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1. Introduction

1.1 Purpose 

This document functions as an evolving design specification and reference for components and data models to be investigated and developed under the DLIM-ITS project.  DLIM-ITS is an acronym for Distributed Learning Interoperable Modular Intelligent Tutoring System.
1.2 Scope

The objective of the DLIM-ITS prototype is to advance JADL goals in two primary ways:

· Develop constructs to further the goal of ITS interoperability with DL architectures.  Specifically this requires adaptations to evolving standards in order to accommodate ITS input and output data requirements for training scenarios involving complex, multi-principle decision making.

· Develop mechanisms for incorporating virtual trainers into a DL curriculum, specifically targeting use cases involving non-browser-based trainers, such as embedded and standalone facility based training systems.  This will be accomplished by adapting existing constructs of several components from the JADL IPA (Integrated Prototype Architecture), and developing additional capabilities as needed to support interoperability from the training system side.

In order to demonstrate the accomplishment of these goals, the DLIM-ITS prototype will integrate IPA components with an existing training testbed, the C2V ITS (Command and Control Vehicle Intelligent Tutoring System).  The C2V testbed provides an ability to exercise unmanned vehicle control concepts and skills in a variety of scenarios, and in a physical configuration mirroring the embedded training setting onboard an actual C2V.  The prototype will also include a sample set of introductory lessons to differentiate learners prior to experiential training events with the C2V ITS.  However, this document does not describe the design of the introductory lessons, nor of the training experience itself within an exercise using the C2V ITS.
The scope of this document centers on:

· The design of proposed data models or other constructs which may potentially serve to standardize and simplify the development of a linkage between Intelligent Tutoring System components and distributed learning frameworks.  This will include design specifically in support of the C2V ITS, as well as an exploration of how models may be generalized for a wider class of ITSs.
· The design of IPA components facilitating interoperability, including extensions to existing implementations.

· The design of new proposed components needed to further support interoperability with the C2V ITS specifically, and a category of similar training systems in general.

Although both the JADL IPA and the specific DLIM-ITS effort contemplate a range of training use cases or configurations beyond browser based learning, the primary focus from a design perspective is on a specific use case with the following characteristics:
· Standalone - the training system resides on a different machine or entirely different hardware unit from that on which the RTE is running.  

· Networked - although the training system and the RTE are on separate machines, they have network connectivity to each other.  

· Stateless - the training system does not support external state tracking for the purposes of bookmarking.  

The C2V ITS is a facility-based trainer which mirrors a notional training capability that would be embedded on a vehicle.  As such, this is intended to be representative of a category of training systems including “caves”, or other immersive trainers, in terms of the applicability of the resulting design.  Extensions to related use cases may be explored from a design perspective in this effort.  For example, although the C2V ITS does not support external state tracking, it is possible to contemplate an approach for accommodating bookmarking with such a trainer, using the interoperability framework that will be developed.  The consequence of focusing on a use case involving a stateless trainer is that the interaction between the RTE and the training system is simple in the sense that the primary requirement is to support the steps of initial scenario selection, configuration and launch, and exercise completion.  Similarly, with many training systems it may not be possible to design for network connectivity to the RTE, and therefore the user experience of transitioning from the RTE to an experiential training event may involve a more complex sequence of steps.  Although this effort will primarily focus on use cases without this additional hurdle, it may be productive to explore potential approaches for this transition in these other use cases.
1.3 Acronyms

C2V ITS – Command and Control Vehicle Intelligent Tutoring System
DLIM-ITS – Distributed Learning Interoperable Intelligent Tutoring System
DTECS – Distributed Training Event Coordination Service (IPA)

IPA – Integrated Prototype Architecture
ITS – Intelligent Tutoring System
LSF – Lightweight Scenario Format (IPA)
LTP – Local Training Package (IPA)
LTSC – Local Training System Configuration (notional addition to the IPA structure)
RTE – Run Time Environment
1.4 References
The preliminary DLIM-ITS design makes reference to current related BBN work for JADL, which is documented in numerous forms, notably “Integrating Simulation Based Training in the Joint ADL Co-Lab Architecture”, version 1.0 from June 25, 2007.
2. Design Considerations 

One of the investigational goals of the DLIM-ITS project is to identify hurdles and constraints in the course of constructing the approach for interoperability.  The following subsections describe known constraints from design efforts to date. 

