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Introduction

This document presents a set of software design recommendations for implementing a Sharable Content Object Reuse (SCORE) Tool used to convert learning-related content into SCORM 2004 conformant content units (SCOs) such that:

· Each SCO corresponds to a unit of learning in a pedagogical model

· SCOs from multiple sources originally having different media formats, pedagogical assumptions and user interface conventions can be styled, aggregated and delivered with pedagogical and user interface consistency.

The SCORE Tool, related content conversion utilities and the SCORE Exchange Format are intended to support a workflow in which:

1. Source content existing in multiple formats is converted into an XML-based SCORE Exchange format by content-specific conversion utilities

2. The converted content is imported into the SCORE Tool

3. Within the SCORE tool, content is selected, edited for pedagogic and stylistic consistency, aggregated and sequenced

4. The resulting content is then exported as SCORM-2004 conformant content package.
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This document reflects the outcome of a one-year research project sponsored by the Joint ADL Co-lab to develop a content conversion methodology and prototype SCORE Tools, technologies and procedures for implementing the methodology.  This document provides design recommendations. Some recommendations are for capabilities within the scope addressed by the prototype implementation while others target useful capabilities that reach beyond that scope. In all cases, this document points to the empirical basis for the design recommendations grounded in research done or results obtained from the prototype project. 

A detailed discussion of the SCORE methodology that complements the technical design issues addressed by this document is provided in a companion document entitled SCORE Methodology: Guidelines and Procedures.

1 Background Definitions and Acronyms

The following definitions and acronyms are used in this document.  

1.1 Definitions 

Card Deck Metaphor: As applied to content, the internal structuring of content into like-sized units that resemble cards in a card deck and that share consistent interface and navigation affordances.

Content Conversion Utility: A software utility that converts source content into the SCORE XML Exchange format, thereby enabling the content to be imported into the SCORE tool.

Generic Content Elements: General purpose content types such as text, lines, graphics or movies that are frequently used to construct learning-related content but that have broad applicability and are not specific to learning applications. 

Learning, Education, Training (LET) Content Elements: The set of learning-specific  interface and control elements assumed to be common across a set of SCOs created by the SCORE Tool that share the same pedagogy-to-SCORM mapping. (See below.)

Location: A structural unit of content smaller than a SCO that is both a target of internal navigation within the SCO and a locus for suspending and resuming SCO state information using the IEEE1484.11.1-2004 “location” data element.

Pedagogical Model: An explicit, structured approach to learning, education, or training that defines pedagogical entities that can be directly mapped into the capabilities of SCORM 2004

Pedagogy-to-SCORM Mapping: The mapping of a pedagogical model into SCORM 2004 capabilities.

Sharable Content Object (SCO): A unit of learning-related content that supports the SCORM 2004 Run-Time Environment.

Source Content: Learning-related content that may be converted by a content conversion utility into the SCORE XML Exchange format for import into the SCORE Tool.

Stylable SCO: A SCO whose presentation elements, including visual style, branding and navigation icons, is determined by applying a style sheet to exposed style properties and is not predetermined within the SCO. 

User Interface (UI) Model: A model of the basic user interface affordances, including layout regions, navigation controls, and stylable properties, assumed to be common across a set of stylable SCOs created by the SCORE Tool.

1.2 Abbreviations and Acronyms

LET: Learning, Education, Training

SCO: Sharable Content Object

SCORE: Sharable Content Object Reuse

SCORM: Sharable Content Object Reference Model

UI: User Interface

2 Empirical Basis for SCORE Design Recommendations

The empirical basis for the design recommendations made in this document is the implementation experience gained developing and using the prototype SCORE Tool. The underlying data model and the application logic of that tool are summarized here.

2.1 Data Model Used by the SCORE Prototype

The SCORE data model is central to the SCORE approach and is used by the entire set of methods and technologies that are specific to SCORE. 

When evaluating source content, the SCORE data model provides a frame of reference for determining the feasibility of content conversion by identifying the features that need to be identified. In a conversion utility, the SCORE data model provides the basis for mapping between features identified in source content and the XML SCORE Exchange Format that will be generated by the utility. The SCORE data model provides the reference for defining the XML schemas used by the SCORE Exchange Format, and within the SCORE Tool the SCORE data model defines common set of content elements necessary to effect consistency across content aggregated from difference sources.
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In the SCORE prototype the SCORE data model is represented by a set of database tables that can be organized into the following three categories:  

5. Those that support a location-based user interface model

6. Those that support generic content elements non-specific to learning

7. Those that support learning-specific content elements

2.1.1 User interface model

These tables support a location-based user interface. The program table contains the key data elements associated with locations and the other tables provide support capabilities.

