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Executive Summary

MakingTracks has created a rich learning experience embodying innovative and thoughtful pedagogic design building on the ideas of games-based learning and incorporating dynamic menus giving learners the freedom to explore number patterns and to make mathematical conjectures and predictions.

Using SCORM tracking a record is kept of actual scores and the results of testing learner confidence about their understanding. This can be seen as a significant advance on the simple Question & Answer/Multiple Choice Question approach that is typically found in e-learning. This SCORM service required the exchange of large XML objects. A difficult Web Service issue. It was successfully implemented in open source Java. using a Microsoft Technique, the document literal wrapped style.
MakingTracks has also discovered different ways to exploit the flexibility of a service oriented approach with Web Services. Ajax (Asynchronous JavaScript and XML) enabled the provision of a simple solution to a seemingly insurmountable problems at the core of the project, the creation of dynamic menus based on sequencing session of a learner. This lightweight solution, using browser neutral JavaScript, provides a path for the future rapid development of simple consumers of the JISC ELF services.

Background
MakingTracks integrated the work of the well established and popular online NRICH project at the University of Cambridge with the outcomes of the ELF funded project ISIS. It produced an institutional demonstrator deploying the ISIS toolkit and was informed by the developments from the completion of the DEL funded Assis project.  The pedagogy of a new Learning Trails was captured and enabled by the ELF technology and constructed in conformance with appropriate standards. MakingTracks attempted to improve access to both the resources and their deployment ensuring the sustainability of these materials and the availability of them beyond the duration of the project.

Aims and Objectives

NRICH has built a substantial archive of mathematics resources which currently surface through the various search facilities of the site – mostly based around the subject specific categories defined by BECTA/QCA metadata. However, it was felt that we could make better use of this archive by designing and packaging Learning Trails which could then be explored by learners and parents at home, and which could inform and guide teaching in the classroom. We expect these trails to be future-proof and extended their reusability by adopting IMS specifications. 

Simple Sequencing provided a way to encode navigation that would help guide learners – perhaps working at home with family support – to appropriate problems and investigations. Trails were built around interactive investigative environments constructed in Flash. A learner’s explorations and responses will inform the rules of the sequencing service, and guide progress by suggesting further enrichment material at an appropriate level of difficulty. 

The project constructed such a rich trail for use as a demonstrator using a trail aimed at encouraging the learner to reflect on their experience with a systematic approach to non-intuitive mathematical problems. Initially this trail was built to test the feasibility of the integration of the technologies.

Methodology

The work for MakingTracks was split between the partners using their strengths and ensuring separation of the evaluation by Cambridge from the original software developer, Icodeon. Interoperability was addressed by generating sequences of content that complied with the SCORM 2004 standard.  Interactions were generated using a variety of tools such as existing site XHTML editors, Flash, Captivate, Flash Learning Interactions, and a sequencing editor. We had hoped to remove some of the significant overhead usually associated with the production of such materials but this has proven to be difficult without suitable supporting tools. The critical success factors were achieved: the creation of the demonstrator testbed including the installation and deployment of the toolkit and player; and the generation of suitable sequences by Cambridge with support from the rest of the project team.
Implementation

MakingTracks was managed by Robert Sherratt at the University of Hull. Mike Pearson and Warwick Bailey report directly to Robert. A project steering group consisting of all the project team met at regular intervals, approximately every six weeks, to evaluate progress. This allowed for a flexible decision making structure, adaptive to changes either suggested or required, based on the teams experiences during the project and for project remotivation.

The integration was based around the use of common Web Services protocols (WSDL and SOAP) and required the development of implementation classes for the integration of the Learning Trails with the Sequencing Engine. The Sequencing Engine included in the ISIS ELF toolkit is fully decoupled from SCORM or web applications and may be used to sequence any type of resource. The MakingTracks project used this functionality to enable sequencing within or between Flash applications and other content to develop the NRICH Learning Trails.

The MakingTracks project built on the Assis experiences to develop other consumers that are appropriate to the NRICH learning trails. There was also a pedagogically driven requirement for these trails to be played offline and the project hoped to investigate the feasibility of realising such systems, but this was not possible within the timescale of the project. The trails were developed using a suite of tools assembled for the purpose and included custom scripts to export resources from the NRICH site (some of which will have been developed in Flash or using Macromedia Captivate) together with editors to organise and sequence the packages. 

Standards

· SCORM 2004 packaging

· IMS Content Packaging, IMS Simple Sequencing as used by SCORM 2004 Sequencing and Navigation book, and SCORM 2004 run time environment.

Technologies

· Java, Javascript (Ajax), Flash ActionScript

During the project a number of issues with the technology and its implementation, and the standards, were encountered:

· There are very few Learning Management Systems on the market that support Sequencing & Navigation in SCORM 2004. However, subscription to Google Alerts (and other web based event/push technologies shows an increasing number of content producers adopting SCORM 2004 and LMS vendors achieving SCORM 2004 conformance.

· ADL SCO learning objects communicate with a server in between sequencing requests, sending and receiving state information as CMI data model elements. This exchange of state information has been achieved by sending and receiving entire schema XML documents of CMI data model elements as IEEE valid XML. To achieve this the MakingTracks project implemented a high functionality, WS-I compliant 'document literal wrapped' style Web Service. This style originates from the Microsoft .NET framework, and MakingTracks has successfully developed an implementation on the open source Java Apache AXIS platform.

