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OVERVIEW

The future of India will be fashioned in her classrooms. While India has
made great strides in improving her education system, much still remains
to be done. The goal of this report is to outline how information technology
(IT) can help create an education system that is based on the principles of
helping teachers be effective in what they do; improving the quality and
relevance of classroom instruction; and making quantifiable and
measurable progress towards improving efficiency. All this is to be done
with an understanding of the special social, cultural, political, infrastructural

and economic factors prevalent in the country.

We have elected to focus on school-level education, simply because that
is where the foundations for learning are laid and it is where the most
daunting challenges lie. However, most of our recommendations could

also extend to college-level education.

Our findings suggest that IT can help address three important challenges

facing school education in India:

1. Improving performance. Less than a tenth of those who enter the
school system qualify for a collegiate education. A majority of those
who do qualify do so with very poor grades.

2. Improving teacher-training. There are large numbers of under-qualified
teachers and many more who need further professional education and
training as they work.

3. Improving the quality of instruction material. Text books are updated

infrequently and often contain errors.

We have elected to
focus on school
education, as this
is where the
foundations for
learning are laid.



India should

look towards
developing new
models for
designing
curricula, and for
helping teachers
and students.
These can be
achieved using an
Education
Collaboration
Network.

We believe that to address these challenges, we should look

towards developing:

New models for designing relevant curricula: We envisage a system
that encourages the mass participation of experts, teachers, and
students in shaping and updating curricula in a timely manner.

New models for authoring training material and teaching aids: We
envisage a system that allows teachers and students to comment and
discuss sections of text books, link supplementary material for further
study, share lectures, exercises, assignments, tests and so on. We also
see the participatory development of training material for helping
teachers and administrators update and enhance their skills.

New models for providing access to teaching aids: We envisage a
system in which every teacher is able to access and use teaching aids
developed anywhere, and by anyone.

New models for teaching students: We envisage a system that can
provide flexible ways of teaching students, in the face of socio-
economic pressures that make it difficult for students to attend regular
classes, and systemic pressures that have resulted in a shortage of

qualified teachers.

This report is about achieving these goals within the framework shown in

Figure 1. At the core of this figure is an ‘education collaboration network’,

or ECN, that has at least the following properties:

It is highly distributed and capable of taking advantage of existing
infrastructure in the country (like EDUSAT, Vidhya Vahini Labs and
Teacher Centres);

It makes provisions for dealing with different levels of IT maturity and
multiple languages; and

It is based on open standards for encoding and accessing content.

Here are some scenarios that we think will become a reality with

such a network:

USAGE SCENARIOS

Ashok, Science teacher, Rural Madhya Pradesh

B Ashok wants to improve his understanding of Newton’s laws for his
lecture next week. Neither he nor the school he works in has
a computer.

B He goes to a community portal in his village, which has been
integrated into the ECN and begins his search using an easy-to-use
graphical interface.

B He finds a ranked list of material matching his requirement (the ranking
is based on past searches, access by and recommendations from
other teachers).

B He also finds notes from Mandira Mukopadhyay, a teacher in Kolkata on
how she taught Newton's laws (the original notes were in Bengali but
were translated into Hindi by Nimish who lives in Allahabad). Ashok
prints the notes using the free quota available to him for this purpose.

B There is also a video by Professor Goyal. He sees the video and makes
some notes.

B Ashok also finds some problem sets and test questions provided by
other teachers. He prints these support materials.

B Ashok’s selections are recorded by ECN to refine the ranking of

its content.

The Education
Collaboration
Network (ECN)
will use existing IT
infrastructure and
account for
different levels of
IT maturity and
multi-lingual
content.



The ECN should
enable distributed
content creation
and new forms

of teaching.
Teaching material
can be corrected,
accumulated

and re-used.

Uma, a dedicated physics teacher in Kerala

B Uma also wants to improve her understanding of Newton'’s laws for her
lecture next week.

B However, unlike Ashok, she works in a school that has provided
a computer in the faculty room and there is one TV and a (video) CD
player per class room.

B Uma uses the Internet to get into the ECN and carry out her search and
also finds the same material as Ashok (although probably not in the
same order as Ashok, given his selection and those of other teachers).

B Uma ‘burns’a CD of the Professor Goyal's video. Instead of lecturing
herself, she replays the video recording. She takes on the role of the
discussant, occasionally halting the lecture to add supplementary

explanations from her experience or to answer questions.

She creates a new problem set that combines ideas from the ones she
found on the ECN and her own problem sets from the past and adds

it to the ECN. She also adds comments about her use of Professor
Goyal's lecture and how her students did on the new problem set.

Her material now becomes available to other teachers using the ECN.

Ruhi, a social science teacher in Belgaum, Karnataka

B Ruhi teaches in a school near the Maharashtra border. She is using
a textbook in the Marathi language. She has to lecture on India in world
affairs. Her school has an EDUSAT terminal.

B She sees the map on page 107 in which China is in India, Pakistan is
an island in the Arabian Sea and Tibet has moved to Bay of Bengal.
It also shows SAARC members like Bhutan, Bangladesh, and Nepal
as island-nations."

B Ruhi tells her students about this error and later goes to the EDUSAT

terminal, connects to the ECN and records these errors.

1. These errors were reported recently in a national newspaper (The Times of India, 11th November, 2004).
The report is from Karnataka, although the actual location is not mentioned.

FIGURE 1. Framework for a collaboration-based education system.
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We are, of course, aware that technology alone cannot solve a complex
problem such as providing universal, high-quality education to a country
as large and diverse as India. Nevertheless, we believe that the approach
advocated here can form the cornerstone for a modern education system
that can serve us well into this century. Specifically, in the near-term we
believe the ECN will allow:

B Teachers and students to work together to develop education and
training materials, such as supplements to textbooks and teaching
support materials.

B Teachers and administrators to work together to identify deficiencies
in curricula and associated textbooks, and develop solutions for
addressing the problems.

B Teachers and students to have access to education and
training materials.

B Teachers and administrators to experiment with new methods of

teaching and training.



In the long term,
teachers will
become better
teachers,

the material

will improve and
operational
efficiency

will increase.

In the long term the ECN will:

B Help teachers become better at what they do;

m  Allow the development of better instructional material; and

B Improve operational efficiency by using information-based methods

for planning and distribution of materials.

