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1. Overview

This document describes enhancement of the Integrated Prototype Architecture (IPA) to support the requirements of team training. The “Systems Requirement Document” describes the requirements for the major components, interfaces, and data models, while this document describes the design that will meet those requirements. 

As described in the “Systems Requirement Document”, the enhancements for team training are centered on the Distributed Training Event Coordination Service (DTECS). Trainees will receive individualized SCORM training through the SCORM Runtime Environment (RTE), and will come together as a team in the experiential portion of courses.

The DTECS is based on the DARWARS Server, which provides the ability to define training events for multiple participants, launch those events (by launching the required software on each participant’s computer), and track the results for each participant. These capabilities will be enhanced as explained in this document to:
1. Support creation, modification, and deletion of teams, i.e. groups of trainees who will train together.

2. Match training to a team so that each member of the team receives training appropriate to their training objectives, and so that all members of a team train together.

3. Support synchronous team training interleaved with asynchronous individualized training.

2. Use Case
The following use case illustrates the use of the SCORM RTE, the DTECS, and the Training Systems in providing team training.
1. Through interactions with the SCORM RTE, and traditional SCOs, the trainee is presented with appropriate training material on the doctrine and procedures related to the role they will have in a team training exercise.

2. Upon the trainee’s completion of appropriate SCOs, the SCORM sequencer encounters a Lightweight Scenario Format (LSF). The LSF includes the information necessary to select appropriate experiential training for the trainee. 
3. The SCORM RTE contacts the Distributed Training Event Coordination Service (DTECS), providing the LSF.

4. The SCORM RTE provides user authentication at the DTECS; the user identifies the team with which they are currently working.

5. The DTECS compares the trainee’s objectives in the LSF to the training objectives provided by Local Training Packages and selects or creates a Training Event for the trainee and his or her teammates. 

6. The DTECS sends a reference to a Lobby web page to the SCORM RTE. Using controls on this page, the trainee indicates that they are ready to begin training. 

7. If all trainees are not yet ready to begin the experiential training, the DTECS redirects the trainee to continue the SCORM course (if allowed by SCORM sequencing), and uses an out-of-band mechanism, such as a chat window, to notify users when all trainees are ready for the experiential training.
8. When all trainees are ready, a designated trainee, using Lobby web page controls, starts the training event. In response to this single user input, the DTECS remotely starts training systems on each user’s machine. 

9. When each training system is launched, the DTECS provides it with a reference to the DTECS’ web-services based interface. The training system reports the trainee’s performance in meeting training objectives to the DTECS. The DTECS communicates this information to the SCORM RTE and stores it in a local repository of training records. The SCORM Sequencer uses this information to select the next SCO for the trainee.

3. Definition of a Team

We envision supporting two types of teams: “ad hoc” and “formal” teams. In an ad-hoc team, a DTECS simply allows individuals to train together as a team for a single training event. The DTECS records scores for those individuals and those scores may be accessed by the names of the individuals or by the date and time of the event. A formal definition of a team would add nothing to this particular scenario, which is already achievable within the DTECS.

A formal concept of team is required if performance as a team is to be recorded and tracked. Therefore, we define a team as any collection of individuals that is intended to persist beyond a single training event and for which the ability to access scores as a team is important.

This use case produces several requirements for supporting the team concept:

1.
Trainees may be members of multiple teams. A trainee may be part of Team A in his Convoy Training course and part of the Red Team in his Joint Task Force Training course.

2.
Teams may be fairly fluid in their composition. It is not sufficient to indicate that Joe Smith is a member of Team A in the Convoy Training course. That may be true one day, but the next day, the instructor may re-organize the teams, making Bob Green a member of Team A, and moving Joe Smith to Team B.

3.
In order to be able to retrieve training records for a team, the team must be uniquely identifiable over the period of time for which the records are maintained. Although this period of time isn’t defined, it’s reasonable to consider being able to access records over at least the past few years. We assume that the team can be uniquely identified by:

a.
The organization (which could be a school house, a forward deployed unit, etc.)

b.
The instance of the course (which is assumed to be uniquely identified within the organization), i.e., Convoy Training 101, Section A.

c.
A unique team name within the instance of the course.

