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1 Introduction

1.1 The Purpose of SCORE 

The ADL Sharable Content Object Reference Model (SCORM) provides a technical foundation for implementing modular “sharable content objects”, or SCOs, that can be combined in different ways to support many different learning experiences. Implicit in SCORM is the goal of aggregating SCOs from different sources with user interface and pedagogical consistency. SCORM itself provides no guidance on how to achieve this.

SCORM treats the SCO as an opaque “black box” unit of content and only addresses the external aspects SCO interoperability: how a SCO can be described with meta-data, how a SCO can communicate agreed upon information, how multiple SCOs can be referenced, aggregated and sequenced using an XML manifest. Treating problems of user interface and pedagogical consistency across multiple SCOs entails opening the SCO black box and defining the internal aspects of the SCO.  

The Sharable Content Object Reuse (SCORE) methodology is a solution for converting both black box SCOs and non-SCORM content into SCORM-conformant SCOs having user interface and pedagogical consistency. SCORE utilizes an XML representation for SCO content that provides a common set of content elements for all converted content, that can be visually styled with different “skins”, and that can be readily restructured to support different pedagogical assumptions. 

1.2 Overview of SCORE Methodology

The SCORE methodology encompasses four phases:

· Planning a conversion and reuse strategy for SCORE content;

· Source content conversion into the SCORE Exchange Format;

· SCO definition and editing using the SCORE tool;

· SCORE Content aggregation and sequencing.

This section briefly describes the purpose of these phases. Related guidelines and procedures for the phases occur, respectively, in sections 4 through 7.

1.2.1 Planning a SCORE Content Strategy

The purpose of this phase is to conduct the initial analysis, planning and design that will inform all subsequent phases of the SCORE methodology. It entails determining:

· Who are the intended users for SCORE content?

· How do they intend to use the content pedagogically?

· Is the source content in a format that can be converted?

· Are any special support materials needed to inform the content design?

· How can be pedagogical goals be mapped into SCORM capabilities?

· What visual user interface conventions will be followed?

· Are there any technical constraints on the content delivery format?
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1.2.2 Source Content Conversion

The purpose of this phase is to convert source content, SCORM conformant or not, into the XML-based SCORE Exchange Format.   The conversion is performed by a conversion utility that detects and extracts structural and media elements from the source content. The SCORE Exchange Format is an XML representation of the original source content that closely mirrors its characteristics but does so using a normalized set of content elements that are meaningful to the SCORE tool.   Converted content can subsequently be edited using the SCORE tool.
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1.2.3 SCO Definition and Editing using the SCORE Tool

The input to this phase is the SCORE Exchange format. This phase uses the SCORE tool to transform this XML representation of source content into one or more SCOs that reflect a pedagogical strategy, that can be styled with “skins”, and that can be exported in a chosen delivery format such as dynamic html.
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1.2.4 SCORE Content Aggregation and Sequencing

The phase represents the point where SCORE methodology intersects established SCORM 2004 methodology for content aggregation. In this phase SCORE content is aggregated and sequenced using a SCORM 2004 conformant content aggregation tool such as InSite Studio.  As a result of prior SCORE Tool editing, the SCOs aggregated in this phase have a consistent look and feel, pedagogical approach, and communicate the same set of SCORM 2004 runtime communication data.

 SHAPE  \* MERGEFORMAT 



2 Background, Definitions and Acronyms

The following definitions and acronyms apply to this document.  Further definitions and acronyms are given in the text. The reader should also consult the references given in section 3. These contain important background material. In addition, this document relies upon the following:

· SCORE Help Screens: SCORE tools contain their own internal documentation and help screens. This document does not duplicate the information contained in those screens. 

· The Reusable Learning Project: Design guidelines are based on work funded by the National Science Foundation in the context of the National Science Digital Library project. (See www.reusablelearning.org.) 

· SCORE Project Documents: Other SCORE project documents used include SCORE Design documents and reports. See section 8.

2.1 Definitions 

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

Learning, Education, Training (LET) Interaction Model: The set of learning-related  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. 