The rest of the report is devoted to our key findings, specific technology
recommendations, a proof-of-concept system design for the ECN and
a discussion of why we believe the ECN could revolutionise the

education for all.

FINDINGS AND
RECOMMENDATIONS

Our principal focus is on the use of IT to improve the state of Indian
education. It is instructive to examine the backdrop against which this
exercise is undertaken. Despite impressive achievements over the past 50
years, significant concerns remain. Focusing on school education

(see Appendix ), the most important of these are:

B Performance: Itis estimated that of 100 children enrolled in Standard |,
only about six to eight complete school and qualify for collegiate
education. For a majority of those who do qualify in the third division
a special concern appears to be performance in English, the Sciences
and Mathematics.? The DPEP Baseline Surveys® also provide evidence
of the poor performance of students. The data analysis shows that the
extent of repetition in Grade | in some states is about 30-40 percent.
The sixth All India Educational Survey conducted by NCERT in 1993
reported a repetition rate in the range of five to seven percent in each
grade.* A number of reasons have been put forward, including poor
quality of schooling and management, lack of school’s facilities,
distance of schools, too few teachers or poorly qualified teachers,
lack of female teachers, expense of schooling and the demand for
child labour.®

B Teacher training: There are large numbers of under-qualified teachers
and many more who need further professional education and training
as they work. Estimates suggest that 51 percent of the teachers are
higher secondary qualified or below (24 percent secondary, 4 percent
below secondary), 31 percent are graduates, 10 percent are post

graduates and only 44 percent have received in-service training.®

> N

. M. Mukhopadhyay, ‘Indian Education: Overview, Issues, and IT intervention’, IBM Internal Report, 2004.
3. The DPEP, or District Primary Education Programme, was launched in 1994 with assistance from

international organisations (like the World Bank) to supplement governmental efforts to provide primary
education for all children.

4. Y. Aggarwal, ‘Regaining Lost Ground: The Malaise of School Inefficiency’, National Institute of
Educational Planning and Administration (NIEPA), 2002.

5. An extensive compilation of these for primary education is available in ‘Public Report on Basic Education’

(PROBE), Oxford University Press, 1999. We will henceforth refer to this as ‘the PROBE report’.
6. Source: Mukhopadhyay (2004

Despite impressive
achievements over
the past 50 years,
significant
concerns remain
about the
education system.



We have elected to
focus on areas

in which we
believe IT can
make a significant

difference.

B Teacher-student ratios: The teacher-student ratios in primary grades
are the worst. The current ratios for Primary, Secondary and Higher
Secondary Education stand at 1:43, 1:34 and 1:34 respectively. 1.4
percent of the Primary Schools have no teacher while 19 percent have
a single teacher and 43 percent have two teachers. 0.9 percent of
primary schools have a teacher-student ratio of worse than 1:100 and
another 26 percent have a ratio of worse than 1:60.”

B Quality of material: Text books are updated infrequently, and often
contain errors. The process of updating text books and curricula does
not appear to have any collaborative feedback mechanism for

gathering inputs from teachers and students.®

A further concern, of an operational nature, is this:

B Data: While there is now a good mechanism for collecting some kinds
of data at the primary level®, there are no corresponding mechanisms
for other levels of education making it difficult to plan effectively for
these levels. Education statistics, where available can result in biased

estimates of performance or efficiency of individual schools.™

A greater reliance on IT can provide more effective means to address some
of the problems underlying these concerns. We have elected to focus

on areas in which we believe that IT can make a significant difference.

For each such area, we will present our principal findings and enumerate
some solutions, restricting ourselves in the former to problems that we
believe can be addressed by the use of information technology; and in the

latter to IT-based solutions.

7. District Information System for Education Report for 2003 (DISE 2003). See hitp://www. dpepmis.org/
8. Source: Mukhopadhyay (2004,).

9. The DISE project (http://www.dpepmis.org/) maintains data on primary school facilities in almost all
Indian districts.

10. Source: Aggarwal (2002)

In developing our recommendations, we could have adopted one of the
two approaches: either propose specific solutions for one or more of the
problems considered; or concentrate on the IT requirements common to
all the problems. We have elected to do the latter. Consequently,

our immediately actionable recommendation concerns the IT infrastructure
for enabling mass collaboration of educationists, teachers, administrators
and students. Solutions for specific problems can be built utilising this
infrastructure. In later sections we provide a technical design for such

a collaborative network and some illustrative examples of its use.

Our immediately
actionable
recommendations
concern the IT
infrastructure for
enabling mass
collaboration of
educationists,
teachers,
administrators
and students.
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Our findings suggest that there are three areas in which the imaginative
use of IT can significantly alter the current landscape. In order of
decreasing priority, these are™:

1. Helping teachers become better at what they do, by enabling
collaborative development of teaching material and making this
material accessible to all.

2. Improving the quality of instruction by enabling mass participation
in developing curricula, monitoring text books and creating
supplementary material.

3. Improving operational efficiency, by enabling the collection of
disaggregated data, and the use of information-based methods

to procure and distribute materials.

CONCERNING TEACHERS AND TEACHING

The principal concerns regarding teachers and the teaching profession are

as listed below:

B High work-loads: The teacher-student ratio has changed unfavourably

over the decades. This is especially the case with primary education

(nearly 20 percent of primary schools have just one teacher) and
matters are expected to get worse. ™

B Lack of support material: Teachers are largely dependent upon
conventional tools like chalk boards for teaching and have almost
no access to other supportive material (like lesson plans and
supplementary material to text books) or any means to share and

re-use resources.

m  Lack of training: A majority of teachers have themselves not studied

beyond the higher secondary level and less than 50 percent have
received any form of in-service training.™ The result is that teachers
do not benefit from new advances and continue to teach

outdated material.

11. See Appendix I for details of our fact-finding process.

12. The current ratio is 1:4.3 for primary education. The PROBE report estimates that if all children who
should be in school do indeed go to school, then this ratio may be much lower.

13. Source: Mukhopadhyay (2004).

Helping teachers
become better at
what they do ts an
immediate concern.
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B Lack of motivation: Teacher motivation has long been identified as
a key issue that needs strengthening, in order to significantly raise
educational standards.™ A direct indicator of teacher motivation is the
significant absenteeism of teachers in schools. A recent study presents
findings that place India next to last in the prevalence of teacher

absenteeism in a study of eight countries.™

[T-based solutions could be developed to address some of these concerns.
The collaborative development of teaching support material is possible,
which could then be made accessible to teachers anywhere in the country;
teachers and students could participate in discussions and comment on
textbooks or lectures; for those schools with a cheap playback device,
‘virtual’ teaching with flexible class hours is possible; and training material
could be developed to help train teachers and administrators.™ All these
solutions require a platform for developing content by collaboration and

mechanisms for making this content available to anyone.

