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Abstract:
SCORM 2004 currently supports the educational community in many significant ways.  The SCORM 2004 standards allow for the capability to deliver the digital building blocks of educational content.  This allows us to build good self-paced training.  However there is an ultimate goal of providing capabilities for the “Virtual Classroom” that will provide a higher level of educational delivery.  In order to achieve this goal, SCORM 2.0 must provide the capability to completely fulfill the following educational lifecycle concepts: socialization, collaboration, externalization, and reflection.  Currently the SCORM specifications do not sufficiently support this type of capability.  While SCORM specifications currently offer the capability to exchange packages to do independent collaboration, there is no support for simultaneous collaboration of content.  The stakeholders affected by using and improving the SCORM specification are the government, and commercial training and education communities with regards to creating and delivering pedagogical and andragogical content.  


To achieve these goals we propose the following changes to the training ecosystem that exists around SCORM 2.0:

Develop a standard for an enterprise service-oriented-architecture (SOA) around the Learning Management Systems that host SCORM 2.0 content. This LMS SOA would enable the integration of multiple disparate LMS implementations into a unified enterprise training management system. The recent SIF/SCORM partnership is one example of an enterprise level approach.
 
Extend the SCORM specification to include structured metadata expressed in XML Resource Description Framework /Resource Description Framework Schema (RDF/RDFS).  A tenant in the SCORM specification is to remain neutral on the data model described.  Therefore the content, format, and instructional design patterns can change over time and still meet the SCORM specifications.  Extending the SCORM specification to incorporate RDF is consistent with this tenant.  This would allow for a more flexible architecture as new requirements emerge from the educational community without any negative impact to the products that have been designed previously.
Extend the SCORM specification to enable coordinated training of teams of learners through the use of simulation and workflow-based training. Through extensions to the run-time environment, the sequencing/navigation model, and the data model individual SCOs would use an LMS-provided messaging bus to send and receive asynchronous updates to other SCOs participating in the coordinated training session.
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Problem Statement: 


SCORM 2004 currently supports the educational community in many significant ways.  The SCORM 2004 standards allow for the capability to deliver the digital building blocks of educational content.  This allows us to build good self-paced training.  However there is an ultimate goal of providing capabilities for the “Virtual Classroom” that will provide a higher level of educational delivery.  In order to achieve this goal, SCORM 2.0 must provide the capability to completely fulfill the following educational lifecycle concepts: socialization, collaboration, externalization, and reflection.  
Socialization is the process of exchanging explicit knowledge between mentor and student.  
Collaboration is the process of gathering group input to further improve the subject matter being exchanged.  
Externalization is the process of turning tacit knowledge into explicit knowledge.  
Reflection is the process by which knowledge of the subject matter can be demonstrated and extended. 
The extension of the SCORM specification will also allow the process of knowledge management to be more flexible which will ultimately result in complex adaptive training systems also coined as the “Virtual Classroom” without negative impact to the courseware that is already designed and deployed.  This extension would serve to enable further enhancement to the SCORM compliant packages rather than require change.  This is possible due to the implementation of XML in the SCORM specification.
Use Cases:

Collective Team Training

There is a requirement in the educational cycle to perform collective team training in a collaborative environment. This process is defined as a team of students that must simultaneously perform functions that result in the execution of an exercise. Currently the SCORM specifications do not sufficiently support this type of capability.  The satisfaction of this use case would fulfill requirements in the socialization, collaboration, and reflection processes of the educational cycle.
Content Collaboration

The ability to collaboratively extend content is an important aspect of the education cycle. Collaboration for educational content is defined as educators collaborating on the content that will be presented during the execution of a course.  While SCORM specifications currently offer the capability to exchange packages to do independent collaboration, there is no support for simultaneous collaboration of content.
The satisfaction of this use case would fulfill requirements in the collaboration processes of the educational cycle.

Virtual Classroom Communication

Electronic communication between educators and students, as well as student to student is required during the execution of a digital course.  The capability to dialog during the execution of a course is integral to the success of the student’s virtual classroom experience.  The satisfaction of this use case would fulfill requirements in the socialization processes of the educational cycle.

