ADL/HLA Integration Research Blueprint

Background

This plan is the culmination of countless meetings, brainstorming sessions, investigations and experimentations that have occurred over roughly the past two years about how best to integrate the worlds of Advanced Distributed Learning (ADL) and High Level Architecture (HLA).  Without getting into too much historical detail, both involve evolving interoperability specifications/standards.  The HLA specification/standard evolved from the training simulation community into a data interoperability medium for such systems.  ADL defines the Sharable Content Object Reference Model (SCORM) which is an evolving interoperability specification for Web-based distributed learning.  On 4 April 2003, a number of key individuals in both camps and some that sit somewhere in between the two met at the Joint ADL Co-Lab in Orlando, FL to discuss how this technological marriage could best be applied to the needs of the Warfighter and discuss potential requirements to advance the  specifications.  This paper summarizes that discussion and delineates a plan for continuing this important work.

The Vision
Provide the student a richer, more robust learning environment in which active interaction with simulations supports instruction by integrating HLA-compliant simulations with SCORM-conformant instruction.

Use Cases

The United States military services conduct training using three basic methodologies.  These methodologies are used to support training individual and collective training.  The first methodology (Use Case A) is for the individual service member, either for the purpose of pre-training prior to attending a resident course of instruction or as a self-paced educational / training tool.  The second methodology (Use Case B) is used to support collective education and training through individual independent study of the course followed by use of a collective practice / and / or assessment tool.  The third methodology (Use Case C) supports small group collaborative training, practice and assessment, and mission rehearsal.

Use Case A.

1.  Student enters instructional content via the LMS.

2.  Student completes pretest.

     a.  Student test out of selected modules (SCO).

     b.  Student fails to test out of modules (SCO).

3.  LMS determines which SCO student will start based on results of pretest.

4.  Student enters SCO.

5.  Student completes SCO.

6.  SCO starts simulations.

7.  Student enters simulations for practice or assessment.

8.  Student completes practice or assessment.

     a.  Student successfully demonstrates proficiency

     b.  Student fails to demonstrate proficiency

9.  SCO reports student success / failure to LMS.

10. LMS directs student to:

    a.  Remedial training

    b.  Next SCO.

11.  Simulation feeds entity state data to the SCO / LMS / Shared Asset ?

12.  Student reenters instructional content.

       a.  Conducts remedial training.

       b.  Completes next SCO.

13.  SCO / LMS / Shared Asset initializes simulations.

       a.  With default entity state data.

       b.  With entity state data from previous SCO.

14.  Cycle continues from step 8.

	
	
	LMS
	SCO 1
	SCO 2
	Shared Asset
	Simulations
	Pretest

	1
	LMS starts Pretest
	
	
	
	
	
	

	2
	Pretest provides results to LMS
	
	
	
	
	
	

	3
	LMS starts course of instruction
	
	
	
	
	
	

	4
	Student completes SCO.  SCO initializes and starts simulations
	
	
	
	
	
	

	5
	Simulations provides assessment and entity state data to SCO
	
	
	
	
	
	

	6
	SCO sends assessment data to LMS
	
	
	
	
	
	

	7
	SCO sends entity state data to Shared Asset
	
	
	
	
	
	

	8
	Student exits course of instruction
	
	
	
	
	
	

	9
	Student reenters course of instruction.  Based on performance LMS send student to next SCO or back for remedial training
	  
	
	
	
	
	

	10
	Remedial student completes SCO.  SCO starts and initializes simulation 
	
	
	
	
	
	

	11
	Student completes SCO.  SCO starts simulations and request initialization data from Shared Asset 
	
	
	
	
	
	

	12
	Cycle continues from step 5.
	
	
	
	
	
	


Use Case B. 

1.  Student individually enters instructional content via the LMS.

2.  Student completes pretest.

     a.  Student test out of selected modules (SCO).

     b.  Student fails to test out of modules (SCO).

3.  LMS determines which SCO student will start based on results of pretest.

4.  Student enters SCO.

5.  Student completes SCO.

6.  Student exits the course.

7.  Specific time is assigned for collective practice / assessment.

8.  Students reenter course.
9.  SCO starts simulations.

7.  Students enter simulations for practice or assessment.

8.  Students completes practice or assessment.

     a.  Students successfully demonstrates proficiency

     b.  Students fail to demonstrate proficiency

9.  SCO reports individual student success / failure to LMS.

10.  LMS directs students to:

     a.  Remedial training

     b.  Next SCO.