14. As far back as 1986, The National Programme on Education in its programme of action refers to the
crucial link between teacher motivation and the quality of education.

15. See: M. Kremer, K. Muralidharan, N. Chaudhry, J. Hammer and F. Halsey Rogers,
“Teacher Absence in India: A Snapshot’, World Bank Research Working Paper, June 2004
(available at hitp://econ.worldbank.org/view.php ?id=36660). The report finds absenteeism ranges
Jfrom 15% to 42% (depending on the state).

16. On the face of it, while none of the solutions appear to address directly the motivation problem, they may
still have a beneficial effect: Kremer et al. (2004.) report that teacher absence is correlated not with pay, but
with incentives to attend work. It is possible that being in a position to participate in the development of

14 education and training material and to acquire new training at any time could provide such incentives.

CONCERNING WHAT IS TAUGHT

Shortcomings on what is taught in classrooms fall largely into two

main categories

B Concerns about the curriculum: There do not appear to be
mechanisms in place to ensure that the curriculum keeps pace with
developments in the fields being taught. In addition, some educationists
express the view that the material taught is too theoretical and places
an undue emphasis on learning by rote.” Finally, vocational aspects are
not adequately covered.

B Concerns about the education material: There does not appear
to be any established principle on the timely revision of textbooks;
textbooks can contain factual errors; students find it difficult to relate
examples and illustrations®™ and there is often a significant difference
between textbooks and teaching material used by private and

government schools.

Relevant IT-solutions that address these shortcomings are:

B Tools that allow experts, teachers and students to provide feedback
on the updates needed in the curricula;

B Tools that allow sources to create, in a timely manner, high quality
instruction material (including texts and workbooks) and
supplementary material (like corrections to textbooks and updates
on new developments); and

B Mechanisms for sharing instruction material amongst schools.

Once again, the principal requirement for these solutions is an

infrastructure for collaborating and sharing information.

17. Source: Mukhopadhyay (2004).
18. This point is brought out forcefully in the PROBE report.

Concerns about
what is taught in
classrooms centre
on the curriculum
and the quality
of education
material.
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CONCERNING OPERATIONAL EFFICIENCY

Improving operational efficiency is an important consideration in a sector

where almost 90 percent of current costs are salary-related. We find

shortcomings on three fronts:

Estimates of supply and demand: Currently, data on school facilities
are only available for primary education (through the DISE project).
There is also no clear picture on the education requirements of the
population by geographic location, socio-cultural groups and so on.
Estimates of performance: The performances of individual schools
along some standardised scales are usually not available.
Procurement, distribution and production: Textbooks must be
physically transported to sales outlets, and delays in the process mean
that schools do not always have the latest available edition.
Consequently, students often continue to use earlier editions,

fail examinations and eventually are forced to drop-out.™ Although the
cost of governmental textbooks are kept as low as possible, up to

30 percent of the costs of production remain non-paper related.

The following are examples of [T-based solutions for these problems:

B Constructing and maintaining a nationwide registry of facilities and

performance statistics, collected at a level of detail that could be used

in planning and management;

B The use, wherever possible, of supply-chain management techniques

for procuring and distributing materials efficiently; and
By retaining content in electronic form to delay commitment to paper

form to as late in the distribution process as possible.

19. Source: IBM interviews and Mukhopadhyay (2004,).

In all the cases, primary requirements of [T-based solutions consist
of the following:

B Data collection and storage: Depending on the purpose, data would

be collected across the nation for tasks like monitoring or facility
mapping. The collection and storage mechanism would need to make
provisions for dealing with multiple data formats, languages, input
devices, levels of reliability and ‘[T-readiness.’ In addition, there will also
have to be in place ‘information life management’ methods and
associated policies for managing the data collected.

Data analysis: This will involve using computational tools that
calculate optimal or near-optimal solutions for specific problems being
addressed (like facility planning or performance assessment).

Good solutions will require the data used for computations to be

up-to-date, of high quality and available at any location.

17
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Our findings in the previous section suggest that there are two

requirements for IT-based solutions:

1

Hardware and software infrastructure for enabling the collaborative
development of content and making this content available across

the nation. The resulting solutions are intended to assist teachers,
educationists and students and to improve the quality of

classroom instruction.

Hardware and software infrastructure for collecting and analysing data
from sources across the nation. The resulting solutions are intended to

help administrators improve operational efficiency.

Our findings suggest further that it is the first of these that is an immediate

priority for the country (see Appendix Il). Consequently we do not propose

to elaborate on the latter requirements, except to note that they entail

infrastructure for anytime, anywhere access to integrated (sometimes

called federated) views of the data, using whatever means of data

communication exist.

Turning to enabling the collaborative development of content,

we recommend, as a priority, the building of an Education Collaboration

Network (ECN). The ECN should achieve the following:

B New models for designing relevant curricula: Teachers, students

and other experts should be able to participate in shaping and
updating the curricula in a timely manner.

New models for creating training material and teaching aids:
Teachers and students should be able to comment on and discuss
sections of textbooks; link supplementary material for further study;
share lectures, exercises, assignments, tests, and so on. It should also
be possible to develop training material for helping teachers and

administrators update and enhance their sKills.

An immediate
priority is the
hardware and
software for
enabling
collaborative
content
development

and making this
content avatlable
across the nation.
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The ECN will
handle different
levels of IT
maturity and
multiple
languages. It will
benefit from
existing IT
infrastructure in
the country and
will be based on
open standards.

22

New models for providing access to teaching aids: While
contributors to the creation of teaching aids are likely to be fewer, every
teacher should be able to access and use them.

New models for teaching students: The network should allow flexible
ways of educating students, in the face of socio-economic pressures
that make it difficult for students to attend regular classes, and systemic

pressures that have resulted in a shortage of qualified teachers.

The principal requirements of the ECN are the following:

In the next section we elaborate on one possible system design of the ECN.

It should be capable of handling different levels of IT maturity and
multiple languages.