In order to handle the changing composition of teams over time, team membership is defined by a series of records that include:

User name, Team name, Start Time, End Time

For example:


Joe Smith, Team A, 5/2/2007:0900, 5/2/2007:1000


Joe Smith, Team B, 5/3/2007:0900, 5/3/2007:1000


Joe Smith, Team B, 5/3/2007:1200, present


Bob Green, Team A, 5/3/2007:0900, 5/3/2007:1000

To support creating, modifying, and deleting teams, two web pages will be added to the current instructor and trainee web-based user interface provided by the DTECS.

3.1 Team Management Web Page

Instructors will have the ability to create, edit, and remove teams from a single web page dedicated to team management, accessible from the instructor’s main menu, and illustrated in the figure below.  The currently created teams will be listed in the top portion of the page.  Highlighting a team will display the currently assigned team members in the lower portion of the page.  A new team may be created, a team name may be changed, or a team and all its associated records may be removed by highlighting the desired team and clicking the appropriate button in the right-hand sidebar.

Team membership may be edited by highlighting a team in the top portion of the web page and using the controls on the bottom portion of the page.  A complete list of available DTECS user names is displayed in the lower left corner.  Individual users or groups of users may be added or removed from the currently highlighted team by clicking one of the arrow buttons at the right side of the list of user names.  The “Save” button will be used to save team membership changes.
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Figure 1: Team Creation and Editing
3.2 Current Membership Web Page
All DTECS members will have access to a page displaying a list of their current team memberships.  Highlighting or clicking a team name will display further information about the team, including the date the team was joined and the current roster of members.

4. Identifying Membership on a Team

Because an individual may be a member of several teams at once, and because a trainee may wish to train as an individual or in an ad-hoc team, the trainee must supply their relevant team membership when the training event begins.  Team membership can not be supplied from the SCORM RTE, as team training is not defined for SCORM-based training. Teams are defined and relevant only within experiential training configured and launched from the DTECS.

Team identification will be expedited in several ways.  First, all possible choices (including “none” for ad-hoc or individual training) will be explicitly listed in a drop-down menu.  Second, the convention for team naming requires qualifying the name of the team within the context of the institution and course name.  Instead of making a choice from a list of arbitrary team names, the trainee will be able to select from team names formatted as:
Institution_Name.Course_Id.Team_Name

This convention will be enforced by providing text fields for each part of the team name when the team is created by an instructor.
5. Matching Training to a Team

In order to understand how training events are matched to a team, it is first necessary to understand some important concepts:

· Training Role: Defined in a Training Package. There is a one-to-one correspondence between trainees and Training Roles, i.e. a trainee takes on a Training Role. Training Roles include one or more Objectives that are fulfilled by using that role. The DTECS compares the Objectives in the Training Role to the DTECS Objectives in the mapping named by an LSF in order to select training for that LSF.
· Team Training Role: Defined in a Training Package. The Team Training Role is simply a container for Training Roles; there is no other information associated with a Team Training Role. All Training Roles in a Team Training Role must be filled by members of the same team.

· Homogeneous Roles: Within a team, if the roles are all identical (that is, they address the same Objectives), they are considered homogeneous.
· Homogeneous Teams: Within a Training Package, if all Team Training Roles comprise identical collections of Training Roles, they are considered homogeneous.
· Heterogeneous Roles: If any of the roles within a team vary, i.e., address different Objectives, they are considered heterogeneous.
· Heterogeneous Teams: If any of the Team Training Roles within a Training Package comprise different Training Roles, they are considered heterogeneous.
The LSF determines the Training Role assigned to a user. The Team Training Role is used only to ensure that the team works together in the training event. 
Use Cases for Matching Training to a Team
There are several ways in which training roles may be matched to teams and individuals within a team:

· Ad hoc: The trainee may select any role on any team.

· Fully Specified: The instructor assigns each trainee to a role.

· Automatic: The DTECS assigns each trainee to an appropriate role based on the LSF, and the DTECS ensures that members of a team train together.

The following use cases concentrate on the last case, the automatic assignment of trainees to appropriate training by the DTECS. In designing this assignment algorithm, we considered the various combinations of homogeneous and heterogeneous teams and roles, as well as the use of a single training event versus multiple training events to support teams grouped together, for example, as trainees in a single, and possibly virtual, classroom.

