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Ralph Wirski

Abstract

This paper discusses the potential of SCORM within the VET sector and the challenges facing the adoption of this standard. We consider the affects of the SCORM technical implementation on Toolbox developers. We create a conformant Content Package using existing Toolbox content as a basis, and in the process explore components of SCORM most pertinent to the VET sector, and the implications of adapting a Toolbox to SCORM standards. 

An outline of the recently released SCORM 2004 standard is also provided.
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Introduction

SCORM is short for the Sharable Content Object Reference Model. It has been developed by the Advanced Distributed Learning (ADL) initiative, which was created by the United States Department of Defence. The initial motivation was to develop a strategy for using learning and information technologies to modernize education and training and to promote cooperation between government, academia and business to develop e-learning standardization.

An important aspect of SCORM that impacts the toolbox project is shown in Figure 1, taken from the SCORM documentation. The SCORM describes two main components: the Content Aggregation Model (CAM) and the Run-Time Environment. The important point here is that SCORM’s CAM uses the IMS Content Packaging specification. The SCORM also adapts a number of other standards for its metadata and content structure. 

[image: image2.png]BOOK 1:
The SCORM:;
Overview

BOOK 3: The
SCORM Run Time

BOOK 2: The SCORM

m )





Figure 1 : SCORM and relevance to other standards

SCORM Technical Implementation

SCORM packaging adheres strictly to the IMS Content Packaging Specification but provides additional explicit implementation guidance for packaging digital learning resources. The Content Packaging specification component deals with Assets, Sharable Content Objects (SCOs) and Content Aggregation Packages. Assets are single individual objects such as media or HTML pages, while SCOs are collections of Assets.

Assets and SCOs are intended for reuse and are the building blocks of a Content Aggregation Package. They should be independent of learning context and intended to be subjectively small units, such that potential reuse across multiple learning objectives is feasible. The SCORM does not impose any particular constraints on the exact size of a SCO.  

Given its characteristics, the term SCO is often used to mean Learning Object. There is not one universally accepted definition for Learning Objects, however there are a number of common themes:

· Learning Objects should be of a size of that can be reused within different learning contexts.

· They should be in a format that can be deliverable, such as digital entities.

· Learning Objects can provide an educational experience for some pedagogical purpose. 

Within the confines of this report we will refer to a learning object as “any digital resource that can be reused to support learning.” (Wiley). This definition includes anything that can be delivered to a learner, be it large or small. 

The adoption of the SCORM standard across the VET sector should make it possible to create, store, and disseminate reusable LOs in the form of SCOs. These SCOs could provide content developers and teachers access to existing learning content via digital repositories. 

Content Aggregation Packages comprise one or more SCOs or assets, that is one or more learning objects. They should be structured in such a way that they are ready for delivery to a learner. This implies that Content Packages are not as reusable as SCOs, because they are associated with specific learning context information. They can be delivered via a SCORM compliant Learning Management System.

As part of this project we have developed a SCORM Content Package from an existing Toolbox resource that comprises SCOs and assets. 

Content Packaging an existing Toolbox

As part of ongoing investigations into the suitability of SCORM for the Toolbox project, we have created a SCORM conformant Content Package. We used the Grange Care Services Toolbox Proof of Concept as a basis for this work. The Grange Care Services Toolbox covers two qualifications:

· CHC30102 Cert III in Aged Care Work 

· CHC30202 Cert III in Home and Community Care

Grange Care Services is a simulated learning environment that comprises Grange House Residential Services (covering Aged Care Work) and Grange Home Care Services (covering Home and Community Care). The learner is cast in the role of a Trainee Personal Carer and is presented with a range of tasks that Personal Carer would be expected to perform in the industry. 

A sample of the Grange Care Services toolbox will be available via the internet at http://flexiblelearning.net.au/toolbox/series6/602.htm.

The first noticeable aspect of the Grange Care Services toolbox is the front page which is a flash animation. The flash animation allows the learner to enter either the home care or residential services components of the toolbox. Here, we immediately discover the impact of the SCORM rule that disallows navigation between SCOs. To adhere to this SCORM rule and keep the flash animation, we would have to treat the entire Toolbox as one SCO. This not only inelegant but defeats the purpose of SCORM: creating reusable learning objects.

To produce a SCORM conformant toolbox, we can create an all encompassing SCO; or remove the navigation contained within the Flash object and transfer the navigation to a manifest file that accesses separate SCOs. Removing the Flash animation reduces the aesthetic appeal of the toolbox, while creating an all encompassing SCO from the toolbox defeats the purpose of SCORM.

