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Abstract. With increasing international collaboration in the delivery of Higher Education e-learning programmes, the requirement for changes in institutional practice needs to be considered in relation to the creation of shared online resources. A group of academic and learning technologists involved in a US/UK project experimented with technology and a new cultural approach to create learning material suitable for use in geography programmes on either side of the Atlantic. The methodology, called Collaborative Learning Activity Design (CLAD) was undertaken by members of the JISC/NSF Dialog-Plus project to develop a series of learning activities to support the use and understanding of the Global Positioning System (GPS). The technological and cultural impact that use of CLAD has had on the School of Geography at the University of Leeds, and the potential effect that these changes may have on the future delivery of e-learning material at institution level, are the focus of this paper.
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1
Introduction

The Dialog-Plus (Digital Libraries in Support of Innovative Approaches to Learning and Teaching in Geography) project is one of four projects funded by the Joint Information System Committee (JISC) and the National Science Foundation (NSF) as part of the Digital Libraries in the Classroom Programme. The project consortium consists of the Universities of Leeds and Southampton from the UK and The Pennsylvania State University (PSU) and University of California at Santa Barbara in the US. The primary goal of the Dialog-Plus project was to develop innovative approaches to learning and teaching in Geography using geographers, computer scientists and education specialists to design, create and support the re-deployment and embedding of digital resources within existing courses and modules.  The model of creating reusable learning objects called ‘nuggets’ was the basis of the successful bid. A nugget was conceived as comprising of a learning activity, supporting material and some form of self-assessment (for example, an online multiple choice questionnaire providing immediate feedback on success rate).

Talks between geographers in the consortium universities identified a common need to develop learning material to support students and staff in their understanding and use of the Global Positioning System (GPS). Existing material at PSU on GPS was about to be reviewed and updated and could be supplemented by a training nugget in using and understanding GPS receivers. Instead of working independently, a collaborative approach to the design of new and updated learning and teaching resources was taken by geographers at the University of Leeds and Penn State University resulting in the development of a series of digital resources on GPS.

This paper reviews the method of design and development used to produce the GPS learning and teaching material, in particular the GPS training nugget, examining the technological aids used to facilitate collaborative learning activity design (CLAD) and discussing the cultural implications of using concept mapping to allow visualisation of the design components. It is not only the design and development of these materials that has had technological and cultural implications but also the method of delivery of one of the nuggets created. Technology in the form of handheld personal device assistants (PDAs) loaded with Windows Mobile has given a new dimension to mobile learning. Students are able to take the PDA into the field, along with the GPS receiver and access the e-learning materials exactly when and where they need them.

2
Background to GPS
GPS receivers and in-car satellite navigation systems are no longer considered a luxury item [1] and have become a mass consumer product over the last few years. The benefits of GPS to the general public in both work and leisure related navigation are numerous but the main focus of this paper will concentrate on the benefits to the geographer which include fast and accurate location acquisition in the field.
Before examining the methodology used in the collaborative design and development of the GPS nuggets, a basic understanding of GPS is needed: how it works and what its capabilities are. The Ordnance Survey [2] defines GPS as “.. a satellite-based positioning and navigation system owned and operated by US DoD (Department of Defense). Access is free for all users and the service is available 24 hours a day, 365 days a year. GPS is an all weather system that works anywhere in the world. GPS can give an instantaneous, real-time position to within approximately 10m using a single handheld receiver.” 

Information such as time, three-dimensional location (geographical co-ordinates or projected co-ordinates, such as the British National Grid) and velocity can all be obtained using a receiver which could be located in aircraft, ships, cars, vans and trucks or carried by an individual. Earth-orbiting satellites transmit navigation signals which the GPS receiver decodes to provide the positional information. GPS was originally launched in 1995 to provide navigational support to the US military but is now used by the general public all over the world, though at a lower level of accuracy than that available to the military [3]. The enhanced functionality of GPS over other location retrieving or navigational equipment make it a lower cost, more accurate alternative for an unlimited number of people around the world. Map makers, rescue services, yacht owners, walkers and climbers are just some of the people benefiting from GPS. 