2.1 C2V Testbed Design Constraints
The C2V ITS, and more specifically the C2V testbed itself, has several inherent constraints which affect the interoperability design.

Limitations on batched launch
Under ideal circumstances the procedure for configuring and launching an exercise on a target training platform would support automated control, or at least a seamless process for the user.  There is limited functionality in the C2V testbed for this kind of external control.  However, some scripting capabilities have been developed for the testbed, and this will serve as the basis for an exploration of a shortest path approach for prototype implementation with this particular trainer.
No explicit completion signal
Because the C2V ITS supports free play execution in scenarios, there are no explicit events representing the completion of an exercise, either by time factors or by objectives accomplished in the virtual environment.  Assessment occurs in real-time during the exercise and is tabulated continuously.  There are several simple approaches for resolving the lack of an exercise completion event, which will be explored.
Limited quantity of scenarios
In order for an ITS to support realistic experiential training on a reasonably sized collection of learning objectives, typically the quantity of scenarios or potential variations on scenarios must be large enough to properly address the specific strengths and weaknesses of an individual learner.  The C2V ITS was developed as a demonstration with a small number of scenario variations, however the available variations easily exceed the number needed to support the DLIM-ITS effort.  As a result, little or no additional subject matter expert input for scenario development is expected to be necessary.  However, this does mean that the DLIM-ITS prototype will demonstrate a learning sequence for a fairly specific set of pre-determined learner profiles with their respective training needs addressed by existing scenarios.
2.2 Intelligent Tutoring Design Constraints
The general goal of pursuing interoperability between distributed learning frameworks and Intelligent Tutoring Systems is affected in a number of ways by the nature of ITSs in practice.  ITSs from different developer communities or organizations frequently share common design philosophies, but non-standardized representations of learning objectives and data models.  There have been some limited efforts to work toward standards, but mostly this remains an open area of research. As a result, an exploration of approaches for interoperability with SCORM constructs and DL standards may consider either specific ITS implementations or general ITS design philosophies.  The DLIM-ITS effort is partly an attempt to do some of both, starting with the specific implementation of the C2V ITS and then exploring generalizations.  Still, due to the large differences in actual implementations, two ITSs that share common design philosophies and architectural components (principle hierarchy, student model, evaluation engine) may use dramatically different technical constructs and even proprietary methods, or data models tightly coupled with a given simulation.  The principle hierarchy within a given ITS may be arbitrarily more complex than another, in terms of interrelated principles which interact with each other in the course of simulation based training events.  These forms of variability within the ITS world are a key consideration in the effort to explore the parallels and potential mappings between SCORM representations for learning objectives and ITS representations of principles.
2.3 IPA Considerations
A minor note with respect to building on concepts from the IPA involves the consideration involved in collaborating with other developers, or more specifically, potentially developing extensions to existing implementations.  The process of collaborating provides a positive benefit in itself, because of the different perspectives afforded by different target use cases and so on.  But additionally there may also be unforeseen impacts on the DLIM-ITS design resulting from constraints introduced in existing component implementations.
3. Architecture Design 
Figure 1 below shows a high level representation of the notional interoperability architecture.  A double border is used to identify elements that will be the primary focus of development in the DLIM-ITS effort, either in terms of initial design and implementation, or extension of existing implementations.
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Figure 1. General Interoperability Architecture

This architecture uses the following component concepts from the IPA:

· Lightweight Scenario Format (LSF)

· Local Training Package (LTP) format and repository

· Distributed Training Event Coordination Service (DTECS)

The operational flow within this architecture starts with regular learning activities in a SCORM course.  Once the sequencing rules encounter an LSF which represents a set of learning objectives to be targeted with experiential training, there is a step of polling for available DTECS components.  A suitable DTECS component is one which can provide the gateway to a training simulation that is registered as supporting the learning objectives specified in the LSF.  This registration process is potentially streamlined by the introduction of metadata for training system learning objectives, following a format similar to that used in the LSF.  Instructions that are specific to the trainer or simulation are captured in the LTP, which provides configuration information such as the applicable scenario and any parameters for the evaluations in the ITS.  This information is specifically used by a component called the Local Training System Configuration (LTSC).  For the DLIM-ITS use case involving a standalone networked trainer, the LTSC divides into two pieces, one executing locally on the machine with the RTE, and one executing locally with the training system.
Detailed discussion of these components follows in Section 4.

