The ADL SCORM specification v 1.2

[ADL – Advanced Distributed Learning Initiative 

http://www.adlnet.org

SCORM –Shareable Content Object Reference Model]

In discussion of content interoperability, the point has been made that specifications describing the labeling, using metadata, and packaging of content present only part of the solution, The third strand required is a content runtime specification, which describes how content should behave in interacting with a host system. In the context of the CO3 work plan, tasks were identified [see Appendix - Task 2.2 and 2.3] relating to runtime behaviour, but this area was somewhat neglected, because no content management runtime specification was available from IMS over the lifetime of the project, because there was insufficient time available to properly explore this area given that metadata and packaging specifications had to be implemented as a pre-requisite, and not least because of the complexity of the specification itself. Attempts were made, with some success, to “run” content between Colloquia and COSE but not according to any specification. It should also be noted that in so far as content could be transferred between partner VLEs, that this content was considered as passive rather than interactive, which point is discussed further below.

IMS works in collaboration with the ADL SCORM project which has produced such a specification, which is relatively mature, has proven to be quite successful and which also allows conformance testing. CO3 partners intend to implement the SCORM runtime specification, building on the implementation of the metadata and content packaging specifications, which use is leveraged by and compatible with SCORM v. 1.2. In fact, it is something of a simplification to say that ADL SCORM has produced this specification. As indicated in the acronym, SCORM is a reference model, referencing specifications produced by other bodies such as IMS and AICC. In saying that the runtime specification is relatively mature, this is meant to indicate that the API and data model are based on AICC interoperability guidelines [v. 3.4] which have evolved since 1993.    

The SCORM v1.2 specification [October 2001] consists of several documents describing the SCORM Overview, the SCORM Content Aggregation Model, and the SCORM Runtime Environment [and an Addenda, including corrections]. Together these run to several hundred pages and it is only possible here to give some feeling for what this work is about and to introduce what appear to be the most significant aspects. 

It is worth making the comparison between IMS and ADL in how specifications are presented. Specifically, it is interesting to note that ADL documents describe referenced specifications rather holistically; they present a vision for a learning object economy with some historical perspective on the progression of learning technology, indicating an evolutionary approach; they are quite open in discussing particular limitations associated with the Model and implications of new technologies, indicating future directions and encouraging feedback to the Co-Laboratory research facilities. SCORM compliance is also meant to ..

“ leverage course development investments by ensuring that compliant courses” .. are 

· Reusable: easily modified and used by different development tools, 

· Accessible: can be searched and made available as needed by both learners and content developers, 

· Interoperable: operates across a wide variety of hardware, operating systems and web browsers, and 

· Durable: does not require significant modifications with new versions of system software. 

and while the first two principles are familiar from discussion of the content packaging specification, and the third is really what the runtime environment is all about, for smaller players in the learning object economy the fourth principle is most important. The implication is that as new systems may be expected to incorporate updates to and newer versions of specifications, and these should be produced giving due consideration to backward compatibility. All this is to make the point that, while SCORM itself has evolved and earlier versions might have been considered deficient in different ways, ADL seem rather more candid in promoting the idea of interoperability and better in managing the community’s expectations. [“Becoming an expert requires continued study as SCORM technology and tools evolve”, TYS 1.2 below] Over a period of time it seems, IMS has come closer to following this line, whereas, initially at least, too great claims were made for it.  

While the SCORM specification document set consists in large part of technical details [e.g. relating to the runtime data model, or metadata definitions], the remainder is not so difficult to read. A more accessible introduction, Teach Yourself SCORM 1.2, [TYS 1.2], is available on-line [authored by Edward Jones, Joint ADL CoLab, Orlando], hosted by the new UK Partnership Laboratory, University of Wolverhampton [http://www.learninglab.org.uk/]. This consists of a course with a navigation grid at two different levels, for beginner’s and advanced users; at each level there are five lessons, the whole course being implemented according to SCORM. Much of what follows quotes from the course description of  SCORM. Some brief consideration is then given as to the implications of the specification for COSE and how COSE content packaging and runtime behaviour might be modified to incorporate SCORM.    

Examples of code implementing aspects of  SCORM are provided in the specification, “to accelerate more sophisticated implementations”. SCORM 1.2 is considered stable, “.. meaning that enough experimentation and testing has taken place to establish confidence that applications based upon the model can be implemented and tested for conformance”. For further examples, latest information and access to various other useful resources, visit the ADL web site.