3
Collaborative Learning Activity Design
For the Leeds University practitioners involved in the design and development of these international collaborative learning activities, the use of CLAD as a means of creating reusable learning material for embedding in more than one institution was a new cultural approach. Hitherto, learning material had been developed to suit the learning objectives and aims of a particular module rather than the wider approach required in this instance. This section will examine the methodology of collaborative design of the series of learning activities and discuss the success factors and problems associated with international collaboration. The elements of CLAD will be described followed by a look at how the technology and pedagogical approach to the design and development process was used by the team.

3.1 Elements of CLAD
Concept mapping was an integral component to this CLAD project, facilitating and guiding the GPS collaboration team through the visualisation and realisation of the nugget contents. Previously it has been successfully used by project members in the design of reusable learning material for e-education in cartography and GIS at PSU [4]. Concept mapping views a learning topic to be comprised of inter-related subtopics or elements. Relationships are used to define links within and between learning topics. Elements are represented by nodes and relationships by lines, the resulting structure and content constitute a concept map. As a strategy for curriculum planning [5] the concept map is then parsed to a unit of learning or a lesson to identify the ‘nuggets’. 

Concept mapping has the advantage that it helps foster collaboration better than text outlines [4]. In the context of this collaboration, five time zones and several thousand miles between the collaborators made real time discussions more challenging. Recent technological advancements have helped overcome these difficulties in the form of web conferencing tools, such as Horizon Wimba. As a licensee of Horizon Wimba, PSU were able to host two-way audio, slide shows, application sharing, whiteboard and document sharing. This allowed the geographically dispersed collaborators to meet in a virtual room to discuss strategic and operational design and development issues.
The Dialog-Plus Nugget Developer Guidance Toolkit was used to facilitate the seamless production of the GPS nuggets (http://www.nettle.soton.ac.uk/toolkit/). The Toolkit, developed by project members at the University of Southampton, guides and supports teachers and learning material developers in the modification, creation and sharing of learning activities and resources. Using this toolkit, nugget developers at PSU and Leeds could formalise the nugget design by defining aims and learning outcomes, describing tasks to be undertaken by nugget users and identifying the learning and teaching approaches to be adopted. A common login account was created for the GPS nugget development team, allowing access and editing rights to these mutually created learning material entries.

In combination, concept mapping and use of the Toolkit was the basis of the methodology used in the design of a series of GPS nuggets.

3.2 Methodology of CLAD

CLAD consists of a number of iterative processes, the first cycle identifying personal and common teaching requirements, learning objects, learning topics and the relationships within and between topics and formalising the teaching and learning approach using the Toolkit. Once collaborators are satisfied with the design phase then the second cycle is entered whereby the material is developed, reviewed and edited until a satisfactory learning activity is produced.

Identification of personal/common teaching requirements

Identification of learning objects/components


Identification of learning topics/nuggets

Identification of relationships within and between nuggets
Formalise pedagogic approach

Develop/refine learning material


Share material with collaborators

Comment and edit

Fig. 1. Flowchart of CLAD process
The concept map, its learning elements and the relationships between those elements, were iteratively determined using the document sharing facilities within Horizon Wimba whereby practitioners could discuss, edit and agree the content as if in a face-to-face situation. This method allowed the team to identify and implement their personal teaching requirements and learning objectives. Formalisation of the context in which the activity occurs was done using the Toolkit. As a mechanism for abstracting good practice for e-learning, the toolkit allows a step-by-step identification of the learning and teaching approaches to the development of an activity by helping practitioners make theoretically informed decisions about the context, tasks and resources. Editing and updating the information in this facility by all members of the collaboration team was an important part of the iterative process.
Upon agreement of the content and structure the elements were parsed into groups which could then be used as the basis of nugget development. Figure 1 shows the parsed concept map agreed by the team producing these GPS nuggets. 
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Fig. 2. Concept map of GPS elements and relationships, parsed into a series of nuggets
The diagram shows, in the small grey-shaded boxes, the learning components. For example, there is a component which instructs the user to “Turn on receiver, Obtain position, Record error, Navigate”. The different learning components can be combined into learning topics (“nuggets”) in different ways. This is illustrated by some of the components which can be packaged into several different nuggets. For example, the component “Data Point” appears in four nuggets.

