in switching
from paper documents to electronic records.

No less significant is the Universal Access Act (bye-law of Article 78 of the
Constitution), the drafting of which should be complete before the end of 2000.
Other drafts in the pipeline are the Computer Crime Act, the Electronic Funds
Transfer Act and the Data Protection Act, which will be enacted in 2001. These
laws should lay down an adequate legal framework for Thailand to enter the
new economy with more confidence.

6. Information technology policy guidelines

The guidelines adopted in the Eighth Plan to develop Thailand into an IT
centre are:

• Implement telecommunication and IT liberalization plans consistent
with the demand of rapid technological changes, in order to provide
adequate and widely available quality services at competitive and fair prices.

• Develop telecommunication and information networks in key economic
zones and regionally central cities to connect with national networks,
in order to create equality in access to education and public telecom-
munications systems.

• Develop telecommunication network and services to support education
and health-care systems and other public services.

• Improve the reliability and speed of the public postal service, invest in
improvements in postal technology, improve postal service management,
and set service charges at commercially appropriate rates so that the
service can become self-financing.

• Coordinate efforts between the public and private sectors in developing
the telecommunications industry by supporting research and develop-
ment activities and developing the size and quality of the telecommuni-
cation field’s human resource base. In addition, support skills
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development for IT personnel at all levels.
• Establish non-partisan and flexible mechanisms at the national level to

regulate and monitor telecommunication services, in order to promote
increased efficiency, quality of services and standards consistent with
technological progress, and set service fees that are fair to both users
and providers. This is to generate opportunities for the private sector
to invest in and develop the telecommunications business to its full
potential and to improve the access of people in rural areas to modern
telecommunication networks, similar to that available to the urban
population.

• Amend the legislation related to the telecommunications industry in
order to open it for private sector participation and investment, allowing
free competition in the provision of services, so that quality of service
and appropriateness of fees, instead of potential revenue for the
government, are the main criteria in decision-making. In addition, draft
legislation that facilitates the use of IT for economic and social
development.

7. The way forward: invest in people

The Thailand National IT Policy Report recommends that the strategic
directions should:

(a) Accelerate the supply of IT workforce at all levels to eliminate the
current critical shortage and to meet the expected huge demand growth
in future.

(b) Make IT an integral tool in education and training at all levels. The use
of IT in education must not be restricted to science and technology,
but should include the humanities and the arts as well.

The initiatives required are:

(a) Give all teachers, college lecturers and professors, as well as all school
and college students opportunities to learn IT use. The objective is to
employ IT as an enabling tool to access information, and gain knowledge
through self-paced learning or through interactions with teachers and
fellow students.

(b) Link schools, colleges, universities and libraries electronically to provide
students, teachers and lecturers an enriched environment in which
distant resources can be made available by a few keystrokes to those
who seek them.

(c) Make full use of IT and distance education to meet the needs and
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aspirations of all citizens to continue education and upgrade skills
irrespective of age, profession, distance or geography. Special attention
must be given to the physically disabled.

8. Policy recommendations on HRD

• Implement a “National School-Informatization Action Programme” with
the following specific goals:

(a) Achieve within five years in all state schools throughout the country a
PC density of:
- at least one per 80 primary school pupils
- at least one per 40 secondary school pupils

(b) Connect all universities, colleges and, at a later stage, secondary schools
to the ThaiSarn/Internet, so as to allow students, teachers and lecturers
to communicate with one another as well as to access libraries, databases
and computing resources nationally and globally.

(c) Allocate, on a continuous basis, an annual budget of 1,000 million
baht to acquire the necessary IT equipment (such as PCs, communi-
cation modems and, where appropriate, satellite receivers and multi-
media equipment. The amount should be sufficient to equip state
schools with up to 30,000 PCs a year, a substantial part of which
should be linked into networks. The need for hardware and software
maintenance and upgrading and for training of users must be taken
into account.

• Establish a “National Interactive Multimedia Institute” to facilitate the
development of educational courseware and application software with
the following specific goals:

(a) Make the Institute the national centre to oversee development of
interactive multimedia technologies and its dissemination, design and
development of educational and application software, outsourcing and
distribution of courseware and interactive CAI/CAL packages, and
licensing and adaptation of useful commercial software packages.

(b) Provide an annual budget of at least 400 million baht, as a start, to
support the development of technologies and courseware packages
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both within the country and through outsourcing. The diverse know-
ledge base spread across the country should be exploited to create a
thriving localized information service industry made up of professionals
and large and small firms.

(c) Make full use of large, centrally located and well-equipped schools,
colleges and universities during evenings and over weekends for adult
education and skills upgrading through remote training that employs
all available IT facilities. This is a critical component in maximizing
the benefits gained from the National School Informatization Action
Programme. It will also minimize the unnecessary and wasteful dupli-
cation of efforts of highly specialized and difficult-to-find expertise
that the country could ill afford for the development of quality distance-
education and self-learning training materials.

9. Conclusion

IT is a tool for achieving broad national objectives; it is not an end in itself.
The national development plans have emphasized the vital role of science and
technology, including IT, in the development of the country and society. Investing
in IT facilities and human resources, however, is only a pre-condition. The
critical shortage of almost all types of technicians and managerial personnel
must be urgently addressed. The government must play its role and involve the
society as a whole for IT development. It is necessary to encourage, promote,
support and coordinate the development of institutions, infrastructure, industry
and human resources for IT. The government must provide the primary motive
force and have a clear vision on how to fully harness the potential of IT, while
preventing the ill-effects arising naturally from the changes brought about by
the use of IT, such as disparity in information access, violation of personal
privacy and cultural invasion.

11 By Mrs. Maneerat Plipat, Senior Expert (Information Systems), Personnel Policy Devel-
opment and Research Bureau, Civil Service Commission, Bangkok, Thailand.

12 Indonesia has the largest population (209 million), followed by Viet Nam (79 million) and the
Philippines (74 million).
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Thailand11

1. Introduction

Thailand has an area of 513,120 km2, with 76 provinces, 795 districts, 81
sub-districts, 7,255 tampons and 69,866 villages. As of 1 April 2000, Thailand
had a population of 60,606,947 – 29,844,870 male and 30.762,077 female –
making the country the fourth largest in Southeast Asia in terms of population.12

In April 1999, the Asian Development Bank (ADB) reckoned the ASEAN
growth for that year would be 4.4 per cent. This was later adjusted to 5.7 per
cent. The actual growth rate for the year, however, shot up to over 6 per cent,
which was almost three times the growth rate for 1998.

Today, economic globalization is taking place at a rate much faster than
what the policy-makers, businesses and the public in developing countries can
either grasp conceptually or respond to in terms of policy and practical adjust-
ments. Globalization is a continuing process, which can be a powerful force for
growth. Together with the new information technology (IT), globalization can
help nations and communities leapfrog the stages of developments. However,
the distribution of the benefits of globalization so far has not been balanced.
Not all countries can claim to have gained from the globalization process, and
far too many communities are becoming marginalized. Over the past 50 years,
income gap and other disparities have been growing alarmingly both between
and within nations. Globalization and rapid advances in IT, if not managed
properly, could turn these gaps into insurmountable divides.

Access to IT has become crucial to development in general and economic
development in particular. Despite all the hype, however, less than 2 per cent of
the world’s population is currently connected to the Internet. The basic building
block of connection – a telephone line – is still not available in many parts of the
world. Africa, with 739 million people, has 14 million telephone lines – less than
Manhattan or Tokyo – and about 80 per cent of those lines are in six countries.
It is a fact that, at the threshold of the 21st century, 80 per cent of people in the
world have never heard the dial tone of a telephone!

The number of Internet users in the world is reportedly increasing by 150,000
each day; most of them live in developed countries. According to the Japanese
newspaper Asahi Shimbun, investment per person in information infrastructure
in developed countries is six times as large as that in developing countries.

The discrepancy in the amount of information and investments continue to
grow. It this trend is not arrested soon, the developing world will be left farther
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behind and the world economy will be further distorted. Even if basic
communications infrastructure was to be put in place in developing countries, at
an enormous cost, access would still be denied to the majority of the world’s
people because of illiteracy, ill-health and poverty.

The Secretary-General of the United Nations, Mr. Kofi Annan, in his report
to the Millennium Summit scheduled for September in New York emphasizes
that globalization must have a social dimension. Similarly, IT must be more
than e-commerce; it must also mean e-science, e-education and e-health if we
are to harness the full potential of the new technology for the benefit of all.

In February 2000, Bangkok hosted three major international events with
lasting significance for Thailand, the region and the world at large.

• The BOI Fair 2000 served as a powerful reminder of the pressing
needs for human capacity development and enhancement;

• UNCTAD X was cautiously optimistic that the plentiful rewards of
globalization can be reaped and its formidable risks overcome; and

• The Leadership Forum 2000 went a step further – with several basic
suggestions for policy action in government, business and civil society.
This event was convened from 15 to 17 February by the Foundation
for International Human Resource Development with some 300 high-
level participants and resource persons from countries of the Greater
Mekong Subjoin (GMS) and from other places as well.

The profound influence of the rapid advances in applied information and
communication technologies will also require a change in mindsets and approaches
to human resource development (HRD) and cross-border interdependence.
These advances will radically alter almost all aspects of human relationship and
organization in government, business, industrial and social organization, education,
and trade. A project on IT literacy awareness among GMS countries was proposed
at the Leadership Forum. As such, Internet skills and English are becoming
perhaps indispensable for gainful integration into the new world economy.

The Department of Employment, Ministry of Labour and Social Welfare,
conducted a survey to get the statistics on Bachelor’s degree graduates who
entered the labour market in the year 1997-98. Data were collected from each
university and sent to the Ministry of University Affairs.

The survey showed that out of 82,006 graduates, those who secured
employment the most studied as major subject one of the following: Medicine
and Health Sciences (92.79%), Education and Teacher’s Training (64.42%),
Agriculture (57.78%), Business Management (57.18%), Social Sciences
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(55.29%), Humanities and Religion (54.22%), Behavioural Sciences (52.57%),
Mathematics and Computer Sciences (51.92%), Communication and Document
Management (49.96%), and Natural Sciences (49.86%).

