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Abstract

The world of distance learning is changing as the Internet presents new opportunities and the private sector brings new requirements and approaches to traditional education. What are the training and education needs in the new century? … Is global access to education on the horizon or will the remote, rural, island and other locations that have been under-served be passed by once again? (PTC 2003 Conference Call for Papers)

The question “will the remote, rural, island and other locations that have been under-served be passed by once again?” is difficult, and, as usual, the answer is “it all depends.” This paper examines two uses of broadband networks and broadcast quality video, which endeavor to provide quality synchronous education where they would not otherwise be available. The first part provides a summary of results from an evaluative study on the use of full motion video classrooms in a post-secondary lecture mode environment. Responses from instructors and support personnel provide recommendations as to the advantages and disadvantages of the use of full motion video for distance education. The second project, RACOL (Rural Advanced Community of Learners), builds upon the analysis from the evaluative study to provide a framework for new developments in full motion video environments in K-12 systems. Both cases provide an illustration of alternative educational environments, which can address social and economic needs of educational institutions hindered by geographic location, economic shortfalls and social constraints. 

1. Introduction

In today’s educational market, institutions are striving to provide first class educational opportunities. But with the increasing costs of education and steadily decreasing budget envelopes, providing quality and equitable education is more and more challenging. Institutions are seeking innovative methods to combat costs surrounding traditional face-to-face teaching and learning, while moving towards more flexible and economic ways of providing fair educational opportunities [Archer, Garrison & Anderson, 1999]. 

Computer assisted teaching and learning has the potential to solve many problems related to both fiscal constraints and quality learning environments. With the integrated use of face-to-face teaching interactions and collaborative (online) learning environments, students and teachers can embrace and expand the scope of interactive learning. The move toward alternative teaching and learning models will also address issues surrounding student mobility and flexible learning with the support of new instructional delivery mediums [Franklin & Peat, 2001].

2. Full motion video in post-secondary classrooms

In 1994 the province of Alberta’s two major research universities: the University of Alberta (in Edmonton) and the University of Calgary (in Calgary), realized that, in a tightening economy, it was going to become increasingly impossible to hire professors in every specialty at each university. One solution was to hire a specialist at one university and have that person teach classes at both. This was not an unreasonable idea, except that the two cities are 180 miles apart. The search began for a technological solution that would allow professors and students to interact in a “traditional lecture format” without requiring the professor to change, substantially, the way they taught. 

At the same time, the Western Universities Research Consortium (WURCNet) was being constituted to set up Wnet, a high speed Internet research network in Alberta which was associated with a national high speed Internet research backbone in Canada operated by CANARIE Inc. Wnet was operated over an experimental ATM network between the two universities that would allow very high speed data communications between the two campuses. After a review of available technologies and a tour of a number of sites where different types of “smart classrooms” were installed, we designed and implemented a classroom at each campus which provided two-way, broadcast quality digital video of different views of the class at each location (e.g., instructor podium, full class, each individual seat). A visualizer and computer workstation linked to a scan converter allowed still images to be presented students at both locations and each student seat had a “Question” button with queuing control by the instructor. Signals were encoded as Motion JPEG (MJPEG) and transmitted over Wnet.

In 1998 a similar pair of classrooms were built at the Northern Alberta Institute of Technology in Edmonton and the Southern Alberta Institute of Technology in Calgary. The video codecs in all four classrooms were converted to MPEG-2 and WURCNet (renamed to Netera Alliance Inc.) upgraded the provincial research network to an optically multiplexed Gigabit Ethernet design (called NeteraNet) with one optical channel dedicated to carrying the traffic of video-enabled classrooms. 

3. Impact of full motion video in post-secondary classrooms

At present, the Alberta Video Classroom Network extends to 18 (20-108 seat) classrooms and four smaller “Cyberports” at five campuses. Not only is the number of classrooms increasing, the number of users and scope of use is increasing. With the increased use and potential for new and more global collaborations the full motion video classrooms appear to be taking on a life of their own and reaching out beyond the original economic and educational needs. With this in mind it was determined that feedback from video classroom users was needed for new classroom designs to meet the current and future needs of new and veteran users.