This leads to the notion that while Toolboxes should consist of reusable SCORM objects, but the Toolbox itself does not necessarily have to be SCORM compliant. This approach means that toolbox developers should still produce content that is SCORM conformant and can stored within a repository ready for reuse. However, when compiling a toolbox, developers would combine SCORM conformant resources in a manner outside the SCORM standard, which is more flexible and aesthetically pleasing.

We can see the front page of the Grange Care Services toolbox in Figure 2. The user can choose the area they are interested in by clicking on the animation. If we were to produce a SCORM compliant toolbox, the aesthetically pleasing front page would be replaced by a menu. This is clearly undesirable. To avoid this we only commence the scope of SCORM conformant content, once the user selects the animation, and enters a specific learning area. 
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Figure 2 : Grange Care Services front page

Of the two available areas in the toolbox, we have chosen the Grange Home Care area to convert to a SCORM compliant Content Package. The Grange Home Care area consists of duty statements that cover each day of the week. Each day can have more than one duty statement, while each duty statement can have more then one task. This area also contains a resource library that contains: 

· tests,
· links to manuals, policies and procedures in the form of word documents, and,
· areas for discussion.
SCORM Components

SCORM provides three main components for building learning resources:

· Assets.

· Shareable Content Objects (SCOs).

· Content Aggregation.

Assets are any digital objects of media, text, images, sound, web pages, assessment objects or other data that can be delivered to a web client. 

A SCO is a collection of one or more assets. A SCO represents the lowest level of granularity that can be tracked by an LMS. To be reusable, a SCO by itself should be independent of learning context.  Usually, one or more SCOs can be aggregated to form a higher-level unit of training.

The SCORM documentation does not provide any mandatory methods of deciding which learning resources are SCOs or assets. However, according to the SCORM, SCOs are intended to be subjectively small units, such that potential reuse across multiple learning objectives is feasible. When determining whether to make a resource a SCO or an asset, the content developer should consider:

· the amount of material required to achieve the learning outcome, and:

· level of reuse to be obtained.

Any learning resource that is deemed a SCO must contain the minimum SCORM API calls to locate an LMS’s API Adapter.

A Content Aggregation provides content structure used to aggregate learning resources into a cohesive unit of instruction. The Content Aggregation provides the sequence in which learning resources are to be presented to the user.

A Content Aggregation is often interchanged with the term Content Package. Technically, a Content Package is SCORM’s mechanism for binding a Content Aggregation and metadata.   

A Resource Package is a Content Package without an organisation, in other words a Content Package that does not specify a sequence for the learning resources.

Before we can build our Content Package, we must decide which html pages will be SCOs and which html pages will be assets. This means choosing SCOs (i.e. learning objects) of a size and content that will make them optimally reusable and meaningful. According to the SCORM 1.2 standard, a SCO can be of any size and scope, as long as it is described by a resource element in a Content Package manifest file. Given the flexibility of SCORM, the onus of choosing the correct SCO size falls on the content developer.

Content Package Structure – SCOs

Sco Behaviour

SCORM created SCOs must communicate with the LMS run-time service using the LMSInitiliase and LMSFinish functions. This is mandatory SCORM behaviour. It is optional for SCOs to communicate with the LMS while being displayed using functions that get and set values. Any SCORM compliant LMS must handle these functions.

Toolbox developers using the SCORM standard will no longer have any control on how learning resources are launched. This means that while the content itself will be controlled by the toolbox developer, there will be no control over the size of the window that displays that content. Further, content developers can not make any assumptions about the color scheme or layout of the surrounding windows (or frames). 

Figure 3 shows the navigation layout of Grange Home Care before conversion to the SCORM standard. We can see the navigation buttons on the left hand side. When moving to the SCORM standard, all hard coded navigation will have to be removed from our HTML pages. This ensures we do not include any links between SCOs.
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Figure 3 : Original Grange Home Care layout and navigation

A SCO may not assume that it will run in a top-level window, or attempt to force itself to run in a top level window. This will have implications for many of the already produced toolboxes as they rely on having control of all surrounding frames for navigation. The idea behind this thinking is that a SCO can be launched without any prior knowledge of its surroundings.

