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Project Summary
Purpose

The purpose of this delivery order is to develop a prototype system for the Joint Advanced Distributed Learning (ADL) Co-Lab which demonstrates a rich, robust learning environment comprised of a learning management system (LMS), SCORM-conformant instruction, and a relevant scenario within an HLA-compliant simulation.  

This project 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).  Both have 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) as an evolving interoperability specification for Web-based distributed learning.  On 4 April 2003, key individuals from the training and simulation communities 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 to discuss potential requirements to advance the specifications.  The efforts culminated in project criteria which provided the baseline for this prototype project.

Background
Every Marine Captain must complete Expeditionary Warfare School (EWS) as part of his/her Professional Military Education (PME).  There are three avenues available for Marines to complete EWS: 
1) The Resident EWS; 
2) The faculty-led Seminar EWS Distance Education Program (DEP), and 
3) The Individual Guided Study (IGS) DEP. 
Within the Marine Corps, there are approximately 5100 active duty Marine Captains and about 1900 Marine Reserve Captains.  In addition to Captains, some CWO3s and CWO4s are required to complete various segments of EWS.  The EWS schoolhouse can only accommodate 190 Marine students each year, which means that the vast majority of Marines complete EWS PME either through the Seminar DEP or the IGS DEP.  Given that Marines in the self-paced program are on different schedules within the curriculum than the Seminar DEP students, and that they are geographically dispersed across the globe, it is not feasible to bring them together in a collaborative exercise.  

Both the Seminar DEP and the IGS DEP fall under the purview of the distance education program (DEP) since they are completed outside of the EWS schoolhouse.  The EWS Seminar DEP is offered to eligible students at specific locations throughout the world.  The seminars consist of weekly two-hour sessions facilitated by adjunct faculty members.  The IGS DEP is available to students who choose to complete EWS independently and at their own pace often because they are not stationed near a Seminar Program or because their work schedule simply cannot accommodate attending the Seminar sessions.  

The new EWS curriculum at the schoolhouse has been re-vamped to include instructional emphasis on command and control, combined arms operations, warfighting skills, tactical decision-making, naval operations, and Marine Air Ground Task Force (MAGTF) expeditionary operations.  Resident students are taught to plan and execute operational plans on the operational planning tool, Command and Control Personal Computer (C2PC).  Throughout the curriculum, training at the Resident EWS is conducted in conjunction with practical exercises that utilize the Marine Corps Planning Process (MCPP).  Students in the Seminar DEP have identical training requirements, however these students participate in scaled down, faculty-led, paper-based practical exercises.  IGS DEP students read about the MCPP in the doctrinal publications available to them.
The HLA/SCORM Prototype project is intended to provide the DEP student with a richer, more robust learning environment in which SCORM-conformant instruction is supported with active interaction within the HLA-compliant MAGTF-XXI simulation.
Prototype Use Case
This section describes the user’s sequence through the MCPP HLA/SCORM Prototype.  The “ADL/HLA Integration Research Blueprint” describes three basic training methodologies used by the United States military services; the process described below falls within the domain of the third methodology (Use Case C) which supports small group collaborative training, practice and assessment, and mission rehearsal.

Step 1
Prior to the training event, an instructor groups students into cooperative training pairs.  Their training schedules are established to allow them to navigate the courseware and perform practical exercises together.  For this prototype, the verbal communication method during training is not tied to a technical solution and may be accomplished in several ways.

Step 2
The students enter into the instructional content via the mGen LMS and are presented with the first SCO.  Within this prototype, the first placeholder SCO imitates a pretest and automatically sets one global objective to “Pass.”  The students initiate a “navigate” request by clicking on the LMS Continue link.  The LMS skips the SCOs which have an objective status of satisfied.  SCOs 6, 13, and 18 are linked to the second global objective and are presented in this prototype.  
Step 3
The students enter SCO 6 – Develop the Most Dangerous/Most Likely Enemy Courses of Action.  One student must select “Host” and the second student must select “Client” to allow them to enter the same simulation session.
Step 4
On the practical exercise screen, the SCO launches the simulation.  

