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Abstract
This white paper addresses the issue of content sequencing.  We argue that the final implementations of SCORM 2004 sequencing specifications and mechanisms are difficult to understand, overlapping, and in a number of cases, implemented inconsistently by Learning Management System (LMS) and Learning Content Management System (LCMS) vendors.  We propose to develop a new set of sequencing specifications.  The process that we recommend starts with the definition and documentation of a set of publicly-available, instructional methods that shall be supported by SCORM 2.  From these instructional methods use cases, we will derive the minimal set of sequencing mechanisms and commands required to support them.  We do not anticipate a one-to-one relationship between sequencing mechanisms and instructional methods, similar to the philosophy adopted to develop SCORM 2004 sequencing specifications; however, mechanisms that are not required to enable aspects of one or more of our documented instructional methods will not be included.  Finally, we will develop specifications for the encoding of these mechanisms.  This set of sequencing commands and mechanisms, their use to implement each documented instructional method, and specifications for their encoding will constitute the work produced by this effort.
I. Problem Definition

The problem addressed by this paper is to develop a minimal set of sequencing mechanisms/commands/rules (heretofore, denoted as “mechanisms”) that are encoded in ways that are easily accessible and that have specified relationships with an accepted and documented set of target instructional methods in order to replace current SCORM 2004, version 3, sequencing mechanisms.  
The notion behind the sequencing capability that was developed for SCORM 2004 was to create a set of primitive mechanisms that, while they did not necessary implement any specific instructional method or intervention directly, would, in the aggregate, enable the creation of a wide range of them.  The phrase that has typically been used to describe this approach to sequencing mechanisms is that they are “pedagogically neutral”.   In practice, however, this objective was not fully realized.  From the perspective of instructional designers and courseware developers, the more appropriate phrase might be “pedagogically obstructive”.  
Specifically, the current set of mechanisms and their behaviors are complex, intertwined, and inconsistently implemented; consequently, their application to many, even commonplace, instructional interventions has been unnecessarily hampered.  Additionally, their XML encodings are confusing.  The meaning of a command such as “Use Current Attempt Objective Information” is not clear, a situation that may not be improved that much by the formal definition, “Indicates that the Objective Progress Information for the children of the activity will only be used (True or False) in rollup if that information was recorded during the current attempt on the activity.”
The LETSI SCORM 2.0 White Paper FAQs section cites one result of this situation when it notes that SCORM 2004 methods “…to express sequencing across LMS platforms has not attracted tool-vendor support.”  In point-of-fact, many LCMS/LMS vendors actively marketed proprietary sequencing methods as an alternative to SCORM sequencing, because the SCORM methods are not easily or reliably implemented.  Consider a second example of the result of this situation.  Implementing even relatively common instructional interventions, such as mastery learning, tends to be complex enough using “simple sequencing” that companies that have discovered an approach often consider it proprietary information.  Presumably, this was not the result envisaged by the developers of SCORM 2004 sequencing.
The source of these problems is not clear.  Perhaps the set of instructional methods use cases that was employed in the development of SCORM 2004 sequencing mechanisms was insufficient.  Or perhaps the linkage between these instructional methods and sequencing mechanisms was not clearly defined and/or documented.  In any case, it is clear that even organizations who should have understood these relationships had to “discover” them well after the specifications were released.  The Carnegie-Mellon Learning Systems Architecture Laboratory (LSAL), for example, derived a set of examples of how to use SCORM’s sequencing mechanisms to implement a very small set of instructional methods nearly a year after SCORM 2004 was released. 

Other participants in the development of SCORM 2004 sequencing suggest that the primary problems stemmed from the ambiguities in the behavioral definitions of the sequencing mechanisms and the obscurity of XML encodings that were developed.  Clearly using and implementing a command such as “Sequencing Control Choice Exit”, which is defined as “Indicates whether the activity is permitted to terminate (True or False) if a Choice navigation request is processed” requires understanding and implementing a terminology that seems to have little inherent meaning.
We would not want to imply that specifying sequencing mechanisms or their encodings will be simple – far from it – but logics to control flow can be made more accessible than current SCORM mechanisms.  And continuing with the current state of sequencing mechanisms is not an acceptable alternative.
II. Use Cases

As noted in previous sections, we hold that the development of a set of canonical examples of instructional methods is crucial to deriving a consistent, minimal set of sequencing mechanisms and implementations for SCORM 2.  As this work would be completed as part of this project, no attempt will be made in this white paper to define and document this set.  Rather, the development of Instructional Methods Use Cases is the first step in the proposed solution, as described in Section IV.  
III. Stakeholders