Although the use of pop-up windows is allowed within SCORM compliant SCOs, this behavior is discouraged by SCORM best practice (Ostyn 2001). SCOs are responsible for closing any pop up windows that are opened, before a SCO is unloaded. A SCO is not allowed to leave any trace of itself in the user’s environment window after it has been unloaded. 

This implies that SCO developers using pop windows would have to write extra code to close all pop ups. This requirement, which would most likely be implemented in the form of client-side scripts, could create compatibility problems.

According to SCORM, the general for creating manifests is that a package always contains a single top-level Manifest. This implies that a manifest file should be created for a stand alone SCO. However, when that SCO is part of a Content Package, a manifest file for the SCO is not necessary, since the SCO will be described within the top level Manifest. There are still advantages to providing a manifest file for every SCO within a SCORM Content Package:

· Aids in ease aggregation.

· Provides clarity in recognizing the overall structure of a Content Package without having to view the Manifest. 

· When separated from a content package, the SCO will still maintain its context.

· Removes the requirement to derive a Manifest when a SCO is disaggregated from a Content Package.

SCO Options for Grange Home Care

Figure 4 shows a high level summary of the Grange Care Services proof of concept. Note that the term “tasks” used in the diagram does not imply any meaning – just refers to tasks in each duty statement.

Option 1 - All encompassing SCO

The layout shows that there are a number of ways to create SCORM conformant content. For example, it is possible to determine that the Grange Home Care area is one big learning object, and all other resources are assets. This way, the manifest file will contain the index HTML page of Grange Home Care as the only SCO. While this approach may pass the SCORM conformance test (and it does - we checked), it does not provide a learning object of a suitable size for reusability. 
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Figure 4 : Grange Care Services Toolbox layout

Option 2 - Sub Manifests

Another approach to building SCORM conformant content can be to produce small content packages and combine those to produce a larger content package. 

Within the Grange Care example each duty statement, as shown in Figure 4, can be considered a content package, containing individual tasks as SCOs. Each day of the week could also be a content package, containing sub-manifests that define duty statements. This idea could carry on recursively, incorporating duty statements as a content package, until eventually we encompass all learning content. 

From a theoretical point of view, this is an ideal solution. By creating content packages at a low level, we have learning objects that are readily reusable, and because they are a content package they should be also be meaningful. Using the smaller content packages we create a larger content package that can be disaggregated by future users. 

Unfortunately, under the current definition of SCORM (1.2), the implementation for sub-manifest aggregation is awkward at best. While the problems are not explicitly documented in SCORM documentation, some include:

· No clear consensus, or support, by IMS or SCORM on how to reference external manifests.

· Identifier conflicts. As you join sub-manifests into another manifest, you are likely to run into identifier conflicts.

· Package component file name conflicts.

· Aggregation and disaggregation operations of manifests are outside the scope of the SCORM specification. SCORM only specifies the syntax of the final manifest.

The efficient and obvious method for joining manifests would be if the top level manifest referred to a sub-manifest, in the same manner as a top level manifest refers to SCOs or assets. Unfortunately, under SCORM 1.2 and its underlying IMS Content Packaging Specification, one has to copy all sub-manifest information to the parent manifest. This requirement is counter productive as we have to produce a manifest file more than once. 

To get the same effect as aggregating sub-manifests, why not produce only one manifest that contains a number of nested SCOs? This has the same effect as combining several sub-manifests.

Option 3 - Multiple SCOs

The solution we have chosen for Grange Care is to create multiple SCOs and join them using the organisation section of the Manifest. 

Figure 5 shows the division of SCOs for our Content Package. At the lowest level we have created a SCO for duty statements. This SCO will contain assets that define how to complete a particular duty comprising sequential tasks. This represents the smallest reusable object.  We can use an individual duty statement, together with others, to form different sets of duty statements, each for a specific set of circumstances.
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Figure 5 : Multiple SCO layout

We have a choice to make, in that, should each day of the week be SCO? Given that a learning object should be reusable; would a SCO for each day of the week be reusable? For example, a collection of duty statements for Monday is only relevant to the set of circumstances for Monday. Given this, you would not expect an SCO for a particular day to be meaningful within a different set of circumstances and therefore reusable. Therefore we have not created SCOs for each day of the week.

The top level SCO is at the duty statements level. At this level, we know the circumstances for choosing duty statements and the context of those duty statements. For example, if certain tasks are chosen for Monday, at the top level SCO we can also see the tasks chosen for other days, which provides context. 
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Figure 6 : Manifest Organisation linked to the SCO layout

Manifest

To describe our content package we must create the top level IMSmanifest.XML file. There are three sections to this manifest: Metadata; Organisation; and Resource. Within the resources section we describe SCOs and assets that comprise our content package. The navigation is defined in the organisation section. 

