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Editor’s Overview and Contextualisation

Although a report on the Canadian Network for the Advancement of Research, Industry and Education (CANARIE) might initially seem out of place in this compendium, CANARIE was an excellent choice of exemplar for consideration during the early stages of the UK e-University: a government-funded, Internet-oriented, public-private venture with millions invested in the future of e-learning. The similarities between CANARIE and the UK e-University end there, however; to name one striking difference, CANARIE was established as a means to invest across multiple industries and sectors. 

Indeed, in many ways CANARIE is much more similar to JISC (or in fact, JISC and UKERNA combined) – yet with a much wider remit, going well beyond ICT in post-16 education into areas of e-training, e-health and e-commerce. 

Between 1993 and March 2004, CANARIE – a small, non-profit organisation – received government funding of C$360 million (£161 million) for over 225 projects focussed on e-learning, e-content, e-business and e-health. Many would credit CANARIE for assuring Canada’s reputation as a world-leading broadband adopter and innovator (and, more relevant to e-university developments, with helping the country to become a lead developer of learning object repository infrastructure). CANARIE has also helped connect over 2,000 schools, colleges and universities to its advanced CA*NET 4 network, and has created thousands of jobs nationwide. 

When this CANARIE Report was written, CANARIE was an organisation “in full swing”, with government funding assured for over two more years. Nearly all of its projects saw completion by March 2004, however, and many of those discussed below finished long before that. During a presentation in June 2004, CANARIE president and CEO Andrew Bjerring noted that CANARIE’s original mandate had been to “visit the future and report back”
 – now that the future has arrived, it seems, it is the role of CANARIE itself that requires clarification. 

At the time of writing, CANARIE maintains some modest funding for completing the roll-out of CA*net 4 as scheduled, but all other project funding is on hold. Several of Canada’s federal departments are said to be collaborating on what might become a national strategic vision to help frame the future of organisations like CANARIE, and perhaps lead to the creation of an agency not unlike the Department for Education and Skills (DfES) e-Learning Strategy Unit in the UK. Until the emergence of this new strategic plan, hoped to be in the autumn of 2004, however, there will be no further funding for the CANARIE projects described below. Thus it remains to be seen whether CANARIE will succeed at reinventing itself in today’s context.

1.
Introduction
 

The other four exemplars in Act IV’s series of “Impact of the Internet” reports
 portray higher education and private-sector institutions as drivers of the use of the Internet for education and learning, with each entity contributing its own substance to the evolutionary mix. But are there mechanisms for directing and integrating the development of these independent activities? Is there a national benefit to Internet development that extends beyond the self-interest of individual institutions? What is the appropriate role of government? 

The Canadian Network for the Advancement of Research, Industry and Education (CANARIE) is Canada’s advanced Internet development organisation. It began life in 1993 as a not-for-profit organisation, funded by Industry Canada (the federal department of industry) to be an umbrella for diverse activities related to networks and broadband research. One of its major responsibilities has been the on-going development of a national research backbone. In 1999, CANARIE entered into a new contract with Industry Canada to spearhead the development of broadband applications in key areas, including e-learning, e-commerce and telehealth.
 

CANARIE is included as an exemplar here because it provides an interesting case study of a national commitment to the development of Internet infrastructure and broadband applications. Viewing the Internet as more than a technological marvel or a commercial opportunity, CANARIE, through the support of the federal government, has acted on the conviction that the Internet can be a platform of economic development, social advancement and cultural enrichment. 

2.
A National Commitment 

CANARIE represents one element of the Canadian government’s on-going commitment to the Internet as an engine for national economic and social development.

2.1
National Commitment to the Internet

The Canadian government has made a commitment to “connecting Canadians” through improved communications. It has deregulated the telecommunications industry in an effort to promote competition and innovative products and services. It has also launched a number of strategic initiatives on multiple fronts: 

· SchoolNet
 and LibraryNet
 work with provincial and territorial governments, higher education institutions and educational associations to provide Internet resources to the country’s schools and libraries. In March 1999, Canada became the first country to connect all of its schools and libraries to the Internet. The current phase of the initiative involves extending connectivity into individual classrooms.

· The Computers for Schools programme provides schools and public libraries with surplus hardware and software donated by governments, businesses and individuals. By mid-2001, the programme had distributed 250,000 computers. The programme also provides youths with training in computer repair at facilities across the country.

· The Community Access Program provides urban, rural and remote communities with free or affordable Internet access at schools, libraries and community centres. As of March 2001, an estimated 10,000 sites were in operation.

· The Voluntary Sector Network Support Program (VolNet) is an initiative to help voluntary organisations improve their outreach and effectiveness through Internet technologies. The programme offers Internet connectivity, equipment, skills development and support to 10,000 voluntary organisations.

· The Canadian government helps small- and medium-sized businesses make better use of the Internet through the Student Connection Program. The programme hires and trains higher education students as student business advisors, who then provide the businesses with Internet training or e-commerce development. An estimated 64,000 business-people have benefited from these services.

In addition to these education-related initiatives, the Canadian government also funds projects for developing multimedia content, digitising cultural treasures, promoting e-commerce and delivering government services online. These projects contribute to the fact that half of Canadians are now online.
 

2.2
The Next Stage: Broadband 

As we will see below, Canada has already built the core infrastructure for a high-speed research and development network. With that task largely completed, the national debate now focusses on how the network is to be used. Two recent reports have helped to frame that debate.

2.2.1
The Industry Canada Report

On 18 June 2001, Minister of Industry Brian Tobin received The New National Dream: Networking the Nation for Broadband Access, a report from Canada’s National Broadband Task Force. The task force – composed of members from all geographic regions and stakeholder groups, including those focussed on industry, education, libraries, Aboriginal (i.e., First Nation) issues, public interest and the health community – was asked to provide the government with recommendations on how to make broadband Internet services available to all Canadians by 2004.
 The task force defines broadband as “a high-capacity, two-way link between an end user and access network suppliers capable of supporting full-motion, interactive video applications”.

The report concludes that all Canadians should have equitable and affordable access to broadband services, with special focus on rural and remote communities where the private sector is unlikely to deliver services. At the core of the recommendations is an assumption that “countries which are the first to build and use broadband networks will increase productivity in all sectors of the economy, as well as drive exports and investment”.
 

The report proposes that government-funded broadband deployment models should achieve the following objectives: to ensure third-party open access; to ensure competitive and technological neutrality; to ensure sustainability and scalability; to maximise the role and risk-taking of the private sector; to minimise deployment costs; to encourage public- and private-sector partnerships; to respond to community needs; and to build community capacity. The report envisions a two-pronged approach for achieving these goals:

· An infrastructure-support model that provides incentives to stimulate the development of broadband infrastructure and services.

· A community aggregator model that stimulates local-level demand for broadband capabilities.

The task force went through the exercise of estimating what kind of federal government commitments would be necessary to meet these goals. After making several assumptions about private-sector investment, existing programmes and combinations of technologies, the report provided the following estimates about the total required commitment, whatever the public or private source:

· To provide infrastructure to “unserved” communities: from C$1.3 billion (£580 million) to C$1.9 billion (£848 million).

· To connect public institutions: from C$500 million (£223 million) to C$600 million (£268 million).

· To connect businesses and residences: from C$900 million (£402 million) to C$2 billion (£893 million), the great range being a function of different assumptions about technology mix (e.g., wireline, wireless and satellite).

· To fund community champions: from C$50 million (£22.3 million) to C$70 million (£31.2 million).

The government is now considering these recommendations. On receiving the Industry Canada report in June, Brian Tobin said, “The Government of Canada will take these recommendations under serious consideration and determine an appropriate plan of action”. There had been plans to invest “several hundreds of millions, perhaps up to a billion” dollars in the recommendations, but the economy has put that large number in doubt. They will know when the next budget is introduced in February [2002]. This is also a complex issue because the report recommended a public-private partnership, and that takes time to negotiate.

Inevitably, a number of critics of the report have stepped forward. One set of criticisms addressed the report’s key recommendation that, in the interest of promoting further investment, the government should review regulations that restrict the ownership of telecommunications assets to Canadian firms. Some sceptics have pointed out that while this review could bring more competition, it is unlikely to address the core goal of stimulating social development in remote regions. As one critic noted, German companies will not rush into Canada and invest millions of dollars to service a few households on the shores of Hudson’s Bay. 

Others took issue with the commission’s definition of broadband requiring speeds of only 1.5 Mbps. Noting that this speed would not carry many of the anticipated educational and health-care applications, they pointed out that the International Telecommunications Union, a global standards-setting body, defines broadband as capable of running at 10 Mbps. A senior director at CANARIE responded that the task force decided to use the 1.5 Mbps standard “in order not to embarrass the telephone and cable companies on the task force that advertise their residential high-speed services as broadband services”.
 