Background

As described in the SCORM Overview, the ADL initiative came about as a result of a U.S. Government directive recognizing the need for improved educational and training in the 21st century. These needs applied to the community at large, but there was a particular strand addressing the miltary. In November of 1997, the Department of Defense and the White House Office of Science and Technology Policy launched the ADL initiative with the following goals 

· providing access to high-quality, tailored education and training materials, 

· making these materials widely available whenever and wherever they are required, 

· accelerating large-scale development of learning software, and 

· creating a vigorous market for these products. 
The strategy for achieving these goals include:

· facilitate development of common standards for educational technology, 

· pursue emerging network-based technologies, 

· promote widespread collaboration based upon common needs, and 

· work with industry to influence commercial product development.

The development of the Web and accessibilty afforded by personal computers provide the foundation for the ADL vision. “.. a learning economy based upon learning networks, communications networks providing personal delivery of learning products when and where they are needed. In time, this network and services will be transparent to the users and easy to use.” 

and, most pertinent to this discussion, “The foundation for developing this learning economy are networked, searchable and accessible repositories containing high quality learning materials.”

Technical Summary

From a technical perspective SCORM 1.2 consists of the three strands mentioned previously [see content interoperability, above]. The packaging and metadata strands are described in the Content Aggregation Model. While there are some differences in terminology between this and the IMS Content Packaging Specification [e.g. the SCORM model uses the idea of Content Model Components Assets, SCOs and Content Aggregation], the Content Aggregation Model states,

“SCORM packaging adhere strictly to the IMS Content Packaging Specification but provides additional explicit implementation guidance for packaging digital learning resources (Assets, Sharable Content Objects and Content Aggregations)”

while the TYS 1.2 on-line course states

“Content packaging in SCORM is derived from the IMS Content Packaging specification, version 1.1.2. SCORM places a few simple restrictions on the packaging meta-data and adds an ADL attribute to the file descriptions. Other than that, the syntax described in the IMS packaging specification is identical to that used in SCORM 1.2.”
Given that, the assumption is made, generally, but in particular for the purposes of the CO3 partners, that it should not require any major modifications to adapt IMS packages to be SCORM compliant in respect of the packaging and metadata requirements. Further to a brief introduction to Content Model Components, this section will focus on the SCORM Runtime Environment itself.   

Content Model Components

There is can be some confusion in terminology as to, for example, what is a learning resource or learning object, depending in which forum or context the terms are used. For SCORM, the folowing definition is presented in TYS 1.2,

"A Learning Object, or SCORM Content Aggregation, is a collection of Sharable Content Objects (SCOs) described by a SCORM manifest file."

A SCORM manifest file can be considered as a modification of the IMS content packaging imsmanifest file. Aggregations, SCOs, and Assets are further described in what follows.

SCO - Sharable Content Object

A SCO is defined in the sepcification thus,

"A Sharable Content Object (SCO) represents a collection of one or more Assets that include a specific launchable asset that utilizes the SCORM Run-Time Environment to communicate with Learning Management System (LMSs). A SCO represents the lowest level or granularity of learning resources that can be tracked by an LMS using the SCORM Run-Time Environment."

It is described in TYS 1.2 as having three defining characteristics:

“

· a SCO is the lowest level component that might be used in another course, 

· a SCO should provide useful learning content by itself, and 

· a SCO must be designed to be launched and tracked by a SCORM-compliant LMS. 

.. A SCO is a set of related resources that comprise a complete unit of learning content compatible with SCORM run-time requirements.
..

With this definition, a SCO can be extracted from a learning object and used by another learning object.

..

Typically, individual web pages or media files are not SCOs. An individual web page might be considered a SCORM Asset, but in general, more than one page is required to convey meaningful learning content. It's useful to think of a single SCO as a collection of learning material designed to cover one or more learning objectives in a single lesson that implements LMS communications using the SCORM run-time environment”. 
For more on launching, tracking and communicating with the LMS, read more on the Runtime Environment below.

Course Assets & Sharable Resources

Quoting TYS 1.2 again, 

“SCOs, Sharable Content Objects, are built using resources, such as web pages, graphics files, etc. ..” 

which “ might need to be shared with other SCO's.”

Examples are given, of a graphic or navigation script. Elaborating on this,

“Resources that can be shared with other SCOs are called Course Assets, or Sharable Resources.”

Each such asset is considered

“ a specialized instance of a resource .. that is capable of being searched for and discovered within on-line repositories, thereby enhancing opportunities for reuse "

so that

“SCORM Assets have two essential characteristics:

· a SCORM Asset is a collection of one or more resources that are appropriate for sharing among SCOs, and 

· when packaged, an Asset should contain the appropriate meta-data making it searchable in a SCORM repository.” 