5.1 Homogeneous Teams, Heterogeneous Roles, 1 Training Event
An example of an event consisting of homogeneous teams and heterogenous roles is a Convoy Training Event, consisting of an arbitrary number of identical teams, each manning a vehicle and requiring a specific number of trainees with specific roles – for example, driver, gunner, navigator, and radioman.  A relevant Training Package might consist of a single Team Training Role comprising four unique Training Roles.  To accommodate multiple teams, the Team Training Role would be marked as repeatable to the maximum limit allowed by the convoy training system. 
For example, in a Training Package, this would be displayed as follows. The numbers in parentheses are shorthand for the minimum and maximum number of teams.

· Convoy Training
· Team Roles

· Vehicle Team (1..5)

· Driver

· Gunner

· Navigator

· Radioman

A Training Event based on this Training Package may be created in two ways.  If the instructor knows the exact number and identity of the teams beforehand, he may assign those teams to the Training Event and mark the Team Training Role as “closed” to prevent additional teams from joining.  If the exact number of teams is not known, he may choose to not assign teams specifically and allow any number of teams to join as trainees enter the Lobby. In the latter case, the DTECS uses the team membership information for each trainee to ensure that members of a single team are assigned to a single Vehicle Team.
An individual would be assigned to an appropriate Training Role by matching the objectives in his LSF with those associated with the role.  Because the teams are homogeneous, the objectives specified by the “Driver” role in each truck would be identical, so the LSF would be used only for directing the individual to the “Driver” role once the appropriate Team Training Role has been selected.

5.2 Heterogeneous Teams, Heterogeneous Roles, 1 Training Event
Returning to the convoy example, suppose that different training objectives are addressed, depending to which truck a team is assigned (for example, lead truck, middle truck, rear truck).  In this case, it would be inappropriate to allow teams to join random vehicles as the training differs for each.  Furthermore, if the roles within each truck are heterogeneous (as in the previous example: driver, gunner, navigator, and radioman), then there are in fact, 12 unique roles: lead truck driver, lead truck gunner, …., middle truck driver, middle truck gunner, etc. Each of these unique roles addresses unique training objectives; matching the trainee to the appropriate role is achieved entirely by the LSF. Each trainee trains with SCORM course material specific to their training requirements; the LSFs in the SCORM courses are different for each trainee. The instructor might issue a Lead Truck Driver SCORM course to Team 1’s driver, a Lead Truck Radio Operator SCORM course to Team 1’s radio operator, and so on.  The Lead Truck Driver SCORM Course would have an LSF specifying an objective matching the DTECS Objective “Learn to Drive the Lead Truck,” which is fulfilled only by the lead truck driver Training Role, restricting the trainee to both the appropriate individual role and the appropriate team role.

5.3 Heterogeneous Teams, Homogeneous Roles, 1 Training Event
A Training Package comprising only heterogeneous teams with homogeneous roles must be defined with an explicit set of non-repeatable Team Training Roles.  For example, a Training Package could be defined with a Red Team and a Blue Team. All members of the Red Team have the same training objectives; similarly, all members of the Blue Team have the same training objectives (which are distinct from those of the Red Team). The DTECS could automatically create a Training Event from the Training Package as trainees check in to the Lobby; no explicit team or trainee assignment is necessary, as the LSFs will provide the information necessary to match trainees either to the Red Team or the Blue Team.
5.4 Homogeneous Teams, Homogeneous Roles, 1 Training Event
In this case, all trainees will receive the same training. All trainees would take the same SCORM course which would include the same LSFs. The teams are identical and the roles are identical; there is one objective or set of objectives for all the trainees. In this case, the LSF permits the trainee to take on any role (as all trainees have the same objectives). The DTECS will use the trainee’s team membership to ensure that all members of the team are assigned to the same team in the Training Event.

5.5 Homogeneous Teams, Heterogeneous Roles, N Training Events
In the event that a simulation only supports a limited number of teams, and a class (or other group of teams) contains more teams than the simulation supports, multiple Training Events (generated from the same Training Package) are required.  This introduces another layer of complexity in terms of matching trainees to Training Roles – now they must be matched to the correct Training Role, Team Training Role, and Training Event, as multiple events will take place simultaneously.
If the exact number of teams is known beforehand, the instructor can create the proper number of Training Events, and may even assign teams to events as he creates them.  The instructor may also choose to allow the DTECS to automatically create Training Events as needed – if a Training Event does not exist for which an appropriate Training Role/Team Training Role is available, a new one will be created.  The matching algorithm will place the trainees with their teams so that there are a minimal number of Training Events.