From the survey data, it was seen that graduates of Engineering and
Architecture secured less employment – 48.51 per cent and 38.15 per cent,
respectively. This is viewed as a result of the economic crisis during 1997-98,
when commissioning of new projects was either delayed or slowed down. An
analysis of the trend in labour market demands indicates that science graduates,
especially mathematics and computer sciences graduates, have more opportunity
to get a job than graduates in social sciences.

The economic situation in Asia in 1996 and 1997 demonstrated a lack of
understanding of warning signals. Now we are left to clear up the wreckage
from the financial crisis. One can predict that the coming of the “new economy”
of high technology, Internet communications and transactions and knowledge-
based competition will certainly pose another challenge for Thailand. The sever
shortages of IT workers in Thailand is the most important issue that needs to be
addressed immediately.

During the last few years, the Internet has come to be accepted as a basic
tool for commercial, and even social, communications and transactions. It is,
therefore, quite natural that providers of training services try to use this as a
medium for commercial training services. For example, correspondence courses/
education using the postal system is well established in several countries. Internet
now provides the opportunity to greatly reduce the response time between the
tutor and the student by changing the medium of communication from postal
mail to electronic mail.

“A CEO is required to take a hard look at his tool kit and resources, and see
how he can gain insights into his business. The management and usage of IT
are certainly areas he can no longer afford to overlook or be less inclined to be
involved with. Failure to do so can determine the success and failure of his
business enterprise,” says Wilson Tan, Chairman, Singapore Federation of
Computer Industry.

As we look forward to the new millennium, the first thing that becomes
obvious is that the start-off is with huge increases in the amount of information
available, and in the range of new technologies for delivering that information
around the world in seconds. This is very exciting and, potentially, of great
benefit. However, one must not forget that people, not information or technology,
remains the key to the future. People will decide on how to use the technology,
as it is they who must learn to receive, organize, understand and act on all that
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information.

2. Review of current status

At present, a public service official in Thailand needs to pass an examination
in basic IT or has to obtain training in IT to get a promotion. In 1999, the
Cabinet agreed to the proposal of National Information Technology Committee
(NITC) that every government department appoint one Deputy Permanent
Secretary or Deputy Director-General as the Chief Information Officer (CIO).
The CIO must participate in the two-week training courses organized by the
Office of the Civil Service Commission and National Electronics and Computer
Technology Centre (NECTEC).

A CEO is expected to be aware of the technology options that make sense
from a business point of view, even though many CEOs now have technology
advisers like the CIOs. In line with this, every CEO in the public service will be
trained for one half day in IT vision.

Some of the initiatives and achievements of Thailand in the field of IT are:

• New IT-related laws are in the process of making and suitable amend-
ment of existing laws has been made to facilitate e-commerce.

• Established the Social/Scientific, Academic and Research Network
(ThaiSarn), Thailand’s first and largest wide area network (WAN) that
serves 70 state-owned academic and research communities throughout
the country.

• Set up Electronic Data Interchange (EDI) facility.
• Established Thailand Software Park, which commenced operations in

1998. One of the objectives of the Park is to develop a pool of software
personnel for the IT industry from among the graduates.

• The Information Technology and Education Development Project of
the Ministry of University Affairs has developed an Information
Network for Education. The objective is to extend the opportunity for
higher education to the provinces (distance education). The Network
equipment has been installed at 39 universities/branches.

• Several government agencies offer training courses in IT:
- National Electronic and Computer Technology Centre
- Ministry of Education
- Kasetsart University
- National Sciences and Technology Development Agency
- CICC Training Courses

13 NSO has been regularly organizing several in-service training courses in statistical methods
since the early 1960s, and computer data processing course for the staff of government agencies
and state enterprises since 1970.
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- Courses Subsidized by Association for Overseas Technical
Scholarship
- National Statistical Office (NSO)13

- Chulalongkorn University

Networks

SchoolNet is another notable achievement of Thailand in the field of IT,
specifically in the application of IT in education. It is a digital collection of
websites from schools in all regions of Thailand. Websites selected are all from
schools that prepare data, which form the source of knowledge used to support
web-based learning and teaching. In 2000, 5,000 schools across the country
benefited from SchoolNet facilities.

SchoolNet focuses on working with partners to promote the use of IT in
education and support the creation of relevant Thailand-related content on the
Internet. Its importance is that it:

• Develops a vision on web-based learning and teaching
• Forms a national education network
• Provides access to databases and resources
• Represents a network of teachers
• Provides an opportunity for continued education

The Computer for Schools Programme is another innovative programme
that furthers IT-based education. It brings educational institutions, communities
and the private sector together for placing surplus computers and related software
in Thai schools.

NECTEC has recently given the go ahead to the Government Information
Network (GINet) project, which is an information highway. GINet was initiated
and is managed by the Government Information Technology Services (GITS),
which will promote and support government units joining the Network. GINet
is one of the three pillars of the National IT Policy (IT 2000), and aims to
implement a high-speed network linking government agencies nationwide. It
would enable government agencies to automate inter-office communications and
information processing within the agency, and facilitate electronic governance.

Position classification

Position classification is the formal means of differentiating job positions
in the Civil Service by nature and level, based on the inherent value to the
government of the duties and responsibilities involved. The level of a job position
influences many aspects, such as the pay that would be available to the position
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holder.

The Office of the Civil Service Commission has studied ways to improve
position classification and proposed a “New Position Classification Structure”.
This new structure proposed comprises five occupational groups based on the
existing civil service positions, namely:

• Administrative and Professional Category
• Scientific and Technological Category
• Arts and Crafts Category
• Technician Category
• General Service and Operational Category

There are seven criteria used for categorizing the occupational groups:
nature of work, market competition, direction of the public sector, career patterns,
best/better practices, competency requirements and the number of positions in
each occupational group.

The second basic concept in the new model is that of broad-banding, which
allows some of the minor classifications to be combined, with a longer or extended
salary range.

3. Role of public sector

The Thai public service personnel (civilian) can be divided into three main
groups: the national public personnel, the local public personnel and the public
enterprise personnel. Based on the nature of appointment, the national public
personnel are further classified into political officials, permanent officials or
departmental employees.

The total number of public service personnel in 1997 was 2,585,703,
comprising 2,127,951 national personnel, 141,875 local personnel and 316,451
public enterprises personnel. With respect to the objects of expenditure, only the
national public personnel are paid from the national salaries and wages budget.

Owing to the wide gap between the demand for and supply of labour,
private companies compete among themselves and with the public sector for
attracting IT-qualified personnel, often by offering high remunerations, and
even resort to poaching. As a result, qualified and experienced personnel,
especially IT personnel, continue to move out of the public sector, with the
number of those moving in decreasing steadily.

To stem this trend, the government has instituted a scheme of monetary
allowances for professional and specialized personnel. The scheme is applicable
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to civil servants with a Bachelor’s degree or above, who hold professional
positions and whose work carries occupational hazards – such as medical doctors
or engineers – or who hold a specialized position requiring profound knowledge
in that designated field – such as system analysts and programmers. Depending
on the level of their job position, these civil servants are paid monetary allowances
ranging from 3,500 baht (level 7) to 15,600 baht (level 11). This, however,
does not apply to most job positions, including IT jobs. Consequently, the
private sector becomes a much better paymaster than the public or government
sectors (table V.19).

Public service and e-service

For public offices to use e-services, such as e-commerce between the
government and a citizen, several key infrastructure supports have to be in
place. Certification Authority (CA) is the agent that certifies the electronic codes
that identify the parties involved in a transaction. Whether it is developed in-
house or supplied by a third party, a CA has a straightforward task – verify the
identity of end-users. It does this by issuing certificates of unique, encrypted
digital IDs that are attached to e-mail, transaction records or files sent over the
Internet or corporate intranet.

GINet, which provides networking service to all ministries, has started
with the Digital Signature Project for the use of e-mail. Besides, the Government
Electronic Directory has been set up for public use. Now anyone can make an
enquiry or search for detailed data on any aspect of governance through GINet,
using different kinds of electronic forms.

IT policy and IT laws

On 28 February 1996, the Cabinet approved the National Information
Technology Policy. One main objective of the IT Policy is IT law reform.
Consequently, on 15 December 1998, the Cabinet approved the IT Law
Development Project, which involves the study and formulation of six laws:

• Electronic Transactions Law
• Electronic Signature Law
• Electronic Funds Transfer Law

Table V.19. A comparison of average starting total pay in the private and public
sectors, 1997

Position Private sector Public sector Difference
(baht) (baht) (baht) (per cent)
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(a) For positions that require vocational education or equivalent

Clerk 6,423 4,700 1,723 37
Programmer 6,587 4,700 1,887 40
Technician 6,611 4,700 1,911 41
Marketing/Sales Officer 6,648 4,700 1,948 41
Accounting/Finance Officer 6,803 4,700 2,103 45
Personnel Officer 6,830 4,700 2,130 45

(b) For positions that require higher vocational education or equivalent

Clerk 7 119 5 740 1 379 24
Accounts/Finance Officer 7 378 5 740 1 638 29
Personnel Officer 7 685 5 740 1 945 34
Marketing/Sales Officer 7 795 5 740 2 055 36
Technician 8 312 5 740 2 572 45
Programmer 9 361 5 740 3 621 63

(c) For positions that require Bachelor’s degree or equivalent

Accounts/Finance Officer 12 301 6 360 5 941 93
Personnel Officer 12 488 6 360 6 128 96
Economist 12 666 6 360 6 306 99
Lawyer 12 681 6 360 6 321 99
Scientist/Chemist 12 973 6 360 6 613 104
Marketing/Sales Officer 13 999 6 360 7 639 120
Architect 17 038 6 360 9 998 142
Programmer 17 537 6 360 11 177 176
System Analyst 17 911 6 360 11 551 182
Engineer 23 272 6 360 16 912 266

(d) For positions that require Master’s degree or equivalent

Accounts/Finance Officer 17 695 7 780 9 915 127
Scientist/Chemist 23 886 7 780 16 106 207
Personnel Officer 24 009 7 780 16 229 209
Economist 24 029 7 780 16 249 209
Programmer 24 711 7 780 16 931 218
Marketing/Sales Officer 25 337 7 780 17 557 226
Lawyer 25 469 7 780 17 689 227
System Analyst 27 933 7 780 20 153 259
Engineer 29 221 7 780 21 441 276

Source: Private Pay Survey 1998 by OCSO and NSO.