Figure 3 is taken from the Toolkit and shows the aims and learning outcomes of the GPS training nugget and indicates the adoption of an active learning method. This introductory page of a nugget entry summarises the nugget difficulty, pre-requisites for undertaking the activity, the learning and teaching methods and a description of the environment in which the activity is carried out. Aims and learning outcomes can be readily viewed and links exist to the tasks associated with the learning outcomes.
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Fig. 3. Extract from the Guidance Toolkit – summary page of ‘GPS Training’ nugget
3.3 The Development Phase

PSU had existing material which could be modified to create the four nuggets GPS Components, Sources of Error, GPS Data Properties and Differential Correction (on the right of the Figure 1). The training nugget was to be produced from scratch and was developed by the School of Geography at the University of Leeds. With an agreed design agenda, to some extent the development of the nuggets could be carried out by the individual institutions, although circulation of draft learning activities and invitations to comment and advise continued as an integral part of the process. Completed nuggets are available via institution VLEs and have been made available to other member institutions of the project.
3.4 The cultural and technological implications of CLAD

The design and development stage of this project has had cultural and technological implications for the School of Geography at the University of Leeds but could also have wider implications at institutional level. The international approach to producing learning material suitable for use in institutions with different cultural approaches to design and development, the use of concept mapping, the new technology in the form of web conferencing to support collaboration and the use of a Toolkit to formalise the context of the learning activity are new approaches which colleagues within the wider institutional community may need to consider as student study becomes global through international programmes. Critical to the success of the project was the ability to communicate both in terms of the technology required for practitioners who are in different continents to exchange and share information but also for practitioners to communicate their personal and institutional requirements to satisfy cultural demands, academic standards and best practice procedures at different institutions.
4
Challenges and solutions of delivering field-based e-learning activities
4.1 E-learning delivery

One of the challenges of delivering a practical learning activity on using a GPS receiver is that, as yet, positional location cannot be obtained from indoors or, if by chance a reading is obtained, it is of extremely low accuracy. The users and their GPS receiver must be outside, under an open sky, in order for the receiver to pick up at least three satellite signals to get an accurate reading.

In the traditional sense of e-learning, the student would access the material via their institution virtual learning environment or content management system and could either work through the learning activity by viewing on the computer screen or by working from hard copy. In the case of the GPS training nugget students were immediately prohibited from the soft copy scenario because the exercises need to be undertaken outside. Although paper copies of the nugget could be taken out on field exercises for students to refer to whilst familiarising themselves with the technology, weather conditions such as wind and rain can sometime make this problematic. In addition, longer documents can be cumbersome to work through. The Leeds team considered the idea of using a Portable Device Assistant (PDA), loaded with Windows Mobile, to provide a new perspective on the mode of delivery. Benefits of using this technology are portability of the resource, the ability to scroll through a lengthy document with ease and to be less affected by unfavourable weather conditions. The nugget was deployed and successfully tested on a PDA, allowing future users of the nugget to also employ this method of access to the learning activity. Of course it is not just the learning activity which can be mounted on a PDA but the GPS receiver itself can be integral to the PDA or to a Smartphone and the market for such built-in models or add-on modules is increasing rapidly. 
4.1 The potential for new technologies to influence institutional practice

What this exercise in portability of learning material demonstrates is that the same technology can be used for any e-learning material, not just for activities which need to be undertaken away from a computer or outside. Theoretically, this innovative approach to using technology to facilitate flexible learning via mobile technology should be successful. The proof of the pudding will be whether staff and students within and beyond the School of Geography embrace this cultural change in how training is delivered and whether the students, or the institution to which they are registered, are prepared to invest in the required technology. Our experience with mobile phone use in a field situation suggests that students will be quicker than staff to take up new technologies. In fact, strict guidelines must be issued for use of handheld devices in the field, as a moment’s lack of concentration on the field environment, caused by attention to the technical device, can lead to accidents.
5
Conclusion