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.

2.2 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
3 Planning a SCORE Content Conversion Strategy

In theory a SCO is a general purpose content unit that may be freely combined with other SCOs to support any number of learning experiences. In practice, a SCO as specified by SCORM 2004 requires additional pedagogical and technical definition to support effective reuse. The following considerations should be addressed in an initial planning phase of a SCORE content conversion project.

3.1 Who is the anticipated user community?

The critical first step is identifying the intended user community for the converted content. This affects all subsequent decisions concerning pedagogy, support materials, user interface styles, and content format constraints.  The simplest type of user community to handle is a homogenous community using a conventional pedagogical approach (e.g. self-paced CBT) with a single user interface style on a single, conventional platform. At the other end of the spectrum are DoD scenarios in which the user community encompasses multiple services wanting to use the content for a combination of self-based CBT, instructor-led training and job site performance support wherein each service has its own “branding” requirements for user interface style and wherein the content must be delivered to multiple platforms ranging from conventional laptops to mobile phones and gaming consoles.

3.2 What is the anticipated pedagogic use?

Another important consideration is the pedagogical methods the content is intended to support. This will impact decisions about content granularity, internal organization, and required SCORM 2004 runtime communication. 


3.3 Is existing content available for repurposing?

After the instructional approach, learning objectives and audience for the target course have been defined, the course designer may use a variety of mechanisms to determine the availability of related content.  The SCORE tool does not include the ability to determine the availability of source data however, using the CORDRA model the ability to search a repository and retrieve relevant data could be added to the SCORE functionality.

3.4 Can the source content be converted using SCORE?

As has been identified in a set of reusable design guidelines developed in the context of the National Science Digital Library project, digital learning resources can be thought of consisting of five dimensions:
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1. Content: the meaning conveyed by a digital learning resource and the media types used to convey it;

2. Context: the linguistic, cultural, domain, or relational knowledge needed to properly interpret a digital learning resource;

3. Pedagogy: the way in which a digital learning resource is used to support a learning strategy or instructional design;

4. Structure: the internal units of organization and navigation of a digital learning resource;

5. Presentation: the rendering of a digital learning resource including visual and auditory elements.

It is a basic design principle that, to the greatest extent possible, these layers should be separated and “learning objects” with single learning objectives should be designed to be structurally, contextually, and pedagogically self-contained. Source content might violate best practices by

· Using a navigation scheme that creates a unique unbreakable path through the content, even though the content naturally divides into separate pedagogical elements with separate learning objectives.

· Including references to content not available to the learner, e. g. an unavailable operations procedure manual. 

· Including references to other parts of the same courseware, even though the references are not essential to the learning experience. 

· Including content that defines a context that is narrower than necessary. An example is content that makes unnecessary assumptions concerning the service branch, role of the learner, or nature of the equipment. 

If the source content fails to follow reusable design guidelines in a significant way, then no amount of SCORE processing will be able to disaggregate it into usable SCOs and it is best to re-author the content with reusability guidelines in mind. However, the SCO tools can be used to disaggregate a great deal of content that uses standard instructional designs which normally lead to good reusability characteristics. Issues that can be fixed include:

· Navigational links among different sections of the content that should be partitioned into separate SCOs. The current SCORE tool does not test for broken links but can be used to fix them.

· Skins and presentations that explicitly or implicitly define an unwanted context through the use of graphical elements can be replaced by more context-free versions or re-skinned for a new context.

· Navigational structures that are implemented through a combination of graphical elements and actions can be altered and replaced by new schemes that include a combination of internal navigation and SCORM-based navigation.


3.5 Are content design documents available?

The purpose of this step is to identify data that will inform the content conversion process and, ultimately, the characteristics of content delivery. For example, a particular community using an objective taxonomy might use the taxonomy to determine the granularity of SCO content under the assumption that a SCO generally corresponds to an enabling objective. As another example regulatory reporting requirements might play a role in determining the runtime communication data reported by a SCO. 