• Computer Crime Law
• Data Protection Law
• Universal Access Law

As of now, bills for two new laws – the Electronic Transactions Law and
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Electronic Signature Law – have been approved by the Cabinet and sent to the
Office of the Council of State for further processing.

Thailand’s Information Act, which was enacted in 1997, has become
controversial owing to the many petitions filed seeking access to sensitive
information held by the government. Under the Act, government units have to
give the information sought by the public or make it available at a certain place
(such as in the Government Electronic Directory) so that the data contained are
accessible to the public.

The National Information Technology Committee (NITC), founded in
March 1992 and Chaired by the Deputy Prime Minister, is the agency that
provides the policy framework for all IT-related aspects in Thailand. It comprises
Ministers, Permanent Secretaries, and several high-level officers from both public
and private sectors. NECTEC acts as the NITC Secretariat.

NITC is responsible for IT policy planning, human resources development,
electronic commerce, IT research and development, IT public awareness, the
National Information Infrastructure, software industry development, IT utilization
in public sector, intellectual property rights in IT, the Thailand EDI Council,
and IT legal infrastructure.

E-commerce in Thailand

In Thailand, e-commerce was initiated by some government agencies in
the fields of law and technical standards, finance, and information technology
infrastructure. Following that, both public sector and private sector have done
pilot projects on e-commerce:

• Customs Department has been using electronic data interchange (EDI)
since July 1998.

• An EDI Working Group on Purchasing has been set up.
• Bank of Thailand is working with TradeSiam Co. on financial EDI.
• E-commerce for export has been initiated by the Department of Business

Economics, Ministry of Commerce.
• A working group, instituted by 66 organizations, is focusing on Thailand

Smart Card Standard Application Requirements for developing
standards for a smart card for Thailand.

• Ministry of Industry has developed a homepage for disseminating data
for investment.

• Information Technology Law Development Project, approved by the
Cabinet in December 1998, focuses on the formulation or amendment
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of laws pertaining to IT aspects, including e-commerce.
• A pilot project has been launched on setting up a Certification Authority.

Training for top management

As noted earlier, the Office of the Civil Service Commission and NECTEC
jointly organize two-week training courses for Chief Information Officers and
half-day training for Chief Executive Officers in all public service agencies.

IT awards and scholarships

The Office of the Prime Minister, Office of the Civil Service Commission,
the Budget Bureau and NECTEC jointly organizes an IT Project Contest among
all government agencies. The object is to support and promote IT personnel, as
well as IT units or agencies of the public service that have the ability to apply IT
in work to give value addition to the organization and deliver a better service to
the citizen. The Prime Ministry Awards have been given for the first time on 4
August 2000.

Thai government offers several scholarships in IT studies under different
segments: 1 for high school-to-Master’s; 2 for Bachelor’s-to-Master’s; 75 for
Bachelor’s-to-Ph.D.; 82 for Master’s; 214 for Master’s-to-Ph.D.; and 67 for
Ph.D.

Multimedia for schools in the rural Area

  In 1997, the National Information Technology Committee Secretariat and
NECTEC had jointly organized “IT for the school in Mai Hong Soon” for the
purpose of a pilot project.

Strategic Master Plan on Electronics, Computer, Telecommunications and
Information Technology: (ECTI) 2000-09

NECTEC and the National Science and Technology Development Agency
have developed a Strategic Master Plan as an important mechanism to push
Thailand to international levels in the fields of electronics, computers, tele-
communications and information technology (ECTI). Specific goals of the plan
include:

(a) Support research and development on ECTI technologies, in line with
demands from the industrial sector.

(b) Act as the centre for developing cooperation in ECTI between the
industrial sector and research agencies, both national and international.

(c) Increase the potential and efficiency of ECTI industry by supporting,
testing and establishing standards.
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(d) Support and stimulate the creation of information services mechanisms.
(e) Support and stimulate government agencies to draw up policy measures

and implementation plans in accordance with the National IT Plan.
(f) Support the development of knowledge, ability and skills among

employees.

4. Role of private sector

There are quite a few projects initiated by the private sector for the devel-
opment of human resources in IT sector. Some examples are given below.

Computers for schools

The project aims to help students acquire critical skills in IT by providing
computer hardware and software free of cost. This project of the Catholic
Board for Education, which has been implemented in Sarasit Patayalai School,
emphasizes networking technology and Internet for the development of teaching
and learning systems. The hardware support is from IBM Thailand and software
support from Thai Smart Kid.

OPPY Club (Old People Playing Young)

OPPY Club started functioning in November 1999 with the purpose of
training aged people (a member must at least be 45 years old) on computer and
Internet usage. OPPY Club was initiated by Khun Ying Chatchanee Jatikavanich
and LoxInfo Training Centre, Loxley Information Co. Ltd.

The curriculum has six topics (15 periods of 2 hours each): Introduction to
computer; Search for data from Internet; E-mail; E-card; Microsoft Word; and
Windows Explorer.

Cisco Networking Academy

Cisco Networking Academy is a partnership between Cisco Systems, and
several education, business, government and community organizations around
the world. The Academy curriculum centres around teaching students to design,
build and maintain computer networks.

Cisco Systems will join hands with the Asia-Pacific Development Infor-
mation Programme (APDIP) to fund the establishment of Cisco Networking
Academies in nine developing countries, including Thailand.
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American International Assurance (AIA) Staff Learning Centre

 The mission of AIA Staff Learning Centre is to deliver high-quality practical
training and educational programmes that will lead to professional growth of the
staff and improvements in business performance.

 The IT development programme in 1999-2000 focused on “PC Skills”,
with the following courses:

• Basic Microsoft Windows 95
• Basic Word 97
• Advanced Word 97
• Basic Excel 97
• Advanced Excel 97
• PowerPoint 97
• Management overview of IT

5. Conclusion and recommendations

Deregulation of the telecommunications sector needs to be carried forward.
The software industry needs to be built up making full use of the Thailand
Software Park. Thailand should emphasize on excellence in software research
and development, paying attention to aspects such as quality management and
internationalization. Technology transfer should be encouraged, and the
development of an IT knowledge base and information processing capacity
promoted.

For the development of human resources in the field of IT, a series of
training activities – such as training for trainers, web-based training, distance
learning, etc. – needs to be developed and implemented over the next five years.

Many leading academics and experts agree that the recent changes in the
industrial base and the growing influence of IT will make the job market more
competitive than ever in the coming decade. Internet has led to a surge in
demand for computer programmers, web-page designers and network engineers.
While paying more attention to the issue of severe shortages of IT workers, as
IT will play a growing role in global economy, the government should not ignore
the growing demand in Thailand for a broad range of professionals.

The government, more than any other organized body, stands to benefit
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from the increased efficiency and improved service that digital processes
promise. While developed nations are leading the way in creating paperless
processes to reduce bureaucracy, developing countries will be able to provide
new services without having to deal with cumbersome paper-based
administrative processes. Yet, most governments still lag far behind in using
digital tools in administration and governance.

 Governments should invest in training managers on re-engineering business
processes. Active cooperation among the countries in the region can help con-
solidate on-line approaches.

In the age of globalization, it is “connectivity” that will serve as a catalyst
for change and transformation in every country. In Thailand, there are 16 Internet
service providers (ISPs) and approximately half a million Internet users. There
are several Thai websites and data sources that are not being accessed optimally.
This calls for better connectivity of people within Thailand and internationally.
Such connections can lead to useful cooperation in several areas such as, for
example, scientific research and development, computer crime prevention, etc.

14 By Ms. Susanne Ornager, Regional Adviser for Asia and the Pacific for Informatics, UNESCO,
Bangkok, Thailand.
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VI. ORGANIZATION PAPERS

United Nations Educational, Scientific and
Cultural Organization 14

1. Introduction

The training of information professionals cannot be considered in isolation.
It must take into account the environment in which the information professionals
operate, as it can obviously have a profound impact on the nature of training
and educational programmes.

Highly developed information societies have several recognizable elements.
They include:

• A literate population;
• A highly developed library system;
• A high level of computer penetration;
• The existence of sophisticated telecommunications system;
• A well developed publishing industry;
• A high level of newspaper readership; and
• A developed television and radio broadcasting industry.

 Going by the above indicators, the Asia-Pacific region – with perhaps the
exception of Singapore, the Republic of Korea, Japan, Australia, New Zealand
and increasingly Malaysia – does not yet have highly developed information
societies. At best, some of the countries in the region may be said to be “emerging
information societies”.

However, the information environment is changing very rapidly in the Asia-
Pacific region because of the explosive growth in computer and communications
technology.

15 Fang lists 13 schools in Australia; but in the past couple of years, three schools have closed
down in the following universities – Ballarat, Tasmania and the University of Melbourne.

16 Fang’s list of 23 schools in China includes two from Taiwan Province of China.
17 Fang lists one school, but library education is also provided at the University of Malaya, the

National University of Malaysia, the University Utara and the International Islamic University.
18 According to Mendoza-Bolos, Director of the National Library of the Philippines, there are

52 library schools in the country, of which 13 offer graduate courses leading to a Master’s degree.
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2. Current educational programmes

More than 20 years ago, the curricula of virtually all the information science
schools in Southeast Asia were patterned on Western models, mainly American
and British. While some may argue that there is little evidence that the foreign
influences have disappeared – since quite a large proportion of today’s informa-
tion science school lecturers have received their higher degree training from
abroad – others argue that there have been many changes to reflect local needs
and conditions. Some of the similarities may be attributed to the fact that infor-
mation science has certain core components, which must be mastered by every
qualified employee. It is important to note that many schools in the region now
include courses that reflect the social and cultural environment in which they
operate.

Number of schools

While the comprehensiveness of the library and information science school
listings of Bhattacharyya (1981) and Fang (1995) may be questioned, a
comparison of the two directories shows very clearly that there has been a
marked increase in the number of information science schools in the region in
the last fifteen or so years – largely reflecting the need for more trained information
professionals in the region (see table VI.1).