In 2002 a study was undertaken to evaluate the video classrooms. Users were asked to evaluate their experiences in the classrooms and to suggest how both technology and teaching methods might be changed to improve both the teaching and student learning experiences. 

An initial focus group of 12 instructors and support personnel from the fields of engineering, science, fine arts, computer science and education took part in the study. This was followed by in depth interviews with a number of instructors and support personnel. The following summary provides an overview and reflection on the responses from the focus group and subsequent interviews.

Participants stated that the full motion video classrooms did serve their needs in reaching out to their remote students and team teaching in the following ways. They:

· provided high quality audio/visual connection,

· allowed for interaction between sites,

· allowed for instructors to see students’ faces and students’ puzzled or intrigued reactions to new concepts,

· adequate for their teaching needs,

· increased their comfort level with technology as their use of the classrooms increased,

· satisfied with the ability to see and hear from remote students,

· slight changes to teaching strategies improved quality of teaching methods, and 

· allowed a shift from traditional “I teach and you listen methods” to interactive instruction, where the instructor would pose questions and allow for peers to aid other peers and share their experiences relative to the curriculum.

Study participants also described some of the challenges with the classrooms including:

· only two sites could be connected at a time, 

· it took a bit of time to get used to looking at the cameras to engage students,

· need guidance and perhaps a best practice guide to aid in course design, use of the equipment and possible alternative instructional methods,

· would have liked to utilize tertiary resources such as additional software, simulations and other multimedia graphics in their courses, but were reluctant due to potential distractions for both themselves and their students, and

· students at the remote locations couldn’t read writing on the standard whiteboard.

Participants also provided feedback and recommendations for improving the video classrooms:

· need a multi-point environment,

· needed regular training sessions and user handbooks on equipment operation to be available in each of the classrooms, 

· required improved audio system and microphones to cut down on background noise, 
· should provide a way to automatically capture live presentations in order to make them available to students who wished to access the lessons later,

· require improved projection of still images to provide more precise imagery for remote connections (i.e., use a data network rather than a scan converter),

· use an electronic whiteboard (e.g., SmartBoard) to show writing in both locations,

· provide better light positioning as certain sites, 

· provide voice activated camera controls, 

· develop a handbook for instructors outlining best practices for the use of presentations, graphics, simulations and other tertiary resources in the classroom, and

· provide a basic how-to-training session was also suggested for first time video classroom instructors to address things like body positioning, being in front of a camera, repeating questions for all audiences and tips on how to engage both local and remote sites, without appearing to be talking to one and not the other.

Overall, the video classrooms did serve the needs of instructors who were experts in various areas and who had students in other locations. However, the results of the study did point out the need to continually improve the quality of the classrooms. While this study was delimited to a particular set of video classrooms which were originally designed to provide lecture-type instruction in post-secondary education, it provides important feedback which will help inform the future design and integration of full motion video in distance education. 

4. Evolution of an Advanced Distance Delivery System for Secondary Schools

The Alberta postsecondary video classrooms were designed with the specific intention of providing lecture-type instruction to relatively large groups of postsecondary students in two large urban locations at one time. The rural K-12 system has quite different requirements. One of the major challenges to remote communities is to provide quality education to their inhabitants. 

The Fort Vermilion School Division (FVSD) is a particularly good example of a rural school division that is using advanced technology to address issues of providing quality and equitable education to distanced students. FVSD is located in the Northwestern corner of Alberta, a very rural and remote area. One of the most progressive School Divisions in Alberta FVSD has a relatively unique view of policy, which led to it being a pioneer in the development and delivery of distance education. Using a policy governance model (Carver, 1997), FVSD has developed a set of policies (Fort Vermilion School Division, 2002) under which the jurisdiction must run. The effective operation of the local school authority is pervasive throughout the jurisdiction’s policy. It is useful to describe a few of specific policies in order to demonstrate the relationship between policy and their leadership in providing advanced distance education systems. 