2.2.2
The CANARIE Report

The second report was commissioned by CANARIE itself, with the support of the government agencies Industry Canada and Canadian Heritage. With an overall objective of understanding the state of broadband content development in Canada, CANARIE sponsored five round-tables across the country “to address strategic questions and articulate the goals and requirements of the interactive content industry”. Starting in January 2001, these round-tables included content producers, broadcasters, games developers, technology companies and academics.

The report, Filling the Pipe: Stimulating Canada’s Broadband Content Industry Through R&D, was developed by a consulting firm (Delvinia) and presented a fairly predictable (given the participants) view of the future:

Virtually all of the stakeholders agree that the future of media rests in a high bandwidth environment where interactivity prevails. Indeed, when asked, most of the individuals consulted for this study predict almost unilateral engagement in the interactive space among Canadians from coast to coast within the next few years. Furthermore, they anticipate a future characterized by a proliferation of devices for the delivery of content anywhere, any time, on demand. Universal access and the pliability of content, where consumers will interact with content and thereby shape it further, will contribute to a blending of domestic and international markets. Borders will dissolve, as the market for advanced content products becomes global.

A number of challenges were also outlined:

· The need for an “extensive and affordable” broadband network.

· The lack of business models that enable people to make money. (After referring to advertisement and subscription models, the report notes that “Indeed, revenue models that sustain interactive content consistently may never emerge”.
)

· The lack of clear conventions on the ownership of intellectual property.

· The lack of incentives for companies (both large and small) to invest in content development.

The report made a number of recommendations that included the development of consortia for knowledge sharing and new partnerships of content producers, technology companies and distributors. Given the high risks and inadequate incentives associated with content creation, as well as the threat of foreign competition, the report also proposed a more activist role for the government. Claiming that the issue of content development is analogous to that of research and development, the report recommends that “CANARIE establish a program for research and development to support innovation of new content and technologies, further the development of existing content and technologies, and conduct baseline research”.
 

2.3
A Commitment to e-Learning

The federal government has recently re-emphasised its commitment to providing broadband service to every community in Canada by 2004. In addition, it has voiced a commitment to e-learning. In late 2000, Industry Canada, in association with the Consortium on Public Expectations for Postsecondary Education of the Council of Ministers of Education, commissioned the creation of the Advisory Committee for Online Learning. In spring 2001, the committee issued its report, The E-learning E-volution in Colleges and Universities. The report offers much of the same analysis that is found in similar documents elsewhere in the world, but it is worth highlighting some its key findings.

The report is framed by “three overriding preoccupations [that] have shaped and guided our deliberations”. These are:

· Fostering a culture of lifelong learning as an essential foundation to building a civil and prosperous society in Canada in a knowledge- and innovation-based environment;

· Harnessing the transformative power of new learning tools to make sure all Canadians can get improved access to the best possible education and lifelong learning opportunities; and 

· Ensuring that Canada’s post-secondary institutions and learnware industry are in the best position possible to secure the benefits and avoid the pitfalls of the move to online learning.

The report is replete with references to the national interest and concerns about foreign, especially US, competition. Comparing the development of a knowledge-based infrastructure with the construction of transcontinental railroads in the nineteenth century, the report states the that “the federal government can bring important assets to the table – its authority over telecommunications and its major investments in national communications infrastructure through Canada’s advanced Internet development organisation (CANARIE), the SchoolNet program, the Community Access Program and other programs”.
 In a country where there is no federal-level department of education, the report is sensitive about the need for online learning content to remain the prerogative of the provinces and territories. It is not clear just who the champion for the report will be.

The report’s “framework for action” offers three broad recommendations:

· Enhance the quality of the post-secondary learning experience through institutional strategies, expanding the amount of high-quality learning materials, and supporting learning research and learnware product development;

· Improve the accessibility and flexibility of post-secondary learning opportunities; and

· Create synergies and greater critical mass within post-secondary education in Canada.

Because Canada does not have a central Ministry of Education, it is difficult to co-ordinate national-level action on the first goal. The last of the recommendations included the development of a Pan-Canadian Online Learning Service.
 This service would provide a range of facilities, services and infrastructure that, while respecting institutional and provincial autonomy, would generate economies of scale for programme development and marketing support.

3.
Overview of CANARIE

A non-profit corporation, CANARIE is supported by Industry Canada (the department of the federal government that promotes economic development), 120 members and over 500 project partners. Its 26-member board has equal representation from both the public and private sectors. Distribution of membership reflects participation from across the country:

· Ontario: 43%

· Quebec: 24%

· Prairie Provinces: 15%

· British Columbia: 9%

· Atlantic Provinces: 8%

· Other: 1%

A membership list is provided in appendix B. Headquartered in Ottawa, CANARIE employs 22 full-time staff.
 

3.1
CANARIE’s Role

CANARIE’s mission is “to accelerate Canada’s advanced Internet development and use by facilitating the widespread adoption of faster, more efficient networks and by enabling the next generation of advanced products, applications, and services to run on them”. Much of CANARIE’s work is project focussed, the unifying goal being to ensure Canada’s technological excellence and to promote the country’s economic growth and competitiveness. Its special focus is to enhance “the widespread adoption of new Internet technologies, especially in critical sectors such as lifelong learning and electronic commerce” and “the development of applications to address structural barriers that impede widespread adoption of advanced applications”.

In addition to improving the Canadian quality of life, CANARIE’s mission is to provide support for Canada’s telecommunications industry. For example, CA*net 3 (see below), Canada’s high-speed R&D network, is meant “to provide equipment manufacturers, carriers and others in the information and communications technology sector with a unique showcase for their cutting-edge technology”. It is great public relations, after all, for a company to say that their components and technology are incorporated into the national broadband network. CANARIE boasts that its 200 advanced Internet applications projects have involved more than 500 companies and created over 2,250 high-technology jobs.

At the intersection of public- and private-sector interests, CANARIE styles itself as a “facilitator”, and its brochures and reports are replete with words like accelerate, bring together, encourage, collaborate and participate. Although much of the funding comes from the federal government, companies and carriers recognise that they will need to contribute their own staff and resources. Their expectation of return is the ability to get subsidies to support building, testing and evaluating their next-generation equipment and services. By 1999, for example, cumulative private-sector and institutional support totalled C$440 million (£196 million) over six years, or four times the government’s contribution.

CANARIE places great emphasis on outreach. In 1998–99, CANARIE hosted five national and international workshops and participated in over 100 conferences worldwide. CANARIE also engaged 12,500 student participants in Treasure Hunt, a programme that develops the searching and Web-building skills of young people. 1,000 companies were reached through the Work the Net programme, which encourages businesses to increase corporate use of the Internet.

3.2
Financial Situation

The year-end 2000 statement of operations is shown on the next page. 
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Statement of Operations
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Fig. 1. CANARIE’s statement of operations, 2000.
 (Source: CANARIE, 1999-2000 Annual Report).

Most of CANARIE’s revenue comes from contribution agreements with Industry Canada. Variability in funding from year to year is a reflection of CANARIE’s programme focus. From 1999 to 2000, for example, a dramatic decrease in revenues is attributable to an organisation in transition, from Phase 2 of a programme with Industry Canada (network development), to the start-up of Phase 3 (advanced applications development). Note, too, that expenses were correspondingly lower. 
3.3
Programme Funding

CANARIE funds projects through a number of programmes. These programmes (such as telehealth, e-learning and e-business, all of which fund specific projects)
 are fairly standard “buckets” of social development activities. Because CANARIE is a consortium of public-private partnerships, there are numerous advisory boards that convene workshops, canvass stakeholders, and identify innovative projects and strategic initiatives. Selection criteria for projects include considerations of demand; the e-business programme, for example, requires that “the project responds to specific user needs and brings together the required players to identify requirements”.
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Fig. 2. CANARIE funding programmes.
 (Source: CANARIE Web site, http://www.canarie.ca/about/index.html.)

3.4
CANARIE Milestones

Established in 1993, CANARIE has evolved through a number of initiatives and projects. The following timeline shows the organisation’s major programmatic milestones.

1993

· March: CANARIE incorporated.

· April: CA*net upgraded to T1 speed.

· June: C$26 million (£11.6 million) Phase 1 funding for network announced.

1994

· February: First set of Technology Development and Diffusion (TD2) projects, totalling C$7 million (£3.1 million), awarded.

· March: C$800,000 (£357,000) awarded to nine cultural and educational projects.

· May: C$8 million (£3.6 million) awarded for 25 TD2 projects.

· December: C$78 million (£34.8 million) funding for Phase 2 (Network Technology and Applications) announced.

1995

· January: Technology and Applications Development (TAD) programme launched.

· November: C$18.5 million (£8.3 million) awarded to 50 TAD projects.

1997

· April: C$16 million (£7.1 million) awarded for 43 TAD projects.

· June: Plans to build CA*net II announced.

· October: C$1.25 million (£558,000) awarded for seven pilot projects in Aboriginal Networking.