Table VI.1. Number of library and information science schools

Country No. of schools 1981* No. of schools 1995+

Australia15 6 10
China16 - 214
Indonesia 1 4
Malaysia17 1 45
New Zealand 1 1
Papua New Guinea - 1
Philippines18 8 106
Singapore 0 1
Thailand 6 11
Viet Nam - 4

Notes:
* Data from Bhattacharyya 1981.
+ Data from Fang et al. 1995.
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3. Threats

Library and information science schools in Southeast Asia are aware of
these developments and a number of them have included information technology
(IT) in their curriculum. Nevertheless, there is some evidence to show that
many lecturers in these schools are computer illiterate or are technophobic.

Several consultancies were undertaken in the region in the beginning of the
1990s on the training needs in IT of the staff of a number of departments of
library and information science. Although the majority of the lecturers perceived
themselves as having a basic or higher level of knowledge about computers and
computing, the questionnaire survey and interviews that were carried out did
not quite match with their self-assessments.

Most lecturers of the library and information science schools interviewed
reinforced the view that there is a need to continue to have hands-on or practical
experience with computers after a training programme. The interviews produced
ample evidence to show that many of the interviewees, who had earlier attended
training courses on computers, had lost all or part of the knowledge gained at
these courses because of their inability to gain access to computers for further
practice. The conclusion stated that, “it is a waste of time and money to provide
training without first ensuring that the trainees will continue to have access to
computers when they have completed their training courses.”

There were a series of other problems that were revealed in the course of
the interviews. These ranged from difficulties with the English language, which
made it difficult for staff to keep up to date with the latest developments, the
lack of access to appropriate library literature for financial or other reasons, the
lack of high-quality students, and the lack of practical working experience. A
further problem related to the tendency to appoint the most senior staff member
as head of the department; not always the best choice, because they tended to
come from a generation of librarians who are technophobic.

In terms of the technological infrastructure, the less developed countries in
the region tend to have poorer resources. Some of the schools in the “wealthier”
countries have state-of-the-art facilities, including networked access, while others
scratch around with relatively out-of-date computers. Some examples of schools
with good facilities include AIT and Chulalongkorn University in Thailand,
Nanyang Technological University in Singapore and the Mara Institute of
Technology in Malaysia. These schools have on average at least one computer
for every five students. A number of countries in the region had received
computers donated by UNESCO. These old computers, which have now become
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obsolete, continue to be used because many do not have sufficient funds to
replace them. The Internet or networked access is also restricted among the
developing countries of the region.

4. Factors that influence library and information science curricula

The question of what should be taught at library and information science
schools continues to exercise the minds of the teachers. One cannot deny that
there has been a major paradigm shift in the way that information services are
delivered. This shift has been caused largely by developments in IT and
communications networks, and more particularly the explosive growth of the
Internet and the World Wide Web. The Internet has made a great impact in a
number of areas of human endeavour (such as e-commerce, tele-medicine,
etc.), and its impact on these areas will have a profound influence on the future
training of library and information science professionals.

Scholarly communication

The structure of scholarly communication and information dissemination
is changing rapidly. The causes for this are well known. Traditionally, scholars
have communicated informally by mail, telephone, fax and at face-to-face
meetings, and more formally by publishing the results of their research or by
making presentations at conferences. The existence of global networks, like the
Internet, has made the use of e-mail for information exchange and file transfer
more pervasive, and this has been aided by improvements in the transmission
and storage of multimedia documents, as well as improvements in software
with graphical user interfaces to facilitate operation.

Electronic publishing

The Internet is also revolutionizing scholarly publishing. The World Wide
Web has changed the economics of publishing by making it possible for almost
anyone to publish without the heavy capital investment and high printing and
distribution costs that traditional print publishing required. Because of the ease
of publishing on the Internet, there has been an explosion in the growth of
electronic publishing. While a large quantity of it is junk, an increasing number
are refereed journals.

The World Wide Web does and will make electronic publishing and
distribution much easier. One possible scenario sees scholars and universities
themselves reclaiming the intellectual property rights, which they had surrendered
so readily to commercial publishers in the past, and publish the results of their
scholarly research using the easy tools available to them on the global network.
However, along with the positive scenario of scholars regaining control of their

199



own publishing, there are also negative scenarios involving electronic publishing.
These include changes in the basis on which publishers charge for information
use (e.g. per retrieval), issues of ownership and intellectual property rights, and
problems of conservation and preservation.

Online information resources

Depending on one’s viewpoint, the Internet can be a veritable mine of
valuable information or a sewer filled with trashy information. The range is
wide and almost impossible to categorize, and almost the entire knowledge base
of the world is probably available from one website or other. Although some of
the more formal, commercial sources charges a fee for access, the information
resources for a large number of areas – including books and journals – are
available free of charge. The emergence of these resources makes it possible
for individuals to by-pass libraries by accessing information in electronic form
directly from their personal computers.

Increasingly, information professionals have to grapple with a number of
complex issues. For example, the ownership versus access debate regarding
information resources, the national information infrastructure, intellectual property
issues, the future shape of library and information science centres in the electronic
age, the future role of librarians, and the possible demise of the print-based
library. While it is clear that library and information centres will become virtual
libraries and in the process loose some of their clients, the fact that technologies
are costly, that they may be difficult to use because of the lack of common
standards or user-friendly interfaces, and that a considerable amount of
information is still transmitted via traditional print media, will ensure that the
virtual libraries will continue to have a role to play in the new electronic age.
Therefore, it can be assumed that, even with the increasing migration of print
media to electronic forms, virtual libraries as physical entities will continue to
exist, perhaps in a markedly different form.

5. Proposals for future training

The emergence of the concept of the virtual library provides the opportunity
for library and information science schools to restructure their curricula and to
make them more relevant to the needs of the profession in the 21st century. It is
important to integrate the teaching of traditional subjects with new developments.
This means that the library and information science student should not only be
familiar with the traditional rules, but they must also be familiar with topics
such as the World Wide Web, hypertext, HTML, SGML, metadata and the
various search engines on the Internet.
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Any redesigned curriculum should aim to equip information professionals
with some of the key competencies, as well as introduce them to some of the
major issues and concepts relating to virtual libraries so that they can provide
leadership and direction in the new information technology environment.

Students should be presented with a model of the virtual library in which
the issues associated with its development and management in a pervasive
networked environment is explored. The model must take advantage of the
increasing use of information technology to deal with the explosive growth in
the cost and volume of publishing in all formats, and to deliver library and
information services to local and remote users. It needs to incorporate new
methods of managing and organizing information resources for the primary
clientele, and examine some of the economic and legal implications. The
technologies underpinning the model should also be examined. Topics explored
should include:

• Information management and organization: covering building subject
or information gateways, extending the virtual shelf (the library
catalogue), storage and retrieval of full text and multimedia documents,
automated indexing, intelligent agents and access architectures (e.g.
Z39.50, metadata, Dublin Core, etc).

• Information resources and access infrastructure: electronic-reserve,
electronic journals, networked databases, video and audio on demand,
document delivery services, pre-print servers, etc.

• Communication with and training of users: including mediated services,
computer mediated instruction and communication technologies (e.g.
e-mail, list servers, Internet chat, bulletin boards, computer
conferencing, etc.).

• Economic and legal perspectives: incorporating considerations of
changing economics of libraries, charging for services, rights
management in intellectual property, etc.

• Preservation and archiving: dealing principally with the issues and
problems relating to long-term access of digital and analogue records,
and some of the international initiatives in this area.

6. Conclusion

Some of the library and information science schools in the region have
begun to tackle, in an integrated manner, the issue of the (new) information and
communication technologies, and their impact on the future virtual libraries. IT
courses in most schools have been aimed at improving the competency of the
schools’ graduates rather than treated as part of the core curriculum that uniquely
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defines the profession’s instructional domain. This will change. The Internet,
and especially the World Wide Web and its associate technologies, will
increasingly define the instructional domain of the new information professional.

The very nature, shape and structure of the former library and information
science centres will change very radically over the next five years. They will not
disappear, as some writers have predicted, because print will continue to be one
of many sources of information. But whether virtual libraries will continue to
play a dominant role in information provision in the future, or become merely
historical relics of infrequently visited stores of a nation’s print heritage, will be
largely dependent on whether the schools can produce a new breed of library
and information science professionals with the skills to manage the virtual library
service of the future. They need to equip new information professional with
the ability to organize information resources on the Web, the skill to create web
pages, the knowledge to incorporate metadata in digital documents, and to
understand the various Internet search engines, have an awareness of the
issues relating to rights management, and possess the capability of ensuring
the preservation of and long-term access to digital and analogue documents for
future generations. As long as the library and information science schools in
the region are willing to re-engineer themselves so that they can teach the new
knowledge and skills that will be required in the future, library and information
personnel will continue to play a crucial role in imparting information literacy
skills to their users and to act as the intermediary between humanity and the
recorded knowledge of the world’s civilizations.

19 By Mr. Joong-wan Cho, Senior Programme Officer, UNDP, Seoul, Republic of Korea.
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United Nations Development Programme19

1. The Economic and Social Council (ECOSOC) of the United
Nations: A Ministerial Declaration on the Role of Information
Technology

The ECOSOC concluded its high-level segment in July 2000 with the
adoption of a Ministerial Declaration on the role of information and communi-
cations technology (ICT) in the context of a knowledge-based global economy
(E/2000/L.9). The Declaration calls for commitment at the highest levels to
bridge the digital divide and to place ICTs at the service of the development and
to “all the peoples of the world”.

The declaration call on the United Nations system, including Funds and
Programmes, to:

• Support national actions aimed at strengthening capacity in ICT skills,
training, R&D;

• Share lessons on ICT and become a knowledge bank in this field;
• Develop norms and standards; and
• Promote partnership between the public and private sectors.

ICTs and digital divide issues have been considered at the G-8 Summit in
Okinawa last July, and the Declaration will be forwarded to the United Nations
Millennium Summit on 6-8 September in New York, where some 160 heads of
state are expected to make stronger and more concrete commitments and actions
related to ICTs and development. The Summit will provide opportunities to
consider ICT challenges more fully and set a series of realistic targets and
milestones build around an ICT vision for sustainable development and the
world poverty reduction.