Figure 6 shows the organisation section of our manifest within an XML editor. You can see that the SCO layout from Figure 5 matches the organisation section in the manifest. Figure 7 shows a subset of the resources sections within an XML editor.
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Figure 7 : Manifest resources section

Viewing SCORM content

SCORM content can be viewed within a SCORM LMS system. However, companies such as Microsoft or Reload provide applications that allow the user to view SCORM content. These applications are referred to by the following common (and interchangeable) names: LMS-wrapper; LMS-viewer; or LMS player. Figure 8 shows the SCORM version of Grange Home Care and how it looks like within Microsoft’s LRN Viewer. 

[image: image9.jpg]Viewer - Microsoft Internet Explorer

| bk - 5 - @ ) 4| Qerch (idravoss Gveds 3 | B op [0 - )

O Microsoft LRN Viewer
LRN Viewer Course

(@ duty_statement week
(@ oty sttement ey
(@1 sy 0500: shower Florence b
) Monday 0800 Task 1 (showe
B Monday 000 Task 2 shawe
B Monday 0300 Task 2 (showe
B Duty satement Tuesday
B Duty statement: Wednesday
B Duty setement: Trursday
B Duty satement Frcy
B Duty satement: Seturday
Duty stetement: Sunday
@ Resaurce Livery

Q Dauty Statements

Grange
Home Care

Community Carer

B e your ity Sstemats. 1 m a1
ataose cn,

Mu>n» B

@

My Computer





Figure 8 : Grange Home Care within a SCORM viewer

Sequencing Content

SCORM compliant resources by themselves are inarticulate, in that without an LMS they will be simply a collection of resources, and not a course in a format easily traversable by the learner. Practically, this induces the need for an LMS or an LMS viewer that will produce a visual tree, menu or a set of nested menu, which allows the user to traverse between SCOs and Assets.

Technically, SCORM SCOs are joined together by defining items in the organisation section of the Content Package manifest file. The SCORM restricts sequencing embedded in content to exist only within SCOs – that is content from one SCO may not refer to content in another SCO. Sequencing between SCOs must he handled by an LMS and defined in the manifest file.

The LMS will control all SCO to SCO navigation. The order in which SCOs are presented to the learner is provided by the organization section of the Content Package manifest. Typically an LMS will provide both a tree structure, and forward and next buttons for navigation. This means that a sequence of content will be presented and available, but the learner will be able to choose which learning objects to view and in what order. 

While restrictive, there are several advantages to this approach:

· The order of resources can be easily changed because there is no hard coding of sequencing. The order can be changed using a package such as reload, or manually within the manifest file.

· Content can be easily disaggregated.

· Reduction of problems arising from proprietary and often innovative sequencing implementations utilising frame sets and java scripts.
The major disadvantage of content sequencing under SCORM 1.2 is what is referred to as the “glossary problem”. The glossary problem describes the occurrence where a common resource is used throughout a toolbox. Frequently, this common resource is a glossary. 

In current Toolbox development, if a glossary is required, it is created only once, and all content within a Toolbox that refers to information from a glossary, will refer to a single copy of the glossary. However, under SCORM 1.2, you will need a copy of the glossary for each SCO you produce. This could get quite annoying for Toolboxes that lend themselves to reusability and foster large numbers of SCOs. The glossary problem creates two further problems:

· Content size increase in terms of storage space.

· Maintenance: the need to update each existing copy of the glossary.

SCORM and the Dependency Element

Within SCORM 1.2 there is no clear accepted solution to the glossary problem. We can however come close to providing a satisfactory method of creating multiple SCOs referring to the same glossary. We elucidate the problem by using the dependency element that is allowed within SCORM 1.2.

The SCORM documentation defines the dependency element as one that “contains a reference to a single resource that can act as a container for multiple files that resources may be dependent on”. Translated into technical terms, this means that you can:

· Create an asset, such as a glossary, containing content that other SCOs depend on.

· Every SCO that wants to refer to content from the glossary, must declare the glossary asset as a dependency.

We have created an example Content Package where many SCOs refer to content within a single glossary asset. This Content Package has been tested and passed the SCORM ADLCP-PIF1 conformance test.