11.  Simulation feeds entity state data to the Shared Asset for the Study Group

12.  Student reenters instructional content.

13.  Cycle continues from step 1.

	
	
	LMS
	SCO 1
	SCO 2
	Shared Asset
	Simulations
	Pretest

	1
	LMS starts Pretest for individual student
	
	
	
	
	
	

	2
	Pretest provides results to LMS for individual student
	
	
	
	
	
	

	3
	LMS starts course of instruction for individual student
	
	
	
	
	
	

	4
	Students individually complete SCO.  SCO notifies LMS of completion
	
	
	
	
	
	

	5
	Student exits course of instruction via LMS
	
	
	
	
	
	

	6
	Specific time for practice / assessment is provided to each student
	
	
	
	
	
	

	7
	LMS starts SCO for students simutanously
	
	
	
	
	
	

	8
	SCO starts simulations for students simutanously
	
	
	
	
	
	

	9
	Students complete simulations. Simulations provides assessment and entity state data to SCO
	
	
	
	
	
	

	10
	SCO sends assessment data to LMS for each individual student
	
	
	
	
	
	

	11
	SCO sends entity state data to Shared Asset for Study Group
	
	
	
	
	
	

	12
	Student individually  reenter course of instruction.  Based on performance LMS send students to next SCO or back for remedial training
	  
	
	
	
	
	

	13
	Students individually complete SCO.  SCO notifies LMS.
	
	
	
	
	
	

	14
	Student exits course of instruction via LMS
	
	
	
	
	
	

	15
	Specific time for practice / assessment is provided to each student
	
	
	
	
	
	

	16
	LMS starts SCO for students simutanously
	
	
	
	
	
	

	17
	SCO starts simulations for students simutanously
	
	
	
	
	
	

	18
	Shared Asset provides entity state data to simulations
	
	
	
	
	
	

	19
	Cycle continues from step 9.
	
	
	
	
	
	


Use Case C.

1.  Students are provided specific time to enter instructional content

2.  Students enter the instructional content via the LMS as a collaborative small study group.

3.  Students enter SCO.

4.  Students complete SCO.

5.  SCO starts simulations.

6.  Students enter simulation for practice or assessment.

7.  Students complete practice or assessment.

     a.  Students successfully demonstrate proficiency

     b.  Students fail to demonstrate proficiency

8.  SCO reports student success / failure to LMS.

9. LMS directs students to:

    a.  Remedial training

 b.  Next SCO.

10.  Simulation feeds entity state data to the Shared Asset for the Study Group.

11.  Students enter SCO based on previous performance

12.  Cycle continues from step 3.

	
	
	LMS
	SCO 1
	SCO 2
	Shared Asset
	Simulations
	Pretest

	1
	Specific time for practice / assessment is provided to each student
	
	
	
	
	
	

	2
	LMS starts course of instruction for students simutanously
	
	
	
	
	
	

	3
	Students enter course of instruction (SCO)
	
	
	
	
	
	

	4
	Students complete SCO.  SCO notifies LMS of completion
	
	
	
	
	
	

	5
	LMS starts SCO
	
	
	
	
	
	

	6
	SCO starts simulations
	
	
	
	
	
	

	7
	Students complete simulations. Simulations provides assessment and entity state data to SCO
	
	
	
	
	
	

	8
	SCO sends assessment data to LMS for each individual student
	
	
	
	
	
	

	9
	SCO sends entity state data to Shared Asset for Study Group
	
	
	
	
	
	

	10
	Students reenter course of instruction simutanoualy.  Based on performance LMS send students to next SCO or back for remedial training
	  
	
	
	
	
	

	11
	Students complete SCO
	
	
	
	
	
	

	12
	SCO notifies LMS of completion
	
	
	
	
	
	

	13
	LMS starts SCO
	
	
	
	
	
	

	14
	SCO starts simulations
	
	
	
	
	
	

	15
	Shared Asset provides entity state data to simulations
	
	
	
	
	
	

	16
	Cycle continues from step 1.
	
	
	
	
	
	


Strategy
The prospect of integrating ADL SCORM courseware and HLA simulations raises a number of technological, instructional and programmatic issues.  Will a simple technical approach work for all cases?  What other standards are involved?  Can the use case be supported from an instructional perspective without changing the SCORM or HLA specification?  If specifications changes are required, what are they and how long will they take to vet through the standards communities?  What is the time, money and effort required to define a integration effort necessary to meet the use case?  Are the use cases realistic?  Are they a sufficient subset of uses?
The goal of this plan is to define a strategy for future ADL/HLA integration research and development efforts in support of more effective Warfighter training.  The Plan is designed to the following rules:

· Stay use case focused.  – R&D efforts must be designed to meet the requirements of the use case.  The best solution to a use case is one that is attained with the least amount of investment.

· Keep the Warfighter in mind. – A benefit to the Warfighter should be achieved with as little investment in time and money as possible.

· Minimize collateral impact.  – Even small changes to specifications and standards have ripple effects into other communities that can take much time and effort to resolve.  For this reason, modifications to these documents should be minimized and avoided if possible.

The following sections characterize three classes of prototypes from which to continue the work of integrating the ADL and HLA worlds.  Lower level prototypes (starting with Class 1) are architecturally easiest to define and require the least changes to specifications and standards, but also have the most limitations and can contain complex components.  Because these efforts reduce collateral impact to others, they can be quickly investigated and have the best chance for showing an early benefit to the Warfighter.  Increasing levels of prototypes provide more capability at the expense of added architectural complexity and the potential need for specification changes.  All classes of prototypes should proceed in parallel with the results of earlier R&D efforts feeding into ongoing and successive ones.