Blended Training

The virtual classroom also has a requirement for blended training.  The SCORM specification does not prohibit blended training, but it does not provide the capability to drag and drop content that is in different formats easily.  For example the ability to include a URL with read ahead directions to be followed by a gaming session can not currently be accomplished in a drag and drop fashion. The satisfaction of this use case would fulfill requirements in the collaboration processes of the educational cycle.

Stakeholders:


The stakeholders affected by using and improving the SCORM specification are the government, and commercial training and education communities with regards to creating and delivering pedagogical and andragogical content.  The categories affected within these communities include educators, instructors, instructional designers; agencies that are responsible for digital delivery of educational content, implementers of instructional design specification such as SIF, and of course the students that participate in the courses will receive the benefit of improved interaction with the courseware.

There is also another potential stakeholder.  The process that supports the management of student training records contains stakeholders that have an interest in managing information produced by the execution of courseware by students from many locations.  
Proposed Solution:

1) Develop a standard for an enterprise service-oriented-architecture (SOA) around the Learning Management Systems that host SCORM 2.0 content. 


An important part of the SCORM 2.0 specification should be an emphasis on enterprise interoperability. Currently, SCORM does very well at managing a single learner’s experience within a single SCORM course. Managing student training records across an enterprise made up of many courseware delivery systems is either not possible or requires a series of proprietary interfaces that are difficult to manage. Additionally, course content is often catalogued and stored in a different location from the courseware delivery system. This causes redundancies in storage since the course is contained both in the cataloged repository and in the courseware delivery system.  In many enterprises student management and course content management are separate activities from courseware delivery. The challenge is to provide standards based interoperability such that enterprises may choose any set of SCORM 2.0 compliant tools with high confidence that they will interoperate with their existing tools.

Interoperability standards require us to define enterprise components in terms of the services they provide instead of by the data they contain. For example, a component that provides services to store and retrieve content could be considered a content repository. If store and retrieve service APIs are standardized, then any system implementing these standard services would be a content repository. Determining minimalist definitions for these components and the provided services should be part of the development of SCORM 2.0
What are the core components that provide a minimal enterprise? For distributed student management, there must be a way to track student progress against any delivery system. In order for this to work, a service must be available to provide unique identifiers for students and for courses. A service must be available to request a student’s status for any given course. A service must be available to enroll a student into a course. A service must be available to launch, play or start the course. Finally, a service must be available to signal a course completion event.

Unique identifiers are required because all interoperable systems must recognize the student and the course as unique to the enterprise. It would be sufficient to provide one service that creates unique identifiers for both as long as the standard is clear about the data formatting. By providing this uniqueness to the enterprise, all systems will be identifying students and courses in the same way. This would mean that existing systems could map existing users and courses to these identifiers and then interoperate with all systems that implement SCORM 2.0. Much of the following is inspired by the work of Dan Rehak. His inspiring work is critical to forming the next standards of interoperability in SCORM 2.0. 


All other services are intended to assign students to courses and track progress: enroll, launch, status, and completion. Any system capable of providing these services would be considered a SCORM 2.0 courseware delivery component.

What about courseware management? Given that a service for unique identification of all courseware content exists; we can discuss the components needed to manage the courseware. First, we need a storage location for content. A content repository that provides services to store and retrieve content is sufficient. Second, we need to register our content in some form of enterprise catalog. We need to be able to register and find content in a catalog. Finally, we need a service that validates courseware content. This would give a degree of assurance that the courseware will be delivered properly. 

Defining components in terms of services would look like the following.

· Unique Identifier service

· Student or user

· Courseware or SCORM playable content

· Courseware delivery services

· ENROLL

· LAUNCH

· GET STATUS

· COMPLETION EVENT

· Courseware content repository services

· STORE

· RETRIEVE

· Catalog services

· REGISTER

· FIND

· Validation services

· Validate courseware content for conformance to SCORM
With the specification and implementation of these basic services an Enterprise Training System could be constructed from a variety of vendor products. The end result is a great deal of flexibility at deployment.

2) Extend the SCORM specification to include structured metadata expressed in XML Resource Description Framework /Resource Description Framework Schema (RDF/RDFS).  