The most critical policy is Policy 1.3, where the Mission states that the jurisdiction sees it self as “Providing the best possible education to all students.” To understand the difficulties in following this policy it is necessary to understand the challenges facing the jurisdiction. FVSD is huge, about 600 km square. In that area it services about 3500 students of differing and various ethnic and socioeconomic backgrounds. It offers services in 15 regular schools and several alternate programs. Delivery of elementary programs can easily be offered in regular self-contained classes. The difficulty arises in senior high school. There are six schools offering high school programs, the smallest being 12 students and the largest about 160 students. If you were to combine all of the high schools students together you would have the population of, in the Alberta experience, a medium size high school, approximately 500 students. It is evident that it is basically impossible to offer the breadth of the high school curriculum in schools that have grade groups of four, five or even 40. This is especially true of the courses that require a teacher knowledgeable of the more complex curriculum such as senior math, calculus, physics and languages.

Policy 2.7 states: “The Board shall appoint the Superintendent of Schools as its Chief Executive Officer to manage the operations of the Division.” In Policy 2.7.3 the Board Holds the Chief Executive Officer accountable for achieving the Board’s “Foundations and Directions” policies and complying with its “Limitations on Operations” policies. In other words the Board holds the CEO (superintendent) accountable for implementing the Alberta curriculum as well as the boards own goals. Historically, the jurisdiction depended on correspondence courses to offer curriculum; where there were not qualified staff to offer certain courses, where there were not sufficient numbers to economically offer a course, or where a student became out of sequence with a course. While correspondence courses covered the curriculum they had a low completion rate and of those who did complete had a high failure rate. To successfully complete a correspondence course required high motivation, self-discipline and encouragement. It was clear that this approach did meet the Board’s requirement of its CEO but there had to be a better way of offering a more equitable opportunity for its students. 

In 1994 FVSD implemented a network of audio graphic classrooms in which one teacher offered a course to a number of the jurisdiction classrooms using a tele-convener and an interactive “SmartBoard.” In this environment the teacher and students could interact with each other orally. Furthermore, the SmartBoards are interactive between the sites. Unfortunately students were not supervised in their work and several students took advantage of the “mute” button on the tele-convener and therefore many students spent a large amount of time off task. 

Echoing the evaluations of others who use audio graphics, teachers and students in FVSD expressed some dissatisfaction with audio graphic distance education. Teachers reported that they felt disconnected from their students because they could not see their faces; hence they couldn’t tell if the students were engaged. They found themselves falling into “presentation mode” because of lack of feedback. They also found that they were limited in the ability to share resources with students using this technology. Students also felt isolated and had indicated that they would have liked to see what their teachers and the other students looked like. The completion rate using audio graphics was far superior to correspondence courses and the fail rate was lower, but not to the level of the traditional classroom. Again, there had to be a more equitable way of offering an effective electronic interactive class experience.

There was an intuitive belief within FVSD that if students and teachers could interact with each other with visual, auditory, and graphic images, the delivery of these courses would be more effective. Further, they believed that if they were able to record a lesson, including the graphic images, and all the student interaction, then provide students access to this information in an interactive manner from school or home after the lesson was finished, they would increase the opportunity for success through distributive practice and review. Students who missed the lesson, or those who simply wanted to review what had been covered could view the lesson at a different time and if necessary, place. 

In 2000 a group from FVSD, the University of Alberta and the Netera Alliance developed a set of specifications for a distance-learning environment based upon the experiences of the Alberta Video Classroom Network, the Cascade Consortium (Matthews, 2000) and the expressed needs of the teachers and administrators within FVSD. This specification was predicated upon access to a broadband network. Originally, FVSD planned to build this network, but later that year the Alberta government announced the creation of the Alberta Supernet which would provide “equal access for equal cost to the highest quality high-speed broadband access to the Internet … to every hospital, school, library and government facility in the province within three years” (Alberta Innovation and Science, November 2, 2000). The Government requested that we delay implementation of our network until the Alberta Supernet was built. Over the next two years our ideas evolved into the Rural Advanced Community of Learners (RACOL, http://racol.ualberta.ca) project. RACOL has set out to create an environment that puts students and teachers who are located at great distances from each other together in a common, real time environment that also provides quality, asynchronous support.

