Working Group on Information Technology

Chapter 8: Human Resource Development

1.
Background

.The Study Team on Human Resource Development mainly concentrated on adequacy of manpower requirements in the IT Sector as a whole to achieve the software export targets of US $ 50 billion as also a turnover of US $ 87 billion by the year 2008 and suggest appropriate strategy and measures in respect of requisite infrastructure with special focus on Human Resource taking into account emerging educational technologies. 

Task Force on HRD in IT has recently submitted its Interim Report.  The Task Force in its Interim Report has made several recommendations which inter-alia include strengthening of Computing and Networking Infrastructure in Category-II (50 in number) and Category-III (nearly 200 in no.), creation of Faculty Development Fund, Curriculum and Courseware Development Initiatives, leveraging use of IT for modernization/ Digitisation of libraries etc.  Total budgetary support of Rs. 2000 crores spread over the next 8 years has been proposed.  The Task Force has also identified agencies for indicative course of action with reference to various recommendations.

In this interim report, Ministry of Information Technology along with MHRD has been identified as agencies for the indicative course of action with reference to 'creating enabling environment to invite visiting faculty from industry, reputed institutions from India and abroad'; encourage 'Adjunct Faculty' from IT industry; facilitate educational institutions - IT industry collaboration; and setting up of Special Research Groups and Schools of Advanced Studies in thrust and emerging areas.

Study Team, noted that adequate attention has been given to the demand and supply of IT professionals by 2008, by way of monitoring intake & out-turn capacities of institutions periodically in the formal sector of education of the Interim Report of the Task Force.  Study Team, felt that MIT's role is more as promotional in nature and as a facilitator to bridge the gaps that exist between 'what is supplied by the educational & training institutions in the formal sector' and 'what is required or demanded by the industry'.  The study team, therefore, focused on MIT's role in the non-formal sector of Education and Training by way of short-term courses by reputed institutions, while preparing this report.

Summary of Interim Report of The Task Force on HRD


The Task Force has made forty seven (47) specific recommendations to ensure adequate supply of manpower for the Information Technology sector.  The objective is to provide quality professionals for both meeting the domestic and global demands by strengthening and upgrading the technical education system in the country with special focus on increasing the intake in “Quality” Institutions and upgrading some of them to improve the quality of their programmes.  These recommendations specifically relate to: 

· IT faculty development 

· IT curriculum and courseware development

· Strengthening of computing and networking facilities

· Digitization and modernization of libraries 

· Use of IT for administrative support services, and 

· Promoting interface with industry.  


Strategy focuses on overall institutional development with networking.   Measures identified for development of IT faculty include scaling up of Early Faculty Induction Programme (EFIP), Quality Improvement Programme (QIP) and introduction of Sequential Post Graduate Programmes, allowing transmigration and switchover of faculty from interfacing disciplines.  These recommendations are aimed at increasing the availability of quality IT manpower in the country and to help Indian Software services sector to increase its productivity and move up the value chain, enabling the country to capture larger share of global markets of IT software and services.  They have also recommended an investment of Rs. 2000 crores over the next 6-7 years for IT education to ensure adequate number and quality of IT manpower is available.


The above would be dealt with by the Ministry of Human Resource Development.  The Ministry of Information Technology (MIT) would facilitate the educational institution - IT industry collaboration and interface. 

2.
Status & Review Of Ix Plan Achievements
IT Industry - an Overview

India’s natural resource in today’s knowledge economy is its abundant technically skilled manpower.  India has the largest assembly of English speaking scientific professionals in the world today, second only to US.  It also has a growing bank of technical personnel, supplied by, among others, over 2000 educational institutions and polytechnics, which train more than 1,50,000 computer professionals every year.  This includes the graduates passing out of the prestigious Institutions like Indian Institutes of Technology (IIT), where the quality of technical training is comparable to the best of the educational institutions in the world.  As per a recent survey, more than 4 lakhs IT professionals were employed in IT industry in India by end of year 2000.  This figure includes professionals, who are engaged in software, IT services and IT enabled services including professionals engaged in software development units in user organisations.

IT Professionals from India have earned a high degree of esteem around the world for their highly professional and innovative contributions to the technological advancements in this field.  This has resulted in increased demand of Indian IT Professionals in many other developed countries besides USA.  A majority of the developed countries including the US, UK, Japan, Germany, Italy, Norway, Hungary and Singapore are critically short of knowledge workers and have been looking for the skilled Indian IT workforce.  Thus, India is today well positioned to take the advantage of its readily available, English speaking and scientifically trained pool of manpower.

India is also fast emerging as a preferred off shore software base servicing major global markets.  India is being recognized as a powerhouse for providing e-commerce solutions and software for next generation communications.  The cost effective IT Enabled services being provided from India are also a major advantage.  IT Industry has emerged as highest growth industry over the last few years in India and it has the potential to transform the Indian economy.

Recognizing such a vast potential of Indian IT industry, Government has set a target of US $ 50 billion (Rs. 2,25,000 crores) * per annum for software exports by the year 2008.  The domestic software market is projected to reach the level of US $ 37 billion (Rs. 1,66,500 crores) per annum during this period.  The total size of the IT industry (including hardware) is expected to be over US $ 100 billion (Rs. 4,50,000 crores) * by 2008.   With such a growth projection, IT industry is expected to emerge as the single largest contributor to the GDP of the country.  According to Mckinsey report, India will require 22 lakh IT professionals by 2008 in software sector to achieve these targets.  

[* 1 US $ = Rs.45]

The Hardware Industry and the Software Industry are two sides of the same coin representing India’s emergence as a Global IT superpower.  Whereas the Indian Software industry is performing very well, the Indian IT hardware industry is passing through a transition and is under pressure.  For computers and peripherals, a production target of Rs. 17,850 crores was set for the terminal year of the Ninth Plan (2001-02).  However, the production of these items has declined from Rs. 2,800 crores in 1997-98 to Rs. 2,500 crores during 1999-2000 and was Rs. 3,400 crores during 2000-01.  But, then the target was set five years ago.  The IT Hardware industry is complex, highly capital intensive, intensive in R&D, highly competitive, rapidly changing and of global dimensions.

The situation, at present, has become grim for the Indian hardware industry.  American hardware companies were the first to move in and are well entrenched in India now.  Over the years they infiltrated and took over the distribution networks of erstwhile Indian hardware manufacturers.  They made full use of their money power to set up countrywide networks.  Most of these companies closely guard their growth rate figures for India on grounds that country-level figures are not disclosed by them as a matter of strategy.  Companies from Korea too have started making inroads.  Though their strategy is slightly different, it is equally aggressive.  The Koreans made their foray in the Indian market through white goods and having set up countrywide distribution networks, they are now pushing IT products through the same channels.  The Chinese too are following a similar strategy but their brand building process has just started and it will be some time before their products gain widespread consumer acceptance.

Cumulative estimate for the Indian Hardware Industry comprising of equipment and component is estimated to be US $ 220 billion (Rs. 9,90,000 crores) by year 2008.  It shall generate direct employment of 16 lakh and indirect employment of 32 lakh.  These requirements have been worked out on the basis of very ambitious growth targets in terms of telephone density (5 times the current level by 2008), PC penetration (10 times the current level by 2008), TV penetration (3 times the current level by 2008) and strategic and professional electronics (12 times the current production level by 2008).  Not only this, 75% of indigenisation in equipment and 65% in components has been assumed.  Trends show steep shortfalls in these targets.  Even if these targets are met, it is apprehended that the requirement of formally trained manpower (university degree/diploma) would only be a small proportion of the manpower requirement projected.  This would largely come from disciplines such as electronics, microelectronics, telecommunications and related engineering disciplines.  The system broadly has the capacity to produce the numbers required.

Formal vs Non-Formal Sector

The 1980s saw a rapid growth and transformation of the IT technology scene in India, generating tremendous career opportunities in its wake.  The burgeoning demand for computer professionals at all levels opened the door to the non-formal sector.  This led to the mushrooming of private institutions, a majority of which were ill equipped to impart quality training.  In addition to this, demand forecasts predicted a shortage of computer manpower in the nineties, which strained the formal system of education.

