INTERNATIONAL REAL-TIME DISTANCE SCIENCE EDUCATION BETWEEN THE UNITED STATES AND SOUTHERN AFRICA


STEPHEN A. MACKO

University of Virginia, Charlottesville, VA

sam8f@virginia.edu
THOMAS A. SZUBA

University of Virginia, Charlottesville, VA
tas4h@virginia.edu
ROBERT J. SWAP

University of Virginia, Charlottesville, VA
swapper@virginia.edu
HERMAN H. SHUGART

University of Virginia, Charlottesville, VA
hhs@virginia.edu
PAUL DESANKER

University of Virginia, Charlottesville, VA
pvd4m@virginia.edu
HAROLD ANNEGARN

University of the Witwatersrand, Johannesburg, South Africa

annegarn@src.wits.ac.za
BANE MARJANOVIC

University of the Witwatersrand, Johannesburg, South Africa

banem@civil1.civil.wits.ac.za
FRANCISCO VIEIRA

University of Eduardo Mondlane, Maputo, Mozambique
vieiraf@zebra.uem.mz
RUI BRITO

University of Eduardo Mondlane, Maputo, Mozambique
ruibrito@zebra.uem.mz
EUGENE SULLIVAN

University of Virginia, Charlottesville, VA
wvs5w@hscmail.mcc.virginia.edu
ROBERT HUTCHISON

University of Virginia, Charlottesville, VA
rwh6u@virginia.edu
Distance learning offers opportunities for educational experiences to individuals where time, expense, or location otherwise inhibit taking a particular course of study. However, there are severe pedagogical limitations to traditional Web-based courses that suffer from a lack of spontaneous, personalized exchange between instructors and students.  In contrast, the technology to establish a real-time, interactive teleducation program exists, but is relatively untested in a scientific classroom setting at global distances.  In this 2001-02 pilot project, we offered two real-time, interactive classes at three universities, which communicated instantaneously across more than 8,000 miles and seven time zones. The Fall 2001 course, Seminar on the Ecology of Africa, consisted of a series of 11 lectures originating from Mozambique (University of Eduardo Mondlane), South Africa (University of the Witwatersrand) or the United States (University of Virginia).  The Spring 2002 course, Ecological Issues in Global Change, was offered from the University of Virginia to the University of the Witwatersrand as a graduate/upper undergraduate class.  We used a combination of ISDN, internet and satellite linkages to facilitate the lectures and real-time discussions between instructors and approximately 175 university students in the three countries.  Although numerous expected and unexpected technical, logistical, and pedagogical issues arose throughout the pilot, the project can be viewed as overwhelmingly successful and serves as proof-of-concept for future initiatives, both internationally and locally.  From this experience, we believe that the incorporation of these technologies into global science education is a viable and sustainable option that can be utilized to supplement traditional education techniques.

The fundamental issue is not new versus old education nor of progressive against traditional education but a question of what… [is] to be worthy of the name education.

—John Dewey, 1938 [1]
Introduction.

Not long ago, we were told that it takes a village to raise a child [2].  However with the changing nature of information access that has been brought about, first, by the advent of the Internet and, now, by its pervasiveness, educating a young person for citizenship in the 21st Century is beyond the resources and capabilities of even an entire village.   A student in Charlottesville, Virginia, for example, can no more be prepared for global citizenship and intellectual opportunity by local resources alone than a student in South Africa or Mozambique, or anywhere else in the world for that matter.  

The Department of Environmental Sciences at the University of Virginia is addressing this issue of ‘global environmental education’ by collaborating with the University of the Witwatersrand (South Africa) and the University of Eduardo Mondlane (Mozambique) to provide real time, interactive, post-secondary instruction to environmental science students at the three universities.  In the 2001-2002 academic year, more than 175 students and 10 faculty at the three universities participated in what will be the first of many courses to be taught collaboratively between the institutions through the use of improving Internet technologies.