1998

· June: C$7 million (£3.1 million) awarded to 30 TAD projects.

· August: Deployment of CA*net 3 announced.

· December: Inter-connection of CANARIE and Internet2 R&D networks announced.

1999

· March: Phase 3 funding of C$80 million (£35.7 million) announced for applications development.

· June: Advanced Network Applications, Services and Technologies (ANAST) shared-cost funding programme launched.

· September: Learning Program launched.

2000

· C$10 million (£4.5 million) awarded to 10 Learning Program projects. E-Commerce and Telehealth programmes launched.

All of this activity represents concern for two major elements of Internet development: infrastructure and applications.

4.
Infrastructure Projects

One of CANARIE’s two major foci is the development of the national telecommunications infrastructure. The major accomplishment has been the implementation of CA*net 3, a state-of-the-art optical high-bandwidth network designed specifically for the Internet. Other activities include:

· CANARIE manages the Wireless Telecommunications Research and Development Program (WTP), a cost-shared programme that helps Canadian companies develop new products and applications for the wireless marketplace. Participants in the programme include the Bell Wireless Alliance, TELUS Mobility Wireless Telecommunications and other private-sector companies.

· In 1999, CANARIE established a relationship with PRECARN, Inc. to develop a new programme in intelligent systems.

· CANARIE works with the Canadian Internet Registration Authority on policies, technology and organisation to manage Canada’s top-level .ca domain.

4.1
CA*net 3

In 1997, CANARIE began work on CA*net 3, the world’s first optical research and development network. CA*net 3 is comparable to Internet2 (Abilene) in the United States, but the Canadian network is being built specifically for Internet usage, not voice transmission. The objectives of the network are:

· To conduct research and development in optical Internet technologies.

· To showcase Canadian capabilities in these technologies.

· To develop a sustainable, high-performance networking environment for the research and educational communities, including SchoolNet and the Community Access Program.

With speeds of 40 Gbps, CA*net 3 is one million times faster than Canada’s 56 kbps research network in 1993.
 CANARIE has noted that this improved speed would enable a digitised version of Titanic to be downloaded in one fifth of a second – although why anyone would want to do that is not explained. CANARIE also touts its speed relative to the Abilene project in the United States by saying that while Abilene could transmit the entire contents of the Library of Congress in one minute, the task could be achieved by CA*net 3 in one second.

The basis for the network’s speed is Dense Wavelength Division Multiplexing (DWDM), which transmits up to 32 discrete wavelengths simultaneously. As these 32 wavelengths represent only 1% of the optical fibre’s potential carrying capacity, the potential transmission speeds when improved electronics are added is phenomenal.

10 regional Points of Presence (GigaPOPs)
 are located in provinces, with each province being responsible for decisions about further distribution of bandwidth. The GigaPOPs also link research networks across Canada and with networks in the United States, Europe and Asia.


[image: image4.png]_—— %
- Proposed Topology

(99 Oty





Fig. 3. CA*net 3 proposed topology, as of 1999. (Source: CANARIE, http://www.canarie.ca/
about/index.html.)

The overall cost of CA*net 3 is estimated to exceed C$120 million (£53.6 million). The federal government provided C$55 million (£24.5 million) in funding for CA*net 3,
 with contributions from members of the Bell Canada consortium:

· Nortel Networks (DWDM equipment).

· Newbridge Networks (asynchronous transfer mode switches).

· JDS Uniphase (optical components for switches and routers).

· Cisco Systems Canada (routers).

4.2
CANARIE’s Role

CANARIE has been responsible for the overall technical design of the network. The plan has called for the establishment of the optical backbone, followed by progressive connection of the Regional Advanced Networks (concluded in 2000) and then the universities, research labs, and ultimately schools and libraries. A portion of the expansion involves the laying of “dark fibre” networks that will lie dormant until activated by local municipalities.

In Canada as elsewhere, one of the inhibitors of the use of broadband is the “last mile” problem: i.e., getting broadband transmission directly into homes, offices and classrooms where people actually use the applications. There is something of a vicious circle here: people do not use high-bandwidth applications because they do not have access to broadband, but there is little incentive to extend broadband the “last mile” when people do not use or demand it. The latest CANARIE report on broadband refers several times to this “chicken-egg” problem.

CANARIE takes the approach that the “last mile” will be breached by consumer demand generated by broadband applications. When the narrow bandwidths to homes and schools become unacceptable to customers, the local loop will be conquered. Schools are seen as especially interested in broadband because of multimedia instruction, streaming video and other services. Municipalities are responsible for installing dark fibre networks that connect communities to an Internet Service Provider (ISP). CANARIE’s philosophy, as expressed by the senior director of its network projects Bill St Arnaud, is that “a low-cost/high-bandwidth infrastructure must be deployed to kick-start the virtuous world of silicon economics where new capacity drives increased usage which drives the demand for even more capacity”.
 In other words, if you build it, they will come – and then demand more.

4.3
International Goals

Because research and information are global matters, no country can expect to be a player in the world economy as an isolated island. CA*net 3 is considered a strategic investment and is being linked with international peer networks, especially in the USA. By 2000, 14 of these peering agreements had been concluded. On July 31, it was announced that AARNet, the Australian Academic and Research Network, had activated its trans-Pacific optical connection to the Pacific Northwest GigaPOP at the University of Washington in Seattle. The first connections of this link will be to the CA*net 3 and Internet2 backbones, and it is expected that the first applications will be in bioinformatics, satellite imaging and online health applications.

CANARIE is advising other countries – including Chile, Australia and Norway – on how to design and build networks similar to CA*net 3. 

Until CA*net 3, 80% of Canada’s Internet traffic flowed from the USA to Canada. It is hoped that CA*net 3 will reverse the flow, enabling Canada to “export” content, including multimedia and educational resources.
 It is not clear who is going to produce the content. The conclusion of Filling the Pipe, for example, reads:

Having established relationships with key stakeholders across new media, CANARIE is also poised to cultivate a collaborative model for advanced content innovation. Through this kind of continued communication, learning, knowledge sharing and partnering, we look forward to Canada’s leadership in filling the pipe with innovative advanced interactive content for a world market.
 

CANARIE has been holding seminars around the country to talk about business models for content. There are reportedly a few examples of profitable content companies but these have been either companies that are extending their existing businesses online (e.g., distance-learning companies) and for whom this is a natural extension, or companies with a very specific niche (e.g., specialised training firms).

The commercial potential of involvement in international Internet development is quite large. In a 1999 presentation, Bill St Arnaud highlights a number of international research networks (e.g., Netherlands, Chile, China, Norway, Germany and the United States) and commercial networks (e.g., Sprint, Enron, Swisscom, Hermes, Teleglobe), and concludes that the potential revenue to Canadian companies from these developments is over C$500 million (£223 million).
 Even given a slow-down in network development over the past year, the long-term potential is inviting.

5.
Applications Projects

5.1
Overview

With much of the infrastructure in place, CANARIE is now turning its attention to the funding of applications. The overall Phase 3 objectives involve “catalyzing the development and diffusion of technologies, applications and services that may underpin and/or use advanced Internet infrastructure, and are based on open-systems standards”.

CANARIE facilitates the development of Internet applications through strategic investments in small and medium-sized enterprises. Since 1995, the organisation has funded more than 200 applications projects involving 500 companies. In the aggregate, CANARIE’s investments have been matched or exceeded by project participants. By fostering alliances between public and private partners, CANARIE believes that it has been able to accelerate the development cycle.

For several reasons, the applications programme has taken more time to develop than the infrastructure projects:

· The “last mile” issue, while being addressed, still represents a bottleneck for many people and institutions that want to use high-bandwidth applications.

· Because infrastructure is built top-down, it can be moved along faster than can applications that are built bottom-up.

· Users develop applications as they need them, not because they want to utilise high bandwidth for its own sake.

To stimulate the development and use of high-bandwidth applications, CANARIE provides funding in several categories that are deemed critical to national development: e-learning, e-business, e-health, and the use of high-performance networks. According to the director of the e-learning programme, projects are selected with an eye to the question, “If bandwidth were no obstacle, what would we be doing?”

5.2
Eligibility and Process

The process for obtaining these grants is similar across programmes: applicants submit a preliminary proposal in the form of an Expression of Interest, which is then reviewed by a sponsored committee of experts called the Senior Steering Committee. All proposals are reviewed and short-listed applicants are then invited to submit a full business plan for evaluation.

Programmes currently require cost-shared funding, with recipients bringing in resources from other sources. Funding from CANARIE cannot represent more than 50% of the project’s total funding and, under the government’s “stacking rules”, total federal, provincial, or municipal funding cannot exceed 75% of the project’s eligible costs. Projects must be started within six months of the contract award and must be completed within two years. Proposals are also expected to address the question of post-grant sustainability.