The fast changing technologies have put some special demands on the education and training sector.  The conventional formal educational system was successful in meeting the stable or slowly changing needs of the industry of the earlier times.  Technological changes force the pace of development and educational institutions have to respond to those changes with relevant educational programmes, both in content and in delivery.  The rapidly changing technology needs new and frequent updating of the courses.  The conventional model fails to respond to the needs of the fast changing technologies and situations requiring quick response, which characterises the modern industry.  Similarly the conventional educational system could not respond to the large retraining needs emanating from fast changing technologies.  The conventional formal system of education with all its advantages and strength today is under strain to cater to the huge demand of IT professionals for the following reasons:

a) The limited supply available from the formal institutions.

b) The intake of the government/government aided institutions cannot be increased substantially and suddenly in view of:

· shortage of qualified teachers

· financial constraints especially in view of the continuous updating of hardware, software and competence of teachers to keep pace with the fast changing and rapidly developing technology

· long gestation periods needed to start new courses

· adapt the course curriculum quickly to match the market requirements 

c) Limited exposure to the latest tools and techniques employed by software developers for increased productivity and reliability.  

d) Limited project management experience because of International standards in project management, programming and documentation not integrated in the curriculum.

e) Rigid curriculum structure, which does not cater to the fast changing trends in technology and practices.

f) Formal Sector Institutions though provide quality education, conceptional and theoretical aspects but basic practical skills and lack the ability to address applications.

g) Students from formal sector institutions generally are not exposed to the industrial problems, and the style of working of the industry and as such the student lack the experience of handling real life large problem.

A National Working Group set up under the aegis of All India Council for Technical Education (AICTE), in the year 1989, observed that private sector can play a vital role in computer training and fill the demand/supply gap considerably for following reasons:

· competence and investment potential in the private sector can be harnessed for imparting high quality instructions and training in computers.

· almost no gestation period for introduction of new and updated subjects.

· a large number of training requirements is job-specific, requiring short term training for which private institutions are well suited.

· it is comparatively easy to discontinue outdated/obsolete subjects in private training institutions as compared to government/government aided institutions imparting formal institutions.

The recommendations of this working group resulted in the launch of the DOEACC scheme of Ministry of Information Technology (erstwhile Department of Electronics).

A large number of private sector institutions have come up in the past few years and offered a variety of courses of different durations.  As per NASSCOM estimates, there were more than 70,000 private training institutes in the country as on 31st December 2000.  These consist of nationally spread institutes, franchisees as well as local institutes.  The standards of teaching and the scale of operation greatly vary among these institutions with some of them offering a fairly good training.  These institutions generally provide skill-based courses and a moderate level of expertise.  The major drawbacks are lack of standardisation, unqualified and untrained staff (from conventional sense), less emphasis on conceptional aspects, inability to provide in-depth courses.  Since majority of students at these institutes learn computer appreciation and related subjects, they are not directly employable by the software industry.  However, the institutions in private sector (non-formal sector) have their strength in the knowledge of market demand, some of them may have contacts with the prospective employers, the network of institutions they have, the infrastructure and capability to implement technology based education such as Computer Based Training (CBT) and Web Based Training (WBT).  They have the wherewithal to produce instruction material in an appropriate format in a short time.

Study Team therefore noted that both formal and non-formal systems of education have specific roles and their own strengths and weaknesses.  In order to meet the gap in demand and supply of competent manpower the role played by formal sector of education needs to be complemented by non-formal education.  Institutions in the non-formal sector are playing an important role to generate required manpower to meet the software export related targets.  One of the new trends is that graduates and engineers from formal sector institutes reorient or retrain themselves at the private training institutes in the non-formal sector to arm themselves with skills such as web-based technologies including e-commerce to enhance their employability prospects.  As per the interim report of the Task Force on HRD in IT, non-formal sector has a capacity of 5 lakh and is growing at a rate of 20%.  Therefore, presence of such a large base of non-formal educational institutions cannot be ignored.  A collaboration between formal and non-formal systems of education will bring the best from every system in their pursuit to produce quality manpower in desired quantity.  

MIT Initiatives during Ninth Plan

Ministry of Information Technology has initiated various programmes to generate the large number of skilled manpower in the non-formal sector of education.  These include:

DOEACC Scheme
The DOEACC scheme plays a pivotal role in generating competent manpower by utilizing the resources available in the non-formal sector for education in the area of Information Technology.  Harnessing the resources available at private computer training institutions to meet the projected manpower requirements assumes greater significance since this sector is better equipped to keep pace with the fast rate of obsolescence in IT industry.

The DOEACC Scheme has been formulated by All India Council for Technical Education (AICTE), a statutory body under Ministry of Human Resources Development (MHRD), and Ministry of Information Technology (erstwhile Department of Electronics), responsible for the development of technical education in the country and is being implemented by DOEACC Society, an autonomous body of Ministry of Information Technology, Government of India.  

Under this scheme, institutions are granted permission to conduct DOEACC accredited O (Certificate level), A (Diploma level), B (MCA level) and C (M.Tech. level) courses, subject to their meeting well defined norms and criteria.  The Society conducts examinations twice in a year for the students undergoing DOEACC Courses.  Students who qualify in the examination are awarded Certificate/Diploma by the Society.  The Society has 2,91,600 students registered with it as on 31st March 2001 and 1,52,000 paper candidates appeared in the January 2001 examination for all the four levels.  So far, a total of 26,919 have qualified in DOEACC examinations. 

IT Enabled Distance Education

One of the recommendations of the National Task Force on Information Technology and Software Development is to set up Virtual Universities/Institutions in the country so as to achieve the Software export target. World over Online Learning is being viewed as an effective methodology to promote distance education and learner centric, self paced learning.  Ministry of Information Technology (MIT) has identified Online Learning/ Distance Education as one of the thrust area, with reference to producing high quality high-end manpower.  A series of projects had been initiated in 1998-99 to address these quantitative requirements of trained manpower without compromising professional quality. These initiatives of the Ministry focus mainly on the promotion of Internet-based Distance Education especially towards the higher-end skill formation for the IT Sector.  Online Learning - Internet Based Distance Education/Web Based Distance Education has tremendous potential and offers wide ranging opportunities, which include,

· Training: Training of working professionals (continuing education mode) to upgrade their skills in the latest technology

· Generate additional qualified professionals (in asynchronous mode)

· Percolate high quality education from the premier institutions to the lesser-privileged institutions.

· Distance Education as IT Enabled Services.

· Attempts to narrow down the gap between Distance Education and Formal education by introducing concepts like Virtual Campus, Virtual class room etc. and provide frequent interaction between Teacher-Teacher, Teacher-Student, student-student (concepts of collaborative learning)

· Setting up of Virtual University and Institutions.

Further:

· It is expected to generate a huge market opportunity in terms of development of courseware, course delivery, development of software, etc.

· There is also a possibility to export the educational Instructional materials to other countries.

To translate the promise of Digital Distance Education into actual results and ensuring good quality education via on-line and interactive model requires attention to the aspects of:

· Selection of appropriate technology for the country and the educational goals.

· Courseware engineering,

· Technology for interactive response,

· Corpus of Course material with continual updation.

· Web based course administration, 

· Availability of powerful software and hardware resources for development and delivery of courseware and other related components,

· Availability of trained educators to create educational material and administer Digital Distance Education (DDE) systems. 

· Dissemination Infrastructure.

· Powerful and reliable testing environments, and

· Most importantly, expertise and experience in use of this technology.