3.6 What is the pedagogy-to-SCORM mapping?

The purpose of this step is to determine how the abstract goals of the pedagogical approach can be represented as a concrete set of one or more SCOs with associated runtime communication behaviors and sequencing rules declared using the SCORM Content Aggregation Model (CAM).  Due consideration needs to be given to the breadth of anticipated reuse scenarios.

For the SCORE prototype project, the pedagogy-to-SCORM mapping begins with an enabling objective from an objective taxonomy. The learning activity associated with each enabling objective is supported by three SCOs:

· A pre-test SCO to assess a learner’s initial competence with respect to the enabling objective;  

· An expository SCO to assist the leaner in gaining competence with respect to the enabling objective;

· A post-test SCO to assess a learner’s competence with respect to the enabling objective after interaction with the expository SCO.

In this mapping, the pre-test SCO and post-test SCO are both required to support the SCORM runtime communication behavior that sets the completion status of the enabling objective associated with the SCO. Sequencing rules declared in the SCORM CAM will use this data to implement a basic pre-test, exposition, post-test content delivery model.

In the content examined during the SCORE project, the material associated with some enabling objectives is so small in scope that it does not justify treatment as an independent SCO. For example, the material associated with an object might consist of nothing more than presenting the correct definition of a term. Judgment should be applied in such cases. It may make sense to address more than one enabling objective in a SCO.  

3.7 What are the user interface style conventions?

The purpose of this step is to determine the visual style and interaction conventions for the user interface. The chosen style and convention will apply to all SCOs created in the SCORE tool in a particular context determined by factors such as the target community and pedagogical approach. SCOs that are targeted for combination into a larger learning experience should be given uniform looks and feels. 

Internally, SCORE uses XML to represent as much of the content as is feasible and only resorts to opaque media types such as graphics, movies, or flash animations, where necessary. This approach lends itself to supporting dynamically styled content. The SCORE tool supports the ability for the user to select from multiple, user-defined “skins”. However, SCORM 2004 does not currently have any provision to associate style information with aggregated SCO content in a way that permits styling to be dynamically applied when content is delivered. For purposes of the SCORE project, this entails applying style information within the SCORE tool and treating the style information as a fixed aspect of SCOs exported by the tool.

Satisfying this step can be as simple as selecting one of the pre-defined “skins” provided by the SCORE tool and choosing it as the default to consistently apply to converted SCO content. An optional further step is for a SCORE tool user to author a style sheet that defines a skin customized to meet specific requirements.

3.8 Are there any constraints on the content delivery format?

Internally the SCORE tool uses an XML content representation that is transformed into a delivery format for content testing and export. The initial delivery format supported by the tool is dynamic html. The SCORE architecture lends itself to supporting different delivery formats. The identification of any community-specific constraints on content delivery formats is an important planning consideration that may require extensions to the scripts and libraries used by the SCORE tool for content generation. An example of a constraint is the requirement that the delivery format satisfy DoD “mobile code” security requirements.  This would preclude the use of Active-X controls in the dynamic HTML produced by the SCORE tool. Changes would have to be made if the original content used Active-X controls for interactive quizzes.   
4 Source Content Conversion

4.1 How SCORE Content Disaggregation Works

The SCORE approach to content conversion relies on the fact that most learning-related content is internally structured according to what is commonly known as the “card deck” metaphor. A content piece comprises a sequence of identically sized content units sharing common conventions for header and footer information, navigation controls, and a “stage” region for the information being emphasized. This basic metaphor can be found in all PowerPoint presentations, in the pre-Web HyperCard stacks, and in the content created by learning-specific authoring tools such as Authorware. In the SCORE approach the unit of content corresponding to a card in the card deck metaphor (or a slide in a PowerPoint presentation) is know as a “location” because that is the term used in the IEEE 1484.11.1-2004 data model used by SCORM.