2. UNDP’s new directions to boost ICT for the poor

Mr. Mark Malloch Brown, Administrator of UNDP, outlined an innovative
vision for bringing the power of ICT to the remotest parts of the world and
defined the issue as one of the UNDP’s most urgent priorities. “We have
committed to take lead in the UN Family of agencies in driving a new ICT
agenda forward,” he said.

The information gap (the Digital Divide) is real and growing. Our sister organ-
ization, the International Telecommunications Union, estimates that 96 per cent of
Internet host computers reside in high-income nations. There are more hosts in
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Finland alone than in all of Latin America and more in New York than in
Africa.

The Administrator wants to explore with partners new ways of raising
resources to support and monitor ‘e-readiness’ at country level by carrying out
comprehensive country assessments of existing connectivity, policy frameworks
and skill levels, and then providing policy support on reform and deregulation
that accelerates equitable information infrastructure development. UNDP also
strongly believes that education is a main ingredient for making ICT work for
development. Any government that wants to be part of the ICT revolution has
to be committed to spreading literacy and some basic ICT knowledge across
society. Once that is in place, then there is vast scope for business applications.
These could be as simple as expanding opportunities for artisans and small
businesses in the developing world to advertise their wares on the Web, or
tailoring traditional e-commerce initiatives to developing country’s constraints.

For the next five years, realistic goals and milestones built around an ICT
vision for sustainable development and poverty reduction could possibly include:

• Connection of every capital city and major business centre to the Global
Information Infrastructure;

• Regional timetables for removal of regulatory obstacles and the imple-
mentation of new policy environments; and

• Provision of at least one Internet and telephone terminal in every
community in the world – a goal that can be met in part through the
establishment of new partnership consortia involving private sector
companies and local interests, public and private, on a regional basis
that mix equity, loan and vendor financing with local savings.

The specifics of these and other targets obviously need to be discussed and
debated more fully in the appropriate forums. Yet, if we fail to act now, we risk
the information gap being widened into an uncrossable gulf that increases global
inequality and leaves the poor further and further behind. If we approach the
matter with the same kind of urgency, innovation and application of the
commercial dotcom sector, then we have every chance of building a strong,
new wired future that not only includes the world’s poor, but gives them
unprecedented opportunity to lift themselves out of poverty.

20 Through UNDP, and its Country Office network, UNV serves the entire United Nations
system as well as governments, civil society organizations and the private sector.

21 For details, visit www.unites.org or www.unv.org.
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3. Narrowing the Digital Divide through UNITeS

In the Secretary-General’s Millennium Report, Mr. Kofi Annan provides a
coherent view of the United Nations for the 21st century, and sets the agenda
for the Millennium Assembly in September 2000. The document contains a
number of priorities and challenges to be posed to some 160 world leaders who
will gather in New York for this event.

Among the four specific initiatives that Mr. Annan announced to help bridge
the Digital Divide, is the creation of an Information Technologies Volunteer
Programme. To be implemented under the name “United Nations Information
Technology service” (UNITeS), the programme will train people and institutions
in developing countries on the uses and opportunities of the Internet and other
information and communication technologies. United Nations Volunteers (UNV),
a sister organization of UNDP, has been called to help coordinate a consortium
of “high-tech corps” that will be integrated under this initiative.20

This announcement underscores the fundamental role that IT volunteers
will have in the global effort to harness the power of ICT as effective tools for
human development. The digital divide is growing, and as the 1999 UNDP
HDR on Globalization with a Human Face accurately points out, the unequal
diffusion of these technologies can result in socio-economic ‘exclusion’, not
‘inclusion’. UNV is already responding to this challenge through a “Connecting
to People” strategy, based on the perceived massive ICT capacity building
needs in the developing world at the dawn of the Information Age.

UNV intends to develop synergies with each UNDP Country Office to
provide UNITeS with an unmatched institutional network that covers the world.
As UNV joins other organizations in the design of the programme, it would like
to benefit from the experience and recommendations of other organizations.21

4. Initiatives of UNDP, Republic of Korea, in ICTs for Development

The Government of the Republic of Korea has developed a long-term
strategy for the country’s economic future in an increasingly globalized and
competitive world. It is a testimony to President Kim Dae-jung’s vision that he
has placed the country’s transition to a knowledge-based economy at the forefront
of the Republic of Korea’s future economic agenda.

In connection with world poverty reduction agenda in a globalized world
environment, President Kim noted on many occasions the importance of
mitigating the digital divide for the developing countries in which the Republic
of Korea can play a pivotal role. The President is likely to reiterate this vision in
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the upcoming Millennium Summit speech on 7 September in New York.

In line with the proposed establishment of “the United Nations Regional
Hub for International Technical Cooperation with Developing Countries Towards
a Knowledge Society” as the new role/function for the future of UNDP in the
Republic of Korea, UNDP has already embarked on major pipeline activities
related to using the Republic of Korea’s ICTs in connecting and empowering
the poor of the developing countries. For instance:

(a) Sharing Korea’s Information Technology through UNDP Network
(SKITUN, for short) is a proposed project designed to utilize the
Republic of Korea’s distinct comparative advantage in ICTs to benefit
the poor, using UNDP’s highly decentralized Country Office network
(with more than 134 offices) around the globe, in close partnership
with the private sector and the pertinent government ministries (such
as the Ministry of Information and Communications). To fill the
information gap and to ameliorate the widening digital divide between
the developed and the developing countries, SKITUN will be involved,
among others, in ICT consulting and training in the Republic of Korea,
despatch of ICT specialists to developing countries for local consulting
and training, and working together in private/public partnership to create
ICT- related projects with developing countries’ partners by mobilizing
ICT organizations and universities.

(b) Another initiative in this direction, with the gender dimension, is the
recently signed Letter of Intent with the Asia-Pacific Women’s Infor-
mation Network Centre (APWINC) of Sookmyung Women’s University
to promote international cooperation in empowering women in ICTs
for developing countries. The objectives of the cooperation encompass
the dissemination of know-how and successful practice of the ‘Korean
model’ in women’s development and ICTs to the developing countries
in a manner that will be sustainable for the future prosperity in the
region. The scope of cooperation includes ICT Educational Training
Programme, Internet Gateway of World Women’s Information, Women
Information Service System, and Global Women’s Leadership
Programme.

(c) ON 12 July 2000, UNDP, Republic of Korea, signed a Letter of Intent
with Hanndong University, a leading higher learning institution in ICTs
and computer education in the Republic of Korea, to jointly pursue
the university-based volunteer programme using IT (which is very
much in line with UNITeS) and the Internet to combat the digital

22 For detailed information on the new vision of UNDP, Republic of Korea, for the 21st century
and pipeline activities concerning ICTs for development and poverty reduction, visit websites
www.un.or.kr and www.undp.or.kr.

23 ECPLAZA, Network Inc. was chosen as the world’s best international trade portal on the
Web in 1999 by a European agency associated with e-commerce industry. It is also being reviewed
by the International Finance Corporation of the World Bank Group for possible investment to form
a joint venture company to enhance e-trade capabilities of the developing countries.
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ANNEX I: WORLDWIDE IT SPENDING BY COUNTRY

Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

1 United States 484 993 (36.0) 518 492 (36.1) 557 252 (34.6) 599 572 (34.5) 642 798 (35.2)
2 Japan 227 042 (16.6) 245 053 (17.1) 279 798 (17.4) 299 189 (17.2) 316 723 (17.3)
3 Germany 106 860 (7.9) 108 051 (7.5) 125 825 (7.8) 124 804 (7.2) 119 165 (6.5)
4 United Kingdom 70 990 (5.3) 75 046 (5.2) 85 484 (5.3) 91 489 (5.3) 102 126 (5.6)
5 France 75 970 (5.6) 76 851 (5.3) 90 660 (5.6) 92 894 (5.4) 91 074 (5.0)
6 Italy 38 031 (2.8) 41 958 (2.9) 45 353 (2.8) 50 316 (2.9) 49 875 (2.7)
7 Canada 37 908 (2.8) 39 536 (2.8) 41 166 (2.6) 44 060 (2.5) 47 459 (2.6)
8 Brazil 15 487 (1.1) 14 533 (1.0) 18 882 (1.2) 25 968 (1.5) 33 896 (1.9)
9 Australia 22 733 (1.7) 26 092 (1.8) 27 545 (1.7) 30 814 (1.8) 33 457 (1.8)
10 China 9 658 (0.7) 11 896 (0.8) 20 401 (1.3) 25 177 1.5) 27 887 (1.5)
11 Republic of Korea 16 176 (1.2) 18 441 (1.3) 23 168 (1.4) 30 479 (1.8) 27 828 (1.5)
12 Netherlands 21 000 (1.6) 22 262 (1.5) 26 207 (1.6) 27 062 (1.6) 26 4021 (1.4)
13 Spain 19 188 (1.4) 18 674 (1.3) 21 673 (1.3) 23 908 (1.4) 22 649 (1.2)
14 Switzerland 18 308 (1.4) 18 075 (1.3) 21 631 (1.3) 21 557 (1.2) 20 149 (1.1)
15 Sweden 15 883 (1.2) 15 808 (1.1) 17 915 (1.1) 19 404 (1.1) 19 127 (1.0)
16 Belgium 11 866 (0.9) 12 621 (0.9) 14 757 (0.9) 15 370 (0.9) 15 024 (0.8)
17 Mexico 13 773 (1.0) 14 995 (1.0) 10 619 (0.7) 12 866 (0.7) 14 257 (0.8)
18 Taiwan Province 8 290 (0.6) 9 108 (0.6) 9 185 (0.6) 10 142 (0.6) 12 116 (0.7)

of China
19 Hong Kong, China 6 895 (0.5) 7 738 (0.5) 8 549 (0.5) 10 366 (0.6) 12 006 (0.7)
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Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