	Table
	Purpose

	Browse
	Contains location labels and references used to support a hierarchical browse menu

	Glossary
	Contains abbreviations and definitions for acronyms used within the SCO 

	HelpMenu
	Contains labels and references used to support a hierarchical help menu

	Program
	Contains general information associated with each location, e.g. identification, next and previous locations, selected style. 

	States
	Contains initial state information about state variables that may be associated with a SCO and whose values may be modified by user actions


2.1.2 Generic content elements

These tables all contain properties of generic content elements that are typically used in learning applications but that are not specific to learning.

	Table
	Purpose

	Cliparts
	Properties of  static graphic images used by a location

	hotspot
	Properties of each hot-spot region associated with a location 

	Labels
	Properties of each textual label associated with a location

	Lines
	Properties of each line associated with a location 

	Movies
	Properties of each movie or animation associated with a location

	ScreenButtons
	Properties of each button associated with a location 

	TextFields
	Properties of each text field associated with a location


2.1.3 Learning, education, training (LET) content elements

These tables represent content elements that are specific to learning applications and that are analogous to the interaction types defined in the IEEE 1484.11.1-2004 data model used  by SCORM.  The content used in the prototype project required support for three interaction types:  troubleshooting, analogous to the SCORM performance type; drag-and-drop, analogous to the SCORM matching type; and multiple choice, having the same name in SCORM. While the IEEE 1484.11.1-2004 data model defines the runtime data communicated by content, the SCORE data model needs to provide data elements to support the user interface component of interactions.

	Table
	Purpose

	Answers
	Contains the final action sequence that may be used in a troubleshooting interaction

	ExpertPath
	Contains sequence of actions used by an expert in a trouble shooting interaction

	Faults
	Contains information by about fault scenarios in a troubleshooting interaction

	Tests_DD
	Properties to support drag-and-drop interactions

	Tests_MC
	Properties to support multiple choice interactions

	TSMenus
	Contains information to support menu options in a troubleshooting interaction

	TSPanel
	Contains information about a panel used to support troubleshooting interactions that may contain up to 11 buttons


2.2 Application Logic of The SCORE Prototype

2.2.1 Content conversion

The SCORE prototype uses conversion utilities based on the SCORE data model to convert source content into an XML representation with references to associated media assets. This XML representation and associated assets are then imported into the SCORE Tool. 

In order to implement a content conversion utility the source content needs to expose sufficient information that can be mapped into the SCORE data model to make content conversion practical. This information may be exposed in one of three ways:

8. An authoring tool vendor may document the internals of the content format in sufficient detail to build conversion utility that operates directly on content; 

9. An authoring tool may provide programming capabilities that may be used to define a conversion utility within the tool itself; 

10. An authoring tool may rely on database tables to store content. If the structure of these tables is known it may be possible to implement a conversion utility that operates directly on the database tables.

The SCORE project examined content produced by different authoring tools and from different sources using the same authoring tool. An important finding is that authoring tools tend to have an inherent flexibility that allows multiple ways to author the same intended result. Content conversion utilities must therefore typically be implemented for a particular batch of content created with a given authoring tool.
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2.2.2 Content disaggregation and editing

As a result of content conversion, source content becomes available within the SCORE Tool as a set of discrete locations. The prototype supports a disaggregation capability that enables a set of these locations to be selected for inclusion in a new SCO. It also supports an editing capability for editing any of the content elements or properties associated with a location. In addition, the editing capability supports the creation of new locations to provide SCO-specific context information. Content is visible in both the disaggregation and editing capabilities as “live” dynamic HTML that is rendered with a user-selected style preference.
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2.2.3 SCORM utilities

The SCORE Tool prototype supports a set of capabilities that are specific to SCORM aggregation and packaging requirements. These include the ability to define SCORM-conformant metadata for assets and SCOs. They also include the ability to select a set of SCOs for inclusion in a package, to arrange those SCOs in a meaningful hierarchy, and to define package-level metadata. The only capability missing for full SCORM 2004 support is a means to define sequencing rules. A “stub” interface panel indicates that this is a natural extension for a future evolution of the tool. In the prototype project sequencing rules were applied in the Reload editor using an imported SCORM 2004 conformant package created by the SCORE Tool.