The SCORE content disaggregation process uses a conversion utility to disaggregate the source content into locations and then creates an XML representation of these structural units of content with references to associated media assets. 
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4.2 Prerequisites for Content Disaggregation

In order for a content conversion utility to convert source content into the SCORE XML Exchange format the source, content needs to expose information that can be mapped into the SCORE data model. If the source content does not expose information in a way that is algorithmically accessible then it cannot be converted using the SCORE methodology. This information may be exposed in one of three ways:

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

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

3. 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.  

If the source content can be algorithmically processed, one must then consider whether or not enough of the source content can be mapped into the SCORE data model to justify the cost of developing a conversion utility (if one does not exist) and of the conversion process itself. 

4.3 Not a Fully Automated Process

The conversion process relies on a conversion data that captures structural, presentation, behavioral and contextual information about a resource.  Specifically, it requires identification of 

· Locations

· UI elements (presentation and navigation)

· Learning, education and training model elements (pedagogical elements)

· Referenced assets

This data must be generated separately for each type of content, where two pieces of content are of the same type only if they have the same format and same structure.  Type must be narrowly defined since the conversion utility is sensitive to things like directory names and the precise schema used to express XML-based source content.  Variations may require producing a new conversion data file. 

Producing a conversion data file is only worthwhile if there is enough source content of a given type to justify the effort. The alternate route is re-authoring existing content into a more convertible format or, when such tools exist, directly into the SCORE XML exchange format. In many cases, this might be a valuable first step, not just because the content does not conform to a known type but also because the content has not been structured in accordance with best practices for reusable design.
5 SCO Definition and Editing using the SCORE Tool

5.1 Select content locations for SCO inclusion

As described in the previous section, the SCORE content conversion process converts source content into a sequence of locations. The complete set of locations converted from source content may not correspond to the desired set of locations for a target SCO created using the SCORE Tool. In this case, the set of locations from typical source content can be broken into multiple SCOs. The SCORE Tool provides a means to view the full set of locations converted from source content and a means to select a subset of those locations and save them as a SCO.

The question of which locations to include in a SCO is addressed by the pedagogy-to-SCORM mapping. The mapping assumption made in the SCORE project is that the subject matter treated by each SCO should correspond to an enabling objective. The further assumption is made that expository material should be placed in a separate SCO from assessment-related material, and that assessment-related material should be provided in two SCO, one for pre-assessment and one for post-assessment.

The SCOs created by selecting locations from a single content source will typically be incomplete. They may require:

· Addition of “context locations” that add information necessary for interpreting or understanding the SCO

· Editing and touching-up of content 

· Addition of intra-SCO navigation links

· Addition of SCORM runtime communication behaviors. 

These are addressed in the following sections.

5.2 Add context locations

A SCO constructed in the SCORE may lack cohesion or intelligibility without some additional information not found in the original source content. For example, it might be advisable to add an introduction, a conclusion, or help. This information is added in the form of new locations created (or taken from elsewhere) during the editing process.

5.3 Edit location content elements as needed

The SCORE content conversion process converts all source content into a sequence of locations that are represented as XML with associated media assets. A benefit of this process is that it normalizes content from multiple sources by defining a common set of data elements to represent header and footer information, navigation, basic media types and learning-specific interactions.  The conversion process fills in as much of this data as possible by interpreting the source content. The SCORE Tool provides a means to add missing values and make fine adjustments to content elements. 

5.4 Edit internal navigation references

In some cases, references must be added or modified within a location to support intra-SCO navigation requirements. These include linear “next” and “previous” navigation, “browse” navigation that jumps to a permitted location not in a linear sequence, and navigation to “help.”

5.5 Add SCORM content runtime communication

The SCORE tool automatically adds basic SCORM runtime initialize and terminate functions to content. Other runtime function calls, and support for specific data elements, must be added as needed to each SCO. The SCORE Tool provides a means to select user interface events, such as a button press, and to define the JavaScript functions that should be invoked when the event occurs. This capability is used to invoke the specific SCORM 2004 JavaScript functions necessary to satisfy the pedagogy-to-SCORM mapping requirements for the content being converted.
6 SCORE Content Aggregation and Sequencing

The goal of this phase is to aggregate and sequence content using established SCORM 2004 tools and methods. The SCORE methodology does not alter this practice but makes it more efficient and effective by providing a set of SCOs that: 

· Share a common look and feel (user interface consistency);

· Are designed to support an agreed upon set of pedagogical uses;

· Use the SCORM 2004 runtime communication functions and data model and do so in a consistent manner.