Step 5
The students enter the practical exercise in the virtual multiplayer environment.  They perform activities based upon direction and information provided in the SCO.

Step 6
Students complete the practical exercise.  They continue instruction in the SCO until they are directed into the simulation to complete another practical exercise.

Step 7
Students complete the SCO.  The SCO reports completion status to the LMS.  The LMS receives a “Continue” navigation request.
Step 8
The LMS presents the next SCO based upon sequencing and navigation rules. Steps 3 through 7 are repeated until SCO 18.
Step 9
Students enter SCO 18 – Modify and Execute Most Dangerous, Most Likely, and Friendly COAs – for assessment.  They navigate through several reminder screens until they reach the simulation launch screen.  The SCO launches the simulation and the Collector asset.  

Step 10
Simulation sends entity state data to the Collector asset.  The SCO receives entity state data from the Collector asset.  

Step 11
Students are presented with questions about the COA.  Based upon the entity state data, the SCO judges each response as correct or incorrect.  
Step 12
At the completion of the SCO or when a question branch is ended, the SCO sets the objective status to “Pass” and the objective status is written to the second global objective. The LMS receives a “Continue” navigation request and attempts to navigate.  

If both global objectives are satisfied, the students have completed the instruction.  Otherwise, SCOs which do not have an objective status of “satisfied” must be taken again.
Technical Report

The HLA/SCORM Prototype is comprised of a number of technical components and interfaces.  Each component is further explained in this section.  Considerations and decisions which drove the development are discussed under the subsections for Courseware, Shared Assets, Simulation/Scenarios, and SCORM 2004 LMS.
Within the “ADL/HLA Integration Research Blueprint,” three classes of prototypes were identified from which to continue the work of integrating the ADL and HLA worlds.  The Class 2 category allowed for specialized component development to account for a capability shortfall.  Since this project required the development of shared assets to communicate between the SCO and the simulation, this prototype belongs in the Class 2 category.  The prototype architecture is visually represented in Figure 1, Technical Diagram on the next page.  
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Figure 1. Technical Diagram – HLA/SCORM Prototype
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SCORM 2004 Conformant Courseware

The MCPP IMI prototype includes three Sharable Content Objects (SCOs). In a full version of the MCPP IMI, this course would be structured to include eighteen sharable content objects (SCOs) as depicted in Table 1.  For this prototype, SCOs 6 and 13 have been developed for use in a collaborative environment for the S2 and S3 roles.  SCO 18 has been developed to perform as an end-of-course post test. Throughout the assigned instruction, the students are asked to complete a series of exercises using several scenarios.  Within each SCO, the students collaboratively review the information and complete the practical exercises.  
	SCO
	Task

	SCO 1
	Identify Areas of Operation/Responsibility, Influence and Interest, and Intelligence Production and Analysis

	SCO 2
	Determine Indications and Warning of Threat Courses of Action (COA)

	SCO 3
	Assess Threat/Enemy Strengths Versus Weakness

	SCO 4
	Assess Enemy Capabilities Versus Limitations

	SCO 5
	Assess Effects of Terrain and Weather on Both Enemy and Friendly Forces

	SCO 6
	Develop the Most Dangerous/Most Likely Enemy Courses of Action (ECOA)

	SCO 7
	Provide Intelligence Support to Development of Commander’s IPB

	SCO 8
	Assess Combat Effectiveness

	SCO 9
	Update Intelligence Preparation of the Battlefield (IPB)

	SCO 10
	Display Friendly Forces

	SCO 11
	Assess Relative Combat Power

	SCO 12
	Refine Center of Gravity

	SCO 13
	Develop Initial COAs that Best Accomplish the Mission

	SCO 14
	Develop COA Graphic and Narrative

	SCO 15
	Ensure Conformance with COA Criteria

	SCO 16
	Prepare COA Briefing

	SCO 17
	Select/Modify a COA

	SCO 18
	Modify/Execute Most Dangerous/Most Likely/Friendly COAs (MAGTF XXI)