MIT has been focusing on promoting Online learning as a tool to achieve scalability, quality improvement, continuing education and a methodology for life long learning. It is felt that there is a need to look at various aspects like courseware development, pedagogical models, instruction design, content creation, visualization of courseware models, courseware delivery, course administration, market dynamics, acceptability/recognition, quality systems etc. pertaining to Online Learning.  To address the above issues and to provide the right impetus so that the benefits that could flow from the Online Learning is maximized MIT has initiated projects pertaining to aspects of Online Learning, efficacy of imparting education through Online Courseware delivery and has also set up a National Resource Centre for Online Learning at NCST Mumbai to consolidate and strategise the activities of individual institutions. MIT has also funded projects at IIT-Delhi, IIT-Kanpur, BITS-Pilani and IGNOU; and are in the process of funding a few more projects to develop the area of Online Learning.  MIT’s objective at this stage is to ensure that Online Learning is utilized in the proper context so that it is not mistaken at the one extreme as substitute for classroom learning or the institution based learning while at the same time the positive aspects of this tool such as interactivity, self paced learning, wide reach-ability etc. are also optimally used to reap the benefits.  

Project IMPACT
The Ministry of Information Technology (erstwhile Department of Electronics) had successfully implemented a pilot project on Electronics Industry Development Project (EIDP) - Manpower component, jointly funded by the World Bank, the Swiss Agency for Development and Cooperation (SDC) and Government of India during 1992-97.  The objectives of the Project was to upgrade the quality of education and training at selected Engineering Colleges (14) and Polytechnics (12) (Participating Institutions) with the help of Resource Centres and to provide training through Continuing Engineering Education Programme (CEEP) for the industry professions and technicians in the area of Electronics and Computer Science Engineering.  The above pilot project has been successfully completed to the satisfaction of World Bank & SDC and achieved the goal of upgrading the laboratory infrastructure, Institution enhancement programme for faculty and support staff, improving the learning environment, training of students for meeting industry needs, etc., in the above Participating Institutions.  The PIs had also established a good Industry-Academic interaction in a mutually beneficial manner.  

In order to sustain the achievements made under the pilot project IMPACT, the Sustainability Support Scheme (SSS) - Project IMPACT has been initiated at the Engineering Colleges and Polytechnics.  The duration of the Project is for five years (1998-2002) and under this Project 25 Participating Institutions (PIs) are provided reducing grant-in-aid each year.  The PIs are expected to generate revenues through running CEEP programmes for Industry professionals, developing and implementing research projects, providing industrial consultancy, etc.  The revenue earned would help the PIs to sustain the IMPACT activities for maintaining quality-learning environment.  In order to absorb, adopt and institutionalize the gains of the project, a Quality Management System has been established at 22 PIs and are certified to ISO 9001/2.  Currently, 1800 students pass out from their PIs annually.  Similar to Project IMPACT the faculty and support staffs of PIs are trained periodically at Resource Centers.  

Employment Generation Training Scheme (EGTS)
Ministry of Information Technology is implementing an Employment Generation Training Scheme for North East States, and SC/ST/OBC candidates for other regions in the country.  The overall objective of this scheme is to harness the potential of Electronics and Information Technology in providing "Employment Oriented Training" for educated youth to fill up the shortage of trained personnel in the North East and other regions.  Initially, this scheme was being implemented only in the North Eastern States.  Till date about 50 institutions have been supported.  The scheme is now being extended to the other regions of the country.

Media Lab Asia
Ministry of Information Technology is establishing Media Lab Asia jointly with MIT Media Lab, USA in India.  This project is expected to have a budget of Rs.5127.50 crores over a period of ten years.  The first year programme of the Media Lab Asia is conceived to be Exploratory Program in order to identify the funding partners, establishing working relationship with local players (academic institutions, industry and NGOs), initiation of a few identified projects etc.   The budgetary support from Government of India to this project is Rs.870 crores over the Ninth, Tenth and Eleventh Plan Periods.  Cabinet approved the setting up of Media Lab Asia and also approved one year exploratory budget of Rs.65 crores.

The Media Lab Asia is proposed to be a network of national as well as overseas people, projects, and laboratories dedicated to bringing the benefits of the most advanced information technologies to the neediest people.   It is anticipated to be an ambitious plan for meeting the grand challenges in learning, health, and enterprise.  The role of Media Lab Asia is to facilitate inventions, refinement and deployment of innovations that benefit the masses.  The key to success for the Media Lab Asia would be combining the creativity of Indian entrepreneurship with the technical know-how of seats of learning to grow sustainable, culturally appropriate solutions.  Particular challenges include the need to operate in many different languages and the need to support product innovation using local culture and tradition.

The Media Lab Asia would be based around village-level field projects, supported by research for technology development and partnership; the goal over a lifetime of the project is to have a sustainable presence in majority of India’s villages.  Initiatives, from the villages' up to the national level, would be determined by an open evaluation process designed to harness the creativity of the region’s finest thinkers as well as unsung heroes.  

Promotion of advanced IT education in higher learning institutions like IITs, IIITs etc.
It is necessary to promote high-end, high quality IT education in India to produce world class engineers needed for Industry, R&D Labs - to support intensive R&D programs for the Indian Industries & different missions - and to create products, tools & services related to Indian/world market etc. The areas which need special attention are Web Applications, E-Commerce, E-Governance, Web Technologies, Graphics, Multimedia, Artificial Intelligence, Computer Aided Manufacturing (Robotics, Flexible Manufacturing System, Numerically controlled Machine Tools etc.), Computer Integrated Manufacturing (CIM), Computer Aided Design (CAD) etc.

Ministry of Information Technology proposes to initiate promotion of high quality IT education in India by strengthening the IT education in the IIITs and IITs and universities etc. by providing IT infrastrcutrual facilities.

Special Manpower Development in Microelectronics (VLSI Design, Process, Testing) 
Ministry of Information Technology initiated this project in March 1998 with an outlay of Rs. 14.99 crore and five year's duration.  The objective of the programme is to train Special Manpower in the area of VLSI Design and related software at B.E./ B.Tech. & M.E./ M.Tech. level.  In this programme, in all, 19 intuitions are participating - 7 Resource Centres (RCs) and 12 Participating Institutions (PIs).  Under this project, the RCs and PIs have been given the required hardware/software along with books to carry out the VLSI design activity in their institutes.  The Resource Centers provide the technical support to the Participating Institutions.  This includes conducting Instruction Enhancement Programme (IEP) for training the faculty of PIs and developing Learning Material (LM) for PIs.  The Resource Centers will prepare 25 LMs on various aspects of VLSI Technology/ Designing.  By the end of the project, it is expected that every year about 660 engineering students of B.E./ M.E. will be trained by these 12 PIs.

VLSI Penetration Programme


VLSI Penetration Programme was a pilot programme launched for the state of Tamil Nadu with a view to train the faculty of the Engineering Colleges in the area of Digital Circuit Designing using Hardware Description Language - Very High Integrated Circuits Hardware Description Language (VHDL). It is a low cost project under which a one-week (20 hours each of theory lectures hands on training) training is imparted to the faculty of engineering colleges covering different aspects VLSI Designing using VHDL. Faculty members of 52 engineering colleges of Tamil Nadu have been imparted training under this programme.

ERNET India

ERNET is the largest nation-wide terrestrial and satellite network with the point of presence located at the premier educational and research institutions in major cities in the country.  Focus of the ERNET is not limited to just providing connectivity, but to meet the entire needs of the educational and research institutions by hosting and providing relevant information to their users.  R&D and training are integral parts of ERNET activities.  

The ERNET backbone is a judicious mix of terrestrial and satellite-based Wide Area Network.  The satellite WAN, using V-SAT technology has facilitated reliable and quick access from remote areas.  The V-SAT Network acts as an overlay for the terrestrial WAN by providing back-up links between the backbone sites. The international connectivity is achieved through gateways at New Delhi, Mumbai, Bangalore and Calcutta, with a total capacity of 16 MB.  Daily traffic over ERNET exceeds 20 GB.  ERNET architecture is based on industry standard TCP/IP protocol, ensuring connectivity from heterogeneous computer systems and local area networks (LANs) at user sites. 