Also,

“.. SCORM Assets are clearly identifed with a unique syntax in the course manifest file. In fact, SCORM allows for packaging Assets in a single manifest file that may be independent of any particular learning object or sharable content object. This allows SCORM repositories to consist of both learning objects and assets.”

So, there are implications in making assets re-usable. One assumes that SCOs can use resources which are not re-usable in this sense.

Content Aggregations

The idea of a Content Aggregation seems close to that of an organisation element in the IMS Content Packaging specification. The SCORM specification says 

“A Content Aggregation is a map (content structure) that can be used to aggregate learning resources into a cohesive unit of instruction (e.g. course, chapter, module, etc.), apply structure and associate learning taxonomies.”

and   

“The Content Aggregation defines the content structure that provides the mechanisms for defining the sequence that learning resources are to be presented to the user”

Regarding how this map is interpreted,

“It is the responsibility of the LMS to launch the learning resources in the appropriate defined sequence at run-time.  This is conceptually important because learning resource reuse cannot really happen if the learning resource has embedded information that is context specific to the course. [In particular, if a learning resource (SCO) contained a “hardwired” branching to another learning resource (SCO) under specific conditions, it could not be used in a different course in which the second learning resource (SCO) might not be applicable or available.  The reusability of a learning resource (SCO) depends on it being independent and not tied to a particular aggregation].”
SCORM Runtime Environment
In discussing the runtime environment it is convenient to begin with a simple case e.g. a lesson represented as a single SCO, how this is launched and how it interacts with the LMS. Another important consideration is that of content navigation. While content navigation is basically in accordance with some content organisation specified by the content package manifest, there are certain rules set in SCORM for navigation within a SCO and between SCOs, and different responsibilities assigned to learning objects and the LMS. 

As described in the SCORM Runtime Environment document, the main idea is

“ ..that learning resources be reusable and interoperable across multiple Learning Management Systems (LMS).  For this to be possible, there must be a common way to start learning resources, a common mechanism for learning resources to communicate with an LMS and a predefined language or vocabulary forming the basis of the communication.  As illustrated in figure 3.1a, these three aspects of the Run-Time Environment are Launch, Application Program Interface (API) and Data Model.”

and, expanding on this,

“The Launch mechanism defines a common way for LMSs to start Web-based learning resources.  This mechanism defines the procedures and responsibilities for the establishment of communication between the delivered learning resource and the LMS.  The communication protocols are standardized through the use of a common API.

The API is the communication mechanism for informing the LMS of the state of the learning resource (e.g., initialized, finished or in an error condition), and is used for getting and setting data (e.g., score, time limits, etc.) between the LMS and the Sharable Content Object (SCO).

A Data Model is a standard set of data elements used to define the information being communicated, such as, the status of the learning resource.  In its simplest form, the data model defines elements that both the LMS and SCO are expected to “know” about.  The LMS must maintain the state of required data elements across sessions, and the learning content must utilize only these predefined data elements if reuse across multiple systems is to occur.”

Launching learning resources

To elaborate a little on the launch mechanism,

“A common launch scheme enables consistency of learning resource delivery behavior across LMSs without specifying the underlying LMS implementation”  and “The two SCORM Content Model components that can be launched by an LMS are Assets and SCOs.  There are different launching requirements depending on the type of learning resource being launched.  The launching mechanism defines the common way for LMSs to start learning resources.  The procedures and responsibilities for the establishment of communication between the delivered learning resource and the LMS vary depending on the type of SCORM learning resource being launched.”

In respect of the Assets and SCOs,

“For learning resources that represent Assets, the SCORM launch model only requires that an LMS launch the Asset using the HTTP protocol.  Since an Asset does not need to communicate, using the API and Data Model, back to the LMS there is no need for an Asset to search for the API Adapter provided by an LMS”.

“For learning resources that represent SCOs, the SCORM launch model requires that an LMS only launch one SCO at a time and that only one SCO is active at a time.”

This makes the point alluded to earlier about what was described as passive and interactive content. Elaborating on SCOs,

..

“The launch model also requires that only LMSs may launch SCOs.  SCOs may not launch other SCOs.

The LMS must launch the SCO in a browser window that is a child window or a child frame of the LMS window that exposes the API Adapter as a Document Object Model (DOM) Object.  The API Adapter must be provided by the LMS.

It is the responsibility of the SCO to recursively search the parent and/or opener window hierarchy until the API Adapter is found.  Once the API Adapter has been found the SCO may initiate communication with the LMS.”