One of the chief goals of this project was to enhance the capacity of Africa to solve the challenging health and environmental problems in Africa.  Thus, the full and equal participation of the institutions in southern Africa was crucial to the development and implementation of this endeavor.  Having said this, it should be noted that this project likely may not have succeeded without a previously established foundation of cooperation between participating institutions.  In this case, the University of Virginia had collaborated with the University of the Witwatersrand and the University of Eduardo Mondlane to conduct environmental research within the region for nearly 25 years.  This collaboration included joint field studies and laboratory work between faculty and students, the integration of technology into our research (e.g., the acquisition and use of satellite imagery and the development of computer based environmental models), and academic exchanges between faculty, students, and staff.  Moreover, the University of Virginia, the University of Witwatersrand, and the University of Eduardo Mondlane (and the University of Botswana, the Harry Openheimer Okavango Research Center, and the University of Venda, South Africa) had formalized this commitment to research and educational collaboration through a series of agreements and Memoranda of Understanding signed over the previous 5 years.


STUDY OF THE SOUTHERN AFRICAN ENVIRONMENT

It has become almost universally accepted that degradation of the environment is one of the most serious problems that faces the world today and that steps must be taken to better manage the diminished resources that still exist.  Southern Africa has undergone and continues to undergo alterations in social, economic and political environments that contribute to large-scale changes in land use and land cover within the region.  These changes, many of which are brought about as a result of human intervention (such as increased biomass burning related to shifting population pressures and elevated industrial emissions due to increased economic development) are inextricably linked to the quality of the atmosphere, biosphere and hydrosphere of southern Africa.  Because the atmosphere over southern Africa transcends political boundaries, changes to the environment introduced by a given nation may have far reaching impacts on the southern African system on both continental and global scales.

It has become evident that environmental initiatives to address this new generation of environmental and social problems will require greater focus on the collaborative training of a new generation of scholars and citizens, on new tools and developing technologies, and on high-quality environmental data and information.  It will also require an integrated approach to environmental and social study in order to encourage sustainable development in a way that would enhance the harmony between development and the environment.

Far-sighted legislation has placed environmental issues high on political and social agendas of southern Africa, but has also highlighted serious local and regional shortfalls in the availability of well-trained professionals in both the private and public sectors.  It has also exposed a paucity of information on fundamental system level interactions in the region.  However, these initiatives have also created an opportunity for innovative and extensive regional efforts to address the gaps in environmental education.  Southern Africa cannot continue to rely on the well-intentioned efforts of peer driven specialists that external institutions (e.g., in Europe and the United States) are currently producing.  Rather, there is a need to develop a body of environmental professionals, from both the United States and southern Africa, who are skilled at crossing traditional disciplinary boundaries and capable of collaborating with one another both within the region and around the world.  

We believe that this project to teach American and southern African students at the same time and in the same class (i.e., real-time, interactive, undergraduate environmental coursework) will help to address this glaring need in environmental education and serve as a proof-of-concept for real-time, interactive distance education that could apply to other disciplines as well.


TELEDUCATION

The Internet, and more comprehensively, the digital age, has revolutionized education [3].  It has altered the ways in which information is organized and accessed and transformed how teachers instruct and students learn.  However, Web-based “distance learning”— the use of technology to facilitate student-paced, time indifferent (i.e., 24 hours a day) and, to varying degrees, instructor independent instruction to individuals who are geographically and temporally removed from formal classroom instruction [4]—is constrained by severe pedagogical limitations associated with a lack of spontaneous, personalized exchanges between the instructor and students [5].  ‘Teleducation’, on the other hand, uses technology to provide interactive, real-time instruction over temporal and spatial divides.
Before distance learning and other technology-based instructional initiatives can become effective learning tools, practitioners must address and overcome the “transactional distance” [6] that can so often develop between instructor and student when either party finds the technology so unfamiliar so as to create a barrier to effective communication [7].  At the same time, however, if these pedagogical concerns could be overcome, the power of the Internet and other 21st Century technologies could conceivably be harnessed to enhance instructional opportunities over great geographic, and even cultural, distances.  This is especially true about the delivery of science education in southern Africa [8].  

Project Objectives


Our goals were to use teleducation as a means developing:

· the next generation of creative young scientists, both in the United States and in southern Africa;

· academic excellence within the partner universities so that they can more effectively contribute to regional sustainable development efforts; 

· the environmental science infrastructure in southern Africa that is self sustaining in the long term;

· teleducation as a mechanism for enhancing regional science education and contributing to stable, healthy ecosystems in the region; and

· a capacity for scientific synthesis on a regional scale, through long term fundamental research of regional environmental problems and system modelling/assessment.