Intellectual property remains with the lead contractor and participants. Where projects result in the development of products with commercial potential, CANARIE expects to receive royalties. As noted in the financial statement presented above, royalty revenues increased from approximately C$200,000 (£89,200) to C$1.2 million (£536,000) between 1999 and 2000.

Canadian government agencies cannot be the lead contractors, although they may be participants on a project team. Single-organisation projects are not encouraged “since the thrust of the CANARIE programme is to create synergy and momentum through collaborations and virtual cluster activity”.
 Project leads must be Canadian corporations or subsidiaries of foreign corporations doing business in Canada.

5.3
The Learning Program

The Learning Program was established in 1999 “to encourage the development and use of broadband networks in education and training”.
 Its first round received 99 expressions of interest, and 10 projects were funded in May 2000:

· Broadband Enabled Lifelong Learning Environment (BELLE). A project to develop a model for peer review and tagging multimedia learning content. (Project lead: Netera Alliance, Inc., Calgary.)

· Creating Barrier-free, Broadband Learning Environments. A project to examine the barriers to broadband use by people with disabilities, and how to overcome them. (Project lead: Canadian Learning Television, Edmonton.)

· Distance Coaching System: A project to develop “teletraining” models for adult learners that emulates personal mentoring. (Project lead: L'Université de Montréal.)

· LearnCanada: A project to develop K–12 teacher professional development within a portal/repository environment. LearnCanada “will develop and evaluate broadband infrastructure, multimedia tools and middleware for adult learning through virtual peer-learning communities and advanced telementoring”. The intent is to establish relationships across school boards so that people can videotape “peers at work” and then mentor them. The project will develop tools for online dialogue, video annotation and access to multimedia databases. One of the goals is to get teachers to learn “project-based learning” in which they guide students to work in teams to generate their own learning.
 (Project lead: STEM~Net [sic], St John’s.)

· Modular Tool for Integration of Contents: A project to explore how to present museum and heritage information to educators. (Project lead: lab)idéeclic! [sic], Hull.)

· New Integrated Multimedia Learning Environment for Internet Training. A project to develop a model of synchronous and asynchronous distance education for post-secondary students using video-conferencing and multipoint streaming technologies. (Project lead: University of Ottawa.)

· Partnerships for Learning, Innovation and Technology. Among other goals, this project will compare collaborative graduate classes using (a) broadband and (b) microwave video. (Project lead: University of Waterloo.)

· Portal for Online Objects in Learning (POOL). A project to develop a prototype national online repository and portal for learning objects for workplace training, post-secondary education and continuing education. (Project lead: TeleLearning Network, Inc., Montréal.)

· SavoirNet. A project that will explore the innovative hybrid use of digital television and interaction broadband. (Project lead: Canal Savoir, Montréal.)

· Virtual Veterinary Medicine Learning Commons. A project to reach post-secondary veterinary students. In this project, three veterinary schools – Atlantic Veterinary College, Faculté de Médecine Vétérinaire and Western College of Veterinary Medicine – will connect over CA*net 3. The first stage is to establish connectivity. The second is TeleVetMed, a programme that will enable exchange of diagnostic-quality medical information. The third is the Veterinary Learning Network to provide faculty and students with interactive educational modules. (Project lead: Ontario Veterinary College, Guelph.)

A special note will be made here of BELLE and POOL because their focus on learning objects (LO) fits nicely with both Cisco’s activities and Cardean University’s problem-solving pedagogical approach.
 The goal of POOL, for example, is to “facilitate the management, storage, and retrieval of learning objects, such as audio or video clips, simulation applets, and multimedia case studies”.
 It is interesting to note that when asked to name the most innovative of his 10 projects, the e-Learning Program Director Jamie Rossiter cites BELLE and POOL precisely because of their emphasis on learning objects.
 What he especially likes is the fact that, in a country where education is the responsibility of the provinces, learning objects can be developed independent of curricula and “variably purposed”. The next step, to be pursued over the next several years, will be to develop a national repository of these learning objects.

Learning objects can be of various sizes – a 20-minute video, audio clips, datasets, pop-up glossary, text, etc. LOs form an industry unto themselves, with lots of pockets of activity – e.g., the MERLOT project in the USA and Canada, MCI WorldCom’s Marco Polo project, and efforts by Cisco.
 Lots of people are creating repositories (such as BELLE and POOL) based on the assumption that someone, somewhere will want them. It is not unlike book publishing, where there is a sense of demand, but one never knows it until someone pays for it. In this case, the repositories are new enough that there are no clear business models, and elements of the economic infrastructure (e.g., intellectual rights and micropayments) have yet to be worked out. CANARIE has few expectations that Belle and POOL will be self-sustaining in their own right, although it expects that over time (and this is seen as a long-term trend) people will see the value and pay on a subscription or other basis. Certainly many of the publishers are hoping to cash in on the trend for more granular content (whether defined as a learning object or not) to replace text-books. 

5.4
The e-Business Program

The e-Business Program is “designed to provide matching funds for a select number of e-Business development projects that aim to significantly accelerate the development, adoption and implementation of e-business solutions in Canada, and thereby contribute to national economic competitiveness”.
 The programme explicitly funds projects that address one of two issues:

· “Vertical” issues that address a particular industry or community of interest.

· “Horizontal” issues that relate to generic technologies, infrastructures or barriers (e.g., customer communications, security or marketing).

Allocations to the e-Business Program will enable up to C$26 million (£11.6 million) in grants between 1999 and 2004. A typical grant was expected to be between C$500,000 (£223,200) and C$2 million (£893,000), although some have been for as little as C$200,000 (£89,200). In truth, the e-Business Program has been the slowest of the programmes to develop momentum and currently lacks a programme director.

Despite a slow start, the e-business programme has awarded at least four grants during 2001:

· Global Project Hierarchy. An integrated, Web-hosted application that enables project administrators to access and distribute project-related data with clients and subcontractors. (Project lead: Projux Online Incorporated.)

· HydroVantage. A portal that provides a replacement and investment model for equipment in the hydroelectric industry. (Project lead: Acres Productive Technologies, Inc.)

· Business Webs. A technology that connects individuals and organisations into a virtual community. (Project lead: VENNGO, Inc.)

· Canadian Online Trust Project. A project to develop a code and standards for online business practices, with the goal of increasing Canadians’ confidence in buying online. (Project lead: Consumers’ Association of Canada.)

Over the past year, the programme has been referred to as the “virtual clusters” programme because of its explicit goal of bringing together geographically dispersed entities.

5.5
The Telehealth/e-Health Program

The Telehealth Program arises from CANARIE’s belief that: 

…advanced infrastructures and applications in this sector have the potential to dramatically decrease cost by increasing productivity as well as eliminating constraints such as lack of access to services and shortage of professionals in remote areas with the emergence of high-quality image transmission and videoconferencing.
 

The programme is focussed on two related types of projects: application development and application diffusion.

Application development projects are intended to both have national significance and address specific user needs. Among the project priorities articulated by CANARIE are:

· Utilisation of the network infrastructure to create “connectedness”, especially with rural and remote areas.

· Creation of connections between users and experts through the use of portals, clearing-houses and information-sharing technologies.

· Enhancement of expertise among health-care providers.

· Creation of development tools related to health content.

· The operation of telehealth activities, including technical, user and administrative management.

Diffusion projects focus on policies, barriers and other issues that affect the accessibility and diffusion of telehealth services. CANARIE’s priorities for diffusion projects include:

· Professional issues such as licensing, credentialing, privacy and ethics.

· Issues that impact users, such as needs analysis and user readiness.

· Best practices and the showcasing of available technologies.

· Development of content, including intellectual property, quality and standards.

CANARIE is devoting C$1 million (£446,000) per year to the Telehealth Program between 1999 and 2003.

5.6
The ANAST Program

The Advanced Network Applications, Services and Technologies (ANAST) funding programme “is designed to support research and application development in the areas of high-speed caching, advanced network applications development and advanced network services and technologies”.

Announced in June 1999, the C$8 million (£3.6 million) programme was to be divided equally among three distinct streams of funding, with a maximum grant size of C$500,000 (£223,200). Eight projects have been funded under the programme. Most of these are described more fully in appendix B.

· SchoolNet Caching: pilots using a variety of transmission technologies and caching techniques to improve Internet access in schools.

· Satellite Caching Project. A project to improve Internet access to schools by broadcasting Internet content via satellite and storing popular Web sites on local servers. (Project lead: Telesat Canada.)

· SchoolWeb. A project to provide caching services to 20 schools in British Columbia. (Project lead: Advanced Interactive, Canada, Ltd.)

· Advanced end-to-end applications: includes use of network video and audio in distance education, e-business and health. 

· ELab: the Online Science Learning Laboratory. Through the use of “collaborative space”, the project will support a community of informal science and educational programmes across Canada. (Project lead: Actua.)

· McGill-Calgary Advanced Learnware Network. The project will use high-quality audio and video to share educational materials and tools between the two institutions. (Project lead: McGill University.)