So, note that “the API Adapter must be provided by the LMS”. Sample code is given in the documentation as to how the launch might be effected.

[The DOM (Document Object Model) is a W3C standard that describes how developers can reference different frames within a web page using javascript.] 

Runtime metadata and commands [Data Model and API]

The Runtime Environment consists of two other major components, Runtime metadata, and Runtime commands. These simply describe what sort of information is communicated between a SCO and an LMS, and how [according to the data model and the API]. The data model and API can be considered only very briefly here but it is useful to remember that they are a subset of the AICC interoperability guidelines, and that only a relatively small number of the commands and metadata are mandatory.  

The run-time metadata consists of 49 items organized into 6 categories as follows:
· cmi.core items (15 items): 12 of these items are the SCORM mandatory items. These items are used to capture the learning state of the SCO in the event that the learner leaves and then returns to the SCO. 

Every SCORM-compliant LMS is required to maintain a database that can be used to store and retrive learner data for the 12 mandatory items.

· cmi.objectives (8 optional items): Used for describing and tracking each of the learning objectives associated with a SCO. 

· cmi.student_preference (5 optional items): Used to describing the interface preferences for an individual student, such as language, audio volume, etc. 

· cmi.student_data (4 optional items): Used to tracking a learners progress and any time limits associated with the SCO. 

· cmi.interactions (13 optional items): Used for describing and tracking a student's responses to a quiz (interactions). 

· communications(4 optional items): Four items used for SCO-to-SCO and SCO-to-LMS communications, e.g. cmi.suspend_data, cmi.launch_data, cmi.comments, cmi.comments_from_lms. 

There are only 8 run-time commands [categorized as execution state commands, data transfer commands, or SCO state commands] and most SCORM-compliant courses will not use all 8 run-time commands. However, even if a course is not designed to communicate with the LMS, it must meet the following minimum run-time requirements:

· LMSInitialize must be called before using any other run-time command.

· Every SCO must call LMSInitialize at the start of the SCO to signal to the LMS that the SCO is initialized and ready to communicate, if needed, with the LMS. 

· LMSFinish must be called when the SCO has finished communicating with the LMS. 

A SCO is not required to use any of the other 6 run-time commands. That is, if there is no need to communicate with the LMS, the SCO does not need to use the data transfer commands. Likewise, if there is no need to trap or investigate run-time errors, the SCO does not need to use the SCO state commands. The only commands the SCO is required to use are the LMSInitialize and LMSFinish commands. However, it is important to understand the LMSInitialize does not direct the LMS to load and run the SCO. In fact, the SCO must have already been loaded before LMSInitialize is issued. Additionally, LMSFinish must be issued to the LMS when the SCO is completed and before any other SCO is loaded by the LMS.

Essentially the current SCORM run-time environment is implemented through the availability of 8 special commands, which are normally communicated to the LMS using javascript embedded within course webpages. 

Course Navigation

Content navigation and course sequencing are not discussed in any great detail here, but it is an area which requires careful consideration. The Runtime Environment document states,

“It is the responsibility of the LMS to manage the sequencing and navigation between learning resources, based on the content structure defined in a content package.  LMSs may adaptively determine sequencing based on the fulfillment of defined prerequisites of learning resources.  The progression through learning resources that comprise a particular learning experience may be sequential, non-sequential, user-directed, or adaptive, depending on the capabilities of the LMS.  At this time the SCORM does not address the standardization of sequencing and navigation between learning resources.”

As mentioned earlier, there are certain rules set in SCORM for navigation within a SCO and between SCOs, and different responsibilities assigned to learning objects and the LMS. TYS 1.2 describes these quite ably, including by way of practical example,

“It is important to realize that if you are building a SCORM-compliant course, you must plan for both within and between-SCO navigation:

· Within-SCO navigation - content sequencing conducted within a SCO. 

· Between-SCO navigation - sequencing between different SCOs.” 

and “..the only method an author has to direct SCO-to-SCO navigation is by using the non-SCORM features of the particular LMS delivering the course.

.. Because of repository and reusability issues, the SCORM run-time specification states:

· Navigation between SCOs is the sole responsibility of the LMS. SCOs may not launch other SCOs. 

· An LMS may only launch one SCO at a time and have only one active at a time. 

This implies that between-SCO navigation must be done by the LMS. If a course is going to influence the way this sequencing is done, as this course does, it needs to exploit LMS-specific features, features that are outside the SCORM specification.