20 Denmark 8 885 (0.7) 9 233 (0.6) 11 246 (0.7) 11 808 (0.7) 11 305 (0.6)
21 Austria 9 437 (0.7) 9 020 (0.6) 10 806 (0.7) 10 905 (0.6) 10 648 (0.6)
22 Argentina 6 722 (0.5) 7 994 (0.6) 9 414 (0.6) 9 413 (0.5) 9 971 (0.5)
23 South Africa 6 869 (0.5) 7 564 (0.5) 8 649 (0.5) 9 283 (0.5) 9 690 (0.5)
24 Norway 6 618 (0.5) 6 654 (0.5) 8 169 (0.5) 8 815 (0.5) 8 962 (0.5)
25 Russian Federation 7 375 (0.5) 8 597 (0.6) 6 188 (0.4) 7 185 (0.4) 8 461 (0.5)
26 India 4 804 (0.4) 6 073 (0.4) 7 250 (0.5) 6 755 (0.4) 7 805 (0.4)
27 Singapore 3 921 (0.3) 4 672 (0.3) 5 735 (0.4) 6 626 (0.4) 7 404 (0.4)
28 Finland 4 365 (0.3) 5 501 (0.4) 7 167 (0.4) 7 471 (0.4) 7 395 (0.4)
29 Colombia 2 350 (0.2) 2 568 (0.2) 2 983 (0.2) 4 131 (0.2) 6 146 (0.3)
30 Israel 4 146 (0.3) 4 711 (0.3) 5 206 (0.3) 5 297 (0.3) 5 955 (0.3)
31 New Zealand 3 713 (0.3) 4 357 (0.3) 5 020 (0.3) 5 237 (0.3) 5 612 (0.3)
32 Malaysia 3 108 (0.2) 3 531 (0.2) 4 438 (0.3) 5 434 (0.3) 5 380 (0.3)
33 Portugal 2 396 (0.2) 3 899 (0.3) 4 981 (0.3) 5 359 (0.3) 5 226 (0.3)
34 Turkey 4 133 (0.3) 3 313 (0.2) 2 777 (0.2) 4 050 (0.2) 5 047 (0.3)
35 Greece 2 137 (0.2) 3 616 (0.3) 4 424 (0.3) 4 867 (0.3) 4 969 (0.3)
36 Indonesia 2 803 (0.2) 3 628 (0.3) 4 337 (0.3) 4 462 (0.3) 4 775 (0.3)
37 Saudi Arabia/Gulf States 3 305 (0.2) 3 573 (0.2) 3 649 (0.2) 4 184 (0.2) 4 714 (0.3)
38 Thailand 3 408 (0.3) 3 857 (0.3) 4 464 (0.3) 5 214 (0.3) 4 370 (0.2)
39 Ireland 2 607 (0.2) 3 169 (0.2) 3 775 (0.2) 4 210 (0.2) 4 352 (0.2)
40 Poland 1 772 (0.1) 2 048 (0.1) 2 745 (0.2) 3 277 (0.2) 3 706 (0.2)
41 Chile 2 319 (0.2) 2 457 (0.2) 2 719 (0.2) 3 142 (0.2) 3 706 (0.2)
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Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

42 Czech Republic 1 945 (0.1) 2 193 (0.2) 3 094 (0.2) 3 350 (0.2) 3 414 (0.2)
43 Venezuela 2 227 (0.2) 1 979 (0.1) 2 724 (0.2) 2 978 (0.2) 3 312 (0.2)
44 Philippines 1 301 (0.1) 1 551 (0.1) 1 933 (0.1) 2 312 (0.1) 2 432 (0.1)
45 Hungary 1 624 (0.1) 1 810 (0.1) 1 733 (0.1) 1 933 (0.1) 2 040 (0.1)
46 Egypt 878 (0.1) 949 (0.1) 1 101 (0.1) 1 315 (0.1) 1 509 (0.1)
47 Viet Nam 322 (0.0) 450 (0.0) 740 (0.0) 1 001 (0.1) 1 351 (0.1)
48 Slovakia 509 (0.0) 575 (0.0) 702 (0.0) 754 (0.0) 756 (0.0)
49 Slovenia 383 (0.0) 435 (0.0) 547 (0.0) 582 (0.0) 617 (0.0)
50 Romania 283 (0.0) 327 (0.0) 332 (0.0) 365 (0.0) 450 (0.0)
51 Bulgaria 241 (0.0) 279 (0.0) 304 (0.0) 267 (0.0) 301 (0.0)
Other Latin America 9 266 (0.7) 10 058 (0.7) 11 687 (0.7) 13 269 (0.8) 14 421 (0.8)
Other Mid. East/Africa 7 326 (0.5) 8 008 (0.6) 9 276 (0.6) 10 535 (0.6) 10 929 (0.6)
Other Asia-Pacific 2 101 (0.2) 2 512 (0.2) 2 919 (0.2) 3 554 (0.2) 4 419 (0.2)
Other East Europe 759 (0.1) 866 (0.1) 991 (0.1) 1 249 (0.1) 1 499 (0.1)
GRAND TOTAL 1 347 609 (100) 1 457 257 (100) 1 610 295 (100) 1 736 026 (100) 1 827 069 (100)

Source: WITSA, 1998. Digital Planet: The Global Information Economy (World Information Technology and Service Alliance, and
International Data Corporation).

Note: Figures in parentheses indicate percentage share of world spending.
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replicate them, with or without modifications, in other countries.

* America’s New Deficit: The shortage of Information Technology Workers, Office of
Technology Policy, United States Department of Commerce.
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ANNEX III: WORLDWIDE SOFTWARE SPENDING BY COUNTRY

Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

1 United States 33 020 (46.2) 37 780 (46 6) 40 669(42.5) 46 802 (44.7) 54 010 (47.7)
2 Japan 7 611 (10.6) 8 160 (10.1) 9 886 (10.3) 9 923 (9.5) 10 492 (9.1)
3 United Kingdom 4 431 (6.2) 4 977 (6.1) 6 579 (6.9) 7 478 (7.1) 8 779 (7.6)
4 Germany 5 681 (7.9) 6 739 (8.3) 8 948 (9.4) 8 419 (8.0) 8 215 (7 2)
5 France 3 579 (5.0) 3 910 (4.8) 5 962 (6.2) 5 830 (5.6) 5 645 (4.9)
6 Canada 2 055 (2.9) 2 196 (2.7) 2 484 (2.6) 3 080 (2.9) 3 433 (3.0)
7 Italy 2 688 (3.8) 2 674 (3.3) 3 160 (3.3) 3 281 (3.1) 3 134 (2.7)
8 Netherlands 1 488 (2.1) 1 701 (2.1) 2 460 (2.6) 2 346 (2.2) 2 259 (2.0)
9 Australia 1 123 (1.6) 1 336 (1.6) 1 456 (1.5) 1 764 (1.7) 2 021 (1.8)
10 Switzerland 1 105 (1.5) 1 367 (1.7) 1 714 (1.8) 1 582 (1.5) 1 483 (1.3)
11 Brazil 467 (0.7) 647 (0.8) 856 (0.9) 1 084 (1.0) 1 389 (1.2)
12 Belgium 1 063 (1.5) 1 164 (1.4) 1 459 (1.5) 1 349 (1.3) 1 315 (1.1)
13 Spain 971 (1.4) 956 (1.2) 1 082 (1.1) 1 076 (1.0) 1 039 (0.9)
14 Sweden 661 (0.9) 733 (0.9) 907 (0.9) 968 (0.9) 942 (0.8)
15 Republic of Korea 248 (0.3) 374 (0.5) 470 (0.5) 748 (0.7) 723 (0.6)
16 Austria 496 (0.7) 587 (0.7) 785 (0.8) 735 (0.7) 704 (0.6)
17 South Africa 330 (0.5) 386 (0.5) 456 (0.5) 633 (0.6) 669 (0.6)
18 Denmark 454 (0.6) 510 (0.6) 696 (0.7) 669 (0.6) 655 (0.6)
19 Norway 394 (0.6) 422 (0.5) 576 (0.6) 578 (0.6) 590 (0.5)
20 China 63 (0.1) 170 (0.2) 203 (0.2) 396 (0.4) 535 (0.5)
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Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

21 Singapore 171 (0.2) 212 (0.3) 298 (0.3) 405 (0.4) 470 (0.4)
22 Israel 247 (0.3) 304 (0.4) 352 (0.4) 388 (0.4) 439 (0.4)
23 New Zealand 233 (0.3) 266 (0.3) 335 (0.4) 387 (0.4) 437 (0.4)
24 Mexico 370 (0.5) 401 (0.5) 234 (0.2) 336 (0.3) 428 (0.4)
25 Finland 230 (0.3) 259 (0.3) 466 (0.5) 434 (0.4) 417 (0.4)
26 Argentina 124 (0.2) 172 (0.2) 233 (0.2) 306 (0.3) 394 (0.3)
27 Taiwan Province 160 (0.2) 213 (0.3) 204 (0.2) 246 (0.2) 326 (0.3)

of China
28 Malaysia 114 (0.2) 141 (0.2) 226 (0.2) 311 (0.3) 307 (0.3)
29 Hong Kong, China 156 (0.2) 182 (0.2)  186 (0.2) 225 (0.2) 262 (0.2)
30 Poland 87 (0.1) 106 (0.1) 115 (0.1) 180 (0.2) 229 (0.2)
31 Russian Federation 257 (0.4) 314 (0.4) 174 (0.2) 194 (0.2) 226 (0.2)
32 Thailand 90 (0.1) 108 (0.1) 176 (0.2) 266 (0.3) 195 (0.2)
33 Czech Republic 87 (0.1) 107 (0.1) 147 (0.2) 164 (0.2) 191 (0.2)
34 Ireland 108 (0.2) 127 (0.2) 159 (0.2) 166 (0.2) 176 (0.2)
35 Hungary 116 (0.2) 124 (0.2) 116 (0.1) 144 (0.1) 161 (0.1)
36 Portugal 120 (0.2) 126 (0.2) 161 (0.2) 160 (0.2) 157 (0.1)
37 Turkey 90 (0.1) 46 (0.1) 94 (0.1) 113 (0.1) 141 (0.1)
38 India 58 (0.1) 98 (0.1) 124 (0.1) 113 (0.1) 137 (0.1)
39 Saudi Arabia/Gulf States 111 (0.2) 136 (0.2) 81 (0.1) 96 (0.1) 120 (0.1)
40 Greece 69 (0.1) 77(0.1) 114 (0.1) 117 (0.1) 119 (0.1)
41 Chile 70 (0.1) 79 (0.1) 81 (0.1) 92 (0.1) 115 (0.1)
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Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