One might argue that the entire training community is a stakeholder in the outcome of this effort, given the importance of sequencing in achieving effectiveness and efficiency in training.  We would argue, however, that the primary stakeholders of this proposed effort are the instructional design and the LMS/LCMS vendor communities.  
The promise to the design community that we would reverse the “step backwards” in instructional capability that we took in the early days of SCORM has never been fully realized.  It is this community that has both a more significant burden in generating the requirements for SCORM 2 and a more significant potential benefit from the outcome.  It is this community that must drive the definition of the instructional methods that will be supported under SCORM 2.  From these methods, the requirements for sequencing will be derived, such that each sequencing mechanism has known and documented relationships to one or more instructional methods.
Likewise, the LMS/LCMS vendor community is seen a primary stakeholder, as well as a primary participant in the process, especially in later stages of the effort.  LMS vendors have been tasked with implementing SCORM 2004 sequencing mechanisms, while LCMS vendors have been tasked with supporting assembly using thems.  Given the confusion about these mechanisms, their behaviors, and their encodings, it has been a formidable task.
IV. Proposed Solution

Unfortunately, it is not possible to identify a new or existing standard or specification to address the objectives of this white paper.  There is, quite simply, no known, previous standards or specifications effort that established a minimal set of content sequencing mechanisms and encodings that had a documented capability to implement a set of specified instructional methods.  
The approach proposed in this white paper is to establish the set of instructional methods that should be supported in SCORM 2, and then to use them to establish the minimal set of sequencing mechanisms that are necessary to enable them.  The proposed effort would increase the upfront analysis of requirements, based on an agreed upon set of widely recognized instructional methods, in order to only adopt those sequencing mechanisms that are required.  Following derivation of these mechanisms, alternative methods of encoding them would be evaluated and one adopted for the development of the final specifications.
As the first step in the effort proposed in this white paper, we would define and document a set of instructional methods that will be supported under SCORM 2.  Because instructional methods terms may be used differently by different theorists, researchers, and practitioners, each instructional method will be documented by a use case.  A period of open solicitation of Instructional Methods Use Cases will help to assure that SCORM 2 comprises those methods deemed most crucial by the design community.  In this initial phase, primary responsibility will be on the instructional design community.
Second, these Instructional Methods Use Cases will be used to derive a minimal set sequencing commands.  While this set of use cases might be expected to be large, there will be a much smaller set of primitive mechanisms that can be used to implement them.  No command/mechanism will be adopted unless it is required by one or more instructional method.  Additionally, the relationship between the instructional methods and the sequencing commands will be documented and maintained, as part of this effort.  In this phase, primary responsibility will be shared by the Instructional Design and LMS/LCMS vendor communities, with support from other interested user groups and standards bodies.
Third, alternative encodings of these mechanisms will be developed.  These alternatives will be evaluated using standard, human factors methods for accessing usability.  Once the relative efficiencies and effectiveness of the alternative encodings are established, one will be adopted for the development of the final specifications.  In this last phase, primary responsibility will be shared by the Instructional Design and LMS/LCMS vendor communities, with support from other interested user groups and standards bodies.
V. Integration and Other Technical Issues

Most of the discussion of sequencing in this paper has assumed that SCORM 2 will maintain a learning object philosophy similar to that of SCORM 1.1, 1.2, and 2004.  That is, content will be composed of shareable content objects that are reusable and are generally context independent (the existence of context-dependent content, such as that to motivate learning for a specific job or occupation is also recognized).  Changes in this basic philosophy or the inclusion of content that does not adhere to this philosophy could have significant impacts on sequencing mechanisms.  The inclusion of simulations with state persistence, for example, might render invalid many mechanisms that are used for sequencing independent objects.  Monitoring the status of work on state persistence or other areas that might impact the basic, underlying learning object philosophy will be an importance aspect of this effort.
VI. Existing Implementations/Prototypes

None.  Section IV, Proposed Solution, discusses why existing specifications and standards do not exist to meet the objectives of this white paper.  For the same reasons, there are no known, existing implementations or prototypes.

VII. Summary and Recommendations

Undertaking the development of new specifications is probably not the preferred approach for LETSI.  Developing new specifications is time-consuming and expensive.  The current situation, however, is untenable, and no valid, documented alternative exists.  If SCORM 2 is cover how content is delivered – when, where, and why – then, this effort is necessary. 

To achieve maximum benefit from this effort, we have proposed to define and document a set of Instructional Methods Use Cases.  These uses cases define the instructional methods that SCORM 2 would directly support.  The use cases describe the requirements for sequencing and will be used to derive a minimal set of sequencing commands and mechanisms.  As part of the specifications development process, the set of sequencing commands/mechanisms necessary to implement each SCORM 2 target instructional method will be defined and documented.  Finally, an encoding of these methods will be identified from among alternatives that are empirically evaluated, and final specifications will be developed.  While approaches to implement some usual or complex instructional methods may have to be discovered after publication of these specifications, the objective of this effort is to develop specifications that directly and readily enable a wide range of known and documented instructional methods under SCORM 2.  