The heart of this pilot project is the development of a model of teaching and learning that exploits the potential of broadband networks and advanced technological capabilities that address the needs of students in rural and remote school districts. Similar projects have been undertaken in the past; however, they have been hindered by two problems. The first is the attempt to use new technologies to recreate old models of instruction. Videoconferencing, for example, is often used to simulate didactic lectures (Scardemalia & Bereiter, 1996). Ultimately, the best implementations one can hope for is to approximate face-to-face instruction. The second problem concerns the technological impetus of projects in which teachers, learners, and learning outcomes are perceived as subservient to the new technologies (Surrey, 1997). 

The RACOL project builds on a family of educational models that have evolved and converged over three decades of design, implementation, research, and revision. The “extraordinary student achievement” attributed to these community of learners models (Lamon et al., 1996, p. 243), in areas such as independent and group problem solving, comprehension, motivation, completion rates, inquiry skills, and enthusiasm among parents and teachers, is based on student collaboration on authentic problem-solving activities. Early efforts, such as the cooperative learning methods of Johnson and Johnson (Johnson, Johnson, & Stanne, 2000); the Fostering Communities of Learners model of Brown and Campione (1994); the Knowledge-Building Communities of Scardemalia and Bereiter (1996); the Collaborative Visualization project of Pea et al. (1994), and the Adventures of Jasper Woodbury series (CTGV, 1990) have proven to be very effective. 

One major technical component of the RACOL project is the Virtual Presence Learning Environment (VPLE), which is based upon the concept of providing multipoint, MPEG-2 broadcast quality video and audio, along with an attendant data stream to and from all locations. The design of the VPLEs is based on the “Alberta Video Classroom Network.” VPLEs have high-resolution picture quality and good audio. Multiple sites on the network are connected with MPEG-2 multipoint services. VPLE features include: camera control, question queuing, “I’m lost” indicators, teacher-friendly interfaces, connections to other sites through a user-friendly console which allows remote control of equipment at remote sites, satellite reception, cable TV connection, intelligent whiteboards, and expert systems to manage the environment so that the instructor and students are not required to also be technicians. 

Video, audio, and data communication in the VPLEs will be provided over broadband networks including CA*Net 4, NeteraNet, and the Alberta Supernet “research strand.” Because all communication between these classrooms is digital, each stream is recorded and “time-stamped” so that anyone who wishes to review an interaction can access the content asynchronously from a central streaming server. In this way students can review lessons from other computers in the schools or even from their home computer. Four computers in each VPLE are also connected to the data network to allow collaborative computer use using the Polycom Via Video system (http://www.polycom.com/products_services/products_groups/0,1422,186-152-72,00.html). A major problem that rural students and instructors face is the lack of up-to-date resources. Fortunately the provision of on-line, student accessible resources is the goal of a number of major projects such as the Broadband Enabled Lifelong Learning Environment (BELLE, http://www.belle.ca/) and LearnAlberta (http://www.learnalberta.ca). 

A number of different video codecs (e.g., MPEG-1, H.323, MPEG-4, ISABELLE) as well as MPEG-2 have been included in the design of the VPLE. This will allow the inclusion of special events with schools and other partners who do not have access to the bandwidth that is available on the Alberta Supernet. This also provides the opportunity to evaluate the effectiveness of different codecs in the educational environment. Finally, a great deal of care has been taken to “hide” the technology from the students and teachers. User interface design is a particular interest to members of our research group, and “integration,” “ease of use” and “transparency” are central design concepts.

A VPLE has been installed in each high school and the central office. These VPLEs are linked together via the Alberta Supernet. The FVSD network connects to the Universities of Alberta and Calgary, the Banff Centre, NAIT and other Alberta institutions (e.g., the Alberta Learning Online Curriculum Repository and BELLE) via a connection between the Alberta Supernet and Neteranet. Neteranet and CA*Net 4 will provide high-speed access to the rest of the research world. Each VPLE accommodates between 6 and 12 participants. The University of Alberta, the University of Calgary, NAIT and the Banff Centre are using their Alberta Video Classroom equipment to interact with students and staff in the FVSD VPLEs. In fact, almost any computer on the research Internet could be used to communicate with these VPLEs, since the Alberta Supernet connects via Neteranet to CA*Net 4, Canada’s segment of the Research Internet. This technology is an essential part of the goal which is to provide these distanced, rural students with quality education that is equivalent to, or better than, that received in urban classrooms. 