3.
Constraints in Developing High Quality Manpower

The major constraints in the existing formal education system have been identified by the Ninth Plan Working Group on Electronics Industry and are listed below:

· Outdated equipment

· Shortage of components

· Shortage of teachers

· Lack of motivation on the part of teachers either to innovate teaching methodologies or to keep themselves up-to-date on the latest technical developments.

· Shortage of space for labs and class rooms and insufficient provisions for proper wiring/air-conditioning, especially, of computer systems.

· Inadequate provisions for regular updatement of hardware compatible with the software.

· Lack of adequate access to laboratory facilities to students (which is related sometimes to shortage/non-availability of technical/supporting staff.

· Inadequate availability of/access to library books and journals.

· Lack of facilities and/or inadequately trained/motivated support staff for properly maintaining electronic/computer equipment.  Or alternately lack of adequate funds for third party maintenance of the lab equipment.

· Inadequate exposure of faculty and students to requirements of industry in terms of skill development needed in students.

· Infrequent revisions in the curriculum.  Especially in the areas of Computer/IT where the changes are very rapid, there is need to revise curriculum more frequently.

· Inadequate rapport between academia and industry which prevents the building up of mutual confidence and trust between the two and which puts a damper in their effort to help each other for better mutual profit.

· A major neglected feature is the absence of R&D culture in academia/industry (barring a few exceptions here and there), which is detrimental to the long-term interests of the country.  A small number of companies have in-house R&D capability but even these try to solve specific application oriented problems of the type which can be solved in short time frames, say, 6-12 months, using known techniques.  Especially distressing is the absence of sustained Ph.D programmes, which lay the foundation stone for creative innovation, encourage systematic development of new areas with sound theoretical basis etc.  As a matter of fact many of the features available today in commercial software packages started as research problems in Universities.  Without active support for Ph.D programmes, especially in computer software/IT area, it may not be feasible to maintain, let alone increase, the growth rate of software industry.

· Lack of access to networking facilities such as ERNET/Internet, or other communication/ Information Highway connection to other educational institutions/ Software development companies especially for Computer/ IT students.

· Inadequate offer of Continuing Engineering Education Programmes by academia to industry.

4.
Tenth Plan Imperatives & Strategies

IT Manpower Projections

It is estimated that total size of IT industry in India will be over US $ 87 billion (Rs.3,91,500 crores) by 2008. A large part of it would be from the IT Services. The major segments contributing to this industry are Software Products, IT Enabled Services and E-Business.  By 2008, it is expected to become single largest contributor to the GDP of the country. One of the key issues in achieving and sustaining this level of growth will be the availability of high quality IT professionals in adequate numbers. As per NASSCOM study, this would require 22 lakh IT professionals – 11 lakh in the hard core IT sector and another 11 lakh for the IT enabled services.
Ministry of Information Technology (MIT) has worked out a figure of 23.67 lakh in three categories – 2 lakh IT professionals of category A for software products, 5.77 lakh of IT professionals of category B for IT services and E-business and 15.9 lakh of IT professionals of category C for IT enabled services and E-business. This would mean 7.77 lakh professionals in the hard core IT sector, if we broadly fit in category A and Category B manpower here. The method and calculations on which these figures have been arrived is given at Annexure-I. 

In addition to national demand, there would be international demand in view of intrinsic quality of Indian Software Professionals and therefore premium attached to them.  However, notionally, Task Force on HRD in its interim report has suggested that we could take it as 20% of the overall manpower requirements.  As per the Task Force the demand for IT professionals from USA under H1B Visa has been increased to around 2,00,000 from the present level 1,14,000.  Similarly Germany, UK, Ireland, Japan are likely to permit immigration at a level between 20,000 to 30,000 per annum for IT professionals.  IT being English-Intensive, we presently enjoy an advantage due to our large English speaking population, but this may soon be lost in view of concerted efforts by other nations like China to catch on.  Presently, many non-English speaking countries are forced to meet their requirements only from their local markets because of the language barrier.  This offers immense opportunities in countries like - Japan, Germany, France and Korea, which could be exploited, if we are able to bridge the language and cultural gap.  This could be done integrating training in language cultural skills of potential countries in our regular engineering programmes in the 3rd and 4th year by tying up with the general university system and the foreign missions of those countries here in India.

The demand for IT manpower requirement will be met by the supply from various educational institutions in the country and there is no cause for panic.  The numbers appear to be adequate, yet the rate of growth of IT sector worldwide cannot be predicted with absolute certainty.  Further, there are serious concerns about the quality of IT manpower.  As per Task Force findings at present only a fraction of the graduating students are acceptable to the industry.  Low acceptance rate also results in underemployment and may have other serious repercussions.  

Slowdown in US Economy and its likely Impact 

The slowdown in the US economy is a factor that needs careful consideration while planning for IT manpower.  India is highly dependant upon US market for software exports.  According to an estimate 66% of the total software exports from the country are to USA and Canada (Europe 21% and rest of the world 13%).  As per CII report most of the Indian companies have cut down their IT budget from 15 to 25 percent.  The report further estimates that about 30,000 to 80,000 IT professionals are "on the bench".

Indian software exports consist primarily of body shopping, maintenance projects and new projects/R&D support.  It is feared that the body-shopping segment will fare the worst because many US companies have realized that doing work in US(H1 visa style) is costly. The major impact of the slow down of the US economy is likely to be on the business of On-shore development.

Bigger companies engaged in maintenance work are not likely to be affected in a major way, as maintenance of existing software would still be a necessary function.

The volume of new projects and R&D is likely to come down.  But there are not too many Indian companies offering service in this segment.

While US economy may pick-up in the days to come, it is felt that the slow down has provided a good opportunity for Indian software companies to move from on site to off shore development.  US corporates looking to cut cost may find outsourcing their work to India more attractive.  Further, companies may exploit hitherto untapped or under tapped markets in other countries in Europe and Asia Pacific regions.  IT enabled service sector is one which has potential and may ensure that the overall export figures in the long run may not suffer.

Study team felt that the slow down of the US economy may be a temporary phenomenon.  The situation is expected to turn around in the near future. It is expected that the revival of the US economy will result in a spurt in demand for software solutions and services.  Therefore, we must plan carefully so that we are able to cope with this situation when it comes.  The only criteria which will decide the destination for outsourcing of the requirements by US companies, will be cost competitiveness.

It is expected that while the IT Software & Services export industry will be able to achieve the growth rate of 35-40%, the margins available to the industry are likely to get squeezed due to the slow down of US economy.  However, in order to ensure sustained growth, the biggest challenge is to ensure that India is always recognised as the first preference for outsourcing software development by the companies’ abroad.

Our Opportunities

Slow Down period may be utilised for consolidation, introspection and to make appropriate amends. There is a need to give attention to quality in all aspects of delivery because only quality is going to sustain our efforts for a long time to come.

IT firms will have to change their single-market US focus and try to tap alternative destinations like Europe, Middle East, Japan & Australia.  In doing so the HRD will have to ensure that employees have the expertise and knowledge of doing business in these countries.  More focus on cross-cultural orientation to these countries will be required.

India’s edge in remote maintenance and development work besides cost advantage of undertaking offshore projects will help in attracting more business home and more back offices offering IT enabled services can be set up in India.  US firms keen to cut costs are now looking at Asia for outsourcing software services.  World-class engineers in India cost much less compared to their US counterparts. Therefore, there would be more job opportunities for people at India without displacement of place of work.
Slow down provides more chances of retaining knowledge workers within the country.  This could result in lower employee turnover in the IT industry.  

There is a need to provide some alternate avenues of employment to the young trained technical manpower, which may be on the bench due to the slow down in the US. India has a competitive and comparative advantage in terms of quantity, talent and cost and this should be utilized to generate more job opportunities.

Our Threats

The initiatives taken up by countries like China and the Eastern Europe.

The disillusionment amongst the youngsters for IT.  Slowdown in the IT sector had led to decreasing employee morale.  We will need to address the emotional issues of the workforce to help them cope with their depression and anxiety over their future career prospects.

The ill repute, which our professionals may earn if sub standard deliveries continue.  