Table 1:  SCO Table
The purpose of the SCO 6 is to introduce the five basic steps for determining Enemy Courses of Action (ECOA).  The second step – Identify the Full Set of COAs Available to the Threat – contains two practical exercises which launch scenarios within the HLA-compliant simulation.  In the first practical exercise, for example, the students are asked to create a situation template within the scenario.  When they launch the simulation, the File Transfer asset downloads a scenario to each individual workstation and the Launch asset opens the scenario within the simulation.  The students join the common workspace and work together to create the template.  Once completed, the students exit the simulation to return to the courseware.  The next screen provides feedback and presents one good solution to compare their solution against.  The students, based upon their review and discussion, are given the opportunity to re-launch the simulation and modify their situation template.  
This strategy is utilized with each practical exercise within SCO 6 and SCO 13.  The MAGTF simulation program was modified to save the scenario upon exit to ensure that the students would be able to leave and return to the exercise.   As a future consideration, the collector asset could provide entity state data for use in practical exercise feedback.
Within SCO 13, the students are introduced to the development of a friendly course of action.  As in SCO 6, the students are given practical exercises and opportunities to refine their solutions within the COA Graphic and COA Narrative branch of instruction.  

The SCOs are sequenced based upon global objectives.  As reflected in the activity tree in Figure 2, the placeholder SCOs (1-5, 7-12, 14-17) are all associated with global objective 1. Once the global objective is satisfied in SCO 1, these other SCOs are skipped.  The MCPP instruction can be expanded within this skeleton and by using this strategy, a full pretest would allow students to test out of some topics of instruction.  SCOs 6 and 13 both read global objective 2 but they do not write to the global objective.  This is not updated until SCO 18 is successfully completed.
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Figure 2.  MCPP Activity Tree

In SCO 18, the students are provided with some supporting information that would have been covered within the full MCPP curriculum.  Once they navigate through this review section, the students are asked to once again launch the simulation, this time with a fully developed scenario.  This launch includes the initialization of the collector application to allow the simulation to return entity state data to the java applet and the SCO to collect that data.  

The students run the game to determine if the COA in the game is feasible, suitable, and reliable.  When they have taken the game to its logical conclusion, they end the game and return to the SCO.  At this point, they are presented with a series of questions.  Based upon the entity state of the friendly force, each answer is analyzed against the outcome of the game to determine if the answer is correct.  For this prototype, the simple variable of damage state is used to determine the correctness of each answer.  However, a future version of this prototype will investigate additional complexities of the entity state data.  
Shared Assets

Multiplayer Setup – AnteonMultiplayerSetupApplet

The AnteonMultiplayerSetup Applet is used to set up end users for participation in multiplayer simulations.  In order for two or more users to participate in a multiplayer session, they must:

1. Determine which mode each student will select “host” or “client.”  
The “host” computer will handle the actual computational load of modeling the entities in the simulation.  The only consideration to use for this selection is one of computer power.  If one machine has a faster processor, that student would ideally be the host during their training sessions.  If the computers are equivalent, there is no advantage or disadvantage to the “host” setting.
2. Choose a UDP port for HLA traffic.  The actual UDP port value is more or less arbitrary – the only requirement is that all participating users have to use the same value.  A default of 4000 is assumed, UDP port numbers in the range 2500-4000 are best.

The desired hosting status and UDP port value can be set on the applet via scriptable public functions.  When the applet is unloaded, it will write these values to the end user’s computer in the form of two simple configuration files:

1. The role file contains a single string value naming the user as “host” or “client.”
2. The configuration file – rid.mtl – defines the networking setup.