We propose that the SCORM specification be represented with XML Resource Description Framework /Resource Description Framework Schema (RDF/RDFS). http://www.w3.org/RDF/  This would allow for a more flexible architecture as new requirements emerge from the educational community.  RDF/RDFS gives the capability of making the SCORM package readable at the machine level.  This means that if a change occurs in the SCORM package that is encoded in RDF/RDFS there does not have to be prior agreement on the schema between the parties that will use the package.  Agreeing on the RDF schema in advance is no longer an issue due to the fact that the specification used for the interrogation of the data is carried with the package and can be managed at the machine level allowing for more flexible communication and discovery.

There is evidence that many web sites have started to use RDF/RDFS to encode the data on their sites to include Unique Resource Indicators (URI) that would allow for the inclusion of specific data from a web site with the reference of the URI in the SCORM package.  As this practice continues to increase it allows for more of the dragging and dropping of web content a possibility for the instructional designers of a course.

The use cases that would be supported by this change include Collective Team Training, Content Collaboration, and Blended Training. A specific example of this type of flexible implementation would include the interoperability between the SIF message specification http://www.sifinfo.org/sif-specification.asp and SCORM 2.0 specification. The definition of a particular piece of information to be passed between these two specifications would not have to be coordinated and agreed upon with XML schema.  The schema information for the piece of information is carried with the data therefore allowing for dynamic discovery and use.  The implementation of RDF in the specifications would change the stance of educational systems from operating in a closed world view that is very brittle, with regards to change, to an open world view that is more flexible and adaptable.  It is not sufficient to implement the use of RDF in the specification; there must also be changes in the software that is using the data to have a dynamic approach in order to realize the adaptive nature described here.  In order to successfully achieve the functionality described in these use cases there must be flexibility in the communication between the applications at the machine level.  This change would also provide improved flexible communication for use cases that are currently implemented using the SCORM specification without a negative impact. 
3) Extend the SCORM specification to enable coordinated training of teams of learners through the use of simulation and workflow-based training. 

SCORM should be extended to provide support for team-training where multiple students are trained simultaneously to accomplish a common goal. Team training allows individual students to practice their individual roles and responsibilities in concert with other students. The focus of team training is on the interdependencies of the individuals to accomplish a group goal.

The typical method for team training in the military in the past was the reuse of modified tactical hardware and/or simulators to provide an immersive environment. Dedicated training environments impose limitations on the training process due to the location and availability of the training environment.

SCORM 2.0 could provide a lightweight team-training environment by providing a communication framework that will allow students to enlist in a team by role for a particular module. Through extensions to the SCORM Run Time Environment, Sequence/Navigation and Data models a SCO would be able to send asynchronous coordination messages via the LMS to other SCOs being run by other users on the team. The flow of the training within the individual modules would be controlled by the flow of messages between the various students’ sessions. In addition, this capability could also be used for a proctored instructional session between an instructor and a student.
One example of team training would be a submarine crew. The crew has a sonar operator, a periscope operator, a fire control operator, and a torpedo technician. The SCORM modules would train the following areas.

· Sonar Operator – Detect and analyze sonar contacts. Assign tracking numbers to contacts of interest.

· Periscope Operator – Use simulated periscope display to locate and identify surface contacts as friendly/hostile.

· Fire Control Operator – Develop firing solution (course, range, bearing, depth and speed) estimates for all hostile contacts. 

· Torpedo Technician – Configure torpedo based on firing solution to intercept and destroy contact. Simulate release of torpedo.
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The messaging framework in this limited example would ensure that the Fire Control Operator could not proceed with the development of a firing solution until a contact had been identified by sonar and had been classified as hostile by the periscope operator.

In general the communication framework would add the following features to the SCORM Run Time Environment, Sequence/Navigation and Data models:

· Teaming of students – Support for joining and leaving a team. Assigning of roles to students. 

· Send/Receiving of SCO-specific XML messages from one module to other modules (by role name) or to all modules (broadcast) via the Run Time Environment
· Management of the team training life cycle – starting and stopping the simulation

The contract between a SCORM module and the LMS server will need to be extended to support the required messaging protocol. Implementation may require utilization of polling, server push, AJAX and reliable delivery technologies since a message may arrive asynchronously independent of the activity in a given SCO.