On the other hand, within-SCO navigation is the sole responsibility of the SCO. There are no SCORM specifications for within SCO navigation. Any assistance provided by the LMS would be beyond the SCORM requirements and hence would not be reusable from one LMS to another.”

There is another topic relating to course navigation which should be mentioned. Though this is topic is not discussed in the 1.2 specification, TYS 1.2 describes SNOs , Sharable Navigation Objects, as 

"Computer code, usually javascript or a java applet, packaged with a course or SCO to provide for either between or within-SCO content sequencing and LMS-to-SCO communications”

There may be more on this in SCORM 1.2.1. 

In summary,

“Course navigation must be carefully considered by content authors, and instructional designers before developing course content. Authors and designers may find SCORM run-time requirements confusing. However, it is essential that they comply with these requirements if the course is to be reusable and accessible.”

Conformance

Statements in different parts of the document set specify conformance requirements but these are not listed as such; there is a document “SCORM Version 1.2 Conformance Requirements Version 1.2” 
available from the web site which
Also at the ADL web site, there is a page on Conformant Content for “making available example content that is conformant to one or more types and categories defined within the SCORM Conformance Matrix. This includes conformant Sharable Content Objects (SCOs), XML Meta-data documents and XML Content. Structure Format (CSF) documents”, and encouraging submission of example SCORM conformant content for verification by the ADL Technical team.
The SCORM Overview includes a brief section [1.6 p. 1-35 ] referencing the SCORM conformance testing suite, available for download, and developments in testing certification, but these are not considered here.  

While it is highly commendable that ADL look to have taken a conscientious attitude to conformance testing which can only facilitate transparency in testing interoperability, the caveat is supplied,

“Note on Conformance It is important to note that testing and demonstration activity in no way implies certification of any participant's products by ADL or any other involved company or organization. Results of conformance testing can not be used to indicate any kind of endorsement or product certification by ADL or any other participating company or organization. Currently, there are no certificate issuing organizations responsible for certifying products determined to be conformant to the SCORM.”

SCORM appears to have proven itself as an essential component in realising content interoperability. The 5th ADL Plugfest [Orlando, Florida 2001] attracted close to 100 e-learning organizations, registered to bring products such as learning content, learning management, and content systems, and authoring tools.  It is apparent that this work is beginning  to be adopted among e-learning organisations in the UK also [see ADL Partnership Laboratory above, and the National Learning Network Materials Development Programme whereby the NLN has commissioned production of ‘standards-compliant’ content http://www.nln.ac.uk/materials.asp].  

[ As of  7th June 2002, a SCORM Version 1.2 Sample Run-Time Environment Version is available for download from the ADL web site. The sample implementation “.. provides a working example of the Run-Time Environment described in the ADL Sharable Content Object Reference Model (SCORM) Version 1.2. This is not a complete functioning Learning Management System (LMS), but rather an example of the Run-Time Environment as it may be implemented within an LMS and within Sharable Content Objects. This version of the Sample Run-Time Environment” demonstrating the importing of Content Aggregation Content Packages.]

Implementation [Implications for COSE]

It has only been possible here to give an introduction to SCORM and while the mandated runtime and data set are quite small it is clearly not a trivial exercise to work through the implications of the specification. Any particular LMS might have to make modifications relating to such things as generation of content, mapping content as SCOs and Assets, launching and navigating content, aggregating content, construction and management of a database to manage runtime metadata, and of an API in SCO – LMS communications. 

It should be considered too that these things have to be managed to accommodate evolving specifications and careful consideration would also be required in respect of, for example, SCORM packaging and compatibilty with IMS content packaging, specification where this has been implemented.  

The assumption seems to be made in SCORM that learning objects come with a package manifest, either included in a packaged file or in some logical directory. The matter of naming or referencing such objects is not discussed, which might be a consideration in a future version.  In migrating toward SCORM learning objects [the term is used in the more general sense here] of both kinds, with and without manifest, may exist and be handled differently.

One of the CO3 Project outputs is that CO3 partners well placed to progress in implementing SCORM having implemented the pertinent IMS metadata and packaging specifications. [Other kinds of metadata are described in SCORM which is beyond the scope of this discussion] . In respect of COSE, though the COSE pedagogy is founded on active learning, content (pagesets) could be viewed in a technical sense largely as assets, as there is for the most part only limited direct interaction with the server. This might allow a staged migration to SCORM compliance, before the major modifications to implement content as SCOs. The hierarchical organisation of COSE pagesets mean that it should be easy to map component pagesets as SCOs in terms of structure at least.