Course Offerings


Collaboration between the participating universities extended to the classroom via teleducation for the first time during the Fall semester of 2001 with the course “Seminar on the Ecology of Africa” and again in the Spring of 2002 with the course “Ecological Issues in Global Change”.


SEMINAR ON THE ECOLOGY OF AFRICA

In the Fall of 2001, more than 120 students at the University of Virginia and over 40 students in southern Africa participated in the Seminar on the Ecology of Africa, a “traditional” lecture-based course that was offered by ten different faculty members, each of whom prepared and presented one 50 minute lecture about an aspect of the southern African environment (see Table 1 for a list of lecture titles and instructor names).  Each lecture was broadcast live before students at the host institution (e.g., the University of Virginia) to students at the other institutions (e.g., University of Witwatersrand, South Africa and the University of Eduardo Mondlane, Mozambique).  Instructors used PowerPoint® presentations, photographs, overheads, and other media to supplement their lectures.  Upon completion of the prepared lectures, students were extended opportunities to ask questions in a live, real-time manner to the lecturers.  Barring occasional technical difficulties, participants at all sites were able to both see and hear the student with the question and the instructor’s response.  Because of the nature of the presentations, the course was offered as a one credit, pass-fail class, with grading based upon attendance.  

ECOLOGICAL ISSUES IN GLOBAL CHANGE

In the Spring of 2002, ten students at the University of Virginia and 18 students at University of the Witwatersrand enrolled in Global Issues in Ecological Change, a graduate/upper undergraduate level course designed to introduce the process of mathematically modeling terrestrial ecosystem dynamics.  It covered issues such as global environmental change, ecological succession, and environmental modeling.  The course is lecture-based and relies upon PowerPoint® media, however the delivery of these lectures is considerably less formal than the Seminar on the Ecology of Africa.  For example, students are encouraged to interrupt lectures to ask questions as they arise, thereby relying heavily upon the interactive, real-time nature of teleducation technology.

Table 1. Lecture schedule for the interactive, real-time course Seminar on the Ecology of Africa broadcast between the University of Virginia (United States), the University of the Witwatersrand (South Africa), and the University of Eduardo Mondlane (Mozambique), as drawn from the Fall 2001 course syllabus. 

 

Technical Approach to Teleducation

All links between the University of Virginia, the University of Witwatersrand, and the University of Eduardo Mondlane were established via the three primary protocols used in Digital Videoconferencing: H320 ISDN, H321 ATM, and H323 IP.  Classroom endpoints at the University of Virginia were equipped with VTel Galaxy Room Systems connected over an ATM backbone.  An FVC VGate 5000 Gateway was used to make connections between the H320, 321 and 323 endpoints.  Videoserver 2020 Hybrid H320 / H321 Multipoint bridging units (ATM and ISDN) were also employed, as were a Cisco IP MCU and Polycom H323 endpoints.  The University of Virginia served as the central hub for all communications (even for the discussions between the University of the Witwatersrand and the University of Eduardo Mondlane).  The University of the Witwatersrand connected to the University of Virginia directly via ISDN at 256 Kbps, whereas the University of Eduardo Mondlane connection to the University of Virginia required ISDN to the World Bank Satellite network from Africa to Washington D.C. (United States) and then via ISDN to the University of Virginia. All U.S. connection speeds were at 256 Kbps.

TECHNICAL CHALLENGES

While this project did not involve unproven technologies, it did represent the state-of-the-art for two-way (three point) videoconferencing and, as such, presented several particularly interesting challenges, including ISDN line failure, satellite interruptions, and IP signal variability.  A 256 Kbps connection speed was used and is acceptable, although 768Kbps (1/2T) may be desired.  A 256 Kbps is the minimum recommended speed for real-time interactive audio-visual display.  However, on the ‘commodity Internet’ there is no guarantee of ‘quality of service’ to ensure available bandwidth from Virginia to southern Africa.  Thus, even when the display looked to be of high quality, it could fade in and out as bandwidth was temporarily degraded.  The next generation Internet (Internet II) will likely be able to guarantee quality of service, so this problem may not be of concern in the next few years. 