· Internet Based Manufacturing Design System. The basis for a new generation of tools for manufacturing engineers, the project will develop a tool set of process simulations, remote access for process verification, and test-bed information systems. (Project lead: McMaster University.)

· Advanced network technology: includes projects with emphasis on network technology, such as such as IPv6, Qbone, MPLS,
 and on statistics and measurements.

· Brokered Server Asynchronous List Transmission Video-on-Demand Project. A project to develop an innovative audio and video distribution mechanism. (Project lead: Neon Crunch, Inc.)

· CA*net 3 Internet Route Registry. A project to develop a centralised data distributed server system to perform automated router programming. (Project lead: British Columbia Institute of Technology.)

· IPv6 Applications and Network Services. A project to create a 6TAP at Chicago STARTAP, the first place where research and education IPv6 networks will exchange.
 (Project lead: Viagénie, Inc.)

5.7
CA*net Institute Program

The CA*net Institute Program is a national competition that awards between C$50,000 (£22,300) and C$125,000 (£55,800) for projects that either develop innovative network applications or increase education and awareness about the Internet. Awards typically cover up to 50% of the total cost of the project. Six programmes were given awards in May, 2001:

· Tornado Theatre. Intended to be the first to broadcast live theatre over the Internet, Tornado Theatre will use state-of-the-art video streaming to produce and broadcast shows from its Web site (see http://www.tornadotheatre.com). 
· Web Awareness Canada. A public education initiative to help children acquire the knowledge and critical thinking skills “to be safe, wise, and responsible Internet users”.

· Women’s Health Matters Web Site Expansion. A project of several women’s health organisations to provide virtual meeting places (with information, risk assessments and support networks) where Canadian women can interact with each other and with health experts.

· Software Development to Enable Efficient Production and Delivery of Interactive Web-based Education to Learners at Sea. An initiative to deliver interactive, distributed learning services on ships that are at sea for extended periods of time, with a special concern for the efficient use of bandwidth.

· Internet-based Systematic Literature Reviewing Aid. A project to provide greater access to Canadian clinicians and researchers through better systematic literature reviews (SLR).

· Innovative Network Solutions to Support Nursing Professionals with Review of Procedural Skills. An initiative that will enable nurses in remote and rural areas to upgrade and maintain their nursing skills.

6.
Summary

CANARIE represents an effort to co-ordinate and influence the direction of initiatives related to the Internet. Over the past eight years, it has shifted its focus from the development of the technical infrastructure to the promotion of broadband applications. In pursuing its objectives, CANARIE has self-consciously worked in the national interest, promoting both social development and economic competitiveness.

CANARIE itself attributes its success to its small size and ability to move quickly; the director of the e-Learning Program noted that “we are forced to reinvent it every few years”.
 In its co-ordination role, CANARIE places a lot of importance on managing its multiple stakeholders: government, the private sector, not-for-profit organisations, technical organisations and educational institutions. There is lots of consultation and the resulting credibility “lends substance” to CANARIE’s activities.

CANARIE’s responsibilities will continue to evolve. One potential future responsibility arises from the recommendation of the Advisory Committee for Online Learning for a Pan-Canadian Online Learning Service. Several existing organisations are suggested as possible homes for this service, including CANARIE. But CANARIE has resisted an operational role, preferring instead the flexibility that comes with facilitator and sponsor. Another potential direction would mean greater involvement in policy issues. As CANARIE has moved from infrastructure to applications, it has found itself increasingly concerned with the pedagogical, policy-related, jurisdictional and access-related issues that affect how people actually use the Internet. 

Appendix A: CANARIE Membership

The following organisations are members of CANARIE.
 

	· Acadia University 
	· ADVANTECH 

	· ALCATEL 
	· AT&T Canada Corporation 

	· Bell Mobility 
	· Bell Nexxia 

	· British Columbia Institute of Technology (BCIT) 
	· C3.ca Association Inc. 

	· Canada’s Coalition for Public Information (CPI) 
	· Canadian Cable Television Association (CCTA) 

	· Canadian Centre for Marine Communication (CCMC) 
	· The Canadian Library Association 

	· Canadian Microelectronics Corporation (CMC) 
	· Canadian Museum of Civilization Corporation 

	· Canadian Space Agency 
	· Canadian Wireless Telecommunications Association 

	· Carleton University 
	· CATA Alliance 

	· Centennial College 
	· Centre de Recherche Informatique de Montréal (CRIM) 

	· Centre Francophone D’Informatisation des Organisations (CEFRIO) 
	· Cifra Médical Inc. 

	· Communications and Information Technology Ontario (CITO) 
	· Communications Research Centre (CRC) 

	· Concordia University 
	· Dalhousie University 

	· Dr John Archer Library 
	· Electronic Data Systems Canada Inc. (EDS) 

	· Ericsson Communications Inc. 
	· Ernst & Young 

	· Federation of Law Societies of Canada 
	· Government of the Northwest Territories – Information 

	· Group Telecom 
	· HEALNet 

	· Health Canada/Santé Canada 
	· IBM Canada Ltd. 

	· IEEE Canada 
	· Industry Canada 

	· Infomagnetics Technologies Corporation 
	· Information Technology Association of Canada (ITAC) 

	· McGill University 
	· McMaster University 

	· Media Awareness Network 
	· Memorial University of Newfoundland 

	· Ministry of Energy, Science and Technology 
	· Ministry of Finance and Corporate Relations–ITSD 

	· Miranda Technologies Inc. 
	· National Library of Canada 

	· Netera Alliance 
	· Nortel Networks 

	· NRC Institute for Information Technology 
	· Ottawa-Carleton District School Board 

	· Ottawa Centre for Research and Innovation (OCRI) 
	· Parking Corporation of Vancouver/Easy Park 

	· Peel District School Board 
	· Positron Industries Inc. 

	· PRIMA Télématique Inc. 
	· Queen’s University 

	· The Research Networking Association of BC 
	· Réseau d’Informations Scientifiques de Québec (RISQ) inc. 

	· Rogers Communications Inc. 
	· Royal Roads University 

	· Ryerson Polytechnic University 
	· Saratoga Systems Ltd. 

	· Seneca College 
	· Shana Corporation 

	· Shaw Communications Inc. 
	· Silicon Graphics Canada Inc. 

	· Simon Fraser University 
	· SmartSources.com Technologies Inc. 

	· Société Innovatech du Grand Montréal 
	· Sony of Canada Ltd. 

	· Systèmes M3i Inc. 
	· TEAMSOFT Inc. 

	· Technical University of British Columbia (TechBC) 
	· Teleglobe Canada Inc. 

	· TeleLearning Network of Centres of Excellence 
	· Telesat Canada 

	· The Banff Centre 
	· TRLabs 

	· University College of Cape Breton 
	· Université de Moncton

	· Université de Sherbrooke 
	· Université du Québec 

	· Université Laval 
	· University of Alberta 

	· University of British Columbia 
	· University of Calgary 

	· University of Manitoba 
	· University of Montréal 

	· University of New Brunswick 
	· University of Ottawa 

	· University of Prince Edward Island 
	· University of Regina 

	· University of Saskatchewan 
	· University of Toronto 

	· University of Waterloo 
	· University of Western Ontario 

	· University Corporation for Advanced Internet Development (UCAID) 
	· Viagénie 

	· Ville de Brossard 
	· VIPswitch 

	· WEDnet 
	· Western Australian Interactive Virtual Environments Centre 

	· York University 
	


Appendix B: ANAST Projects

The following project descriptions were excerpted from the project Web sites. A full list of ANAST projects can be found at: http://www.canarie.ca/funding/anast/.
 

Satellite Caching Project

As the Internet has enjoyed a period of rapid growth, it has also begun to show some cracks in terms of the response time to individual requests for information from Web sites. It has been argued that simple increase in the backbone speed will not solve this problem of latency by itself, because there are many bottlenecks in the network that can slow down the delivery of data. It has also been argued that assistance of strategically placed caching systems is one of the best solutions to counteract this problem. Caching, in theory, will supply another means to provide fast responses to user requests, especially if a high success or “hit” rate can be achieved… 

Telesat and its partners are testing this concept in the context of a satellite extension to CA*net2&3 [sic] experimental Canadian fibre optic network, to provide a caching service to school districts and community access sites, which would otherwise not be serviced adequately. We have designed and installed trial networks within two Canadian School Districts, and are currently doing performance measurements. The project will continue until June 30, 2001… 

As a potential future service this type of network could be used to extend the reach and benefits of the high speed CA*net2&3 [sic] network. Content specific caching via satellite will extend its reach to areas which would otherwise have limited access to high-speed inter-connections. The use of a local cache, updated from a large Gateway cache, on either a “real time” basis or an “off-hours” basis, will leverage the benefits of satellite high speed broadcast capabilities in a very economical fashion. The benefits to the local users would be the perception of a significantly enhanced experience, with faster access to Internet-based information sources, than would be possible with the current low speed access technologies available to many schools and remote communities…. 