Highly distributed and able to capitalise on existing IT infrastructure
(for example, like EDUSAT and Vidya Vahini).

Based on open standards for encoding and accessing content.
Appendix Il describes some successful existing efforts, in other fields,

of mass collaboration based on open standards.

BUILDING THE EDUCATION
COLLABORATION NETWORK

There are a number of IT-based initiatives that have already been started
by government and non-governmental organisations. It is only appropriate
that any architecture for the ECN should benefit from them. The specific
architecture we propose is a Web services oriented one?’, based on open
standards. Everything that is proposed can be implemented immediately,

using commercially available components.
The architecture proposed — a physical picture is shown in Figure 2 —
is principally composed of two parts: a ‘client platform’ and a

‘server platform.

FIGURE 2. A physical view of the ECN.
Gomputing
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Integration
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Ecy Server Software platfo’

ICT Infrastructure

=00
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20. Web services are a new kind of Web application. Web services are self-contained, self-describing, modular
applications that can be published, located, and invoked (by other applications) across the Web (see
hitp:/fwww.w3.org/2002/ws/).

23
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CLIENTS AND SERVERS

The client-server architecture is a widely accepted way of building a

distributed system in which software is split between computer processes
called ‘'server’ tasks and ‘client’ tasks. A client process sends requests to a
server process, according to some protocol, for information or action, and

the server responds.

For the ECN, the client side of the architecture consists of facilities for offline
content access, content authoring and collaboration capabilities depending
upon the infrastructural support. The activities of a user will result in client
processes that send and receive information from one or more servers.
There is no requirement that clients (or servers, for that matter) have to use
the same operating system or hardware and we expect the ECN will be

able to support the kinds of clients shown in Table 1.

TABLE 1. Examples of the kinds of clients to be supported by the ECN

Client type Example operating Example devices

environments

Thick client Windows platform, PCs, Simputers, high-end
Linux personal digital assistants

(PDAs), Internet-enabled

appliances.
Thin client Internet browser running PCs, Simputers, high-end
on Windows platform, PDAs, kiosks
Linux
Low-memory Internet browser running Low-end PDA,
client on Windows platform, Wireless Application
Palm Operating System Protocol (WAP),
General Packet Radio
Service (GPRS)
enabled mobile phones
Non-computing - Televisions, telephones

device

Of these, thick clients will enable a user to access content online and
offline, create multimedia content, collaborate with others at different levels
such as mail, chat, projects and so on. Thin clients provide a Web
browser-based infrastructure with limited storage facility. This category
of clients will primarily allow content access and support simple content
creation. Low-memory devices and non-computing clients are adequate
for users that only require content access (the former will also allow
electronic mail and ‘chat’). Taken together, the clients will be able to
support different levels of IT maturity, ranging from settings that have
high-speed connectivity and a high awareness amongst the users, to
settings with limited connectivity provided by community centres to a

populace with very rudimentary knowledge of IT capabilities.

Servers provide back-end support for the different clients. The ‘services’

that we expect to be offered by a server in the ECN are shown in Table 2.

TABLE 2. Examples of the services offered by servers in the ECN.

Service Function

Presentation Enables users to access domain-specific content.

Supports all client types.

Infrastructure Basic infrastructure level services that would be
required by applications (like system management,
lifecycle management, workload management,

storage management and security).

Information Handle content organisation, lifecycle, storage,

distribution, authoring, search and so on.

There is more to the client-server architecture than the client devices in
Table 1 and the services in Table 2. Without going into detail, this would
include support for clients to communicate to the server; the flexible

addition of applications to a client platform based on open standards

25
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(applications here refer to tools for authoring, access, multimedia
manipulation and so on); application services that can be provided by the
server; the integration services provided by the server, and so on. Logical

views of the client and the server platforms are shown in Figures 3 and 4.

Figure 3. A logical view of the components comprising the client platform.

Personal Authoring Tools

Access Tools

Communication (FIP Client..) (Content,

Tools Multimedia..)

Server Application Application Presentation
Access Integration Lifecycle Management

Figure 4. A logical view of the components comprising the server platform.
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Presentation
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Integration Bus

Infrastructure Infrastructure
Services Services

To support the interactions envisaged between clients and servers in the

ECN, the presentation services of the server needs to support the

following methods of communication:

SOAP?" for simple message querying and retrieval with and
without attachments.

HTTP?2 requests and responses.

FTP2 for transferring multimedia files.

WAP?* for mobile access of information and status updates.
Cable networks for client devices with non-computing abilities for

simple audio and video streaming

Figure 5 depicts a logical view of the interaction between clients

and a server.

FIGURE 5. A logical view of client-server interaction.

21.
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23.
24.
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SOAP (Simple Object Access Protocol) is a way for a program running in one kind of operating system to
communicate with a program in the same or another kind of an operating system (see hitp://www.w3.org/

TR/soap/).

HTTP (Hypertext Transfer Protocol) is a way of transferring information between servers and
Web browsers.

FTP (File Transfer Protocol) is a way of copying files from one computer system to another.

WAP (Wireless Application Protocol) is a way of allowing communication between wireless devices.
It allows, for example, a mobile telephone to access the Internet. 27
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We do not commit here to any particular arrangement of client and server
nodes (the network’s ‘topology’). We expect this will evolve as the use of
the ECN becomes widespread. Nevertheless, given the economic and
infrastructural realities in India at present, we would expect server nodes to
be hosted — initially at least — by state or regional authorities, district
educational centres or urban schools. We would also expect that, reflecting
infrastructural constraints, server platforms would run on a ‘virtualised
environment’. This would enable them to utilise processing and storage
resources already available to the ECN, thus reducing significantly the initial

expenditure of setting up a node in the ECN.

Finally, although we do not intend to comment here on usage, it is
nevertheless instructive to point out how the infrastructure we have
proposed actually addresses some issues that arise naturally in India:

B The different types of clients (thick, thin, low-memory and
non-computing) allow for users with a wide range of IT facilities
and awareness.

B Access to material and collaboration can be achieved using
communication technology ranging from the Internet (using, for
example, PCs, Personal Digital Assistants or smart phones) to the
telephone network.

B The infrastructure allows for both automatic translation of content from
one language to another and distributed translations by multi-lingual
users. Since the latter are more likely to be done for texts found to be
beneficial, the system should eventually benefit from translations of the
best in a language.