· Learning authoring is difficult and not supported by good tools. The exception is the integration of the Icodeon Sequencing Engine into unit test frameworks.

· Learning SS authoring is not simple. It is difficult for educational technologists to understand them, and it's most unlikely that a teacher or lecturer would want to. However, during the project both Icodeon Ltd and the NRICH team significantly developed their capacity for authoring sequencing rules. The ADL variant of the RELOAD editor, that provides a wizard based UI for adding sequencing rules, proved invaluable in this respect.

· Documentation for educational technologists is missing. The SCORM books are suitable for implementors of Learning Management Systems, but are unhelpful when implementing content packages

· It's even difficult to give a useful overview of Sequencing and navigation which assists teachers in storyboarding a course. However, during recent attendance by Icodeon at an ADL Technical Working group, there was evidence of designers scoping learning sequences in visual tools such as VISIO and passing the designs to developers for implementation in XML.

· Simple logic can create complex rules

The documentation for SCORM 2004 sequencing is structured so that it is necessary to maintain both an overview and a detailed view at the same time. This makes reading the documentation challenging.

This project illustrated the use of the following SS concepts

1. Passing state (either Booleans or Real Numbers between SCOs)

2. Use a “Hidden From Choice” rule action to selectively display or hide menu choices according to sequencing state

3. Rollup of completion status to affect objective status

4. Development of of SCOs as Choice navigation screens, with the menu of choices dynamically updated according to sequencing state

5. Use of sequencing Control Mode to enable different access modes for different clusters of activities. Some activities could be freely chosen, others could be only visited in a linear sequence.

· SCORM 2004 has no way to catch sequencing exceptions so appropriate screens may be rendered. However, the ISIS toolkit tests all possible sequencing navigation requests for potential sequencing exceptions, which are documented by ADL. The ISIS toolkit then manages any exception encountered and can render an appropriate screen.

· It is therefore necessary to test all sequencing paths to ensure that exceptions are managed correctly. This is exactly the type of processing envisaged by the SCORM 2004 specification.

· Development cycles are long. However, if the Icodeon Sequencing Engine is integrated within a unit test framework (such as Junit) then very rapid iteration of sequencing rules and testing can be achieved.

Outputs and Results
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The project produced two services as outputs, SSRun the refractored version of the ISIS project, and
CMIRun, a prototype adapter developed for this project providing the SCORM 2004 CMI services.
Outcomes

The project produced concrete examples that link both the technology and pedagogy strands of current JISC e-Learning developments. This included templates of suggested ways that learning experiences can be standardised, structured and reused. It is hoped that this effective combination of innovative pedagogy and technology will encourage the future take up of such ELF technologies by other academics in other HE and FE institutions.

Specifically the project outcomes were:

· ISIS SSRun service works well and has improved with refactoring

· The LMS webapp demonstrates how a server can use SSRun to create adaptive navigation 
· Both technical partners, Icodeon and NRICH, have significantly increased their capacity to use SCORM 2004 sequencing and navigation.
· The SSRun unit test framework has proved very useful in verifying the behaviour of sequencing rules writtem into content package manifests.
· A content package containing visually engaging and highly interactive SCOs, and a manifest with sequencing rules was created. The SCOs embodied an approach to games based learning in which student scores AND student confidence about the truth of mathematical conjectures was tracked. This tracking information was used to drive sequencing and student challenges in further SCOs.

· The work has been submitted to the 2006 International Plugfest for inclusion as a presentation.

· The work demonstrated the use of AJAX technology with web service based ELF toolkits. The project demonstrated that AJAX technologies provide a fast, low technical overhead, approach to using the powerful remote web services available in the JISC ELF.

· The project work demonstrated the use of "document-literal-wrapped" web services with the Apache AXIS web service platform. This is widely recognized as a difficult technical problem to resolve compared to the common "remote procedure call" style services that are used by default.
Conclusions

· Use the Making Tracks LMS to create a portable pick and mix application so teachers can select, annotate and sequence resources from NRICH

· What should JISC/CETIS do next

· Lobby for improved standards for reusable learning resources that are less didactic

· We have identified some simple extensions that would help 

· see the Final Report for more details

Implications

· Substantial development was needed to deliver reusable sequenced resources
· Like much new technology adoption, learning how to author interesting sequences using SCORM 2004 sequencing and navigation requires significant investment of time and training. The situation is currently not helped by the paucity of tools available.
· Additional technologies may be needed for complex developments such as games based learning 

· Could these limitations be overcome with better authoring tools?

Recommendations 

There clearly needs to be a further period when users work together with implementors and implementors liaise the standards bodies in order to refine the implementations further and feed these test cases back to the standards committees.

To this end, purchasers of a system that uses Sequencing and Navigation need to ensure the availability of knowledgable active technical support from a vendor who has with good links to the standards bodies.

The CMI Data service would benefit from being refactored into a discrete toolkit to enable data persistence that could be used by any eFramework service. This would secure the sustainability of this work and provide a significant additional service for the framework.
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Two appendices are included:

ISIS Toolkit Utility, Usability and User Evaluation Report

ISIS Software Quality Evaluation
These and the Final Report will be made available on the project website:

http://www.hull.ac.uk/esig/makingtracks.html
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