6.1 Design the learning experience

The purpose of this step is to combine and sequence SCORE content to produce a learning experience with a pre-determined learning outcome. This entails:

· Identifying a learning experience, including overall objectives, enabling objectives, and dependencies among objectives.

· Verifying that the learning experience can be constructed with SCORE content and using SCORM sequencing rules

· Identifying the appropriate SCORE content and sequencing rules

· Specifying the corresponding SCORM 2004 aggregation 

6.2 Import SCOs into aggregation tool

In this step, the SCOs required by the learning experience design are imported into the aggregation tool. The tool will import one or more SCORM 2004 conformant content packages produced by the SCORE Tool. 

6.3 Organize and Sequence SCOs

In this step, SCOs from one or more imported SCORM 2004 packages are organized and sequenced to provide the desired learning experience. Note that this may be done with a separate SCORM aggregation and sequencing tool.

6.4 Export, test with LMS, revise as needed

The purpose of this step is to verify that a content aggregation performs as expected. It encompasses:

· Exporting aggregated content as a content package from the aggregation tool;

· Importing the content packaging into an LMS;

· Testing the content in the LMS to verify that it performs as expected.

If the content performs as expected the testing process is completed.

If not:

· Necessary modifications to SCOs are made in the SCORE Tool

· If SCOs are modified, the modified SCOs are re-aggregated in the aggregation tool

· Necessary modifications to SCO ordering are made in the aggregation tool

· Necessary modifications to sequencing rules are made in the aggregation tool

· Repeat the export, test with LMS, and revise if necessary sequence
7 Example from the SCORE Prototype

Sections 3 through 6 of this document give a general presentation of the SCORE convent conversion methodology. This section provides concrete examples from the SCORE Prototype Project of the steps described in those sections. 

7.1 Planning a SCORE Content Conversion Strategy

7.1.1 Who is the anticipated user community?

The prototype demonstration is intended to serve the naval aviation maintenance training community with the UH-HH-60 helicopter chosen as a domain example because of its applicability to other services.

7.1.2 What is the anticipated pedagogic use?

The content is anticipated to be used in objective-based maintenance training that supplements classroom instruction. 

7.1.3 Can the source content be converted using SCORE?

Two type of content representing the UH-HH-60 helicopter domain were identified as candidates for conversion: database-centric Authorware content and dynamic HTML content. Both content types were appropriate for algorithmic conversion into the SCORE Exchange format.

7.1.4 Are there any necessary support materials?

As a prerequisite to defining the pedagogy-to-SCORM mapping, the project needed to identify a set of objectives appropriate for the chosen maintenance training content example. The project used the results of the job task analysis performed by the original designers of the source content to determine the necessary objectives.

7.1.5 What is the pedagogy-to-SCORM mapping?

The prototype project used the following pedagogy-to-SCO mapping rules:

1. The granularity of a SCO shall correspond to material addressing an enabling learning objective;

2. Separate SCOs shall be defined for the didactic and assessment functions associated with an enabling learning objective;

3. All SCOs shall use the SCORM runtime communication model to set the completion status of the SCO; 

4. Sequencing rules defined using SCORM 2004 Sequencing and Navigation shall be triggered by the completion status of a SCO, assumed to correspond to the completion status of the enabling objective associated with the SCO.

7.1.6 What are the user interface conventions?

The project team defined several candidate user interfaces typical of user interfaces used in aviation training courses that included a sequence of instruction, examples and assessments. The project chose a representative example. In a production scenario the user interface would reflect the user interface and “branding” requirements of the intended user community.