B As it builds on existing IT initiatives, the cost of developing the ECN
should be relatively low. Further, rather than commissioning content,
it attempts to make use of the country’s large educated population.
Regulation, although possible, is not mandatory. It is replaced instead

by a form of self-regulation arising from collective wisdom and

usage-based ranking. Other attempts at collaborative content
development (see Appendix Il) suggest this approach scales better,
due largely to a kind of ‘network effect’, in which a fairly small number of

well-meaning (and skilled) individuals produce very high quality content.

As it builds on
existing IT
tnitiatives, the cost
of developing

the ECN should

be low.
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DISCUSSION

India’s school education system in the 21st century faces some
fundamental questions: “How do we reduce the poor performance of
students? How do we improve the quality of teachers? How do we improve

the quality of curricula and teaching materials?”

In many cases, the teacher is at the centre of the solutions proposed.?® This
is not surprising and, in one sense, quite heartening. Every one of us can
probably recall at least one teacher who inspired us, impressed us through
his or her dedication to teaching, helped us to understand a difficult subject
through some unique and insightful explanation, made learning fun and
enjoyable; and one whose class time we looked forward to during the
entire school week. These are the individuals who exemplify the quality and
dedication that can make the difference to any education system. If only we
could amplify their efforts, many of the questions above can be addressed
very effectively. With today’s information technology we have an opportunity
to do just that and our proposed collaboration infrastructure — the
Education Collaboration Network — enables the entire education system to
benefit from the work of dedicated teachers. The infrastructure provides the
facilities needed for teachers to create teaching material, share them on a
wide scale, draw upon the experience and learning of others and impart
the best learning to their students. Thus:
B A physics teacher in Bangalore who has an effective method for

teaching Newton's Laws can gather his teaching methodology,

notes and exercises, and share it with a wider audience of

teachers nationwide.
B Ateacher in Delhi in a school that has a dedicated Internet connectivity

can download material contributed by another teacher, augment it with

a video presentation from another school and make an effective multi-

media presentation for her class.

25. This is also in agreement with our own experience in the use of information technology in education,
gained from the long-running ‘Reinventing Education’ initiative. Some relevant projects within this
initiative are summarised in Appendix IV.

B Teachers in rural Kerala can download material through a community

portal, and print out notes and exercises to be used in their classes.

These are just a few of the possibilities enabled by the ECN. As more
teachers and educators become part of the network we can expect to
see unusual patterns of usage emerge. In a manner similar to other
collaborative efforts — like the World Wide Web — we would expect that
even with a smaller number of initial users the benefits of the ECN should
become apparent enough to ensure wider participation. Indeed,

we would expect this medium, in due course, to become an essential

part of many schools.

Some may be concerned about quality. There have been ample
demonstrations that quality of content can be self-regulated in a
community portal. A working example of this is the Wiki project (described
in Appendix l1). We can expect a similar self-regulating mechanism, driven
by the review and feedback of the users of the material, to ensure that
good quality content emerges. However, the infrastructure itself can use
other methods of monitoring and ensuring quality (like the involvement

of a regulatory body, if needed).

The ECN will eventually require a well-trained set of teachers, educationists
and students to make the best use of the functionality provided by the
network. There are many initiatives currently under way that are addressing
this issue. States are setting up computer laboratories in schools, teachers
are being trained in the use of computers; and community portals are

being set up in many rural areas.
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APPENDIX I: WHY FOCUS ON
SCHOOLS?

Once the teachers know how to use the computers, what next? There has been a massive expansion of schooling facilities since 1947,
The material in this report provides one answer to this — they will now The number of primary schools has increased from about 200,000 in

be able to use the ECN to contribute to the improvement of education 1950-51 to about 660,000 in 2001-02 (Table 3). The upper primary schools
at a national level. increased from 13,596 in 1950-51 to about 220,000 in 2001-02. There are

now estimated to be more than 133,000 secondary and senior secondary

Teachers have long held a hallowed spot in the Indian consciousness.?® schools in India (Figure 6). The growth rate of secondary schools during
With the ECN, we will be ensuring that they will continue to shape the 1986 and 1993 was 25 percent and of senior secondary schools
thoughts of Indians living in what will probably be the pre-eminent 52 percent, compared to about an 8 percent growth rate of primary
information-driven nation of the 21st century. schools during the same period. This provides some indication of the

pressures that the system is likely to face.?”

TABLE 3. Growth of recognised educational institutions.

Year Primary Upper High/Hr. Sec./Inter/
Primary Pre. Jr. College
1950-51 209671 13596 7416
1960-61 330399 49663 17329
1970-71 408378 90621 27051
1980-81 494503 118555 51573
1990-91 560935 151456 79796
2000-2001" 638738 206269 126047
2001-2002° 664041 219626 133492
*Provisional.
26. Recall: “Let thy teacher be to thee like unto a God!”, Taittiriya Upanishad, First Valli, Eleventh Anuvaka 27. Source: National Council of Educational Research and Training (1996 figures). Wherever not referenced,

(a full translation is available at: hitp://wikisource.org/wiki/ Taittiriya_Upanishad). statistics in this section are from Mukhopadhyay (2004).
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FIGURE 6. Growth of schools since 1951
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TABLE 4. Enrolment by stages from 1950-1951 to 2001-2002 (in millions)

Year Primary Middle/Upper High/Hr. Sec./Inter/
(I-v) Primary Pre-Degree
(VI-vii) (IX-X11)

Boys | Girls | Total | Boys | Girls | Total | Boys | Girls | Total
1950-51 138 54 | 192 26 05 31 1.3 02 15
1960-61 236 114 ] 350 51 16 6.7 2.7 0.7 34
1970-71 357 213 570 94 39 133 57 19 76
1980-81 453 | 285 | 738 139 68 | 207 76 34 1.0
1990-91 570 | 404 974 215 125 | 340 128 6.3 191
2000-2001" 640 | 498 | 1138 253 175 | 428 16.9 10.7 276
2001-2002° 636 | 503 | 1139 261 187 | 448 184 121 | 305

* Provisional

YEARS

(Source: Selected Educational Statistics, 1999-2000)

Primary schools accommodate about 113.9 million children (about 122
million in 2002-03). Enrolment in the middle or upper primary stage is about
44.8 million; that in the high and senior secondary stages is about 30.5
million (see Table 4). Thus, the Indian school network accommodates about

197 million students (see Figure 7).