4. Design
4.1 DTECS    
The DTECS design for the DLIM-ITS prototype is directly based on BBN’s implementation, which is itself based on their work on learning management capabilities for the DARWARS Core.  The existing implementation handles an interoperability use case where the training system can be launched and executed locally on the same machine as the RTE.  BBN’s web services API to the SCORM RTE provides a seamless transition from the RTE to the DTECS, and manages the authentication step at the initiation of the experiential training event.
In order to extend this existing implementation for the DLIM-ITS use case, the design challenge is to provide a similarly seamless (or at least straightforward) experience for the learner transitioning from the RTE to a standalone trainer.  The current design plans to address this by implementing the LTSC as a networked application segmented into local components on the RTE side and the trainer side as described below.
4.2 Local Training System Configuration Component
In the interoperable use case involving a standalone networked trainer, the DLIM-ITS design involves two interacting subcomponents in the LTSC, one local to each side of the data exchange.
RTE-side LTSC
On the RTE side, a network component with broadcast and listening capabilities will be launched by the DTECS, in a manner parallel to how the DTECS launches a local training system application.  The primary broadcast function of the RTE-side LTSC is a pulse exercise start message with the configuration information needed by the trainer to launch.  Once this message is received and acknowledged by the trainer-side LTSC, the RTE-side LTSC is primarily in listening mode, waiting for an exercise completion notification and messages containing performance outputs.
Trainer-side LTSC
The trainer-side LTSC is responsible for the complementary functions to the RTE-side LTSC.  Upon startup of the trainer, the trainer-side LTSC is initially in listening mode awaiting configuration and launch messages.  The primary DLIM-ITS use case involves a stateless trainer, however, the trainer-side LTSC could also be responsible for sending updated trainer states to the RTE-side LTSC.  This is a potential area of design investigation.  The trainer-side LTSC is also responsible for sending the exercise completion notification.  In the specific case of the C2V ITS since there is no explicit scenario completion signal or event, one possible approach to this constraint is to provide an artificial user-driven event which can be initiated from a simple dialog in the trainer-side LTSC.  

Another area of investigation involves the matter of where the performance results are tabulated in terms of the learning objectives targeted by the training event.  There are benefits to doing this on either the RTE-side or trainer-side, which will be explored further.
4.3 LTP

The current implementation of the Local Training Package handles a straightforward mapping from LSF learning objectives to training system configurations.  With complex training systems, and especially those involving ITS functionality on interrelated collections of principles or learning objectives, the mapping may be non-trivial.  For example, consider a training system for which there are a variety of scenarios that involves the practice and evaluation of performance on different combinations of 10 discrete principles (or learning objectives).  A given subset of 4 principles may be suitably exercised in different configurations such as:
· Scenario A exercises 9 principles.  Evaluations for 5 of these can be turned off, so that only performance with respect to the target principles are evaluated.

· Scenario B exercises 5 principles, including the same 4 and one principle not in Scenario A.  Once again, the extra principle evaluation can be turned off.

· Scenario C exercises 7 principles.  Although Scenario C evaluations can’t be disabled, the scenario can be tailored such that hinting and also the behaviors and events within the scenario reduce the impact of the “extra” principles involved in the scenario, in terms of distracting from the target principles.

· Scenario D exercises the specific 4 principles, but with built-in hinting which may be most effective only for learners who have been identified as beginners with the related concepts.

Of course other variations are also possible.  The logic for preferring one of the options above over the others varies with a number of factors including learner-specific information.  Although the DLIM-ITS prototype design makes use of a simple deterministic path to configuring the trainer with two specific scenarios, a potential area of further investigation involves how to generalize the LTP format.  The broader goal would be to specifically capture factors in the LTP representation to help automate the process of applying this instructional logic when supported by a trainer.
4.4 LSF