SchoolWeb

Both “dynamic” (demand-based) and “policy-based” (scheduled) caching will be used to provide a large cache of educational material at the school location for immediate access by students and teachers, at LAN speed, without external connection limitations.

The system will consist of: 

· the selection of required courseware, Internet files and multimedia resources by education authorities, 

· accumulation of these files at the server(s) at the headend, and 

· transmission of these files to designated, addressable servers in schools, delivered via the television signal (cable, broadcast, satellite, etc) using the VBI (vertical blanking interval) of KNOW during regular program hours, and full frame, or continuous 2-2.5 Mbps during non-program hours. 

This project will concentrate on providing a total, end-to-end service, with software management of the entire process, in order to provide a high quality of service, located locally on the school server. In this way we can provide the same file access experience for a remote school student with a slow access line connection, as would be available to an urban school student with a much faster outside connection. In addition, the system will be compatible with other delivery technologies, and fully scaleable to millions of users, at home or at school.

Over the term of this Project, AIC also hopes to test new technologies that will significantly increase data speed and allow for multi-channel audio capability. However, these advanced technologies will depend on other technical developments moving ahead in the same time frame.

The educational program will address such things as: 

a) delivery of a very large number of Internet sites to school servers, and the management of these files for scheduling and updating 

b) the problems of delivery of distance education materials to distance education students, with the delivery of a wide variety of resource materials for programs such as OSCAR 

c) remedial training opportunities 

d) fast access to the District’s AV resources library 

e) delivery of teacher training in many disciplines, such as science, with the delivery of “T-Lite” programs 

f) but most of all – providing what teachers and students tell us they want!!

eLab

The project involves designing and implementing an online collaborative work and learning environment for elementary, secondary and post-secondary students across Canada. Through this collaborative space, geographically distributed teams will work and learn together more effectively…

The primary objectives of the project are to enable communication, resource sharing and collaboration among post-secondary students who are providing opportunities for Canadian youth to learn new skills by exploring advanced Internet applications over CA*net 3. The project will integrate a number of tools to enable the students to collaborate in various work and learning projects. Sample minor interactions include electronic discussion forums, chat, single and multi-point video conferencing, electronic mentoring, online training and collaborative document creation. 

Two major interactive activities are also proposed to serve as a guide to achieving the collaborative space objective of this project. Once in place, other applications can be added to demonstrate possibilities for new modalities of instruction made possible through advanced applications supported by a high performance network.

Over 10,000 Canadian youth will participate in a variety of collaborative projects annually.

McGill-Calgary Advanced Learnware Network

This project will establish an ongoing network for the production, distribution and use of advanced learnware (educational materials and tools) using high-quality digital audio and full-motion video over CA*net 3, initially between McGill University and the University of Calgary. The intention is to maximize the capabilities, market appeal and ongoing prospects for the network by working on four different learnware components – music and audio, negotiation simulation, learning programs in communications, and classroom teaching in engineering – that present different engineering challenges and support a variety of teaching and learning techniques. The focus of this project is on the expansion of existing learnware, its adaptation for CA*net 3 delivery, and an evaluation of the results. The project will address engineering, networking and streaming technology issues for both digital high-quality audio and digital full-motion video…

This multiple strand approach, using four different learnware components, will provide a strong base for future expansion to other universities, corporations and agencies in both Canada and the USA for use in higher education, workplace training and rural distance education over very high-speed Internet connections. Already other educational institutions have expressed an interest in joining the network after the McGill-Calgary phase is complete…. 

The present intention is to use MPEG2 as the high-quality video format. Other formats such as DV will be tested during the first few months of the project to see whether they offer any advantages over MPEG2. 

Internet Based Manufacturing Design System

McMaster University is developing an Internet based facility for manufacturing process development. The facility will offer a comprehensive tool set for the design and verification of elements that contribute to the successful production of durable goods. New production processes often suffer from unpredictable and costly commissioning phases, due primarily to a lack of understanding and available tools for design of the physical processes involved. Canadian manufacturers are at a disadvantage with regards to this process technology owing to the generally small size of their organisations, and the large distances between sources of advanced knowledge and the associated equipment infrastructure. The proposed system aims to address these issues by creating an Internet accessed facility incorporating process simulations, remote access to machinery for process verification, and test-bed manufacturing information systems… 

Although the current implementation of the Internet facility has concentrated on a specific manufacturing process (machining), the services and technologies proposed for development under ANAST apply to a range of manufacturing processes. In broad terms, these technologies are related to:

· Manipulation and verification of three dimensional computer models for work pieces, machine elements, and tooling, 

· Post analysis and visualisation of simulation output data, 

· Resource management of remote and distributed Internet enabled machine tools, 

· Data management and delivery of remote, multi media test results.

Brokered Server Asynchronous List Transmission Video-on-Demand Project

The proposed system is an end-to-end interactive, video-on-demand application, based on our non-streaming ALT transmission model, but nevertheless is intended to provide differing video (and other multimedia, sound, hi-res images, text) content to concurrent clients across Canada over the broadband CA*net3 network. Specifically, the proposed ALT VOD system, with its Archival ALT server located at the University of Toronto Information Commons, will use CA*net3 to provide bandwidth to remote transaction webservers and their clients at the University of Calgary, who, in turn, will access this video and other multimedia content for classroom instruction…
The project will address a current structural barrier, which is a requirement to locally (or remotely) replicate network video servers and streaming server software, to support user-specified, concurrent, full-screen quality, video-on-demand in the educational use of existing multimedia, potential new content, and the sharing of multimedia databases among medical schools and teaching hospitals through CA*net 3…

This project targets a user base for medical education, which can include undergraduate course work, as well as ad hoc access to medical expertise for doctors and professors at Medical and Nursing Schools and Teaching Hospitals. This proximity of Medical Schools and Teaching hospitals to most Canadian medical practitioners will facilitate the local access to this media through local servers that connect to CA*net 3. Hence, beyond the classroom, the system can have a highly cost-effective implication for Grand Rounds, Conference Reviews and Practitioner Qualification.

CHAPTER TEN


Report on CANARIE


Harvey Blustain


Prepared by Act IV Consulting (October 2001)








� By Sara Frank Bristow and Paul Bacsich, July 2004.


� Andrew Bjerring, “Towards Intelligent-Infrastructure” (presentation and panel discussion, Canadian Higher Education and Information Technology Conference (CANHEIT), University of British Columbia, Vancouver, 1–4 June 2004).


� Some information provided through personal communication with Tom Carey, associate vice president of Learning Resources & Innovation, the University of Waterloo, Canada.


� See chapters 11–14 of this compendium.


� The term telehealth may be unfamiliar to some readers. According to the Canadian Office of Health and the Information Highway (OHIH), “Telehealth is the process of using information and communications technologies… to deliver health information, services, and expertise over short and long distances. Telehealth applications are important… in rural and remote areas where health-care resources and expertise are often scarce or non-existent.” See � HYPERLINK "http://www.hc-sc.gc.ca/ohih-bsi/theme/tele/index_e.html" ��http://www.hc-sc.gc.ca/ohih-bsi/theme/tele/index_e.html� for more information.


� SchoolNet has been provided with a new strategic direction as of April 2004, with reduced funding levels through 2006. General information about the programme can be found at � HYPERLINK "http://www.schoolnet.ca/home/e/" ��http://www.schoolnet.ca/home/e/�. For those curious about SchoolNet’s impact to date, a recent survey can be found at � HYPERLINK "http://www.schoolnet.ca/home/documents/Report_EN.pdf" ��http://www.schoolnet.ca/home/documents/Report_EN.pdf�.


� Discontinued as of April 2004. See � HYPERLINK "http://ln-rb.ic.gc.ca/e/index.asp" ��http://ln-rb.ic.gc.ca/e/index.asp� for general information about LibraryNet.


� According to its Web site in July 2004, “Since its inception, CFS has provided more than 300,000 computers to schools and libraries in all provinces and territories. CFS now delivers in excess of 60,000 additional computers each year. In addition to co-ordinating computer donors and recipients, CFS oversees more than 55 repair and refurbishing centres throughout Canada”. See � HYPERLINK "http://cfs-ope.ic.gc.ca/" ��http://cfs-ope.ic.gc.ca/�.


� See � HYPERLINK "http://cap.ic.gc.ca/english/hub.asp" ��http://cap.ic.gc.ca/english/hub.asp� for general information about Canada's Community Access Program (CAP). Like SchoolNet, CAP has been given a new strategic direction as of April 2004, along with reduced funding levels through 2006.


� The VolNet Program finished on 31 March 2002. See � HYPERLINK "http://www.volnet.org/english/" ��http://www.volnet.org/english/�. 