According to the best available estimates, more than 70 percent of children
in the age group 6 to 14 years are enrolled in schools. According to
National Family Health Survey, this enrolment is 79 percent. The Gross
Enrolment Ratio (GER) is still at 94.9 percent. However, according to
estimates provided by the Ministry of Human Resource Development,

the gross enrolment ratio in primary grades is 96.3; 105.3 for boys and

86.9 for the girls (see Table 5). There is a sudden decline in the GER at

the upper primary level — 60.2 percent for both boys and girls, registering

a decline of more than 30 percent. Also, there is an enrolment gap between

boys and girls (although this gap is steadily declining: see Table 6).

FIGURE 7. Growth of enrolment in schools
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TABLE 5. Percentage of Girls Enrolment to Total Enrolment by Stages

Year Primary Middle Sec./Hr. Sec./ Hr. Education
(I-v) (VI-vi) Intermediate (Degree &
(IX-XII) above level)
1950-51 281 161 133 100
1960-61 326 239 205 16.0
1970-71 374 293 250 200
1980-81 386 329 296 26.7
1990-91 4.5 36.7 329 333
2000-2001" 43.7 409 386 394
2001-2002° 441 41.8 395 399
*Provisional
TABLE 6. The Gross Enrolment Ratio (GER)
Year Primary Upper Primary Elementary
(I-v) (VI-VII) (I-vii)
Boys Girls Total | Boys Girls Total | Boys Girls Total
1950-51 606 | 248 | 426 206 46 | 127 | 464 177 | 321
1960-61 826 | 414 | 624 | 332 13 | 225 | 652 | 309 | 487
1970-71 955 | 605 | 786 | 465 | 208 | 334 755 | 444 | 619
1980-81 958 | 641 | 805 | 543 | 286 | 419 | 822 | 521 675
1990-91 140 | 855 [ 1001 766 | 470 | 621 | 1000 | 708 | 86.0
2000-2001" | 1049 | 859 | 957 | 66.7 | 499 | 586 | 903 | 724 | 816
2001-2002" | 1053 | 869 | 96.3 678 | 521 | 602 | 907 | 736 | 824
*Provisional
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The participation of girls in primary education increased from 281 percent
in 1950-51 to 44 1 percent in 2001-02. The gain has been significant

in the elementary grades: from 16.1 percent in 1950-51 to 41.8 percent

in 2001-2002. Gains are equally large in the secondary, senior secondary
and the degree level education. This increasing participation of girls in
education has contributed significantly to the improvement in the gender
parity index. Table 7 shows that this has improved from 0.38 in 1951 to 0.81
in 2001-02. It is perhaps noteworthy that the index has remained steady
at around 0.80 since 1995. This achievement in enrolment is however
largely neutralised by a high drop-out rate. According to available data
(from 2001-02), 39.01 percent children drop out of the primary grade
(standards | to V). The drop-out rate between I-VIlI is 54.65 percent.
Drop-out rates in 1970-71 in primary grades and elementary grades were
67 percent and 779 percent, respectively. In addition, there are more
than 30.58 million children in the 6 to 11 years age group who are still

out-of-school (see Table 8).

TABLE 7. The Gender Parity Index

Year Gender Parity Index
Primary Upper Primary Elementary
(I-v) (VI-Vii) (I-VvIN)
1950-51 041 0.22 0.38
1960-61 050 0.34 047
1970-71 063 045 059
1980-81 067 053 063
1990-91 0.75 061 0.71
1995-96 0.82 073 0.80
1998-99* 0.82 0.75 0.81
1999-2000* 0.82 0.74 0.80
2000-2001* 0.82 0.75 0.80
2001-2002* 0.83 077 0.81
*Provisional
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TABLE 8. Drop-out rates at primary, elementary and secondary stages

1960-61 | 1970-71 | 1980-81 | 1990-91 |1992-93 (1999-2000|2001-2002
Class IV
Boys 61.7 64.5 56.2 401 438 38.7 384
Girls 70.9 709 625 460 46.7 42.3 399
Total 64.9 670 587 426 450 403 390
Class I-VIII
Boys 750 746 680 591 582 520 529
Girls 850 834 794 651 652 580 56.9
Total 783 779 2.7 609 611 545 546
Class I-X
Boys N.A. N.A. 798 675 700 666 64.2
Girls N.A. N.A. 86.6 769 773 706 68.6
Total N.A. N.A. 825 713 72.9 68.3 66.0

A potentially more worrying problem in primary schooling concerns actual
performance. On an average, children take 75 years to graduate the
five-year primary schooling, implying an average of 2.5 years of additional
schooling.?® Despite the high drop-out rate and poor performance, the
transition rate from primary to upper primary is as high as 93.37, but

the actual competency of the students reaching this stage can be

quite variable.

The Sarva Shiksha Abhiyan (SSA) initiative headed by the Prime Minister
and the 93rd Constitution Amendment makes education for 6 to 14 years
a fundamental right and the State is now committed to education for all
with an acceptable level of quality. The challenge is thus of providing an

additional 36.75 million children with a quality education.

28. This does not include poor learning outcome as measurable on any standard achievement tests for
such grades.

According to the 2001 census, the total number of secondary school age
children (14 to 17 years) is 91.7 million. This is 278 million over the
population of the same age group in 1991. By 2011, the size of the
secondary school age group population is expected to reduce marginally
to 89.2 million.2® By 2011, the current enrolment of 20.05 million

in secondary education and 121 million in the senior secondary stage
may rise to 35.6 million and 14.7 million respectively. With improved
efficiency and accelerated rate of growth, enrolment may actually close

to 35.6 million.

Along with the growth of schools, there has been substantial growth of
teachers (Figure 8 and Table 9). It is estimated that there are about 1.93
million teachers in primary grades and about another 1.47 million in upper
primary grades. The number of teachers in secondary and senior
secondary grades and those in higher education are 1.78 million and 0.42

million, respectively.*

FIGURE 8. Growth of teachers
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29. Source: Selected Educational Statistics, MHRD, 2001-02.
30. Source: Selected Educational Statistics, MHRD, 2002-03.
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TABLE 9. Teachers by Type of Schools (in 000')

Year Primary Upper Primary High/Hr. Secondary/

Intermediate

Male | Female | Total | Male | Female | Total | Male | Female | Total

1950-51 456 82 538 73 13 86 107 20 127

1960-61 615 127 742 | 262 83 345 | 234 62 296

1970-71 835 225 1060 | 463 175 638 | 474 155 629

1980-81 1021 342 1363 | 598 253 851 | 669 257 926

1990-91 1143 473 1616 | 717 356 1073 | 917 47 1334

2000-01" | 1221 675 1896 | 820 506 | 1326 | 1184 577 | 1761

2001-02° | 1213 715 1928 | 921 547 1468 | 1157 620 | 1777

*Provisional

The student-teacher ratio is an important determiner of quality of education.