We may continue to remain in the follower ship mode if technologies do not get developed out of indigenous research.  We may loose out on the acceptability of the technology by masses if localization efforts for the indigenous software as well as the third party software is not taken seriously.  In spite India being largely an English-speaking nation, the fact is only 5% of the population speaks English leaving huge requirement for localization.

Pressure on the job market would affect IT training business, as prospective students will look at alternate career options. The uncertainty in the IT sector will cause a very visible movement of trained manpower from IT industry to the more traditional Consulting & Fast Moving Consumer Goods (FMCG) sector.

5.
Programmes/Projects/Schemes Envisaged for Tenth Plan

IT Skills and Thrust Areas for IT Industry

Software Industry has attained a unique status world over and has been recognised as key for the future development.  But software engineering has not been able to attain the status of an Engineering discipline yet.  This is probably due to the fact that the conventional engineering disciplines have become quite versatile and IT is comparatively a new discipline.  This is also the reason being put forward by academicians for not many students opting for Ph.Ds in Software Engineering.    However, IT industry has made full use of engineers from conventional disciplines and have converted them into Software Engineers.  In fact large portion of the IT professionals in the country are from other disciplines of Engineering and have been trained through the regular training courses by the corporate training centres through their induction and/in-service training programmes of the companies.  Many companies spend 6-10% of their revenues on such training programmes and have state of the art training centres, which can train a large number of students/employees at any given time.

The NASSCOM-Mckinsey Study Report brings out two important issues that India needs to tackle to maintain and enhance its competitive advantage of abundant, high quality and cost effective human resources.  First, oft-repeated need to develop over 2.2 million high quality knowledge workers in software and related areas by 2008.  Second, a more important issue, it has to ensure that its workforce has the right mix of technical, business and functional skills to meet the needs of individual business segments and customer markets.  To meet these twin challenges, the report further suggests:

· To expand the base of people with basic skills in IT

· To ensure continuous and rapid upgradation of skills

· To launch a concerted effort to improve India’s value proposition as a workplace of choice so that people who are trained do not migrate

Whereas the effort of expansion of the base of people with basic skills in IT is to be driven primarily by the government, the continuous and rapid upgradation of skills, the report suggests should be driven by the private sector with government playing the role of a facilitator.  The third step mentioned, has to be a joint effort by the government and private sector.

It is difficult to get good IT teachers who are well versed in the state-of-the-art skills required by the IT Industry.  Many large IT houses have built in-house capabilities to impart such skills to their employees and also for the fresh intake.  These facilities can be made available to the teaching institutions for a faculty enrichment programme.  In this way IT industry which earns high revenue is made a partner to contribute in terms of their expertise.  Such a trained faculty can also be groomed for undertaking consultancy assignments as an incentive.  In addition, experts available with the Industry can be encouraged to take-up teaching assignments.

It is not easy to undertake long-term prediction of the skills needed and tune the syllabus accordingly.  This needs to be done at frequent intervals.  As the expertise is spread over industry and institutes it is essential to bring them together to undertake this activity.  Industry has to spend lot of money and time to impart computer skills to other disciplines of engineering for their line of business project and if institutes could incorporate this in their syllabus for non-computer science disciplines, it will help both industry and students.  Industry also needs contemporary skills for computer science student for their line of technology project.  Such skills usually are not taught in most of the engineering colleges as they sometime do not have such expertise in their faculty.  Industry can play an important role, which will again help both.

Study Team has therefore felt that it may be a good idea to analyse the skills, which are needed by industry.  These are:

a) Technical skills

b) Functional skills

c) Life skills

The majority of the formal educational institutes today provide technical skills.  Some institutes may be able to provide functional skills because of excellent infrastructure.  Few are able to impart life skills because of the quality of input and environment.  This however cannot be generalised.  

As per NASSCOM-Mckinsey Study, the breakup of the skills as in 1998 and that may required for 2008 is as follows:

	Skills
	1998
	2008
	Increase needed

	Technical Skill

Functional Skill

Web Skill
	76%

16%

8%
	54%

28%

18%
	5.5 times

13.6 times

18 times

	Overall
	280 thousands
	2200 thousands
	7.86 times


It could be seen from this table that technical skills required in 1998 was ¾ of the total manpower and would be reduced to half in 2008 whereas requirements for functional & web skills would double.  This would mean that manpower development through non-formal sector needs to play prominent role.

According to NASSCOM-McKinsey study market openings are merging across four broad sectors - IT services, software products, IT enabled services and e-business and create a number of opportunities for Indian Companies.  In addition to the export market, all of these segments have a domestic market component as well.

IT Services

· Web enabling legacy systems

· E-commerce/extended enterprise applications

· Standards based application integration

· Knowledge management

· Convergence applications

Software Products

· Emerging "slivers"

· Productization

· Embedded software

IT enabled services

· HR services

· Remote customer interaction

· Data search, integration and analysis

· Engineering and design services

e-businesses

· Domestic business-to-business

· NRI-oriented business-to-consumer

NASSCOM in its survey also focused on the hot IT jobs and services in demand.  Some of these include:

a) Programmers/Engineers

b) Communication engineers

c) Networking experts

d) Internet, e-commerce and multimedia personnel

e) System software and support

f) Process/systems management/consulting

g) Database management experts

h) LAN administration experts

i) Office/e-mail/Groupware experts

j) IT-enabled and animation experts

k) WAP, ASP experts

l) Web designers and content staff

The long term forecasts seeks strong skills in communication and networking, software engineering, e-commerce related applications, Web designers and developers, IT-enabled services, animation and digital media experts, experienced project leaders, and those skilled professionals with a WAP, ASP, quality assurance and legacy systems background.

IT Skills in Demand  *

	Programmers/Engineers/Analysts/Computer Scientists
	41%

	Internet & E-Commerce Applications (Web Developers/ Design)
	19%

	Database Administrators/Developers
	11%

	Network Specialists/Developers/Communication Engineers
	14%

	Digital Media & Technical Writing
	5%

	IT-Enabled Services
	10%


*  Source: NASSCOM 2000 Survey 

Bridge Courses for IT Professionals

As brought out in para 6.1, it is important that the work force has the right mix of technical, business and functional skills to meet the needs of individual business segments and customers market.  The software and related service industry will require very large number of functional experts including front-end office automation, supply chain management, customers relation management etc.  In addition, functional experts will be required to provide IT-enabled services such as finance, accounting, human resource, engineering design etc.  Though the overall increase required is estimated to be about eight-fold, the increase in technical skill is about six times whereas the functional & business skills need much higher increase i.e. 14 and 18 times respectively.  

Quality IT professional team needs to comprise domain experts, software engineers and experts with functional and life skills.  Software engineers need to have a thorough knowledge of Software requirements, Software design, Software construction, Software testing, Software quality, etc.

Life Skills Development
In addition, IT professionals particularly engaged in software exports need to have life skills such as Communication Skill, Time Management, Team Work, Technical Writing, Ethics, Value & Attitude.

Thrust Areas in Information Technology
The major areas for demand ofmanpower in immediate future are : 

a) E-business Systems

b) Cryptography and Data Security

c) Multimedia Technology

d) Healthcare and Bio-medical Systems

e) E-Governance

f) Cyber law and IPR issues

g) Net-Centric Computing including Web application etc.

h) Quantum Computing

i) 36/4G Communication

j) VLSI Design

k) Fibre Optics Communication

l) Digital signature certification

m) Data mining

n) Networking Technology

o) GIS Applications

p) E-Learning

q) Content Development for Distance Education

r)
Embedded Software/Technology

It may not be possible for an academic institute to impart all the above skills essential for a quality IT professional.  A mechanism needs to be devised to bridge the gap between what is offered by academic institutes and what is required by the IT industry.  This can be done through the bridge courses in the aforesaid thrust areas as well for high end applications and product development activities. The NASSCOM-McKinsey Study also stresses on the need to bridge programmes.    Bridge programmes can increase the IT workforce by training graduates, non-computer science engineers and Computer Science engineers.  The need for domain and functional expert can be met by training industry professional with a basic understanding of IT.