� A 2004 Statistics Canada report, Household Internet Use Survey (details at � HYPERLINK "http://www.statcan.ca/Daily/English/040708/d040708a.htm" ��http://www.statcan.ca/Daily/English/040708/d040708a.htm�), notes that 64% of Canadian households had at least one member using the Internet regularly in 2003 – and that “growth rates remained relatively stable largely because the majority of households were already plugged in”.


�A Nielsen//Netratings report published in April 2004 reportedly shows that 67% of “wired” households in Canada now possess a high-speed Internet connection, up from 32% in 2001 – an impressive indicator of growth. See � HYPERLINK "http://www.nielsen-netratings.com/" ��http://www.nielsen-netratings.com/�. There are some other useful statistics at WebSiteOptimization.com, � HYPERLINK "http://www.websiteoptimization.com/bw/0404/" ��http://www.websiteoptimization.com/bw/0404/�. 


� It is interesting to note that, not for the first time, the Canadians seemed to be somewhat ahead of UK thinking in this area. See � HYPERLINK http://www.broadband.gov.uk/broadband/html/BAP/BAP.htm ��http://www.broadband.gov.uk/broadband/html/BAP/BAP.htm� for a description of UK activities in broadband aggregation.


� This is a situation that occurs in several other countries than Canada. Most UK broadband services to end users are in reality 1 Mbps or slower.


� For a very good presentation on this and related topics, see � HYPERLINK http://www.elearningresults.com/old/documents/pdf/Daschko/Yuri%20Daschko.pdf ��http://www.elearningresults.com/old/documents/pdf/Daschko/Yuri%20Daschko.pdf�.


� As noted in the contextualisation above, such an organisation has not yet been formed. See � HYPERLINK "http://www.cmec.ca/releases/press.en.stm?id=2" ��http://www.cmec.ca/releases/press.en.stm?id=2� for an update from April 2003.


� CANARIE employs 31 people as of July 2004 – a modest increase – and according to its Web site “member map”, has 100 members (see appendix A for further details). A geographical distribution update can be found at � HYPERLINK "http://www.canarie.ca/members/membermap.html" ��http://www.canarie.ca/members/membermap.html�. 


� CANARIE was very forthright about these very impressive figures in 1999, following a period of rapid growth (at the time, the organisation was very much focussed on technological development as opposed to strategic sectoral development). No figures that address private-sector investment in recent years are now available.


� CANARIE’s bottom-line figures for the year ended 31 March 2004 reveal total revenues of $53 million, or £23.6 million (compared to $18 million, or £8 million, in 2000) – with an excess of expenses over revenues (as opposed to revenues over expenses) of $1.5 million, or £69,000. See the 2003–2004 Annual Report, � HYPERLINK "http://www.canarie.ca/annualreport/areport_2004.pdf" ��http://www.canarie.ca/annualreport/areport_2004.pdf�.


� This model is somewhat similar to JISC.


� For an update, see the funding pages of the CANARIE Web site, � HYPERLINK "http://www.canarie.ca/funding/" ��http://www.canarie.ca/funding/�.


� T1 is 1.5 Mbps.


� A modern-day chronology of this sort would include (a) the announcement of $110 million (£49 million) funding for CA*net 4 in 2002; (b) breaking the world’s land speed file transfer record using end-to-end lightpaths to transfer five terabytes of data from Vancouver to Ottawa via Chicago; and (c) the design, testing and release of User-Controlled Light Path (UCLP), an open-source software enabling “bandwidth on demand” in 2004. For general details, see the 2003–2004 Annual Report, � HYPERLINK "http://www.canarie.ca/annualreport/areport_2004.pdf" ��http://www.canarie.ca/annualreport/areport_2004.pdf�; for more on UCLP, see � HYPERLINK "http://www.canarie.ca/canet4/uclp/uclp_software.html" ��http://www.canarie.ca/canet4/uclp/uclp_software.html�. 


� CA*net 4 yields “a total initial network capacity of between four and eight times that of CA*net 3”. See the section on CA*net 4 at the CANARIE Web site, � HYPERLINK "http://www.canarie.ca/canet4/index.html" ��http://www.canarie.ca/canet4/index.html�. 


� The GigaPOP is called this because the access speed is at least 1 Gigabit per second (1 Gbps).


� As noted in an earlier footnote, in 2002, Industry Canada later committed an additional $110 million (£49 million) to the development of CA*net 4, to replace CA*net 3 as Canada’s national research and innovation network.


� It is not just in e-learning that mergers and acquisitions are rife. Newbridge was acquired by Alcatel in 2000; see � HYPERLINK http://www.alcatel.com/apropos/history/index.htm ��http://www.alcatel.com/apropos/history/index.htm�. However, the other companies are unchanged in ownership. JDS Uniphase are at � HYPERLINK http://www.jdsu.com/; ��http://www.jdsu.com/;� the Nortel and Cisco Web site names are the natural ones. 


� Again, Canada was active early in the area of dark fibre. This is now being considered for the next phase of JANET, SuperJANET 5, which notes that “There is a trend amongst research communities outside the UK to move to procurement of dark fibre” (� HYPERLINK "http://www.ja.net/SJ5/infrastructure.html" ��http://www.ja.net/SJ5/infrastructure.html�). 


� For up-to-date information about CANARIE’s e-Content Program (now closed), see � HYPERLINK "http://www.canarie.ca/funding/econtent/projects.html" ��http://www.canarie.ca/funding/econtent/projects.html�. 


� There was a massive slowdown after 2000 in network-bandwidth growth. Enron was the most celebrated casualty of this – the latest information on the saga is at � HYPERLINK http://www.enron.com/corp/ ��http://www.enron.com/corp/�. The other companies are still very active.


� All projects described in this section are now closed. However, full archives of most project details are still available on the CANARIE Web site, and may be of interest to many readers. See � HYPERLINK "http://www.canarie.ca/about/index.html" ��http://www.canarie.ca/about/index.html�, or the specific links that follow in this section’s commentary.


� European readers may want to note the similarity of the funding regime of CANARIE to that from the European Commission in Europe; but also to note the differences.


� Royalty revenues totalled $755,737 (£337,290) in 2004. See the 2003–2004 Annual Report, � HYPERLINK "http://www.canarie.ca/annualreport/areport_2004.pdf" ��http://www.canarie.ca/annualreport/areport_2004.pdf�. 


� Now closed. See � HYPERLINK "http://www.canarie.ca/funding/elearning/projects.html" ��http://www.canarie.ca/funding/elearning/projects.html� for a full list of funding recipients through 2004. From there readers can access the Web sites of projects and thus to participants.


� This is one of the few points of contact between CANARIE and the research-based TeleLearning Network of Centres of Excellence (TL-NCE) which flourished in Canada from 1996 to 2002. The e�learning research done by TL-NCE is discussed further in chapter 16, “e-tools (1)”. There is an archive site for TL-NCE at � HYPERLINK http://wildcat.iat.sfu.ca/ ��http://wildcat.iat.sfu.ca/�. 


� Cardean is the subject of chapter 11 of this compendium. See the next but one footnote for information on Cisco.


� More information about POOL, BELLE and Canada’s learning repositories in general can be found in the CANARIE/Industry Canada’s 2002 Report on Learning Object Repositories, � HYPERLINK "http://www.canarie.ca/funding/elearning/lor.pdf" ��http://www.canarie.ca/funding/elearning/lor.pdf�. 


� See MERLOT, � HYPERLINK "http://www.merlot.org/Home.po" ��http://www.merlot.org/Home.po�; and MarcoPolo at � HYPERLINK "http://www.marcopolo-education.org/" ��http://www.marcopolo-education.org/�. Cisco has also had a long-standing interest in learning objects – see in particular their site at � HYPERLINK http://newsroom.cisco.com/dlls/innovators/e_learning/ ��http://newsroom.cisco.com/dlls/innovators/e_learning/� and also read chapter 14 of this compendium.


� Now closed. For an up-to-date list of CANARIE’s funded e-Business Program projects, see � HYPERLINK "http://www.canarie.ca/funding/ebusiness/projects.html" ��http://www.canarie.ca/funding/ebusiness/projects.html�. 


� Now closed. Recent information about projects funded can be found here: � HYPERLINK "http://www.canarie.ca/funding/ehealth/projects.html" ��http://www.canarie.ca/funding/ehealth/projects.html�. 


� Now closed. Recent information about ANAST projects funded can be found here: � HYPERLINK "http://www.canarie.ca/funding/anast/projects.html" ��http://www.canarie.ca/funding/anast/projects.html�. 