As the educational system has grown, there is a definite and steady

unfavourable change in the student-teacher ratio at all levels (Table 10).

TABLE 10. Pupil Teacher Ratios (PTRs)

Year Primary Upper Primary High/Hr. Secondary
1950-51 20 20 21
1960-61 36 31 25
1970-71 39 32 25
1980-81 38 33 27
1990-91 43 37 31
1995-96 43 37 32
1996-97 43 37 32
1998-99° 42 37 31
1999-2000° 43 38 32
2000-2001" 43 38 32
2001-2002" 43 34 34
*Provisional

Finally, we present some statistics on the educational ‘mortality’ rate.

Of the 100 children enrolled in grade |, not more than 26 reach grade X
(revised estimates suggest this number may be 34). With pass percentage
in board examinations being 50 percent, 13 percent (or 17 percent,
according to revised estimates) qualify for higher secondary education.
According to the available data, only 11 (16 by revised estimates) join
higher secondary classes; and about 50 percent succeed in the grade Xl
exam. Thus, about six to eight of those who began their journey at grade |

qualify for collegiate education (see Table 11).

TABLE 11. Trends in school enrolment

Grades Enrolment in As Percentage As percentage
Millions of Enrolment (Out of 100
admitted in
Grade I)
| 297 1568 100
Il 239 1262 73
[ 21.7 1146 66
% 197 1040 57
\ 189 998 53
Vi 16.9 892 47
VI 14.8 781 41
Vi 132 6.97 38
IX 107 565 30
X 94 4.96 26
Xl 54 2.85 13
Xl 51 269 1
Total 1894 99.99 or 100
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APPENDIX II: FACT-FINDING
PROCESS

The goals to be achieved by the fact-finding process were

as listed below:

1. To identify a small number of needs in Indian education that would
benefit significantly from the deployment of information technology.

2. To identify necessary requirements on any information system designs
that can achieve sustainable solutions to the needs identified in (1).

3. To identify specific IT-based solutions to address some high-

priority needs.

The following materials were available for reference:

a) Reports prepared by government departments and independent
bodies on the state of education in India.

b) Expert opinion on education in India.

c) IBM internal reports on hardware and software for the deployment
of large-scale solutions for education related sector.

d) IBM technical expertise on solutions for large-scale problems.

The following method was adopted:

1. From reports and expert opinion collect a set of education needs.

2. For the set of needs in (1), identify a subset for which it is evident that
substantial information technology is required for a sustainable solution.

3. For the subset of needs in (2), identify a necessary set of requirements
on any IT-based solution.

4. From expert opinion, obtain an ordering (if any) of the subset of needs
based on priority.

5. Develop an IT solution that satisfactorily addresses a high-priority need.

Opinions of experts in the field were obtained using the results of a
questionnaire and interviews. The identification of the subset of needs for
which IT was deemed to be necessary (Step 2 above), the subsequent
identification of requirements (Step 3 above) and the IT solution developed

(Step 5 above) were all done using IBM technical expertise.

The results obtained were as follows.

A. We identified a list of needs to be addressed. Following the Department
of Educationist categorisation®, this list consisted of topics relevant to
the following eight different areas:

1. Elementary education

Secondary education

Higher education

Technical education

Adult and continuing education

Teacher training

Vocational training

© N o o b~ W N

Language development

B. The needs expected to necessarily require IT intervention cluster into
the following categories:

1. Helping teachers become better teachers: This includes
collaborative development of lectures, assignments and tests; mass
participation of teachers and students to comment or discuss
sections of textbooks or lectures; development of training materials
for helping teachers and administrators enhance their skills and
enable access to model lectures, aids created by other teachers.

2. Quality and relevance of classroom instructions: This includes
mass participation of experts, teachers (and even students) in the
development of curricula; tools for the timely creation of
supplementary material and provide new models for imparting
education to enable flexible class hours and compensating for low

teacher-student ratios.

31. See http://www.education.nic.in/htmlweb/main.htm
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3. Operational efficiency: This includes nation-wide data collection of
facilities and statistics to facilitate planning; supply-chain
management techniques for improving operational efficiency e.g.

textbook production.

C. Expert opinion (from responses to questionnaires) suggests that the
first two topics in (B) above (i.e. helping teachers and improving
quality of instruction) are of higher priority than the third

(operational efficiency).

APPENDIX Ill: SOME MASS
COLLABORATION EFFORTS

Three of the most successful IT efforts in the use of mass collaboration to

develop content in the recent past are described here.

WIKI

Wiki refers to server software that allows users to create and edit Web

content using any browser. To edit a Wiki web page (sometimes simply
called ‘a wiki’), the user does not need to know Web markup languages
like HTML. Instead wikis have their own explanatory code that makes it

simple for everyone to contribute to or edit a page.

One very successful wiki is Wikipedia, a free encyclopaedia.

This collaborative encyclopaedia has accumulated substantial information
from all over the globe. It recently topped one million articles. lts English
language version alone has 350,000 pages - three times as many as the
online version of Encyclopaedia Britannica. More than 25,000 contributors
have written or edited at least 10 articles. There are many other wikis:
cookbooks, dictionaries and collections of quotations. Teachers have used

wikis to stimulate discussion.

LINUX

Linux is a computer operating system that was initially created in 1991 by
a student at the University of Helsinki in Finland. The kernel, or the heart of
all Linux systems, is developed and released under the GNU General
Public License and its source code is freely available to everyone. There
are now several hundred companies and organisations and an equal
number of individuals that have released their own versions of operating

systems based on the Linux kernel.
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Apart from the fact that it's freely distributed, Linux's functionality,
adaptability and robustness, has made it the main alternative for proprietary
Unix and Microsoft operating systems. In just a decade after its initial
release, Linux is being adopted worldwide as a server platform, although its
use as a home and office desktop operating system is also

on the rise.