42 Venezuela 74 (0.1) 59 (0.1) 63 (0.1) 82 (0.1) 103 (0.1)

43 Indonesia 41 (0.1) 60 (0.1) 83 (0.1) 107 (0.1) 102 (0.1)

44 Philippines 38 (0.1) 62 (0.1) 74 (0.1) 100 (0.1) 96 (0.1)

45 Colombia 43 (0.1) 54 (0.1) 67 (0.1) 78 (0.1) 94 (0.1)

46 Slovakia 29 (0.0) 35 (0.0) 41 (0.0) 46 (0.0) 55 (0.0)

47 Egypt 20 (0.0) 25 (0.0) 36 (0.0) 41 (0.0) 49 (0.0)

48 Slovenia 25 (0.0) 31 (0.0) 36 (0.0) 43 (0.0) 48 (0.0)

49 Viet Nam 6 (0.0) 7 (0.0) 8 (0.0) 12 (0.0) 22 (0.0)

50 Romania 7 (0.0) 9 (0.0) 8 (0.0) 12 (0.0) 18 (0.0)

51 Bulgaria 8 (0.0) 9 (0.0) 8 (0.0) 11 (0.0) 13 (0.0)

Other Latin America 153 (0.2) 185 (0.2) 212 (0.2) 292 (0.3) 364 (0.3)

Other Asia-Pacific 42 (0.1) 59 (0.1) 78 (0.1) 104 (0.1) 155 (0.1)

Other East Europe 30 (0.0) 37 (0.0) 40 (0.0) 82 (0.1) 90 (0.1)

Other Mid. East/Africa 39 (0.1) 49 (0.1) 59 (0.1) 64 (0.1) 79 (0.1)

GRAND TOTAL 71 549 (100) 81 065 (100) 95 695 (100) 104 659 (100) 114 764 (100)

Source: WITSA, 1998. Digital Planet: The Global Information Economy (World Information Technology and Service Alliance, and
International Data Corporation).

Note: Figures in parentheses indicate percentage share of world spending.
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ANNEX IV: WORLDWIDE IT SERVICES SPENDING BY COUNTRY

Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

1 United States 82 417 (42.0) 88 818 (42.4) 98 091 (41.6)107 260 (43.3) 124 013 (46.7)
2 Japan 34 500 (17.6) 37 506 (17.9) 46 394 (19.7) 41 964 (16.9) 39 585 (14.9)
3 France 11 872 (6.0) 12 097 (5.8) 15 656 (6.6) 16 319 (6.6) 15 943 (6.0)
4 Germany 14 656 (7.5) 15 134 (7.2) 16 413 (7.0) 16 977 (6.9) 15 900 (6.0)
5 United Kingdom 9 099 (4.6) 9 525 (4.5) 10 667 (4.5) 11486 (4.6) 13 831 (5.2)
6 Canada 6 821 (3.5) 7 267 (3.5) 7 411 (3.1) 7 743 (3.1) 8 637 (3.3)
7 Italy 6 030 (3.1) 5 806 (2.8) 6 096 (2.6) 7 016 (2.8) 6 950 (2.6)
8 Australia 2 386 (1.2) 2 667 (1.3) 2 624 (1.1) 3 068 (1.2) 3 818 (1.4)
9 Sweden 2 732 (1.4) 2 722 (1.3) 2 939 (1.2) 3 445 (1.4) 3 465 (1.3)
10 Brazil 1 989 (1.0) 2 243 (1.1) 2 460 (1.0) 2 779 (1.1) 3 168 (1.2)
11 Netherlands 2 818 (1.4) 3 063 (1.5) 2 943 (1.2) 2 983 (1.2) 2 929 (1.1)
12 Switzerland 1 957 (1.0) 2 122 (1.0) 3 266 (1.4) 3 241 (1.3) 2 917 (1.1)
13 Spain 2 337 (1.2) 2 175 (1.0) 2 276 (1.0) 2 449 (1.0) 2 357 (0.9)
14 Belgium 1 638 (0.8) 1 689 (0.8) 1 840 (0.8) 1 970 (0.8) 1 871 (0.7)
15 Denmark 1 286 (0.7) 1 355 (0.6) 1 727 (0.7) 1 794 (0.7) 1 786 (0.7)
16 Norway 1 082 (0.6) 1 116 (0.5) 1 364 (0.6) 1 456 (0.6) 1 531 (0.6)
17 Austria 1 256 (0.6) 1 299 (0.6) 1 559 (0.7) 1 573 (0.6) 1 494 (0.6)
18 South Africa 938 (0.5) 1 100 (0.5) 997 (0.4) 1 202 (0.5) 1 472 (0.6)
19 Republic of Korea 1 350 (0.7) 1 456 (0.7) 1 210 (0.5) 1 556 (0.6) 1 222 (0.5)
20 Finland 705 (0.4) 716 (0.3) 993 (0.4) 1 045 (0.4) 1 069 (0.4)
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Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

21 Mexico 1 016 (0.5) 1 165 (0.6) 636 (0.3) 758 (0.3) 1 025 (0.4)
22 India 441 (0.2) 583 (0.3) 654 (0.3) 686 (0.3) 772 (0.3)
23 Israel 418 (0.2) 497 (0.2) 538 (0.2) 621 (0.3) 741 (0.3)
24 Argentina 559 (0.3) 640 (0.3) 547 (0.2) 601 (0.2) 667 (0.3)
25 Taiwan Province 444 (0.2) 518 (0.2) 446 (0.2) 507 (0.2) 634 (0.2)

of China
26 New Zealand 467 (0.2) 555 (0.3) 511 (0.2) 563 (0.2) 622 (0.2)
27 Saudi Arabia/Gulf States 221 (0.1) 264 (0.1) 374 (0.2) 450 (0.2) 554 (0.2)
28 Czech Republic 296 (0.2) 347 (0.2) 359 (0.2) 487 (0.2) 505 (0.2)
29 Singapore 381 (0.2) 424 (0.2) 390 (0.2) 473 (0.2) 503 (0.2)
30 Poland 152 (0.1) 178 (0.1) 213 (0.1) 341 (0.1) 428 (0.2)
31 Russian Federation 523 (0.3) 607 (0.3) 302 (0.1) 357 (0.1) 427 (0.2)
32 Hong Kong, China 371 (0.2) 414 (0.2) 346 (0.1) 387 (0.2) 418 (0.2)
33 Ireland 290 (0.1) 303 (0.1) 343 (0.1) 370 (0.1) 375 (0.1)
34 Portugal 318 (0.2) 317 (0.2) 373 (0.2) 385 (0.2) 363 (0.1)
35 Hungary 220 (0.1) 239 (0.1) 196 (0.1) 283 (0.1) 314 (0.1)
36 Greece 240 (0.1) 252 (0.1) 310 (0.1) 326 (0.1) 305 (0.1)
37 China 108 (0.1) 203 (0.1) 253 (0.1) 220 (0.1) 298 (0.1)
38 Chile 220 (0.1) 247 (0.1) 234 (0.1) 259 (0.1) 294 (0.1)
39 Colombia 192 (0.1) 226 (0.1) 203 (0.1) 234 (0.1) 270 (0.1)
40 Malaysia 175 (0.1) 207 (0.1) 183 (0.1) 252 (0.1) 249 (0.1)
41 Venezuela 194 (0.1) 184 (0.1) 170 (0.1) 180 (0.1) 198 (0.1)
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Rank Country 1993 1994 1995 1996 1997
or area Spending Spending Spending Spending Spending

(US$M) (US$M) (US$M) (US$M) (US$M)

42 Turkey 132 (0.1) 101 (0.0) 64 (0.0) 127 (0.1) 186 (0.1)
43 Thailand 237 (0.1) 291 (0.1) 178 (0.1) 236 (0.1) 161 (0.1)
44 Indonesia 93 (0.0) 123 (0.1) 113 (0.0) 128 (0.1) 115 (0.0)
45 Philippines 48 (0.0) 72 (0.0) 68 (0.0) 96 (0.0) 99 (0.0)
46 Egypt 59 (0.0) 70 (0.0) 65 (0.0) 76 (0.0) 91 (0.0)
47 Slovakia 49 (0.0) 58 (0.0) 52 (0.0) 59 (0.0) 67 (0.0)
48 Slovenia 31 (0.0) 36 (0.0) 32 (0.0) 39 (0.0) 47 (0.0)
49 Viet Nam 10 (0.0) 13 (0.0) 17 (0.0) 20 (0.0) 36 (0.0)
50 Bulgaria 10 (0.0) 11 (0.0) 8 (0.0) 9 (0.0) 14 (0.0)
51 Romania 8 (0.0) 9 (0.0) 8 (0.0) 9 (0.0) 14 (0.0)
Other Latin America 302 (0.2) 343 (0.2) 310 (0.1) 407 (0.2) 477 (0.2)
Other Asia-Pacific 104 (0.1) 126 (0.1) 187 (0.1) 224 (0.1) 293 (0.1)
Other East Europe 61 (0.0) 71 (0.0) 34 (0.0) 65 (0.0) 77 (0.0)
Other Mid. East/Africa 74 (0.0) 87 (0.0) 63 (0.0) 84 (0.0) 109 (0.0)
GRAND TOTAL 196 334 (100) 209 702 (100) 235 702 (100) 247 644 (100) 265 705 (100)

Source: WITSA, 1998. Digital Planet: The Global Information Economy (World Information Technology and Service Alliance, and
International Data Corporation).

Note: Figures in parentheses indicate percentage share of world spending.
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(a) Vendor training

As mentioned above, hardware and software vendors form an important
facilitator of IT training in the private sector. Their role has been crucial in the
development of IT as a field of profession. First, they provide the most rigorous
training in applied IT to newly hired personnel and refresher courses to existing
staff. Major hardware vendors also provide training services to all purchasers
of major systems. However, in the case of government procurements (and to a
lesser extent in the private sector) training service is bundled with the system
installation and commissioning contract, and not purchased under a separate
contract from the hardware vendors. As a result, vendors often provide only
minimal training in systems operation, contributing to the low productivity of
many public sector investments in IT.