� This is “geek stuff” to most readers. In a nutshell, IPv6 is the new version of the Internet Protocol (IP) that will gradually take over from the current version; all you ever wanted to know about it is at � HYPERLINK http://www.cs-ipv6.lancs.ac.uk/ ��http://www.cs-ipv6.lancs.ac.uk/�. Qbone is a vision for a “significant subset of the Internet [that] implements well-defined notions of QoS [Quality of Service] and is regarded by users as infrastructure” (� HYPERLINK http://www.oit.umd.edu/presentations/nvtc/tsld051.htm ��http://www.oit.umd.edu/presentations/nvtc/tsld051.htm�); and Multi Protocol label switching (MPLS) “is a versatile solution to address the problems faced by present-day networks – speed, scalability, quality-of-service (QoS) management, and traffic engineering” (� HYPERLINK "http://www.mpls-analyser.com/content/definition.htm" ��http://www.mpls-analyser.com/content/definition.htm�). 


� The Science, Technology And Research Transit Access Point (STAR TAP) was set up in Chicago in 1998 to provide interconnection between major US and non-US academic and research networks. See � HYPERLINK http://www.startap.net/startap/ ��http://www.startap.net/startap/�. From summer 2001 its functions have been progressively taken over by the next-generation StarLight, “a 1 Gigabit and 10 Gigabit Ethernet exchange point offering participating networks high-performance access and true optical wavelength switching” (� HYPERLINK "http://www.startap.net/starlight/ABOUT/" ��http://www.startap.net/starlight/ABOUT/�). 6TAP is a project to create an IPv6 exchange point at the STAR TAP site; since the time of writing it has been joined by others (� HYPERLINK "http://www.v6nap.net/" ��http://www.v6nap.net/�). 


� Now closed. See � HYPERLINK "http://www.canarie.ca/funding/canetinst/projects.html" ��http://www.canarie.ca/funding/canetinst/projects.html� for further details of projects funded.


� See � HYPERLINK "http://www.canarie.ca/members/index.html" ��http://www.canarie.ca/members/index.html� for an updated list. The number of members is roughly the same, but many of the names have changed – note, for example, the 2004 inclusion of Microsoft and Sun.


� Not all of these projects maintain a Web presence today; for those that do, URLs have been inserted in the footnotes that follow. Apart from that, the material has not been checked for updates.


� See the CANARIE Satellite Caching Project Web site, � HYPERLINK "http://www.telesat.ca/satcache/" ��http://www.telesat.ca/satcache/�. 


� See SchoolWeb, � HYPERLINK "http://www.advancedinteractive.com/SchoolWeb/CANARIE.html" ��http://www.advancedinteractive.com/SchoolWeb/CANARIE.html�. 


� See eLab, � HYPERLINK "http://anast.actua.ca/" ��http://anast.actua.ca/�. The project is described as uLab on this site.


� See ALT VOD, � HYPERLINK "http://www.neoncrunch.on.ca/canarie/" ��http://www.neoncrunch.on.ca/canarie/�. 





Notes


� Most of the data for this case was derived from the CANARIE Web site, � HYPERLINK "http://www.canarie.ca/" ��http://www.canarie.ca/�. This site is unusually well organised and easy to navigate. In addition, a good search engine enables access to internal documents, reports and listservs that provide glimpses into the discussions and debates around CANARIE-related issues. The reports discussed in the case are available at the following URLs: the report of the National Broadband Task Force (Industry Canada), The New National Dream: Networking the Nation for Broadband Access (� HYPERLINK "http://broadband.gc.ca/pub/program/NBTF/broadband.pdf" ��http://broadband.gc.ca/pub/program/NBTF/broadband.pdf�); the CANARIE report, Filling the Pipe: Stimulating Canada’s Broadband Content Industry through R&D (� HYPERLINK "http://www.canarie.ca/press/publications/broadband_report.pdf" ��http://www.canarie.ca/press/publications/broadband_report.pdf�.); the Advisory Committee for Online Learning report, The E-learning E-Volution in Colleges and Universities (� HYPERLINK "http://www.cmec.ca/postsec/evolution.en.pdf" ��http://www.cmec.ca/postsec/evolution.en.pdf�). In addition, a search of Canadian periodicals and newspapers – e.g., the Ottawa Business Journal, the Ottawa Citizen and the National Post – uncovered a number of articles that provided background information and commentary. An interview was also conducted with Jamie Rossiter, the programme director for CANARIE’s e-learning programme.


� The National Broadband Task Force, The New National Dream: Networking the Nation for Broadband Access (Ottawa: Industry Canada, 2001), � HYPERLINK "http://broadband.gc.ca/pub/program/NBTF/broadband.pdf" ��http://broadband.gc.ca/pub/program/NBTF/broadband.pdf�. 


� Ibid.


� Delvinia, Filling the Pipe: Stimulating Canada’s Broadband Content Industry Through R&D (CANARIE, 2001), � HYPERLINK "http://www.canarie.ca/press/publications/broadband_report.pdf" ��http://www.canarie.ca/press/publications/broadband_report.pdf�. 


� Ibid.


� Ibid.


� The Advisory Committee for Online Learning, The E-learning E-volution in Colleges and Universities (Ottawa: Industry Canada, 2001).


� Ibid.


� Ibid.


� See CANARIE, � HYPERLINK "http://www.canarie.ca/about/index.html" ��http://www.canarie.ca/about/index.html�. 


� Ibid.	


� See CANARIE’s e-Business Program Guidelines, � HYPERLINK "http://www.canarie.ca/funding/ebusiness/guidelines.html" ��http://www.canarie.ca/funding/ebusiness/guidelines.html�.


� Bill St Arnaud, “CA*net 3 Status Report and the Road Ahead” (panel discussion, CANARIE Advanced Networks Workshop, Toronto, 29–30 November 1999).


� Delvinia, Filling the Pipe.


� St Arnaud, “The Road Ahead”.


� See CANARIE, � HYPERLINK "http://www.canarie.ca/about/index.html" ��http://www.canarie.ca/about/index.html�.


� Ibid.


� See CANARIE’s R&D Programs, � HYPERLINK "http://www.canarie.ca/funding/" ��http://www.canarie.ca/funding/�. 


� See the LearnCanada description, � HYPERLINK "http://www.learncanada.ca/description.php" ��http://www.learncanada.ca/description.php�. 


� Jamie Rossiter (director, e-Learning Program, CANARIE) interview with the author, 2001.


� See the CANARIE’s e-Business Program’s FAQs, � HYPERLINK "http://www.canarie.ca/funding/ebusiness/faq.html" ��http://www.canarie.ca/funding/ebusiness/faq.html�.


� See CANARIE’s e-Health Program, � HYPERLINK "http://www.canarie.ca/funding/ehealth/" ��http://www.canarie.ca/funding/ehealth/�.


� See CANARIE’s ANAST Program, � HYPERLINK "http://www.canarie.ca/funding/anast/" ��http://www.canarie.ca/funding/anast/�. 


� See CANARIE’s Funded Programs, � HYPERLINK "http://www.canarie.ca/funding/canetinst/projects.html" ��http://www.canarie.ca/funding/canetinst/projects.html�. 


� Jamie Rossiter (director, e-Learning Program, CANARIE), interview with the author, 2001.
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		CANARIE Funding Programs

		Program Name		Total Funds		Time Frame		Maximum / Typical Available		Program Goal

		Learning		$26 million		1999 - 2004		$2m / $1m		To encourage the development and use of broadband networks in education and training

		E-business		$26 million		1999 - 2004		$2m / $1m		To encourage projects that will accelerate the development of advancd e-business applications and services

		Telehealth /    E-health		$ 5 million		1999 - 2003		$400k / TBD		To encourage development projects that will accelerate the adoption and implementation of advanced telehealth applications and services, assisted by advanced network

		Advanced Network Applications, Services and Technologies (ANAST)		$8 million		1999 - 2002		$500k / $375k		To develop innovative applications for high performance networks.  To use high performance networks to evaluate and test new modalities of instruction, e-business and health delivery

		CA*net Institute		$900k		2001 - 2002		$125k / TBD		To extend the capabilities of the internet in new and unique ways
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		Statement of Operations

		Year Ended March 31, 2000

				2000		1999

		Revenues

		Next Generation Networks Assistance		$12,783,974		$13,348,072

		Government Assistance		3,339,526		18,694,965

		Royalties		1,201,520		195,526

		Membership fees		417,500		402,500

		Other		251,254		190,508

		CA*net Institute Assistance		7,562		0

				18,001,336		32,831,571

		Expenses

		Phase I

		Operational Network/ONPS		-6,055		-24,296

		Technology Development and Technology Diffusion		-5,918		-1,976

		Phase II

		Advanced Networks		1,254,635		10,827,281

		Technology and Applications Development		91,976		7,804,518

		Phase 3

		Advanced Applications Development		1,132,341		0

		Learnware

		BCE Learnware Program		145,467		10,158

		Non BCE Learnware Program Part I		574,935		0

		Non BCE Learnware Program Part II		49,488		0

		Next Generation Networks		12,783,974		13,348,072

		CA*net Institute		7,562		0

		Operational Expenses (net of program expenses)		359,296		501,585

		Excess of revenues over expenses		$1,613,635		$366,229
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