A study conducted in 2000 of a popular version of Linux (Red Hat Linux
71), found that this particular distribution contained 30 million lines of
computer code. The study estimated that this distribution required about
eight thousand person-years of development time. Had all this software
been developed by conventional proprietary means, it would have cost 1.08
billion US dollars to develop. In a later study, the same analysis was
performed for a different version (Debian GNU/Linux version 2.2). This
distribution was found to contain over fifty-five million lines of code and was

estimated to cost 1.9 billion US dollars to develop by conventional means.

OPEN DIRECTORY

The Open Directory Project (or ODP) is the largest, most comprehensive
human-edited directory of the Web. It is constructed and maintained by

a vast global community of volunteer editors.

Instead of fighting the explosive growth of the Internet, the Open Directory
provides the means for the Internet to organise itself. As the Internet grows,
so will the number of ‘net-citizens’, who can each organise a small portion
of the Web and present it back to the rest of the population, culling out the

bad and useless and keeping only the best content.

The Open Directory Project is a tree-like, human-collected thematic
directory of resources in the Internet. Each branch of this tree, called a
category, represents a topic and contains links to resources in the Internet
that relate to this topic. Every link added to the ODP must be accompanied
by a short description (25-30 words) of a resource it points to. The Open
Directory now has more than half a million sites, over 11,000 editors and

nearly 90,000 categories.
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APPENDIX IV: THE ‘REINVENTING
EDUCATION’ INITIATIVE

IBM's Reinventing Education (RE) is a global program spanning 25 sites in
11 countries. The initiative encompasses about 65,000 teachers and

2 million students. Participants in the initiative have used IT-based tools to
address issues like how teaching skills can be developed over a career;
how information is to be shared and used; and how learning is to be
measured. All projects are evaluated independently to examine if they have
had a measurable impact on student performance. After over a decade
the RE initiative was launched in 1994-the emerging consensus from
project evaluations is that IT can have a systematic effect on public
education and classrooms, provided teachers are involved.®? In this section,
we describe RE efforts in three countries that are relevant to the contents of

this report.®®

TEACHER AND STUDENT COLLABORATION
IN AUSTRALIA

Using innovative collaborative software students and teachers in the RE
programme developed in Australia participate in structured open-ended
learning projects. This provides an opportunity to publish their own work

and engage with their peers in online discussion and collaboration.

Over 500 students in the Australian RE network of schools have
participated in a range of online projects that have extended and
enhanced the school curriculum. The projects also appear to have
motivated students to collaborate with their peers utilising a broad range of
information and communication technology skills. Australian schools have
also taken the opportunity to engage in collaboration with international RE
sites. Some examples are:

B A group of principals and teachers participated in a video conference

32. A summary of some of the resulls is available in “The Reinventing Education Initiative From an

Evaluation Perspective: The Role of Technology Partnerships in Addressing Significant Challenges
to Education Improvement’, Centre for Children and Technology Research Report, April 2004
(available at hitp:/fwww2.edc.org/CCT/publications_report_summary.asp?num Publd=164).

33. We do not suggest here that these efforts can be replicated in India. Indeed, each RE initiative is usually

custom-designed to meet the needs of the participants involved. Nevertheless, they include sufficiently many
aspects that are of interest here.

and online communication session with their counterparts in

Philadelphia. The ensuing discussion assisted in the defining of

Australian RE model, which has re-used elements of the RE programme

in Philadelphia.

B Australian teachers and their students have participated in online
interactive video conference sessions with Japanese teachers and
students. The software used gave students and teachers the
opportunity to speak in the other’s language and a window into each
other’s culture and way of life.

B Australian teachers and students have engaged students in the United
States in a ‘Fantasy Football’ project. Aussie kids have explained the
finer points of Australian Rules football to their US counterparts and
have participated in a tightly contested football statistics competition
online involving the selection of key players, their game statistics and
the assignment of points. This project immersed students in an array of
curriculum areas including maths, the arts, English and social studies.

B Students participating in an RE programme in China have discussed
religion, geography, flora, fauna and culture with a group of Australian

students living in a rural country town.

CHANGING CLASSROOM INSTRUCTION
AND TEACHER’S PROFESSIONAL DEVELOPMENT
IN VIETNAM

Education in Vietnam is centralised and schools use a unique textbook

system that complies with the education standards set by the Ministry of

Education and Training (MoET). An RE project was initiated in 1998 as

public-private partnership between the MoET and IBM, involving schools

and a teacher training college. The main objectives of the project were:

1. To change the ways of teaching and learning in schools by integrating
technology into school curricula; and

2. To create a new environment for the professional development of

teachers based on a peer coaching model.
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The initial program was implemented at Trung Nhi Secondary School and
the Hanoi Teacher Training College. RE teachers nominated from this school
were trained in teaching methods (jointly by IBM and the teacher training
college) that incorporated the effective use of technology into their
teaching programs. The RE school teachers then applied the new methods
in four Math and English classes with technical support provided by the

RE college teachers. During this period, 20 teachers, about 200 school
students, and 70 student teachers were involved in the program.

Once the initial group of teachers had mastered the new instructional
methods, additional teachers from other training colleges and schools were
included. By the end of the partnership in 2001, the programme was
implemented in schools in the cities of Ho Chi Minh and Da Nang; and the
provinces of Ba Ria Vung Tau and Nghe An. Since 2002, the MoET has
continued funding expansion of the programme to more cities. The initiative
has contributed to the MoET's strategic educational policies, including new
textbooks for standards | to VI and a plan to equip schools with computer

laboratories and Internet access.

TEACHER TRAINING IN CHINA

A joint effort between the Ministry of Education of the People’s Republic of
China and IBM was launched in 2004. A key feature of this effort is the
utilisation of educationists and practitioners within China and abroad to
share innovative teaching methods and skills with Chinese teachers.

So far, 24 leading Chinese teachers from 12 schools from four regions of
China have participated in skills-transfer sessions led by leading Australian
education experts benefiting about 3,200 students. It is estimated that as
the program expands over the next two years, 1,200 teachers will be
trained, benefiting about 60,000 students. While it is too early at this stage to
obtain an accurate assessment of benefit, early reaction from teachers
appears to be uniformly positive. Children being taught by RE teachers
appear to be proactive; and to have developed good exploratory learning
skills and communication skills. There also appears to be some initial

evidence of improvement in classroom performance.
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