Creating a Content Package with a Dependency Asset

Figure 9 illustrates the layout of a Content Package where several different SCOs will access content from a single glossary asset. 
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Figure 9 : Content Package containing a glossary SCO

The first step is to create the glossary. Due to the technical implementation of SCORM we do not define the glossary as a SCO, but as an asset that contains a number of resources, namely HTML pages containing definitions. The glossary asset will be used by other SCOs. Unless we utilise the more elaborate elements of SCORM there is no disadvantage to treating the glossary as a SCO. The telling difference between a SCO and asset is that a LMS will not be able to track an asset. 

We have chosen a simple structure for the glossary: a top level glossary.html page contains links to pages for each letter of the alphabet. The front page glossary.html is the entry page for the asset. The other pages, a.html, b.html, etc., are only listed as resources for the asset.

The resource section of the Glossary SCO defines this structure, by attaching the scormtype, asset, to glossary.html:

<resource identifier="res_glossary" type="webcontent" adlcp:scormtype="asset" href="glossary/glossary.HTML">

      <file href="glossary/glossary.HTML"/>


<file href="glossary/a.HTML" />


<file href="glossary/b.HTML" />


<file href="glossary/c.HTML" />


<file href="glossary/d.HTML" />


<file href="glossary/e.HTML" />


<file href="glossary/f.HTML" />


<file href="glossary/s.HTML" />

    </resource>

Within the manifest we must provide each resource with a unique identifier. This is provided by the syntax: identifier="res_glossary". 

Notice that our two SCOs: SCO1 and SCO2; are also defined as resources. To distinguish them from an asset we use the syntax: adlcp:scormtype="sco". Notice the use of the dependency element:

<resource identifier="res_sco1" type="webcontent" 

adlcp:scormtype="sco" href="sco1/sco1p1.HTML">

      <file href="sco1/sco1p1.HTML"/>


<dependency identifierref="res_glossary"/>

    </resource>

<resource identifier="res_sco2p2" type="webcontent" adlcp:scormtype="asset" href="sco2/sco2p2.HTML">

      <file href="sco2/sco2p2.HTML"/>


<dependency identifierref="res_glossary"/>

    </resource>

Both SCOs contain a reference to res_glossary¸ which is our unique identifier for the glossary asset. The important thing is that both SCO1 and SCO2 define a dependency reference to res_glossary. This means that both SCOs can use the same asset, and we don’t have to worry about duplicating content, or updating the same glossary in more than one place.

We should note what would happen  if SCO1 and SCO2 were separated, for example SCO1 was uploaded to a Content Repository. In this case, SCO1 would have to be uploaded together with the asset res_glossary. The same would be true for SCO2 or any other SCO utilising res_glossary.

The use of the dependency element in this scenario will alleviate the duplication of the glossary for each SCO in our Content Package.  
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Figure 10 : A SCORMed glossary viewed within an LMS wrapper

Run Time Service

The runtime service of the SCORM is provided by an LMS. Often this LMS is not an executable, but implemented as a web page or frameset in a browser window. The runtime service is responsible for providing the user interface to the learner, most notably a table of contents or navigation buttons to solve the sequencing issue. These user interface components are completely invisible to the SCORM learning objects. The runtime service is responsible for launching individual learning objects and also includes an API adapter for communication with the learning content.

Microsoft and Reload provide LMS wrappers or players that mimic the functions of an LMS. They are available from:

· Reload: www.reload.ac.uk
· Microsoft LRN: www.microsoft.com/elearn/
Content Package Metadata

The SCORM metadata application profiles directly reference the IEEE Learning Object Meta-data (LOM) standard and the IMS Learning Resource Meta-data XML Binding Specification.  The IEEE specification provides roughly 64 meta-data elements – satisfactory for practical use.  While SCORM fully adheres to the IEEE and IMS specifications, SCORM provides additional specific guidance for using meta-data in SCORM conforming environments.

Metadata should be applied to Assets, SCOs and Content Aggregations to describe them in a consistent fashion such that they can be searched for and discovered to facilitate sharing and reuse.

Content Package metadata can be entered inside the IMSmanifest XML file, as defined by the IMS Content Packaging specification. Alternatively you can reference an external metadata file, which is a SCORM-specific extension to the IMS specification. 

Content Aggregation metadata describes a content aggregation as a whole, and not necessarily the resources within. SCO metadata provides descriptive information about the learning resource independent of a particular context.  This metadata is also used to facilitate reuse and discoverability, however it only describes the SCO and does not provide context that can be gained from Content Aggregation metadata. Asset metadata is independent of learning content and describes smaller objects such as illustrations, documents, or media streams.  