These files remain on the user’s machine throughout the session.  If the participants want to change any of these settings, they will need to run the applet again.  This team decided to place this decision point at the beginning of each SCO so that the students will have the opportunity to determine the host/client setting and UDP port number with each SCO.
File transfer – MakFileXferApplet
The MakFileXferApplet is used to download and unzip any required file on the end user’s computer before launching the simulation.  For this prototype, the configuration and scenario files are downloaded to control the student’s environment and provide a fresh copy of the scenario.  This applet was designed to be flexible so that it may be used for a variety of applications.  Before this applet would be widely used, however, security considerations would need to be introduced into the download feature.  An additional improvement to this transfer applet would allow the SCO to upload the files back to a user location on the LMS server.  An instructor would find these files helpful in fully assessing the student’s understanding of the content and application of training concepts.  
The files can be either ASCII, binary, or zip files.  If a zip file, the location they are copied to is assumed to be a directory, into which the zip file contents will be unzipped.  For ASCII and binary files, a full path should be given as the target.

Launcher – AnteonLauncherApplet
The AnteonLauncherApplet initiates the execution of a simulation (or other application) on the end user’s computer, and watches for that execution to complete.  To launch the simulation, the applet composes a command string based on XML file inputs, writes the command string to a batch file, and makes a runtime call to execute the batch file in a local command environment.  

The command string may contain one or more arguments.  The full set of command line arguments for the application being launched, along with the command line “flag” values for each, are found in the MAK applications manifest file.  The set of arguments to be used for each launch, along with any command arguments, are found in the XML input file to the applet.  The applet first reads the XML input file, walks the list of arguments found there, and looks for a match on the argument name for each in the applications manifest file.  If a match is found, the command line flag for the argument from the manifest file, and the (optional) argument value from the XML input file, will be added to the command string.

In a multiplayer environment, different command line arguments are used for the host and client simulation instances.  The SCO containing this applet will therefore contain two XML input files, one for the host and one for the client.  The applet will read the “role” file written by the AnteonMultiplayerSetupApplet to see which of the two XML input files (host launcher or client launcher) should be used for the launch.  After launching the simulation, AnteonLauncherApplet waits for the spawned process to end.  

Collector – MakCollectorApplet
The MakCollectorApplet launches a special HLA federate that runs alongside of MAGTF and monitors the status of selected entities.  For this exercise, the collector applet is named MAGTFCollector.exe, and it monitors the damage status and position of friendly entities.  A future consideration should investigate expanding the list of variables that are monitored.  
MakCollectorApplet communicates with the collector application over a pair of standard input/output (stdio) pipes, corresponding to the collector application stdout and stdin.  The applet can send a very limited set of commands to the application: ‘+’ start listening; ‘-‘stop listening, ‘?’ query, and ‘x’ to quit.  When the query command is sent, the collector application responds by writing the current status to its stdout, which the collector applet can then read.  This information is retrieved by the SCO and written to a hijack field “comments from learner.” Once the students begin the SCO 18 questions, this information is again retrieved from the LMS and used for assessment.
For this exercise, the status is returned as a comma- and linefeed-delimited string value, where the status of each entity is written on its own line in the following simple comma-delimited format:  Entity id, force type, damage state, latitude, longitude, and altitude.
The latitude and longitude are given in radians.  Here is some sample output:

	Entity id
	force type
	damage state
	latitude
	longitude
	altitude

	156500002
	ForceFriendly
	DamageNone
	0.681398
	0.454771
	-0.067986

	156500003
	ForceFriendly
	DamageDestroyed
	0.681700
	0.454958
	-0.042498

	156500004
	ForceFriendly
	DamageDestroyed
	0.681890
	0.455971
	137.765425

	156500005
	ForceFriendly
	DamageNone
	0.682235
	0.455582
	234.335412

	156500007
	ForceFriendly
	DamageDestroyed
	0.682080
	0.455924
	91.910674

	156500008
	ForceFriendly
	DamageNone
	0.681981
	0.456386
	164.895621

	156500034
	ForceFriendly
	DamageDestroyed
	0.692316
	0.470193
	-2355.486655

	156500035
	ForceFriendly
	DamageDestroyed
	0.691218
	0.471115
	-2686.245344

	156500038
	ForceFriendly
	DamageDestroyed
	0.690823
	0.458279
	-6601.734620


If this set was returned from the simulation, the COA would be judged as not feasible, etc.  If a student then answered that the COA is feasible, that answer would be incorrect.  If all of the entities had a damage state of “DamageNone,” the same question would have a different correct answer.