[image: image5.png]- F-Y
1e]

Splash Screen. Dispiays

copyright statement and Main Opton Panel. Provides

Version number. interface to apen Converter
Uiy, Editor/Disaggregation
Utiity o launches Reload.

SCORM Utilities

Content Aggregation and
Manifest Generator




3 Design Recommendations within the Prototype Scope

The following section provides a set of design recommendations for implementing a SCORE Tool that is consistent with functional scope addressed by the original prototype.

3.1 Stylable Content

SCORE requires a means to apply a consistent user interface style to content from multiple sources that may use different visual design conventions and that may be implemented in different content formats. The SCORE approach is to first transform all source content into a common XML representation with associated media assets. A content generation script with access to a declaration of style preferences and a runtime support library transforms this representation into a common delivery format with a visually consistent user interface style.  
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3.2 Content Structured By Card Deck Metaphor

To convert source content from multiple sources into a common content representation some common denominator needs to exist across all content for the conversion to be practicable. The SCORE approach assumes that learning-related content displays structure corresponding to a “card deck” metaphor. A content piece comprises a sequence of identically sized content units sharing common conventions for header and footer information, navigation controls, a “stage” region for the information being emphasized, and the ability to share state information across content units. In the SCORE approach the content unit corresponding to a card in the card deck is called a “location” because that is the term used in the IEEE 1484.11.1-2004 data model used by SCORM.
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3.3 Content Element Types

Each location in turn has a characteristic structure comprising three types of content elements:

11. User Interface (UI) Model content elements that are used to implement the basic card deck metaphor;

12. Generic content elements for common content types such as lines or text boxes;

13. Learning, Education, Training (LET) content elements for content types that are specific to learning applications.
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3.4 Capabilities Needed For Location-Based Content Conversion

3.4.1 Source content conversion into XML locations

The SCORE approach requires some means to convert source content in a given format into a corresponding normalized representation comprising a set of XML documents representing locations and a set of associated media assets. The SCORE approach uses content-specific conversion utilities to map structural features in source content into the SCORE data model. This mapping is used to generate an XML-based content representation in the SCORE Exchange Format. 
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3.4.2 Source and user defined aggregations

Within the SCORE Tool, the SCORE approach requires the ability to access and manage aggregations of locations that represent both source content aggregations imported into the tool and user-defined aggregations created within the tool. 
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3.4.3 Selection of locations for inclusion in a SCO

Within the SCORE tool, the SCORE approach requires the ability to select locations from one aggregation for inclusion in an aggregation created within the tool. Typically a subset of the locations in a source content aggregation would be selected for inclusion in a user-defined aggregation. However, a user-defined aggregation may include locations selected from multiple aggregations, including other user-defined aggregations.
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3.4.4 Adding context locations

Within the SCORE Tool, the SCORE approach requires the ability to create new locations not found in source content and add these to user-defined aggregations in order to provide aggregation-specific context information. An example might be locations to provide introductory and summary information.
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3.4.5 Editing of location content elements

Within the SCORE Tool, the SCORE approach requires the ability to edit UI Model, generic and LET content elements. UI Model editing includes the ability to define navigational links between locations and state variables shared across locations. The SCORE prototype supports a direct manipulation approach to editing “live” content and the ability to select the user interface style preferences that are in effect.
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3.4.6 Delivery format generation

The SCORE approach requires the ability to transform the set of locations in a user-defined aggregation into an executable delivery format with a consistent user interface.
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3.5 Separation Of Conversion Utilities From The SCORE Tool

The SCORE approach requires implementing content conversion utilities as separate pieces of software outside the SCORE tool and using the SCORE Exchange Format to import converted source content into the tool.
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3.6 Recommendations Specific To SCORM Content

3.6.1 Symmetric approach to Import and Export

The technical requirements for importing content into the SCORE tool are similar to the technical requirements for exporting content as SCORM packages. The project team recommends exploring the degree to which the SCORM approach of zipped content, IMS content packaging manifests, and LOM metadata to describe the package can be used symmetrically to support both import and export.