A Metadata application profile is a combined grouping of metadata elements selected from one or more metadata schemas. The SCORM metadata application profile describes requirements for each of metadata elements. These requirements include whether each field is mandatory and how it should be used. The SCORM metadata application profile is available from section 2.2 of the SCORM 1.2 CAM document.

The SCORM metadata best practice states that each of the three categories of the SCORM metadata (Asset, SCO and Content Aggregation) will take the form of stand-alone XML documents that conform to the IMS Learning Resource Meta-data XML Binding Specification.

For content aggregation metadata, this means that you have to make an entry in your manifest file, within the organisation section, that refers to XML file containing metadata for the content aggregation:

         <metadata>

            <schema>ADL SCORM</schema>

            <schemaversion>1.2</schemaversion>

            <adlcp:location>Course01.xml</adlcp:location>

         </metadata>

For SCOs and assets, you should make a similar entry in the resources section of your manifest. Typically the name of the metadata file, is the same as the SCO or asset with the addition of the XML file extension. 

Although the SCORM suggests the storage of metadata in a file separate to the manifest, there is a strong case for storing the metadata inline within the manifest. Storing the metadata inline within a manifest reduces the possible uncertainty of using the “location” element, because the metadata will always be where the manifest is stored. 

Where to add metadata

SCORM does not dictate at which level the content developer adds metadata. The SCORM metadata application profile allows you to add metadata to each SCO, asset, or file referenced by a Content Package manifest. This does not dictate that an individual component referenced within a manifest commands associated metadata. 

The content developer is free to decide which resources are worth describing. If the purpose of the metadata is to facilitate in the discovery, reuse, and description of resources then the content developer must take this into consideration when deciding which SCOs and assets to describe.

SCOs by definition can be reused outside of their Content Package. To discover them within a content repository, we need to attach metadata. The metadata description of individual SCOs should be made mandatory for the Toolbox developers.

Some assets such as individual pictures are not clear contenders for metadata descriptions. However, more complicated assets such as Flash animations, can be considered worth discovering and therefore worthwhile of metadata. Table 1 shows some suggestion for metadata usage.

Table 1 : Suggested SCORM metadata type usage
Example of resource
SCORM 

manadatory
Suggested

Content Package
Yes
Yes

SCO
No
Yes

Asset comprising content within HTML
No
Yes

Asset comprising one or more items
No
Yes

Flash Animation
No
Yes

jpgs / gifs / etc
No
Use discretion

Documents (e.g. .doc, .pdf, .ppt)
No
Yes, if valuable

Assets aiding presentation, not content
No
No

Audio and Video
No
Yes

Mapping Metadata

Toolboxes developed to date have used the EdNA metadata standard. The current toolbox metadata guidelines advise developers to describe all meaningful HTML pages. If we can agree on a metadata mapping then we can write a tool to automatically map metadata between the EdNA and LOM standard used by SCORM. 

Such mappings have already been attempted (Yin 2003) as demonstrated in Table 2. 

Table 2 : Example of a DC to LOM mapping

DC
IEEE LOM

Identifier
General.Identifier

Title
General.Title

Language
General.Language

Description
General.Description

Subject
General.Keyword

Coverage
General.Coverage

Type
Educational.LearningResourcesType

Date
Lifecycle.Contribute.Date

Creator
Lifecycle.contribute.Entity when Lifecycle.Contributor.Role=”author”

Contributor
Lifecycle.contribute.Entity

Publisher
Lifecycle.contribute.Entity when Lifecycle.Contributor.Role=”publisher”

Format
Technical.Format

Rights
Rights.Description

Relation
Relation.Resource.Description

Source
Relation.Resource

SCORM ADL Test Suite

Using the ADL SCORM test suite should be adopted by toolbox developers who intend to produce reusable and SCORM conformant content. To date, the ADL test suite is the only automated and common method developers have of determining if their content is SCORM conformant. The ADL Test suite is also a solid aide for developers gaining an understanding of SCORM and becoming comfortable with producing SCORM conformant content. The suite not only, tells you whether content is SCORM conformant, but also provides explanations when Content Packages or SCOs are not SCORM conformant.

Reaching conformance in the ADL test suite may not necessarily mean that the SCORM content will work in all SCORM conformant LMS’s and repositories. However if SCORM content does not pass the ADL test suite, it is very unlikely that such content will be readable by any other SCORM conformant products.