Pedagogical Approach to Teleducation

Our experience with this project is consistent with the notion that the use of technological tools to convey course material, even in real-time, will undoubtedly change traditional teaching styles most frequently seen at the university level [9]. Thus, instructors had to appreciate that there were limits to the technology being utilized in the teleducation setting and adapt their methods of instruction as such.

First of all, speakers had to prepare themselves (or be trained) to use the teleducation equipment, including how to manage camera views to and from supplementary material (e.g., a PowerPoint® slide).  Whereas multi-media presentations (e.g., PowerPoint® slides, overhead transparencies, still pictures, and video) were supported by teleducation technology as described in this project, some of these options were not easily invoked on demand without previous testing and iterative quality control measures.

Additionally, instructors had to carefully consider their selection of supporting media during their presentations.  Font style, size, and color determined the clarity of PowerPoint® slides, overhead transparencies, and front lit pictures alike.  Also with regard to the use of supplementary materials, our experience shows that it was of great help to remotely located students if presenters shared lecture outlines in advance of a teleducation session.

Instructors also had to be acutely aware of their body position and posturing.  For example, speaking to the camera or monitor, rather than to students on site, contributed to the visual quality of the lecture.  Similarly, maintaining a clear and volume-constant voice that was directed into the microphone enhanced the audio quality for remote listeners. Moreover, it was imperative that sound checks were performed before every presentation because of variations in the projection of different speakers’ voices.

Finally, instructors had to accept that it was more difficult to gauge the attentiveness and reception of a remote audience during a teleducation broadcast than in a more tradition classroom setting.  In fact, we noted that even when students were in the same room with the broadcasting lecturer, they tended to watch the monitor version of the lecture rather than the live presentation.  This loss of eye contact between the instructor and student could be overcome, but doing so demanded adaptability and focus on the part of our teleducators.


Having noted the numerous pedagogical concerns that were magnified by a teleducation setting, it should be noted that both instructors and students alike appeared to accept both the expected and unexpected obstacles that invariably presented themselves during transmissions.

Administrative and Logistical Approach to Teleducation

Coordinating events between three organizations, 8,000 miles, and seven time zones proved to be no small task.  To begin with, the University of Virginia is administered on a different academic schedule than the University of the Witwatersrand and the University of Eduardo Mondlane (i.e., “American” versus “British” systems).  Thus, while courses at Virginia were run on 14 week semesters, coursework at the southern African institutions was focused in intensive 3-6 week modules.  Although such a difference might be insurmountable under some circumstances, previously established agreements between the institutions ensured the administrative flexibility to overcome these concerns.

The seven hour difference in time zones between the eastern United States and southern Africa proved to be another obstacle, albeit a manageable one.  Lectures initiating in Virginia began at either 9 or 10 a.m. eastern U.S. time (depending on daylight savings time) so that they could be viewed instantaneously at 5 p.m. local time in southern Africa.  Three of the lectures initiated in South Africa, on the other hand, were broadcast at 11 p.m. local time so that they could be viewed in Charlottesville at 4 p.m. Virginia time.  Similarly, the broadcast from Mozambique began at 4 p.m. local time so that it could be seen at 10 a.m. at the University of Virginia.  Changes associated with daylight saving time (both fall and spring) had to be scheduled prior to the onset of the courses so that lecture halls and student schedules could be arranged for both pre- and post-daylight savings adjustments.

Because of the nature and potential severity of these administrative and logistical issues, it was imperative that each university assigned a single individual to serve as the point person for the project.  Thus, when last minute modifications had to be made (and they did), planners at one site knew that they needed only to make contact with that individual to relay the information to all remote location participants.

Finally, the complex issue of course management must be addressed when offering teleducation classes.  For example, if a class is the result of collaboration between three universities, which university issues the credit?  Which university receives the tuition?  Which instructor issues the grades?  While the simple answer to these questions is that a student’s university of enrollment should manage these concerns, this may not suffice as a solution when courses are offered by individual instructors rather than via collaborative efforts between faculties, as was the case in our Seminar on African Ecology pilot.

Benefits To U.S. Undergraduate and Graduate Students


We believe that the benefits to students who participated in this teleducation coursework were numerous.  These included but are not limited to:

· access to international and regional environmental experts and professionals;

· introductions to international and regional subject content in a highly cost effective and safe manner that they might not otherwise easily obtain;

· stimulation of interest in pursuing opportunities to participate in regional on site field opportunities; and

· exposure to the possibilities of teleducation, a mechanism of instruction that will certainly grow in use over the next decade.