Simulation and Scenarios

Several scenarios have been developed within the HLA-compliant simulation, Marine Air-Ground Task Force XXI (MAGTF-XXI), which is part of MÄK Technologies’ SIMinterNET family of Intermediate Desktop Simulations. MAGTF-XXI is an existing military tactical trainer that enables commanders and their staff officers to practice planning and execution skills within a simulated environment. MAGTF-XXI version 2.8 was introduced into this project in December 2004 with the “save on exit” feature.  MÄK Technologies has also provided their Run-Time Infrastructure (RTI) with a limited license in support of this prototype.

These integrated components provide a prototype that fulfills the mid-term challenges outlined in “Integrating the HLA and SCORM” (9 April 2001):

· Returning simulation results to an LMS as evidence of student progress

· Allowing multiple students to join a federation execution simultaneously and remotely

· Dynamically selecting the student’s federation components, including the associated Federation Object Module (FOM), based on the student’s progress in the lesson.
To more fully expand this prototype, additional scenarios would need to be developed in conjunction with a more fully developed MCPP IMI.
SCORM 2004 Learning Management System

When a user navigates to the mGen Learning Management System (LMS) website using Internet Explorer, the user is challenged with a Windows Integrated Security challenge. After issuing proper security credentials, the browser responds to the security challenge.

The authenticated username is read from the request header and used as a Microsoft SQL query parameter in an authentication query. The authentication query returns the user identification, first name, last name, user role, etc. in a coded session cookie. Based on the information in the session cookie, the presentation “Home Page” will be dynamically created with the proper options. This includes a unique interface based upon the demographic data (i.e. Marine solider will receive a Marine GUI interface while Navy Officer may receive a different unique interface).

When a user requests to see a list of currently enrolled courseware (or Shareable Content Objects (SCO)), a database call is made using the coded session cookie user identification as a query parameter. This query will generate a list of currently enrolled courseware for that user identification and the user’s enrollment type in each course. An active server page (ASP) will display the result set to the user.

When a user requests the launch of a specific course, the mGen LMS will make a database call to query for specified course’s organizational structure and display that structure to the user. When the end user selects a specific SCO, the mGen LMS will make a database call to determine the exact start page location as specified in the manifest during upload for the specific courseware/SCO. A secondary call is made to retrieve the runtime data for the individual and the SCO. All runtime data is accessible through the Sharable Content Object Reference Model (SCORM) Application Programming Interface (API) per specification in the SCORM 2004 specifications.
The launched courseware communicates with the mGen LMS through the SCORM API using JavaScript. Upon launch, each SCO utilizes JavaScript functions to locate the API (findAPI, getAPI). Once found, the SCO calls the LMSInitialize(“”) function. Data is stored and retrieved from the LMS using LMSGetValue() and LMSSetValue() functions of the API. The cmi.core.student_id data element will be used to retrieve the student ID from the LMS and if the student is returning to the SCO (cmi.core.entry = “resume”), the cmi.core.lesson_location will provide the bookmarking information to return the student to the last visited page. 

Lessons Learned

The original Blueprint included the following rules:

“Stay use case focused.  – R&D efforts must be designed to meet the requirements of the use case.”  This is still a valid lesson learned for the current project.  Without referring and designing to the use case, this prototype could have morphed into a product which met only a portion of the use case.  Technical tangents that were discovered are listed under Future Activities.
“Keep the Warfighter in mind. – A benefit to the Warfighter should be achieved with as little investment in time and money as possible.”  The learner environment and target audience must be considered when introducing this technology.  The complexity of the MAGTF-XXI gaming environment would be a hindrance for the distance learner who is unfamiliar with its tools and capabilities.  Knowledge of the tool suite is an assumed prerequisite for this prototype because to instruct the learner on a particular process, for example how to develop a modified combined obstacle overlay within the MAGTF environment, would significantly expand the amount of courseware.  Additionally, fully describing minimum system requirements is especially important when distance learners are utilizing home computers.
“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.”  While this prototype utilized the existing data model, this team learned that the model would need to be extended in two directions to fully support aspects of this prototype.  The first extension would need to identify which simulation data is most relevant to capture in an LMS.  If not the specific data, then at least a class object which could be defined by the SCO based upon the needs of that curriculum.  The second extension would provide for a way to support group instruction and identify which group members are online at the same time.  
Future activities