Basic & Fundamental Research aimed at Technologies for the 21st Century
Issues pertaining to special manpower for R&D program in academic and research institutions with support for basic research, etc., have been specially emphasized by the National Task Force on HRD in IT to promote long-term open-ended research and mission mode projects.  The suggested areas include, theory and implementation of fundamental algorithms, mathematical basis for computation, programming languages, program translation, new programming paradigms and software architecture, new semantic models etc.  Some of the frontier areas in which open-ended/long-term research is undertaken globally are quantum computing, molecular computing, soft computing, high speed networking, scaleable information infrastructure, evolutionary information systems, online and network communities, robust software, bio-elements for computers, IT security biometrics, etc.

The Task Force on HRD in IT has indicated in its interim report, that USA produces 10,000 Master degree holders and 800 Ph.D degree holders in Computer Science every year, while India produces only 25 Ph.Ds and 300 M.Tech. Degree holders in Computer Science.  The Task Force has further stated 'for the country to move up the value chain in software industry and to become a super power in knowledge led business particularly computer science and engineering/information technology, it is essential that we give greater importance to post-graduate education and research.  This would be essential if we wish to graduate from mere users of IT to generators of IT products and services and wish to become internationally competitive.

In the light of the above, it is essential to have adequate number of Ph.Ds and post-doctoral level manpower for promotion of open-ended research for IT.

Manpower Development in the area of Microelectronics
In the area of CAD the estimated requirement of trained manpower would be about 1,400 in the terminal year of the Ninth plan for generation a revenue of Rs.900 crores during that year. Similarly in case of discrete semiconductor devices during the IX Plan about 400 engineers, 2,000 technicians and 1,600 support staff would be required. In case of ICs about 150 trained engineers per year would be required which may increase several fold with the proposed establishment of mega fabs. 

As part of Ninth Plan exercise, a separate Sub-Group on CAD & related software was set up with a view to identify the gaps and the appropriate actions needed for the same. As part of this, Sub-Group identified that there is a big gap between the specialised manpower required vis-à-vis the availability in the country and suggested the following:

i. Progressively establish the infrastructure for generating VLSI Design Engineers

ii. Promote the development of specialised CAD tools for VLSI design

iii. Strengthen infrastructure for export of VLSI designs and 

iv. Initiate India Chip Programme to support Indian Equipment Designers & system houses, which are designing VLSI chip and modules into their systems

With the above in view, the following manpower development projects: were initiated in IX plan and will be continued in the Tenth Plan as two distinct activities increasing the scope of the efforts:

i. 
Special Manpower Development for VLSI Design  & Related Software

ii. VLSI Penetration Programme

At present to service the needs of the industry and other research groups, the universities / RECs/ IITs etc. are the traditional source of manpower. Except for IITs, microelectronics is not taught at adequate depth at the UG and PG level.  Therefore the graduates/post graduates coming out of these institutions do not have adequate exposure in this area and are not able to fit the needs of the country. Special Manpower Development Programme of MIT was a first attempt to address this lacuna. We need to generate manpower exposed to all areas of microelectronics viz. Design, processing / characterisation, test & packaging, reliability etc. so that the needs in the different sector could be adequately met.  

The Ninth Plan period has witnessed considerable consolidation of activities in the MNC and Indian Microelectronics Design Centres established in the country in terms of their growth as well as new units.  It is expected that Tenth Plan would also be witnessing this growth phase considering that India continues to offer the low cost and highly manpower intensive chip design and related activities.  Also with the fables design houses number likely to increase in the Tenth Plan, enhanced chip design and related activities is also foreseen.  Considering these trends, it is estimated that about 4000 trained IC Designers/ Process & Test Engineers etc., will be required by the terminal year of Tenth Plan.  This would be in addition to about 2000 technicians and 1500 support staff needed to support the manufacturing sector.  These figures could multiply several folds if other national infrastructure like mega & mini fabs, centres of excellence and resource facilities become fully operational in the Tenth Plan period.  

With the 2nd phase of special manpower development efforts now proposed in the Tenth Plan, it is expected that manpower level as indicated in the following Table would become available. They should be in a position to meet most of the industry / R&D requirements except that of fabs. – mega, mini etc.

Projected Manpower to be generated in the Tenth Plan

	Year
	Trained Manpower

	2002-03
	700

	2003-04
	1000

	2004-05
	1500

	2005-06
	2000

	2006-07
	2500


For launching the above activities it will be required to provide the state-of-the-art hardware and software to all the institutions to be covered under the phase II of the Special Manpower Development for VLSI Design  & Related Software project as well as at Microelectronics Development Division labs. MIT labs will play the role of Resource Center for the Phase II of Special Manpower Development for VLSI Design  & Related Software and VLSI Penetration Programme. The institutions covered under the phase II of the manpower power programme would also be participating in the India Chip effort of aiming to generate specific designs proven through their realisation on silicon (as a product in the multi chip form).  Additional resources of Rs. 50 crores need to be provided in the Tenth Plan for getting the India Chip implemented at local  industries / overseas fab houses. 

6.
Recommendations


The Study Team have noted the exhaustive recommendations made in the Interim Report of the Task Force on HRD in IT under various heads such as monitoring intake and outturn, improving institutional quality, improving infrastructure, networking of institutions, IT faculty development, evolving IT curriculum and courseware along with its delivery through different media, promoting PG education and research and interface with IT industry.  The following recommendations should be seen as complementary and supporting in nature, keeping in view the promotional role of Ministry of Information Technology.

Faculty Development

1)
Non-availability of adequate, qualified teachers is a serious concern and impediment to spread of IT education and in generation of quality IT workforce.  Therefore, there is a need for periodic faculty appraisal/ certification/ upgradation of the IT faculty both in the formal as well as non-formal sector of education.

2)
'Instructor Enhancement Programme' for training of faculty as was done under 'Project Impact' needs to be scaled up as a National Programme.  Towards this end institutes specifically dedicated for 'Training of Teachers' in the field of Information technology may be set up in different regions of the country.

3)
There is a need to train the IT faculty in the application specific thrust areas.  In order to facilitate faculty enrichment in the upcoming thrust areas, reputed institutions (such as Category-I institutions identified in the Interim Report of the Task Force on HRD in IT) may conduct faculty enrichment programmes for the benefit of Category-II and Category-III institutions.  Identification of application specific thrust areas should be continuously monitored by Category-I institutions with constant interaction with leading industries in India and abroad to keep pace with the technological advances. 

4)
”Training the Teachers" programme of the DOEACC Society needs to be strengthened and made mandatory.  Benefit of this programme could be extended to the other institutions in the non-formal sector.

Enhancing the Quality and Content of Courses

5)
In order to produce quality IT professionals, more emphasis need to be placed on software quality control, software process engineering, software project management and software system life cycle.  Appropriate modules may, therefore, be included in the course curriculum in both formal and non-formal sector of education.

6)
While the course modules are identified by the emerging needs of the IT industry, course content may be created with the help of experienced teachers who can bring in pedagogical aspects.

7)
Application oriented bridge courses need to be initiated for immediate employability in promising areas such as GIS, network security, embedded systems, VLSI designs, Fibre optics communication and networking, data mining, digital signature verification etc. to mention a few.

8)
Special attention needs to be given to development of life skills such as communication skills, time management, teamwork, technical report writing, business ethics etc.  Appropriate modules may be built into the courses offered.

9)
Institutions teaching foreign languages need to introduce courses for IT professionals for development of skills in technical report preparations/ translations.

10)
There is a need to develop specialized manpower in the area of Security (Certified Manpower for Information Security Area CISA)

Fiscal/Government

11)
Government procedures may be made flexible for enabling teaching faculty for working with private enterprises in software technology.