Integration and other Technical Issues:

1) Enterprise Training Management System SOA

The key issue in the development of an Enterprise Training Management System SOA standard is that many LMS vendors already have “solutions” in this space. Some vendors provide a product-family solution where you purchase various modules that would meet the same requirements of an ETMS. Other vendors have created plug-in extension points on their products where a software engineer could create a custom system interface between the LMS and the organizations’ enterprise infrastructure. These solutions are a step in the right direction but they still impose risk for the training organization if they choose to replace a LMS with another product. The adoption of standardized APIs provides flexibility.
2) Use of RDF/RDFS


The use of RDF/RDFS for the SCORM specification would allow for an improved integration and migration path for the future requirements of the educational community.  A new model could be introduced without any impact to processes that are using the old model. Previously SCORM has used standards such as XML Schema to define the format for the imsmanifest.xml file and other XML artifacts. One approach to integration of RDF/RDFS would be to express the manifest file purely in RDF/RDFS notation. Since an RDF/RDFS file carries an internal schema/ontology we would not be limited to a fixed XSD-style XML document format. In general there would be a core ontology that would be required by all SCORM 2.0 compliant implementations but additional structured metadata could be added without violating the specification. This would require all software vendors to understand and process RDF/RDFS markup. Observation of the RDF/RDFS markup over time might lead to additional metadata being moved into the “core” ontology.
An alternative implementation strategy would be to continue using traditional techniques such as XML Schema for core XML file formats but to create entries in the imsmanifest.xml file that point to an RDF/RDFS formatted file that is part of the SCO/Asset package. RDF/RDFS-aware applications could read this file to utilize the additional metadata that is not available in the core manifest file.

3) Team Training

There are several key challenges in the implementation of the team-training additions to SCORM 2.0. Courseware developers have been able to develop courseware that follows a simple linear “happy-path” of execution. Designing courseware that will generate and accept asynchronous messages will be require additional development and testing time due to the increased complexity of the sequencing. Courseware developers will have a standard API to send and receive messages but will be responsible for the design of the contents of the messages and making sure that the SCO does the “right thing” when a message is received.
An additional concern is the best method to implement the messaging given the typical technologies used to construct courseware. The choice of how the Run Time Environment implements the internal messaging bus may limit the technology that can be used to build a SCO. For example some technologies may support Server Push and AJAX better than other technologies.

Existing Implementations/Prototypes:


We currently run the Army Reimer Digital Library (RDL) application.  A modified version of the application that includes the technologies described here will be running in production soon.  This application will have modifications in the area of data markup using Semantic Technologies as well as Service Oriented Architecture Web Services inspired by Dan Rehak’s work.
This application uses RDF/RDFS for the metadata that describes products in our library.  The RDFS portion of the XML makes it possible for us to extend our model without any negative impact to our users.  It also allows us to embed URIs in our content therefore allowing content to be distributed across the web and accessible from courseware without regard to its physical location.  Some of the distributed content is controlled by us and some is not.  This extension has also allowed us the capability for improved search of our content. We can also suggest that the user be aware of other content that is related to the subject matter that they are currently exploring.  
We currently have in a development an Enterprise Training Management SOA that implements many of the services that have been described. Our use case for the application is simple. Help a soldier easily find relevant courseware, help them enroll in the courseware, help them launch it, and make sure they get credit for completing the courseware – no matter where the courseware is installed in the world. As part of this implementation we have created unique identifier services, catalog and content repository services and a least-common-denominator adapter web service that fronts our various LMS servers of choice. An industry-accepted SOA would have helped minimize our development time.

Summary and Recommendations:


This paper has discussed many different aspects of the use of SCORM specifications with regard to the education and training community.  We suggest that there are changes that need to be made to the SCORM specification in order to provide capabilities that are needed in the training environment.  However, we are suggesting that there is an infrastructure/architecture that should be devised to make use of the new SCORM specification to enable all of the technologies that we would like to incorporate into the digital delivery of educational material.  SCORM in of itself will not be able to provide all of the capabilities needed in the educational community, although it is an integral part of the infrastructure/architecture described here.
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