[image: image16]
3.6.2 SCO editing

The SCORE tool supports SCO editing by equating a SCO with a user-defined aggregation of locations.  SCO support additionally requires the ability to define LOM records for SCO and the ability to add SCORM API calls for runtime data communication to locations in SCO.
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3.6.3 SCO aggregation and sequencing

The SCORE team originally intended to limit the scope of the SCORE Tool to editing SCO content and to rely on a separate tool such as Reload to support SCO aggregation and sequencing. However, the SCORE Tool prototype demonstrated a requirement to support the ability to export multiple SCOs as a SCORM conformant package. Adding SCORE Tool support to hierarchically organize a set of SCOs proved a convenient, straight-forward extension. The only desired capability missing in the SCORE Tool prototype is the ability to add sequencing rules. The SCORE Tool introduces the new requirement of being able to specify the style preferences to be applied across all SCOs in a SCORM package. The SCORE team recommends that any future evolution of the SCORE tool be fully integrated with support for SCO aggregation and sequencing. 

	Requirement
	Minimal SCORE Tool

Implementation
	Typical 

SCORM 2004 Aggregation Tool

	Select a set of SCOs for inclusion in package
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	Organize a set of SCOs hierarchically
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	Add sequencing rules to a set of SCOs
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	Select a style to be applied to a set of SCOs
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	Define a metadata record for a set of SCOs
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	Export a set of SCOs as a SCORM 2004 package
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4 Further Recommendations

The following section provides a set of recommendations for useful capabilities suggested by project experience that go beyond the scope addressed by the prototype implementation.

4.1 Adoption of Open Specifications and Standards

The SCORE approach recognizes three categories of content elements: UI Model content elements, generic content element and LET content elements. The SCORE project developed a functionally viable definition of these content elements to support the evolving requirements of the SCORE prototype. In the project, database table were defined to represent content elements and a corresponding XML representation was derived from the table definitions. As these requirements became better understood the project team appreciated the similarity between SCORE content elements and those found in existing open specifications for XML-based documents. If the SCORE technology evolves beyond the current prototype, content element definitions that are idiosyncratic to the SCORE prototype should be replaced with comparable definitions from general purpose, open specifications that have broad platform support.

Two XML-based specifications from the OASIS consortium seem particularly relevant for consideration: the Open Document Format for Office Applications (OpenDocument) and the Darwin Information Typing Architecture (DITA). These specifications may be relevant individually or in combination. The project team recommends evaluating the following scenario that would utilize profiles of both specifications.

First, use an OpenDocument profile to represent the UI Model and the underlying card deck metaphor. There is nothing in the UI Model that is specific to learning applications but it does closely resemble slide-oriented presentations. The OpenDocument specification defines an interchange format for slide-oriented presentations that may be directly applicable.

Second, use an OpenDocument profile to provide a core set of generic content elements. The OpenDocument specification encompasses a rich set of general purpose content elements, some of which are directly taken from mainstream W3C specifications for Web-based content.

Third, use a DITA profile to provide a type-specialization method to accommodate an extensible set of LET content elements. DITA was originally designed to support the different types of related documents that occur in online help applications. The DITA approach is to define a basic type of help document known as a topic and a type-specialization mechanism so that topics can be re-defined to support more specialized documentation requirements. While it is not clear that the DITA document types are relevant, the DITA type-specialization mechanism may provide an efficient means to support the wide range of LET content elements that a broadly deployed SCORE Tool would need to accommodate.

4.2 Integrate Support for Ontologies

In the SCORE prototype, pedagogical consistency across SCOs created in the SCORE Tool was achieved by associating each SCO with an objective from an objective taxonomy. The association was made manually outside the SCORE Tool.  It would have been useful during the SCORE project to have been able to import an objective taxonomy into the SCORE Tool and to have been able to refer to the taxonomy while defining SCO content or the metadata associated with a SCO.  Looking forward, SCORE Tool support for objective taxonomies is a specialized case of the more general need to import ontologies into the tool and to associate related semantic definitions with every unit of content granularity supported by the tool: basic content elements, locations, SCOs and aggregations. 

4.3 Device Independent SCORM Content

The SCORE prototype assumes content delivery on a conventional desktop or laptop platform using the single delivery format of dynamic html. Current interest in the SCORM community in SCORM delivery on mobile devices and game consoles portends a need to accommodate a wider range of delivery platforms. A related need is the ability to accommodate a wider range of content delivery formats that may each be more appropriate for a particular delivery platform or specialized user requirement such as mobile code security or optimal support for rich media animations. From a holistic, “blended learning” perspective, there is a need to support different views of the same SCORM content across instructor-led, self-paced, collaborative, and performance support learning contexts.