Section 3 of the FVSD policy book instructs the CEO to operate the system in a fiscally responsible manner. The system has to be affordable to construct and to operate. The provincial government commissioned the building of, and subsidizes the connection with the Alberta Supernet, the high-speed fiber network connecting all schools, hospitals and public buildings in Alberta. RACOL requires more bandwidth than that supplied by the government but the cost of that increased bandwidth costs about the same as our present network, built on pairs of 56k copper. Alberta Infrastructure and the federal Western Canadian Economic Diversification department funded the establishment of the learning suites. All six of the classrooms and the administrative office were equipped for slightly over a million dollars (Cdn). While this may seem expensive, the development costs were quite high and “leading edge” equipment was used. As this equipment becomes more commonly available and the installations become more common, the VPLEs could be duplicated at a much more reasonable cost. 

5. Extending Distance Education into the Community

A major part of this project is to design and deliver the professional development necessary to help teachers develop and adopt second-generation community of learners’ models of teaching and learning that exploit the technical capabilities of broadband networks. Two of the major Alberta professional development agencies whose mandate is to help teachers use technology effectively in the classroom have agreed to partner with us in this regard: The Telus Learning Connection (http://www.2learn.ca) and the Galileo Educational Network (http://www.galileo.org). FVSD appointed a professional development coordinator to work on this project and grant release time for teachers to begin work from the prototype VPLE located in the FVSD central office. The University of Alberta has also arranged for a doctoral candidate specializing in this area to work on this component.

FVSD has a “community” orientation. They would like to see continuing education courses offered during non-school hours. To this end, three post-secondary courses will be delivered beginning in Spring 2003: a) a graduate education course on Synchronous Learning Systems, offered by the University of Alberta Faculty of Education, b) a Teacher’s Aide preparation course offered by the University of Calgary Faculty of Continuing Education, and c) the Alberta Apprenticeship, National Certification (Red Seal) course in Welding, offered by the Northern Alberta Institute of Technology.

6. Looking into the future

At this time the VPLEs are barely out of testing. The K-12 courses begin full implementation in February 2003. Post secondary courses will begin later in the Spring. It is optimistic, but we are convinced that RACOL is the preferred future for the jurisdiction. It is our contention that students will be more successful if interaction involves audio, visual, oral and graphic information. This system further offers the jurisdiction the opportunity to hire teachers who are distant from the jurisdiction allowing the hire of experts who would otherwise not want to relocate to these remote communities. To make an even a stronger case, because the courses are synchronous and asynchronous a student who misses a class or needs to review the live presented material can do so at his/her convenience.

7. Conclusion

Combining technological and pedagogical innovations can be effective when viewed equally. Virtual presence learning environments and video classrooms have the potential to radically change the way we teach and learn. As both students and instructor became more familiar with innovative technologies, the flexibility of the virtual presence learning environments presents endless opportunities.

This virtual presence solution may not work for every situation. Through our continued evaluations and investigation via the RACOL project it is believed, that the virtual presence learning environment can be integrated into other remote educational programs and school jurisdictions. As institutions and innovators continue to move forward with advanced technology and unique instructional delivery methods, there must also be the continued pursuit of quality education and teaching methods.

The challenge remains for all of us to examine possibilities for collaboration and educational enhancement. From a student’s perspective, collaborative based learning and second generation communities of learners, as opposed to traditional face-to-face learning, allows for several levels of student participation and flexibility [Gornall, Pengelly & Shearn, 1998]. Collaborative learning can also establish an environment that encourages students to develop theories and ideas of their own, while working together and with the instructor as a collaborator [Hammond, 1997]. 

Encouraging learning through collaboration and flexibility fosters the sharing of knowledge and values. The continued pursuit and evaluation of collaborative learning scenarios will help build a new era of lifelong learning environments. With the support and investigation of researchers and educators in the field, technologically enhanced learning environments can, now and in the future, provide all students with access to quality learning opportunities.
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