Class 1 Prototypes

The Class 1 prototype is the simplest architecturally and requires no changes to SCORM or the HLA specifications.  It cleanly separates the SCORM and HLA interfaces through a SCO.  Assessment information formed by the SCO is passed to the LMS through the current capabilities of the SCORM data model and API.  Limited capability is possible for saving the state of the SCO especially when the student is executing the simulation.  Currently, SCOs have limited capability to “bookmark” a student’s progression through a SCO outside of the execution of an HLA simulation.  HLA simulation systems can also currently save the “state” of an exercise (federation) if the involved federates are designed to do this.

In this design, the SCO is responsible for not only performing the instructional and assessment activities for the student, but also housekeeping activities for the HLA simulation (the architecture does not allow for saving state within the architecture).  This design makes for a complex SCO, and raises a number of implementation issues that were uncovered through experimentation with a similar design by DMSO (see Figure 2 and referenced SISO paper).  The design raises a number implementation issues including SCO size (remember that a SCO is a Web-based application running in a browser), processing power, resource allocation (DMSO prototype ran on one platform), and bandwidth.  For these reasons, only the simplest of SCO applications with small amounts of HLA data and a simple simulation, is likely to be successfully implemented using this approach.  The following are some delimiting parameters for Class 1 ADL/HLA integrations:

· HLA simulation must be “well-behaved;” that is, it must be a stable program that runs with little to no human technical intervention.  Further, the HLA simulation must be a stable execution, in that it should not “crash”, or exhibit aberrant behavior.
· HLA simulation must be easily accessible within the environment the SCO is executing.

· HLA simulation must capable of being initialized by a SCO, and to a state that is usable by the controlling SCO.

· All simulation data elements necessary for the SCO to form its assessment must be defined in the FOM used by the HLA federation.

· Assessment criteria must be clearly articulated and capable of being consolidated into elements defined in the SCORM data model.
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Figure 1.  Notional Class 1 Prototype
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Figure 2.  DMSO Initial HLA/ADL Interface

Class 2 Prototypes

The Class 2 prototype recognizes the limitations of Class 1 prototypes, and provides for minor specification and standard changes, or specialized component development to account for capability shortfall.  These prototypes may support enhanced ability to perform functions that are not easily performed at present, like pausing the simulation and saving the its state for later completion.  They might also explore minor paradigm shifts on the part of SCORM, such as the ability to save simulation state data from one SCO for use in another.

These prototypes might specify a change to the SCORM data model specification for storing specialized simulation data, or make use of shareable database resource in which store state data (see Figure 3).  Early experiments performed by DMSO investigate the definition and development of a specialized web service to manage the collection of FOM data from the federation and the communication of that data to the SCO (see Figure 4).  This would also be an example of a Class 2 prototype.  The same delimiting parameters expressed for Class 1 would apply to Class 2 prototypes.
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Figure 3. Notional Class 2 Prototype
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Figure 4.  DMSO SOAP-based HLA/ADL Architecture

Class 3 Prototypes

Class 3 prototypes encompass efforts that require significant research and development to attain, and may involve a significant changes on behalf of ADL or the HLA simulation community.  Since these prototypes may require changes to one or more of the SCORM specifications, the prototyping and vetting required to make those changes is expected to take on the order of years.  Standards changes or component development may also be required in the HLA simulation community to attain the defined capability.  With the recognition that standards changes are difficult to achieve and for the user community to accept, solutions will attempt to avoid these changes.  Class 3 prototypes should be conducted in the context of long-term human performance goals.

These prototypes include those that involve LMSs selecting and initiating simulations in response to an instructional requirement, or simulations that allow for multiple instances running simultaneously.  Figure 3 is an example of a Class 3 prototype where the LMS assumes a greater role in the coordination of the simulation activities.  Specialized middleware mediates the interface to the HLA network.  Since these designs represent a significant paradigm shift, the delimiting parameters that applied in Class 1 and 2 prototypes may not apply here.
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Figure 5.  Notional Class 3 Prototype

Recommendations:
The use cases contained in this document are enough justification to warrant proceeding with Class 1 and 2 prototype implementations.  These prototypes need to build on the DMSO work described here by more closely demonstrating the use cases.  This would include the use of a production LMS and HLA-compliant simulation with a realistic, instructionally sound SCO.  HLA systems tend to produce tremendous amounts of detailed simulation data, so particular emphasis should be placed on the point of interface between the HLA and SCORM.  Research also needs to focus on the nature of the assessment that the SCO will perform, the kind of data it needs from simulation systems, and the data available from HLA simulations today.  Since changes to SCORM are expensive and can adversely impact its progress in other areas, changes to SCORM should be carefully considered, thoroughly prototyped, and avoided if possible.

No Class 3 prototyping is recommended at this time until more is learned from Class 1 and 2 prototype efforts.  Class 1 and 2 prototypes will yield lessons learned that are critical to the design of a more tightly integrated ADL/HLA system, and more accurately form the use case where this marriage of technology proves valuable.  This also provides the SCORM community to focus it's limited  time and resources to address more pressing specification issues in the e-learning field.
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