It may be feasible through a straight-forward extension of  SCORE technical approach to enable device independent SCORM content that can be adapted as needed to support different delivery platforms, formats and usage scenarios. A possible strategy might be to consider current SCORE as supporting a “base usage scenario” and add support for one or more “derived usage scenarios” to support alternate delivery requirements. 

Each derived usage scenario would address scenario-specific content representation and content generation requirements as a set of differences from the base usage scenario profile. 

As with the base usage scenario, a derived usage scenario would use an XML document and referenced media assets to represent content. This representation would be produced from the XML and media assets used in the base usage scenario by a set of “content mapping rules”. These rules would define which content elements can be directly mapped, which can be mapped by restructuring, which can be mapped by algorithmically changing associated property values, and which cannot be mapped and therefore require manual authoring intervention. As with the base usage scenario, a derived usage scenario would use style information, a runtime support library, and content generation script to transform an XML-based content representation into an executable delivery format. Adding the ability to select from alternate pairs of  runtime support libraries with associated content generation scripts would enable modular support for multiple content delivery formats.

4.4 Generalize Navigation and State Persistence Support

SCORM 2004 defines a technical means to enable SCO-to-SCO sequencing and navigation but does not address sequencing and navigation within a SCO.  In SCORM, sequencing and navigation are not synonymous concepts. Sequencing refers to an algorithmic determination of which SCOs are available for a learner to interact with, typically depending on the status of learner-related information. Navigation refers a learner-initiated request to go to a particular content destination. 

The content examples analyzed during the SCORE project did not demonstrate a requirement to support sequencing behavior within a SCO. However, they did demonstrate a clear and ubiquitous requirement to support internal navigation. From any location within a SCO there is typically a requirement to support navigation to the previous location, next location, associated help locations, and to locations having related content.  

A similar result applies to the issue of shared state persistence. The SCORM community has identified a need to support shared state persistence across SCOs to enable certain types of simulation-based learning. ADL is currently evaluating the IMS Shared State Persistence Specification as a possible solution. SCORE content demonstrates a clear and ubiquitous requirement to support state persistence across locations within a SCO. As a representative use case, consider an entity such as a toggle switch that has state properties and that is depicted by different content elements in two locations. The state properties of the toggle switch need to be consistent across both locations: the switch is either on or off.  

The SCORM capability to suspend a SCO, persist location-specific data, and subsequently resume the SCO can be used by SCORE content to implement a shared-state persistence model across all locations within a SCO.  The state persistence that SCORE requires between locations within a SCO exactly parallels at a lower level of content granularity the state persistence that ADL is exploring between SCOs in a SCO aggregation.

Similar requirements exist for SCO-to-SCO and location-to-location navigation and the same applies for state persistence. A question that deserves to be explored is whether or not it is possible to define a more general technical solution that encompasses both.

Implicit in this question is another: is it time to fundamentally re-think what a SCO is? To date the SCO has been conceived of as the single unit of content delivery. The SCORE project raises the prospect of the location as a smaller unit of content delivery and also the prospect of compiled sets of locations encompassing multiple SCOs as larger units of content delivery. Moving forward it may make more sense to conceive of the SCO as a logical rather than a physical unit of content that is characterized by certain metadata, pedagogical uses, and behavioral capabilities such as the triggering of sequencing rules. 

4.5 Web Service-Based Workflow Integration

In common with traditional rich media authoring tools the SCORE Tool prototype is implemented as a stand alone, client-side application. However, the prototype demonstrates a specialized authoring capability that in a full-scale, production deployment could reasonably entail: 

· an input flow of source content packages originating from multiple content providers;

· a multi-user repository to support content management for team authored content;

· an output flow of SCORM conformant content packages to multiple content management or learning management systems.

To enable multi-user, distributed deployments, the SCORE authoring capability should evolve to support Web service interfaces for the integration points where information needs to be exchanged with other systems in support of an overall workflow. The following services seem appropriate: 

· services to support the input of source content packages: requesting, receiving notification of availability, acknowledging receipt;

· services to support integration with repositories to support a content authoring;

· services to support the output deployment of SCORM content packages to content management and learning management systems.

The AICC Package Exchange Notification Services (PENS) specification should be evaluated as a basis for defining services related to the input and output of content packages by the SCORE Tool. 
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