(b) In-house skills development

Some larger companies in Indonesia provide in-house training for IT and
managerial staff. Barring some exceptions, the training is neither structured
nor formal. Rather, it comprises experience sharing and informal knowledge
transfer by senior staff members. A small number of companies, such as PT
Indosat and PT Telkom, have contracted university trainers to strengthen skills
formation in IT among their staff. In an equally limited number of cases,
companies have provided financial support for employees who are attending
courses run by private training institutes. However, the corporate environment
for in-house training appears rather patchy and underdeveloped. Few companies
have human resource strategies with accompanying professional resources.
Furthermore, there appears to be a marked reluctance to provide training in
skills – including IT skills – that increase the opportunities for inter-firm mobility
of technical staff.

5. Conclusion and recommendations

The demand on qualified IT human resources in Indonesia is bound to
grow in the following decade. Unfortunately, educational institutions that work
seriously to address this demand are limited in number and resources. Therefore,
concerted efforts are urgently needed to accelerate human resources devel-
opment. The operations of IT networks and centres for human resource
development in IT need to be monitored closely and seriously to ensure quality.
International cooperation should be solicited in a synergistic manner for the
development of content, quality and infrastructure. International aid in the form
of grants needs to be considered to upgrade the infrastructure for the development
of human resources for the IT sector.
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ANNEX V: MASTER PROGRAMME IN
INFORMATION TECHNOLOGY

(Department of Electrical Engineering, Institut Teknologi Bandung)

1. Background

Today, Information Technology (IT) has developed into a branch of
knowledge that integrates several scientific areas such as Electrical and Computer
Engineering, Computer Science (Informatics) and Business & Management. IT
in this term also deals with the ‘engineering’ of using and managing information.

Already, we have seen the tremendous progress in IT, which tends to be a
convergence of several technologies – computing, telecommunications, electronics
and multimedia. Amongst these, particularly notable is the development of the
Internet with its related technologies. This fast growth of the Internet and its
accompanying business is due to the rapid advancement in access to technology,
processing power, storage capacity and abundance of band with optical fibre.
The integration of the key enabling technologies that form IT produces new
fast-growing industries, services industries and services that need to adopt this
new technology both locally and internationally. In this demanding environment,
a new breed of managers and technologists who understand Information
Technology will be greatly required.

In anticipating the development of IT recently, the Department of Electrical
Engineering of ITB is conducting a Master’s programme in Information
Technology. Since it is a broad multi-disciplinary programme, this Master’s
programme is also supported by two other departments of ITB, i.e. the
department of Informatics and the department of Industrial Engineering and is
designed in collaboration with the Technology and Industrial Park at Lippo
Cikarang. The department of Electrical Engineering of ITB has an established
track record of delivering high quality professional Master’s programmes in IT,
previously called Systems and Information Technology, which has been
developed for PT Telekom and PT Indosat. The new Master’s programme in
IT is a continuing programme where the campus is situated in Lippo Cikarang
in the centre of the Technology and Industrial Park. It is the home of many
industries, therefore it is particularly well placed for education, research and IT
development. The close link with industry is the major feature and strength of
this programme. Graduates of this programme are expected to meet the dynamic
needs of the IT industry and become entrepreneurs for new corporate entities
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in the Industrial Park, Lippo Cikarang, as well as others.

2. Information Technology in Science & Engineering

Although information technology has strong roots in computer science and
computer engineering, there are some important differences, which can help to
define IT. These differences fall into professional and curricular categories.

• Professional Aspects
- The computer scientist and engineers tends to be motivated by the

computer itself, by how it works under the hood, while the information
technologies is motivated by using the computer as a tool to solve
problems for people.

- The information technologist identifies a need for technology, which
the computer scientist and engineers then creates and which the
information technologist finally helps people to use effectively.

• Curricular Aspect
- There is a stronger emphasis on programming in computer science

and computer hardware in computer engineering than in information
technology. The information technologist clearly needs to be able to
build software applications and computer systems, but the typical IT
project involves gluing together available components with high-level
environments like Visual Basic, rather than writing large programmes
from scratch using traditional programming languages.

- Computer science and engineers also requires significantly more maths
and science than information technology mainly because extending
the underlying technology requires a more thorough mathematical
foundation than applying that technology.

- The computer science and engineering curricula are “deeper” in that
there are more required pre-requisites for the intermediate and advanced
courses. Information technology has a flatter pr-requisite structure,
which facilitates the transfer of students into IT from non-technological
majors.

3. General Competencies of IT

On successful completion of this programme, the graduates should have
the following competencies:

1. To be able to optimally develop and utilize networking technologies,
information systems, application development, digital media, real-time
systems, and electronic publishing.

2. Have an understanding of the various hardware and software (cross-
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platforms) environments to provide solutions that best match users’
need.

3. To be able and have a hands-on experience with the process of tech-
nology integration and deployment in a user community, including needs
assessment, design, development, technology transfer and ongoing
support.

4. To develop professional expertise in the specific areas such as network
and system administration, web and multimedia development, client
server databases, learning and performance technology, embedded &
real-time systems or custom application development.

5. Have good “analytical & critical thinking skills.”
6. Have a good “communication/interpersonal/team skills.”
7. To gain a good knowledge and understanding of business and

management.

4. Objectives

The aims of this programme are:

• To develop professionals with a background in computer science and
engineering and exposure to application domains, and capable of
designing, developing and managing their applications.

• To enable the graduates from other disciplines to acquire the necessary
skills for a professional career in industrial or commercial organizations
by providing them with a general background of computer science and
engineering and the required knowledge and expertise to design and
develop new applications.
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• To develop human resources with appropriate skills of management,
finance and entrepreneurship.

5. Structure of the Curriculum

Based on the competencies mentioned above, the curriculum has been
designed according to the outline shown below:

As the figure in the following page shows, the IT curriculum consists of
three components:

• IT Core
• IT and Business Foundations
• IT Career Electives

The integration and relationship among the three components is shown in
the figure above. The curriculum also has:

• Analytical and Critical Thinking Skills
• Communication/Interpersonal/Team Skills
• Real World Perspectives

6. Jobs and Career Path

Jobs in information technology are found in industry, government business
and the service sector at all levels. IT students take positions with job titles like
Web master or content developer, network or systems administrator, facilities
manager, user support specialist, database developer or administrator, multimedia
developer, systems analysts, application developer, interface design specialist,
testing and quality assurance specialist, instructional designer, intranet and extranet
developer and manager, E-commerce (e-business) developer and manager, real-
time systems designer and developer, embedded system designer and developer,
information technology manager or technical marketing representative.

7. The Curriculum

The programme is completed in 18 months consisting of 4 semesters, each
of 4.5 months. The first and second semesters consist of the obligatory core
courses, which must be taken by all students. In the third and fourth semesters,
special courses are offered according to student interests. This provides a great
deal of flexibility for students to organize individual plans of study and research
according to their needs and interests. The Master’s degree programme offers
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divide in developing countries. For this project, the Hondong University
will partner with the World Bank, the private sector and a major media
entity (Maeil Economic Daily). The partnership will involve formulating
a comprehensive human resources development programme focused
on training students in developing countries in Internet and basic
computer skills – with expertise from Handong University and other
institutions – initiating an Internet volunteer programme based on
university resources in the Republic of Korea or elsewhere.

(d) Recognizing UNDP’s new direction for international development22

and the ASEAN Secretary-General’s recent statement on the need for
strengthening the region’s competitiveness and improving the lives of
its people by pursuing projects that make the trade process more
efficient, the UNDP in the Republic of Korea recently launched a pilot
initiative with a leading e-commerce company in  the Republic of Korea
knows as ECPLAZA, Network Inc.23 to assist Viet Nam with e-trade
facilitations. This initiative will be formulated into a pilot project by
the end of 2000. If it proves to be feasible and successful, it will
enable many developing nations to build capacity in on-line trade and
effective trade channels by offering low-cost tools for international
commerce. The initiative will thus expand trade flows and, con-
sequently, contribute to mitigating the digital divide between the
developed and the developing economies.
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ANNEX VI: LIST OF PARTICIPANTS

Ministry of Information and Communication, Republic of Korea
Mr. Hong Sohn, Director General

Korea Information Society Development Institute, Seoul, Republic of
Korea
Mr. Chang-Bun Yoon, President
Mr. Inuk Chung, Director, Asia-Pacific Information Infrastructure
Cooperation Centre
Mrs. Tae-Eun Kim, Research Fellow, Asia-Pacific Information
Infrastructure Cooperation Centre

China
Mr. Yang Qiquan, Senior Researcher, National Research Centre for
Science and Technology for Development, Ministry of Science and
Technology, Beijing

India
Mr. Y.K. Sharma, Deputy Director General, National Informatics Centre
(NIC), Ministry of Information Technology, New Delhi

Indonesia
Mr. Suhono Harso Supangkat, Coordinator, Option of Graduate School in
Information Technology, Badung Institute of Technology, Bandung

Kyrgyzstan
Mr. Askar Kutanov, President, Academy of Management, Bishek

Malaysia
Mr. Kamarul Ariffin Ujang, Assistant Director (Labour Market Analysis),
Economic Planning Unit, Prime Minister’s Department, Selangor Darul
Ehsan

Mongolia
Mr. Ayush Batjargal, Head, Information and Statistics Division, Ministry
of Education, Culture and Science, Ulaanbaatar

Myanmar
Ms. Gilmore Hole, Associate Professor, Department of Advanced Science
and Technology, University of Computer Studies, Yangon

Pakistan
Mr. Saifur Rahman Usmani, Director, Electronic Data Processing Cell,
Finance Department, Provisional Government of NWFP, Peshawar

Republic of Korea
Mr. Namhoon Kwon, Senior Research Fellow, Korea Information Society
Development Institute, Seoul

Thailand
Mrs. Maneerat Plipat, Senior Expert (Information System), Bureau of
Personnel Policy Development and Research, Civil Service Commission,
Bangkok
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