The experiences of practitioners from the Dialog-Plus project have identified how new technologies and different cultures need to be accepted and embedded within programmes to encourage global learning. This paper has introduced the implications of developing and delivering specific learning material which are now embedded within geography programmes in two institutions in different continents.
Improvements to, and increasing affordability of technology will affect institutional practice in the future, not just in the technology such as web conferencing that allows improved communications but also the technology that supports people in their work and leisure such as GPS. The future value of location finding systems is highlighted by the investment by European Union states in the Galileo project which promises to deliver a positioning system of greater accuracy to European users and one not subject to the security or defence policy of the USA. In addition to this forthcoming European satellite navigations system, the continuing modernisation of GPS and the long-awaited improvements to the Russian GLONASS system [6] can only mean that the use of GPS receivers for positioning and navigational purposes becomes more mainstream for both work and leisure time. The use of such position location and navigation systems by geographers and other field scientists will start to have a long-term effect on the technological and cultural attitude at Higher Education level. GPS receivers are becoming affordable solutions for students to collect their spatial data and field classes in the School of Geography at the University of Leeds already rely on the technology for data collection. The use of training material loaded onto PDAs will make learning mobile, critical in the case of GPS where hands-on experience of using a GPS receiver cannot be gained from viewing the nugget online in the computer laboratory.
Concept mapping, the Toolkit and web conferencing tools have introduced a new culture in learning material design. The methodology of identifying personal and common teaching requirements, identifying learning objects and topics and the relationships both within and between the elements, parsing elements into units of learning and the iterative process of refining the overall concepts into reusable learning activities can be applied to independent or collaborative learning material development in the future.
Collaboration in the development of learning material is not a new concept but working with international collaborators, with potentially different academic cultures and the barriers created by distance and time zones, can make the process more challenging. International or inter-institutional collaborative learning design introduces new teaching methods to teachers and allows valuable cross-fertilisation of ideas and knowledge. In the context of this collaborative exercise, good communication and use of technology to facilitate the sharing experience were identified as critical success factors. The enthusiasm by members of the project to overcome all difficulties and produce a series of learning activities suitable for deployment in any of the member institutions was essential to successful collaboration. This enthusiasm was supported by the identification of a robust, iterative methodology to ensure the design and development of reusable resources for straightforward embedding in geography programmes in both the UK and USA. 
Acknowledgements. This work was part of the Dialog-Plus project (Digital Libraries in Support of Innovative Approaches to Learning and Teaching in Geography), 2003-2006, which is part of the Digital Libraries in the Classroom Programme, funded by JISC and NSF. The authors would like to acknowledge the support of all colleagues on the Dialog-Plus project, in particular Phil Rees and David DiBiase.
References
1. Rubens, P. (2006) Show me the way, BBC News, 24 June 2005, URL:         http://news.bbc.co.uk/1/hi/magazine/4124760.stm, Accessed 4 May 2006

2. Ordnance Survey (2006) Beginners Guide to GPS, URL: http://www.ordnancesurvey.co.uk/oswebsite/gps/information/gpsbackground/beginnersguidetogps/whatisgps.html, Accessed 5 May 2006
3.  Ordnance Survey (2006) GPS Background – Overview of GPS, URL:
    http://www.ordnancesurvey.co.uk/oswebsite/gps/information/gpsbackground/overview.html, Accessed 5 May 2006
4. DiBiase, D. (2005) Using Concept Mapping to Design Reusable Learning Objects for E-Education in Cartography and GIS, XX11 International Cartographic Association (ICC2005), A Corũna, Spain, 11-16 July 2005

5. Novak, J.D. (1990) Concept mapping: A useful tool for science education. Journal of Research in Science Teaching, 10, 923-949

6. Ordnance Survey (2006) GPS Background – Emerging Satellite Navigation Systems, URL: http://www.ordnancesurvey.co.uk/oswebsite/gps/information/gpsbackground/satnavsystems.html, Accessed 5 May 2006
Design cycle





Development cycle