The ADL test suite provides an LMS Run-Time Environment Conformance Test; a

SCO Run-Time Environment Conformance Test; a Metadata Conformance Test; and a  

Content Package Conformance Test. Within the scope of toolbox development, the two most significant tests will be the Content Package and Metadata conformance tests. The Content Package test will ensure that in most instances the content will be interoperable, while the metadata test will ensure that the content will be discoverable. The Content Package test also checks each individual SCO listed in the manifest.

The conformance testing begins with a series of prompts gathering information about the content being tested, and the type of test to perform. In most instances the test can begin after selecting the manifest file in the case of a Content Package test or in the case of a SCO test, the location of the file. The test typically parses the manifest file to ensure it is well formed and checks SCOs for their API functions. The test results provide a conformance category taken from the SCORM conformance matrix.

Level of conformance?

Objects that are SCORM conformant contain an associated label of conformance. There are different groups of labels applied to LMSs, SCOs, Content Packages and Metadata. The SCORM conformance matrix provides the full list of conformance labels and their requirements.

For simple SCOs we recommend reaching the basic conformance category, SCO-RTE1. To reach this conformance category a SCO:

· Can be launched by a known conformant LMS as defined in Section 3.2 of the SCORM Run-Time Environment, and 

· Searches for and finds an API Adapter as a Document Object Model (DOM) object, and 

· Invokes, at a minimum, the LMSInitialize() and LMSFinish() API functions as described in Section 3.3 of the SCORM Run-Time Environment, and 

· Any additional API functions that are invoked are called correctly.  

Gaining a higher SCORM conformance will not increase the reusability and interoperability of a resource. Higher conformance is only necessary when the learning content utilises deeper functions of SCORM such as use of the advanced features of the Run Time Model (e.g. passing student scores).

The default category to reach for Content Package conformance is ADLCP-PIF1, which means the content package:

· contains a well formed manifest file,

· all supporting control documents shall be placed at the root of the PIF or root directory, 

· the Content Package shall contain at least one Sharable Content Object or Asset, 

· all Meta-data used with the "imsmanifest.xml" adheres to the appropriate SCORM Meta-data Application Profile requirements.

This level of conformance is not difficult or time consuming to reach. The basic requirement is that the developer creates the imsmanifest file according to the SCORM standard and provides two basic API calls within each SCO. Both tasks can be accelerated by producing templates for the IMSmanifest file and HTML SCO’s. Reaching the conformance, ADLCP-PIF1, still does not guarantee complete interoperability, but it provides the best automated method of ensuring that Toolbox resources can be reused.

SCORM 2004 Release

The ADL Technical Team has released SCORM 2004, which is a redefinition of the draft version of SCORM 1.3. The most significant change from SCORM Version 1.2 to SCORM 2004 is the addition of learning content sequencing capabilities as defined by the IMS Simple Sequencing specifications.  These additions allow presentation of learning content based on prescribed sequencing strategies and learner performance.

The SCORM 2004 Conformance Test Suite is currently under development and has not yet been released. There should be no aim to produce SCORM 2004 conformant content until the ADL organisation provides a suitable testing suite. However, we should still aim to understand how the release of SCORM 2004 will affect toolbox developers.

The SCORM Content Packaging specification, which is significant to the Toolbox project, has been improved. However, the core technical principles surrounding the creation of assets, SCOs and Content Packages still apply. To date, there is nothing to suggest that content produced under SCORM 1.2 will not be considered conformant under the SCORM 2004 specification.

SCORM 2004 changes and additions 

SCORM 2004 introduces new changes from the previous SCORM versions. Mainly, the changes are not technical, but modifications in terms concepts and best practices. The technical enhancements in SCORM 2004 build on the previous versions of SCORM.

The biggest enhancement, SCORM Sequencing and Navigation is based on the IMS Simple Sequencing Specification, which defines a method for representing the intended behavior of an authored learning experience such that any LMS will sequence discrete learning activities in a consistent way.  The term simple is only used to refer to a limited number of sequencing behaviors, not because the specification itself is simple.  The IMS Simple Sequencing Specification is applied and extended to the current SCORM environment.

In SCORM 2004, Sequencing and Navigation refers to the rules that an LMS must follow in order to present a specific learning experience as intended by a content developer.  SCORM 2004 allows three learning experiences:

· Free play, in which the learner can choose any item in the content organization in any order. This is the only kind of sequencing that is available under the SCORM 1.2 standard.  