The Future of Teleducation Between Collaborating Institutions  


The Internet is a truly distributed public medium and, as such, holds great potential for disseminating information, instructing students, and bridging intellectual and cultural divides around the world.  To date, much of the work to use the Internet as a mechanism for providing educational opportunities has focused on student paced, time indifferent (i.e., 24 hours a day), instructor independent distance learning materials.  However, the technology now exists for real-time, interactive instruction over great spatial distances, as evidenced by our pilot program to offer a Seminar in African Ecology and Ecological Issues in Global Change to students at three universities separated by an ocean and seven time zones during the 2001-2002 academic year.


THE VIRGINIA-SOUTHERN AFRICAN CONSORTIUM

In May 2002, the Vice Chancellors and Provosts of the universities participating in our consortium met  at the University of Virginia to discuss plans for enhancing our collaborative research and educational activities.  The agenda included topics such as teleducation course management, infrastructure needs to support teleducation initiatives, and student and faculty exchanges.  Thus, we expect that our 2001-2002 academic year pilot will serve as proof-of-concept and that additional courses will be offered through the consortium in this manner.  

REGIONAL AND LOCAL BENEFITS

We note that the scale of the teleducation need not be global. From a regional perspective, students at the University of Virginia received a real-time, interactive lecture from a member of the faculty at the College of William & Mary in Williamsburg, Virginia (approximately 130 miles in distance).  Again, this pilot effort served as a proof-of-concept for the sharing of academic resources within the state of Virginia.

Similarly, in the Fall 2002 semester, the University of Virginia will use these same technologies in to broadcast real-time, interactive mathematics instruction to local high school students who would benefit from advanced courses not otherwise available in the K-12 environment.

Conclusions

In the 21st Century, many of the environmental challenges that face the scientific community are transboundary in nature (e.g., climate change, water resource management, and pollution).  To address these global concerns and more efficiently share educational and scientific resources, we believe that new learning technologies, as used in this project, will help to minimize the effects of national boundaries on student learning as well.  Although our pilot efforts have presented both expected and unforeseen obstacles, we believe that our consortium is pioneering an effective approach to global science instruction that must be available to the educational community as the 21st Century proceeds. We believe that teleducation offers a viable, cost-effective, sustainable option for enhancing, but not replacing science education at the global, regional and local scales.
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EVSC 493	UNDERGRADUATE SEMINAR SERIES		FALL 2001


EVSC 793	Seminar on the Ecology of Africa		








September 18 	Dr. Michael Garstang, Dept. of Environmental Sciences, Univ. Virginia


	"Elephants and Long Distance Communication in Southern Africa"


  	 


October 2	Dr. Mary Scholes, Univ. Witwatersrand, South Africa


	"Nutrient Cycles and the African Savannas "


  


October 9	Dr. Robert Swap, Dept. of Environmental Sciences, Univ. Virginia


	" Dust in the Winds of Southern Africa"


   	


October 16	Dr. Rui Brito, Univ. Edward Mondlane, Mozambique


	"Effects of the Limpopo River Floods on Agriculture" 


   	


October 23 	Dr. Hank Shugart, Dept. of Environmental Sciences, Univ. Virginia


	"Ecological Models of African Savannas and Woodlands "     





October 30	Dr. Harold Annegarn, Univ. Witwatersrand, South Africa


	"Atmospheric Pollution in Urban Regions of South Africa "


 


November 6	Dr. Joseph Miller, Department of History, Univ. Virginia


	"The Oral Tradition and History of Africa"





November 13	Dr. Lee Berger, Univ. Witwatersrand, South Africa


	"The Evolution of Modern African Mammals and their Ecology "


  


November 20	Dr. Bruce Hayden, Dept. of Environmental Sciences, Univ. Virginia


	"US Long Term Ecological Research Program & Potential for Africa" 


  


November 27	Dr. Paul Desanker, Dept. of Environmental Sciences, Univ. Virginia


	"African Global Change"





December 4 	"Advancing our Understanding of the Environment by Graduate Study"


	Grad Students, University of Virginia and University of Witwatersrand