7.1.7 Are there any constraints on the content delivery format?

Two sets of constraints were identified:

1. Content shall be conformant with NMCI Gold Disk requirements and shall not require plug-ins that have not been approved by NMCI as defined at: http://www.nmci-eds.com/downloads/Gold_disk_contents.pdf;

2. Content shall be conformant with DoD Mobile Code Policy as defined at: http://www.defenselink.mil/nii/org/cio/doc/mobile-code11-7-00.html.   

The project satisfied these constraints using dynamic HTML as the content delivery format.
7.2 Source Content Conversion

The fist step in content conversion is expressing the content as a SCORE Exchange XML document.  The SCORE application then imports the content into a SCO database for storage and version control, extracts the data to SCORE content XML, and transforms the XML data into a SCORE XSL style sheet to give the content a consistent presentation regardless of the original content sources or sources.
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7.3 SCO Definition and Editing Using the SCORE Tool

Content seldom fits an exact need when the data is transformed from various sources.  Therefore, an editor for the transformed content is required to repurpose the content as needed.  SCORE provides an HTML editor for manipulating the content along with an extensive JavaScript library to insert behaviors into the content.
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7.3.1 Add context locations

The SCORE editor provides the ability to add new locations to SCO that can be used to define SCO-specific context information not found in the original source content.   A common use case is adding context locations to provide an introduction and summary. 
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7.3.2 Select content locations for SCO inclusion

Locations from converted source content or from any SCO created within the SCORE tool may be viewed and selected for import into a SCO being edited or saved as a new SCO. 
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7.3.3 Edit location content elements as needed

SCORE editor panels provide the interface to edit SCORE content and to define content behavior.  Global functions (built into SCORE) may be used to define courseware behavior or new functions specific to a project may be added as required. 

Editor controls are provided for:
· Graphics Elements

· Text Elements

· Animations

· Hotspots

· Lines

· Graphical Screen Buttons

· Creating test questions

· Browse Menu

· Glossary

· Fault Insertion/Troubleshooting Elements

· Implementing conditional behaviors to build smart courseware
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7.3.4 Edit internal navigation references

Adding navigational references such as those for the previous (back) and next location are done using location (frame) identifiers.
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7.3.5 Add SCORM Runtime communication

Special support is built in for adding SCORM runtime communication data.
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7.3.6 Export SCOs from SCORE Tool

The SCORE Editor allows a set of SCOs to be selected for export as a SCORM 2004 conformant content package. 
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7.4 SCORE Content Aggregation and Sequencing

7.4.1 Design learning experience

The following diagram represents the learning experience design for the SCOs used in the prototype:
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7.4.2 Import SCOs into aggregation tool

The SCORE methodology assumes that a separate software tool will be used to aggregate and sequence SCOs created in the SCORE Tool. However, the SCORE tool itself supports the ability to arrange SCOs into a hierarchical and was used for content aggregation in the prototype project.  The import step described here occurred in the prototype project before step 7.4.4 where content was imported into the RELOAD tool which was used only to add sequencing and navigation rules. 

7.4.3 Arrange SCOs into hierarchy
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7.4.4 Add SCORM sequencing and navigation rules

The RELOAD editor is used to add Sequencing and Navigation rules.  Other tools could be used in its place.
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7.4.5 Export, test with LMS, revise as needed

The resulting SCORM 2004 package is tested using the ADL SCORM Conformance Test Suite.
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The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
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IEEE 1484.12.1-2002 Standards for Learning Technology - Learning Object Metadata, Version 1.0, 2002 
SCORM 2004 2nd Edition Overview, 2004
SCORM Content Aggregation Model (CAM), Version 1.3.1, 2004
SCORM Run-Time Environment (RTE),  Version 1.3.1, 2004
SCORM Sequencing and Navigation (SN) Version 1.3.1, 2004

SCORM 2004 2nd Edition Addendum, Version 1.1, 2004

NSDL Reusability Guidelines. www.reusablelearning.org/guidelines. 
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� Experience shows that SCORM implementations can interpret SCORM runtime elements in different ways. This has led to some interoperability challenges even when not combining SCOs. Using SCORM consistently and as it was intended is crucial when homogenizing SCOs from different content sources.
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