The Blueprint identified as its goal to define a strategy for future ADL/HLA integration research and development efforts in support of more effective Warfighter training.  This project took a step toward that goal.  Future requirements and improvements to consider include:
Group coordination:  The current prototype relies upon manual coordination by group members to track their progress through the training and in the simulation.  A future version of the prototype would investigate ways to manage and link the group members in a more coordinated fashion.  LMS group assignment, a multi-player lobby, and coordinated launch of a simulation or SCOs would enrich and simplify the distance learning experience.  
Simulation data variables.  The current prototype relies upon hard-coded assessments and raw data returned to the courseware.  The data elements which are returned were chosen from a large list of elements and hard-coded into the asset as a filter for the large volume of data returned.  The Launcher and Collector assets could be extended to enable a variable set of objectives and measurements to be sent to the simulation and more detailed assessment data to be returned.  
Extended data model prototype.  Establishing a prototype environment which included extensions would allow prototype research and development to more quickly discover benefits and limitations.  

Data model extensions:

Simulation data.  The current prototype returns a small set of data elements from the HLA simulation and the current data model did not have a logical place to retain this data.  For example, entity state data was saved in the existing data model’s ‘Comments from Learner’ field. Mapping HLA specifications to instructional design methodologies may be a first step toward a closer linking of the two standards.  

Performance metrics.  The SCORM standard needs to have the capability to record performance metrics in a more detailed cross learner nature.  SCORM has no support for comparing learner’s performance and content effectiveness with a trending model.

Course evaluation.  LMS providers are unable to evaluate the learning activity as a whole unit of instruction and supply valuable trending feedback to an evaluator.  

Content evaluation.  With the current trend toward content validity and reliability, the manifest could be extended to include a content evaluation cluster.  This cluster could instruct the LMS on what sections of the activity tree will record detailed learner performance information: Pass, Fail, or Score.

Expected activity data.  The current manifest leaves the LMS with no knowledge of what an activity will produce consistently or if it is even bound to any data output at all.

A number of tangential technical opportunities were uncovered during the term of this prototype. These include:
· Package the shared assets as a SCO to be launched directly by the LMS.  This could allow more generic use of the simulation asset.  This approach was not taken since an instructional designer would not be able to establish assessment parameters or utilize the simulation within the context of a practical exercise.  

· Incorporate collaborative communication technology into the instruction.  This could have included utilization of a white board, chat room, voice over IP (VOIP), or other technologies to further enhance the distance learning use of the prototype.

· Incorporate ways to technically provide After Action Reviews by instructors when assessment results are more fluid.  One repeated comment by subject matter experts was that COA results were too complex to be assessed via simple questions.  While this prototype used questioning techniques with a more complex branching structure, it was known that this method would only be effective to a certain point.  Even intelligent tutoring systems fall short of an intuitive assessment by an experienced instructor.

Conclusion

In summary, the HLA/SCORM MCPP Prototype effectively incorporated a number of components to technically prove a potential solution for EWS DEP students.  The prototype utilized SCORM 2004 for sequencing and navigation.  It incorporated a collaborative training strategy to introduce teams into the distance learning environment.  It achieved the technical goal of launching the HLA-compliant simulation from within SCORM-conformant courseware.  The prototype also created a way to pass performance data from the simulation back to the SCO for assessment.  And finally, it provided a way to link geographically dispersed students in a virtual multi-player environment for team exercises and assessment.
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