5.6 Heterogeneous Teams, Heterogeneous Roles, N Training Events

In the case of a single Training Event (use case 2), the instructor simply assigns users to the proper Training Roles using LSFs – no team assignments or complex matching algorithms are required.  However, for multiple Training Events, team assignments are required; for example, with multiple Training Events using a convoy trainer, there can be multiple Lead Truck Drivers.  It is not sufficient to uniquely specify the Training Role and Team Training Role with the LSF – the trainee must also be restricted to the correct team.

In this case, the LSF will have all the information needed to direct the trainee to the correct Training Role and Team Training Role.  Team membership information is needed only to determine which Training Event to join, or whether to create a new Training Event, if the instructor has chosen not to explicitly create Training Events prior to the session.  If the instructor has set up Training Events beforehand, teams may also be assigned to Team Training Roles within specific events, enabling the instructor to ensure that specific teams train together.

5.7 Heterogeneous Teams, Homogeneous Roles, N Training Events

This is similar to the preceding case. The DTECS can use the LSF to assign a trainee to the correct role, and the trainee’s team membership to ensure that the trainee trains with their team. An example of this case would be multiple training events, each of which comprised a Red Team and Blue Team, in which roles within the team were not differentiated. If the instructor explicitly defines Training Events, then the instructor can ensure that specific teams train together in the same training event, otherwise the DTECS will arbitrarily match any of the Red Teams to any of the Blue Teams in multiple Training Events. 

5.8 Homogeneous Teams, Homogeneous Roles, N Training Events
This case is only relevant if the training simulation does not support enough teams to cover the entire class, or other grouping of teams.  In this case, an instructor may set up a Training Package containing 1 repeatable Team Training Role with a maximum occurrences value equal to what the simulation system can support.  Each Team Training Role could then have a single arbitrarily repeatable Training Role.

In this case, the instructor may either create the appropriate number of Training Events and assign teams explicitly to their Team Training Roles, or the instructor may allow the DTECS to create Training Events as trainees enter the Lobby.  Once the maximum number of teams for the first Training Event has been filled, another Training Event will be automatically created.

6. Rendezvous for Team Training 

Although team training is defined only within the context of the DTECS, the design of the SCORM RTE is not completely immune from team considerations.  SCORM-based training is strictly individual and asynchronous, but a team simulation must occur for all players simultaneously.  The DTECS lobby ensures that all the required players are checked in and ready to proceed, before enabling the ability to start a training event.  However, because the training simulation may take place in the middle of a SCORM course, students may “arrive at” the simulation at different times.
In order to facilitate synchronous experiential team training embedded within individual, asynchronous SCORM-based training, the DTECS will allow trainees to check in to the lobby for an experiential training event, but then leave the lobby to continue SCORM training, while waiting for their teammates.  We will use a separate mechanism, outside the SCORM RTE and DTECS, to alert trainees to return to the lobby when all their teammates are ready. 
We are currently investigating several open source Javascript-based chat tools that could be displayed in a separate frame in the SCORM RTE, and used to alert the team when all members are ready to begin experiential training.
7. Accessing Training Records for a Team 

Instructors and trainees are currently able to view training records using web pages delivered by the DTECS. These training records will be extended to include the name of the team that participated in each training event. The training record web pages delivered by the DTECS will be enhanced to support team information, including the ability to sort records by team name, and to display team membership for each training record.

8. DTECS Enhancements 
This is a summary of the planned enhancements to the DTECS to support team training.
1. Web Services API Enhancements
Darworld Web Services API

These are the web services used by training systems to communicate with the DTECS primarily to obtain information about trainees and objectives, and to record scores against training objectives. Additional web services methods will be added to allow training systems to obtain information about team membership, for example, the team with which the trainee is currently participating, and the membership of that team. 

DTECS Web Services API
The DTECS Web Services API, which is used by the SCORM RTE will require no changes to support team training.

2. Data Structures

Team Definition

In order to support team training, several enhancements will be made to the database maintained by the DTECS. Support for team training will build on the “Group” concept already supported in the DTECS. Groups are simply collections of users; a team is one type of group. Team membership records will include the times that a user joined and left a group, in order to support the fluid team assignments described above.