BBN developed a modification to the SCORM RTE which can recognize an LSF asset in a manner similar to how SCOs are recognized and used in traditional sequencing.  This modified RTE will be used in the DLIM-ITS design.  An open area of investigation for design concerns the degree to which the existing LSF format captures information that may be needed for the DTECS to retrieve the appropriate LTP to configure an experiential training event targeted to the given learning objectives and learner.  Specifically with ITS principles which often have hierarchical relationships and mutual dependencies, it is productive to consider approaches for registering these as learning objectives that can be referenced in an LSF.  In order to construct meaningful linkages in metadata, it may be ideal to propose an identification scheme that goes beyond plain text representations of objectives.
The DLIM-ITS design makes use of the specific relationships between principles in the scenarios developed for the C2V ITS.  This serves as a basis for potential generalization.  Although the specific content in the C2V ITS is not within the scope of this design document, a table of evaluation conditions is given in Appendix A, essentially a superset of embedded principles in the C2V ITS in the sense of all instances where principles are evaluated during execution.
Appendix A:  C2V ITS Evaluations
	Error Conditions Reflecting Violation of Principles Exercised by the C2V ITS

	1. UAV fly command sent before hover command

	2. First UAV fly command sent without the UAV having conducted a scan from hover

	3. User prompted to conduct a scan, but does not initiate scan within 15 seconds

	4. First UAV fly command sent with any destination other than SP

	5. From SP, UAV fly command sent with any destination other than CP1

	6. From CP1, UAV fly command sent with any destination other than CP2

	7. From CP2, UAV fly command sent with any destination other than CP3

	8. From CP3, UAV fly command sent with any destination other than RP

	9. UGV drives anywhere before any UAV fly command has taken place

	10. UAV reaches SP but does not send report of SP within 5 seconds

	11. UAV reaches CP1, CP2, CP3, or RP but does not report CP within 5 seconds

	12. UGV reaches SP but does not send report of SP within 5 seconds

	13. UGV reaches CP1, CP2, or CP3 but does not report CP within 5 seconds

	14. UGV leaves SP without ever having sent report of SP, and without having stopped (ie, 12 did not trigger)

	15. UGV leaves CP1, CP2, or CP3 without ever having sent report of CP for that checkpoint, and without having stopped (ie, 13 did not trigger)

	16. UAV leaves SP, CP1, CP2, or CP3 but does not report movement within 5 seconds

	17. UGV leaves SP, CP1, CP2, or CP3 but does not report movement within 5 seconds

	18. UAV leaves CP1 with the UGV having not reached SP

	19. UAV leaves CP2 with the UGV having not reached CP1

	20. UAV leaves CP3 with the UGV having not reached CP2

	21. UGV leaves CP1 with the UAV having not reached CP3

	22. UGV leaves CP2 with the UAV having not reached RP

	23. A target in the target list is acknowledged without having been lazed (by the same vehicle from which the acknowledgement was sent)

	24. CFF is sent on a target without lazing it

	25. UGV engages a target without lazing it

	26. CFF is sent on a lazed target without having acknowledged it (ever)

	27. UGV engages a lazed target without having acknowledged it (ever)

	28. CFF is sent on an acknowledged target without having sent a SITREP with either DISMT OBS or VEH OBS

	29. UGV engages an acknowledged target without having sent a SITREP with either DISMT OBS or VEH OBS

	30. At any checkpoint, UAV lazes a target, but no CFF is sent before resuming movement (to anywhere else)

	31. At any location (not just a checkpoint), UGV lazes a target, but does not engage it before resuming movement (to anywhere else)

	32. A kill event occurs, and no report of VEH DEST or DISMOUNT DEST within 15 seconds

	33. CFF or LOS engagement button is pressed, AND neither of the above two conditions (33,34) have triggered, AND there is no kill event within 60 seconds following the button press, AND no report of VEH OBS or DISMOUNT OBS is submitted

	34. User prompted to send report of SP, but does not perform this within 15 seconds

	35. User prompted to send report of CP, but does not perform this within 15 seconds

	36. User prompted to send report of movement, but does not perform this within 15 sec

	37. Scenario starts, and entities are loaded, plus 5 second delay

	38. 30 seconds pass after initial “receive mission” prompt (39 above)

	39. Any button (eg Assign Task) is selected at any time when no vehicle is controlled

	40. At least one target has been lazed in the last 120 seconds, and the most recent lazed target was a dismount, but user sends VEH OBS report

	41. At least one target has been lazed in the last 120 seconds, and the most recent lazed target was a vehicle, but user sends DISMOUNT OBS report

	42. The UAV is assigned a HOVER task but no route is given within 15 seconds.

	43. User takes control of the UAV, but does not consult Mission Status to see acquired targets within 15 seconds.