· The learning experience may be guided by a flow through the structure of the content organization.  

· The learning experience can be adaptive, with different behaviors that depend on the learner’s performance or other variables that can be tracked by the LMS.  

SCORM 2004 defines a default set of rules that govern sequencing and navigation for a specific content organization.  However, the default rules only provide for free play. This means that the navigation presentation of a Content Package under SCORM 1.2 will be the default for SCORM 2004.  

SCORM Sequencing depends on: a defined structure of learning activities, the Activity Tree; a defined sequencing strategy, the Sequencing Definition Model; and the application of defined behavior to external and system triggered events, SCORM Sequencing Behaviors.

An Activity Tree represents the conceptual content structure that results from the content design, authoring and aggregation processes.  The Activity Tree is defined in the organisation area of the manifest file attached to a Content Package. It is the duty of  a SCORM-conformant LMS to translates the organisation information into Activity Trees, and manage it for each learner. 

SCORM 2004 introduces two new concepts associated with Activity Trees:

· Activities: units of instruction. A learning activity is conceptually something the learner ‘does’ while progressing through instruction.  A learning activity may provide a learning resource to the learner or it may be composed of several sub-activities.  

· Cluster: a specialized form of a learning activity that has sub-activities.

Within SCORM 2004, there is no set limit to the number of levels of nesting for Activities.  Activities that do not consist of other Activities (leaf activities) will have associated SCOs or Assets used to perform the activity. You are allowed to associate learning taxonomies (e.g., course, chapter, module, etc.) with hierarchical levels of Activities. Sequencing is only allowed to be associated with Activities. 

The LMS is responsible for interpreting the sequencing information described in the Content Organization and applying sequencing behaviours. When a learner chooses to interact with the content represented by an Activity Tree, the LMS determines the relative sequence of learning activities, by considering sequencing and tracking information and evaluating conditions to determine which learning activities to present. Given that the conditions are evaluated for each learner, the same content may be presented in a different manner for each learner.

SCORM 2004 still allows SCOs to contain internal logic.

At this time there are no readily available tools to test SCORM 2004 and in particular an LMS wrapper such as Microsofts LRN player that supports simple sequencing.

Sequencing – syntax within the Manifest 

The simple sequencing defined in SCORM 2004 is defined by sequencing rules for activities placed in the IMS Manifest file. SCORM 2004 introduces a sequencing element that encapsulates all of the necessary sequencing rules and strategies for a learning activity. The syntax used to enter sequencing rules, while exhaustive, is only an extension to the syntax used in SCORM 1.2, for example:

<item identifier="INTRO" identifierref="RESOURCE_INTRO">

   <title>Photoshop Introduction</title>

   <imsss:sequencing>

      <imsss:limitConditions attemptLimit="1"/>

  </imsss:sequencing>

</item>

Another new element, sequencingCollection, can act as a container for the set of sequencing rules. This element is used for situations where a set of sequencing rules can be reused. 

Figure 11 shows where the sequencing information fits into a SCORM manifest file.
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Figure 11 : Sequencing information within a SCORM Manifest

Conclusions

· Content developers should produce SCORM conformant Learning Objects but not necessarily SCORM conformant Toolboxes. The current version of SCORM has some limitations and short comings: for example, the technical implementation of the aggregation and disaggregation of packages is not yet ideal. The current limitations on SCO sequencing and navigations are enhanced in SCORM 2004. 

· SCORM conformance is not difficult to reach. The major components required are: standard and readily available API functions applied to SCOs; metadata used to describe the learning resources; and a well formed manifest file. Learning objects should reach the minimum conformance levels: 

· SCO-RTE1: minimum conformance for SCOs.

· ADLCP-PIF1: default for conformant Content Packages.

· Gaining a higher SCORM conformance will not increase the reusability and interoperability of a resource.

· Using the ADL SCORM test suite should be adopted by toolbox developers who intend to produce reusable and SCORM conformant content. To date, the ADL test suite is the only automated and common method developers have of determining if their content is SCORM conformant

· The glossary problem can be alleviated by using the dependency element

· SCORM 2004 will not hinder the creation of, or make obsolete SCORM 1.2 Content Packages. The main addition, Simple Sequencing is a technical addition that builds on SCORM 1.2. SCORM 2004 development should not begin prior to the provision of a SCORM 2004 conformance testing suite, and widely available SCORM 2004 LMS players.
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