Training Team Role
The Training Team Role data structure is used to represent the roles that teams may take in a Training Package, as well as available “slots” in a Training Event that may be filled by a team as the training session begins.  When defining a Training Team Role, the instructor may indicate the maximum number of roles to include in a training event. If the maximum is greater than 1, the Training Team Role may be duplicated as trainees sign up for the Training Event, in order to accommodate multiple teams.  

The “Assigned Team” and “Closed” fields of a Training Team Role are used only by the DTECS, and are not visible to users. The “Assigned Team” field is used to “lock” a Training Team Role to guarantee that teammates will be assigned to the same team in a training event. This locking may occur either when the instructor assigns a role to a specific team prior to a training event, or when the first member of a team checks in to the lobby. The “closed” field may be set to true by an instructor prior to an event to prevent the Training Team Role from being duplicated as trainees enter the lobby.

The Training Team Role is interposed as a new layer, so that a Training Package or Training Event has Training Team Roles, which in turn have Training Roles.  Training Roles are no longer required to be uniquely named within a Training Package or Training Event, but only uniquely named within the context of its Training Team Role.
3. Editor Enhancements
Training Package Editor
In the Training Package Editor, a new Training Package will, by default, have 1 Training Team Role, with which all roles will be associated.  The tree structure will be as illustrated in the figure below. The “Team Roles” element will be the immediate descendant of the Training Package name; Training Team Roles will be displayed as children of the “Team Roles” element. Individual Training Roles, rather than being immediate descendants of the root, will now be descendants of a Training Team Role.  A menu command will allow the instructor to add or delete Training Team Roles.  The name, description, and minimum and maximum numeric fields of the Training Team Role will be editable from the main panel by clicking on the Training Team Role in the tree structure. 
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Figure 2: Training Package Editor with Team Training Roles
Training Event Editor
The Training Event editor will be enhanced to allow teams to be assigned to Training Team Roles.  The Training Event editor, which is implemented as a web page provided by the DTECS, currently allows assignment of individuals to Training Roles – which is mutually exclusive with assignment to teams.  A user cannot be assigned to a role within a Training Team Role of a different team, nor does it add any information to specify individuals within a team, as the LSF objectives and team membership information will restrict the assignment to the appropriate role.
Therefore, the current interface, allowing users to be assigned to roles, will be duplicated for each Training Team Role defined in the Training Package.  Drop down menus containing all available team names will facilitate assignment of teams to Training Team Roles.  When a Training Team Role is assigned to a team, during the Lobby phase, the DTECS will automatically assign individuals in the team to appropriate roles based on their LSFs.
4. Lobby Enhancements
The Lobby web page delivered by the DTECS will be enhanced to indicate the current team membership for each trainee. 

5. Training Record Modifications
Training Records will be modified to include the relevant team assignment.  The team name will be displayed as an additional column in the Training Records web page provided by the DTECS. Controls on this web page will support sorting Training Records by team, and displaying the names of team members. In addition, controls will be provided to allow instructors to display training records for all members of a team.

A. Terminology and Acronyms

	Integrated Prototype Architecture (IPA)
	The architecture proposed by the Joint ADL Co-Lab for integrating simulation and live training with SCORM.

	Lightweight Scenario Format (LSF)
	Information that identifies training objectives of the user, and is used to select appropriate simulation or live training. The LSF is a mapping between objectives defined at the DTECS and used by experiential training and SCORM objectives.

	Objectives, Conditions and Measures (the OCM Model)
	A model for describing what a user needs to learn, and what training a simulation, live exercise, or other materials can provide. Also, referred to loosely as simply the DTECS objectives.

	Training Event
	Instantiation of a Training Package, specifying users for each role, and a start time.

	Training Package
	A list of the Training Roles available and a specification of the parameter values for running the Training Systems for each role. 

	Training Role
	The list of Training System Profiles and their parameters to be run by a single user together with the objectives trained by those systems.

	Training Session
	A Training Event in progress or completed.

	Training System
	A simulation or live exercise that provides training.

	Training System Profile
	Specifies the name, description, permissible values, and representation of operating parameters that may be included on the command line for invoking a Training System.

	Web Services Description Language (WSDL)
	An XML format for describing network services as a set of endpoints operating on messages containing either document-oriented or procedure-oriented information. The operations and messages are described abstractly, and then bound to a concrete network protocol and message format to define an endpoint. Related concrete endpoints are combined into abstract endpoints called services or web services.
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