12)
Industrial houses to be given appropriate fiscal benefits for:

a)
Instituting Chairs in educational institutions

b)
Funding research in educational institutions

c)
Offering scholarships in educational institutions

d)
Upgrading facilities in educational institutions

e)
Committing to hiring a certain number of engineering graduates for a specified duration.

Accreditation

13)
There is a proliferation of computer training institutes in the non-formal/private sector but there is no system of evaluating their credentials.  A nodal body should be set up to check the credentials of the institutes and oversee their working periodically.

14)
Certain minimum norms in terms of academic curriculum, infrastructure, teaching faculty and methodology needs to be laid down as criteria on the lines of DOEACC scheme.  The institutions in private/non-formal sector would be required to follow these criteria to prevent mushrooming of ill-equipped IT Institutes which do not impart quality education.

15)
A system of certification or rating of the institutions in private sector is to be devised on the lines of the AICTE gradations of private Engineering Colleges.  This will serve the dual purpose of providing incentives for institutes to improve and also serve as a guide to students to decide the best institutes to join.

16)
There is a need for evolving standards, practices and certification mechanism for recognition/ accreditation of online learning courses.

17)
The institution of a private institute must be accompanied by financial guarantees and roadmaps to be given to AICTE regarding the background of the promoters, their qualifications to undertake a educational venture, accounts of funds received, flow of funds etc. Auditing these accounts by a chartered accountant to be appointed by AICTE to be made compulsory.

18)
There is an immediate need to accord recognition to the DOEACC 'C' level qualifications.  Being an M.Tech. level course, the recognition will not only boost the course but at the same time will be a source of faculty for IT undergraduate level courses.

19)
DOEACC Society should attempt to get wide acceptance of their qualifications by well known/large industrial houses for its students to enhance their employability prospects in the private sector.

20)
DOEACC Society may attempt for grant of "Deemed University" status.  In this connection DOEACC Society may collaborate with other organizations like CEDTI/ ER&DCI, which have introduced M.Tech. level courses in affiliation with universities.

21)
The accreditation mechanism for IT education may be strengthened, by among other things by way of decentralizing the power of the AICTE to the States.

Student Welfare

22)
There is a need for educating the students and public at large by releasing suitable advertisements to apprise them about the various aspects that should be looked into by students before enrolling in a training institute.  DOEACC Society has been releasing such advertisements periodically.  AICTE is also following this practice for formal technical education.  AICTE may extend the same to non-formal education also.

23)
There is a need to enforce a system particularly for institution in the non-formal sector whereby they can charge fees on monthly/quarterly basis rather on an annual or one time basis, as a safeguard to prevent huge monetary loss to students in the event of a training institution closing their shutters abruptly.

Industry-Academia Interaction

24)
There is a need to set-up a Core Group/Committee from industry and educational institutions to assess the future skills required and suitably design educational and training programmes relevant to the needs of the industry.  This core group would identify current and emerging global technologies, available and emerging global markets, national development plans, technology developments within the country, and accordingly assess the needs for IT personnel in different sectors.  The Core Group will also assess IT manpower requirements on regular basis.

25)
Promote Govt.-industry-academic linkages by supporting research and development of courseware engineering, instructional design, pedagogical issues, development of courseware etc., aimed at continuing education/skill updation at industry.

26)
Commitment from Industrial houses to adopt educational labs/ institutes
needs to be encouraged.  The in-house training facility in large IT houses can be made available to get quality IT teachers.  There is a need to devise a mechanism to accredit such in-house training centres.  Accredited training centres may be treated at par with educational institutions for the purpose of fiscal incentives.

27)
IPR sharing between Industry and academic institutes may be encouraged (this assumes that the educational institute participating is of a high calibre and is able to generate sufficiently large amount of intellectual input).

28)
A National Centre for Continuing Education for the working professionals/engineers as a scaled up version of the Continuing Engineering Education Programme (CEEP) under Project Impact needs to be set up.

Online Learning

29)
Development of interactive learning material on all the subjects beginning with science & mathematics needs to be encouraged.  Online learning should follow the paradigm, which enable its use from a stand-alone appliance to intranets to the Internet depending on feasibility and availability of infrastructure.

30)
There is a need to develop “Teacher’s version’, which makes use of the same “digital content” but providing teacher’s perspective.  The role of the teacher is to be viewed as a facilitator that amplifies online learning.

31)
There is a need to develop “Simulators” for vocational training on the lines of training given to airline pilots on ground-based simulators.

32)
R&D activity needs to be supported in Online Learning in areas like courseware engineering, pedagogical models, instructional design, delivery mechanism, quality system, market dynamics, etc.

33)
Online Learning requires to be promoted not only for IT related subjects but also for other engineering disciplines including preparation of online course material in these areas.

34)
Since Online Learning has a significant role to play in up-gradation/updation of knowledge and skill in the industry in the backdrop of high rate of obsolescence, educational institutions may be supported to offer courses in online mode for corporate sector and industry.

35)
There is a need to strengthen ERNET facilities with a view to provide open access to students interested in "On-line learning".

Basic and Fundamental research

36)
There is a need for setting up of Schools of Advance Studies and Special Research Groups in emerging areas.

37)
Open-ended research including basic/fundamental research in frontier areas of IT, with long-term benefits in view, in institutions of higher learning/R&D institutions like TIFR, IITs, IISc., etc., needs to promoted/supported.

38)
Research activities in frontier subject areas like robust software, human computer interface, evolutionary systems, quantum computing, bio-elements for computing, molecular computing, knowledge discovery, high-end computing etc., needs to be encouraged in order to produce required number of Ph.Ds and post-doctoral researchers.

39)
Research Chairs may be supported in higher learning institutions jointly with the industry.

VLSI Design

40)
Phase II of the Special Manpower Development for VLSI Design and Related Software may be initiated to cover 40 more institutions spread across the country, to lay emphasis on development of expertise by the institutions in certain specialised area like Analog Designs, Digital Designs, Mixed Mode designs, Low Power Designs. 

41)
VLSI Penetration Programme which was launched as a pilot project in Tamil Nadu may be extended to cover another 100 Engineering Colleges throughout the country with special emphasis on IC Design, Process Characterisation and Testing.

41)
The national infrastructure set-up as in-house laboratory activities at MIT in Microelectronics will play a lead role in manpower generation in the areas of ECAD/TCAD tools, chip design and testing to complement other efforts in the country.

7.
Financial Outlays
	
	 Description
	Amount 

(Rs. in crores)

	1.
	Strengthening IT education in IIITs and IITs and Universities etc. by providing IT infrastructural facilities (including a pilot project of Rs.30 crores)
	280.00

	2.
	Special Manpower Development in Microelectronics (covering VLSI Design, Process, Testing etc.) 
	50.00

	3.
	Promotion of Research Manpower


	50.00

	4.
	National Programme for training of teachers @ Rs. 60,000/- per man month for 5,000 teachers and creation of infrastructure required for the same
	80.00

	5.
	Employment Generation Training Scheme for Backward Areas


	10.00

	6.
	Setting up of National Centre for Continuing Education for working engineers/professionals/ strengthening of CEEP
	32.00

	7.
	Awareness Programme for students/general public at large through advertisements
	5.00

	8.
	Special Manpower Development in the area of Security, Entrepreneurship Development and other upcoming areas
	50.00

	9.
	IMPACT Proposal for N.E. Region


	33.00

	10.
	Project proposal for Women Technical Institutions


	71.00

	11.
	Networking of Participating Institutions under Project Impact @ Rs. 1.5 crore for 5 years per Institution for 45 PIs & RCs
	68.00

	12.
	Establishment of IMPACT-ITES Centres @ Rs. 3 crores per engineering college & Rs. 1.5 crores for Polytechnics, 14 Engg. Colleges, 11 Polytechnics, RC, PIU etc.
	70.00

	13.
	On line Learning


	60.00


Annexure-I

Working Details of  IT Manpower Requirements


NASSCOM-McKinsey Report (released in December 1999) identified various segments of Software Industry as IT Services, Software Products, IT-Enabled Services and E-Business. The contribution of these sectors to the overall targets by 2008 viz. US $ 50 billion (Rs. 2,25,000 crores) for software exports and US $ 37 billion (Rs. 1,66,500 crores) for domestic software as estimated in the report are given in Table-I below:

TABLE-I

	Segments
	Export
	Domestic
	Total

	
	US $

Billion
	Rs.

(in crores)
	US $

Billion
	Rs.

(in crores)
	US $

Billion
	Rs.

(in crores)

	IT Services
	23
	1,03,500
	15
	67,500
	38
	1,71,000

	Software Products
	8
	36.000
	       12
	54,000
	20
	90,000

	IT-Enabled Services
	15
	67,500
	18
	18,000
	19
	85,500

	E-Business
	4
	18,000
	27
	27,000
	10
	45,000

	Total
	50
	2,25,000
	37
	1,66,500
	87
	3,91,500


 [1 US$ = Rs.45]


Various segments of IT industry require different skill levels. While the manpower for Software Products segment require highest skill level, the IT-enabled Services segment could be served by professionals who could come from non-IT disciplines as well but have adequate proficiency in handling IT tools relevant to the sector concerned for which IT enabled services are to be provided. Manpower skills available in the country from various institutions can be classified under three broad categories as given in Table-II below:

TABLE-II

	Category
	Qualification/Source
	Segment for which suitable

	A
	B. Tech CS/E * from Grade A Institutes
	Software Products

	B
	Non-CS/E   B.Tech from Grade A, CS/E from Grade B and MCA from Grade A & B Institutes
	IT Services

E-Business

	C
	B.Tech from other Institutes, Non-formal Stream & Diploma from Polytechniques/ it is
	IT Services

E-Business


(*CS: Computer Science, E: Electronics)

In the above table, institutes have been graded as A, B and C based on the skill level of IT professionals being produced by them. In the present system, IITs, IIITs and IISc. are considered to produce highest quality of engineering graduates in the country and have been graded here as A category institutes. With a view to enhance the base of high quality professionals in the country, it is necessary to strengthen the quality of large number of next category of institutes to this level.  Other institutions will continue to be graded as B and C based on the ranking given by AICTE and Ministry of Information Technology from time to time.


The per capita productivity of IT professionals also varies according to their skill levels. Expected annual per capita productivity by the year 2008 is US $ 100,000 (Rs. 45 lakhs) for Category A skills, US $ 75,000 (Rs. 33.75 lakhs) for Category B skills and US $ 15,000 (Rs. 6.75 lakhs) for Category C skills. Based on these productivities and targets to be achieved in the year 2008, the estimated number of professionals required under various categories to serve the needs of different segments of IT industry are given below in Table-III:

TABLE-III

	CATEGORY


	Targeted Turn Over in 2008 

[X]
	Per Capita Productivity

(Annual)

[Y]
	No. of people required to achieve the targets at the beginning of the year 2008

[X/Y]

	
	US $ B
	Rs. (Crores)
	Rs. (Lakhs)
	(in Lakhs)

	Category-A

 Software Products 


	20
	90,000
	45.00


	2.00



	Category-B

 IT Services 

 E-Business
	38 

5
	1,71,000 22,500
	33.75 

33.75
	5.07 

0.70

	Sub-total
	
	
	
	5.77

	Category-C

 IT-Enabled Services 

 E-Business


	19 

5


	85,500 

22,500
	6.75 

6.75
	12.60 

3.30

	Sub-total
	
	
	
	15.90

	TOTAL
	
	
	
	23.67


 [1 US $ = Rs.45]

Note: 
For the purpose of analysis in this Table, the segment of Software Products has been considered to require manpower with highest skill level. The segment of IT Services and half of the E-Business will need skill level of category B manpower as defined in Table-II. The remaining segments of IT -enabled Services and half of E-business can be catered to by Category C professionals sourced largely from Non-formal IT Training Institutes and other engineering/ diploma level students.


As per analysis presented above; a total of23.671akh IT professionals are required for IT industry to enable it to achieve the targeted growth by 2~08. As the manpower for achieving the turnover in the terminal year should be available at the beginning of the year, the total manpower of 23.67 lakh professionals should be available to the industry by the year 2007. Based on this analysis, annual manpower requirement in next seven years works out to be as given below in Table IV:

TABLE-IV

	Category
	Total Requirements by 2007 (7 years) [X]
	Average Annual Requirement [X/7]


	Cumulative Average Annual Requirement

	A
	2.00 lakhs
	28,500
	(A) 28,500

	B
	5.77 lakhs
	82,500
	(A+B) 111,000

	C
	15.90 lakhs
	227,150
	(A+B+C) 338,150


As per above analysis, 28,500 IT professionals of skill level of Category A are required on an annual basis for the next seven years. A total of 1,11,000 IT professionals will be required with the skill level of Category A and B. Category C professionals for segment of IT-enabled Services and half of the requirements of E​-Business segment will be 2,27,150. This brings the total annual requirement of 3,38,150 professionals for all segments of software industry.


The study commissioned by NASSCOM (Mckinsey report) in December 1999, has estimated manpower working in software industry as 2.8 lakhs.  As per above analysis, the number should reach the level of 23.67 lakh by 2007 with 2 lakh of Category A, 5.77 lakh of Category B and 15.9 lakh of Category C professionals. Retaining the same category-wise proportion of manpower and annual requirement as above, the fol1owing Table-V presents yearly profile of manpower requirement in the three categories:

TABLE-V

	Year
	Category of Manpower (in lakhs)

	
	A
	B
	C
	Total

	2000
	0.236
	0.683
	1.880
	2.80

	2001
	0.285
	0.825
	2.272
	3.38

	2002
	0.570
	1.650
	4.543
	6.77

	2003
	0.855
	2.475
	6.815
	10.15

	2004
	1.140
	3.300
	9.085
	13.03

	2005
	1.425
	4.125
	11.356
	16.91

	2006
	1.710
	4.950
	13.627
	20.29

	2007
	2.000
	5.770
	15.900
	23.67


Present level of annual manpower generation:


The present level of annual manpower generation for various Courses in the Institutes in the country is given below in Table- VI:

TABLE-VI

	Discipline
	No. of Institutes
	Capacity intake

(All Streams)
	Capacity intake

(CS&E Streams)
	Capacity intake in Streams other than CS&E Streams

	M.Tech (CS/E)
	242
	20,000
	3,200
	16,800

	B.Tech (CS/E)
	>700
	1,78,000
	60,000
	1,18,000

	MCA
	310
	10,000
	10,000
	--

	Total (Degree Holders)
	2,08,000
	73,200
	1,34,800

	Diploma (CS/E)
	1300
	2,50 000
	90 000
	1 60 000

	ITI (CS/E)
	>4,000
	--
	6,40,000
	--


It may be seen from above that out of 2,08,000 technical professionals (degree holders), 73,200 belong to Computer Science/ Electronics Streams, conventionally considered to be IT disciplines. This leaves 1,34,800 technical professionals (degree holders) from non-IT disciplines. The total requirement of Categories A and B IT professionals estimated to be 1,11,000 could, therefore, be met by 73,200 people generated and remaining 37,800 out of professionals through non-IT disciplines who may go undergo 'Bridge Programmes' for cross-migration to IT disciplines. Out of 73,200 graduates who come from IT related disciplines, 28,500 should belong to skill level of Category A. Assuming 50 students in each of the IT related disciplines, viz. Computer Science (CS), Electronics (E) and Electronics & (Tele) Communications (EC) stream in an institute, we would get 150 students per institute per year. Accordingly, for 28,500 students, we would need to upgrade 190 institutions to Grade A level to meet this requirement.


The annual requirement of 2,27,150 of Category C professionals can be sourced out as given in Table VII:

TABLE-VII

	Category
	No. of Students

	Non-formal Stream from IT Training Institutes
	200,000

	Graduates from Grade C Institutions
	97,000

	Diploma from Polytechniques (CS/E)
	90,000

	Diploma from  it is
	50,000

	Total
	437,000
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