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Functional Specification
This section describes the high-level conceptual model, users, usability goals, and workflows.
CTRMS Defined

The Competency and Training Record Management System (CTRMS) will store service-specific taxonomies of competencies and maintain training records that can be used by multiple services. It will map competencies across multiple service branches to be used in joint training scenarios and will integrate with multiple training and personnel systems through Web service interfaces. Relations among competencies and rules for rolling up competency measures will be represented so that they apply to SCORM conformant training. Doing so will enable the CTRMS to provide and collect training-objective related data from these types of systems.  
Goal
The goal is to create a system that:
· Assists in translating data represented in one taxonomy to a different taxonomy 

· Assists in analyzing skills and performance gaps and determining competencies 

· Stores and maintains training data and training records 

· Is independent of any particular training development or delivery system 

· Communicates with many different types of training and delivery systems 

· Plays well in distributed learning architectures 

Terminology

· Assessment: the process of documenting, usually in measurable terms, knowledge, skills, attitudes and beliefs
· Competency: a standardized requirement for an individual to properly perform a specific job
· Competency model: a collection of competencies and their inter-relationships
· RDCEO: Reusable Definition of Competency or Educational Objective
· Skill: the ability to use one's knowledge effectively and readily in execution or performance
· Task: a piece of work done as part of one’s duties
Use Cases

Actors
The use cases given in this document are designed to articulate CTRMS functionality within the context of actors. Actors are people or systems that participate in the process of performing a use case.   For purposes of these use cases, the broad classes of actors are defined as follows:

· Commanding officer:  a military officer who selects personnel for mission teams
· Officer handling mission readiness: a military officer who determines what training must be delivered to a team before the mission
· Instructional designer: designs training to be delivered to learners
· Learner: a warfighter who is trained for mission readiness
Use Case Descriptions

	Identifier
	UC-DOD-1

	Name
	Team Competency analysis

	Description
	The commanding officer identifies desired competencies for a mission, along with potential team members.

	Actors
	Commanding officer

	Pre-conditions
	The commanding officer has a mission to staff.

	Sequence of Events
	A joint mission involves moving supplies in a convoy. The equipment used is Army equipment. The commanding officer identifies technical skills required to operate the equipment and mission skills such as avoiding an ambush. To enable a search for available personnel who have the required skills, the CTRMS maps technical skills in Air Force and Marine training records to Army taxonomies. The commanding officer uses the CTRMS to choose a team and to generate an individual and team skills gap report for use by an officer handling mission readiness.

	Post-Conditions
	The mission stored in CTRMS has all the data necessary for a skills gap analysis.

	Notes
	


	Identifier
	UC-DOD-2

	Name
	Skills Gap Analysis and Training Selection

	Description
	An officer handling mission readiness uses the CTRMS to process the desired competencies and potential team members and identify necessary training.

	Actors
	Officer handling mission readiness

	Pre-conditions
	Desired competencies and potential team members have been identified.

	Sequence of Events
	The officer handling mission readiness is notified that an analysis of training needs is required.  She uses the CTRMS to produce a skills gap analysis, and then uses that report to identify appropriate training interventions.

	Post-Conditions
	A list of training interventions has been generated.

	Notes
	


	Identifier
	UC-DOD-3

	Name
	Mission Readiness Evaluated

	Description
	Training is delivered and mission readiness is evaluated for the selected team.

	Actors
	Officer handling mission readiness, commanding officer, learner

	Pre-conditions
	A mission description has been created previously, and appropriate training interventions identified and delivered.

	Sequence of Events
	The officer handling mission readiness re-runs the skill gap analysis against the previously identified required skills.  She delivers the report to the commanding officer to determine mission readiness. 

	Post-Conditions
	Commanding officer has readiness report.

	Notes
	This is very similar to UC-DOD-2.  The only difference is that this use case occurs after training, where UC-DOD-2 occurs before.  If the commanding officer determines the team is not ready after training has been delivered, further training may be identified.


	Identifier
	UC-DOD-4

	Name
	Objectives associated with Competencies

	Description
	The relationship is recorded between training objectives and competency definitions.

	Actors
	Instructional designer

	Pre-conditions
	SCORM package has been created through XML SCORM Studio.

	Sequence of Events
	The instructional designer uses XML SCORM Studio to associate the objectives of a course with competencies that are linked to the CTRMS. 

	Post-Conditions
	SCORM packages exist with associated objectives and competencies.

	Notes
	


	Identifier
	UC-DOD-5

	Name
	Competency data recorded

	Description
	When a course is taken, the results for the learner’s competencies are recorded.

	Actors
	Learner

	Pre-conditions
	SCORM package has been created through XML SCORM Studio with associated objectives and competencies.

	Sequence of Events
	The learner runs a SCORM package through a LMS. The LMS RTE uses CTRMS data services to record the evidence of the learner’s competencies associated with the course.

	Post-Conditions
	Evidence data exists within CTRMS for reporting on the learners’ competencies. 

	Notes
	This data exchange is transparent to the learner.  The real end user of this use case is the person who reports on the resulting competency data.


Conceptual Model

The commanding officer knows what tasks and skills are necessary to complete the mission.  These tasks and skills map to competency definitions, which are covered by objectives in existing SCORM courses.  Locating the existing courses enables training to be delivered, resulting in mission readiness.
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Application Description

The main UI window for CTRMS will consist of a wizard-like tabbed dialog.  The first view will allow users to select necessary tasks and skills, the desired team size, and the branch of the service whose terminology will be used.  The next view will allow the user to select a team to analyze for skill gaps.  The next view will allow the user to select training whose objectives fill in the identified skill gaps.  Finally, the last view will allow viewing report data from delivered training for evaluation of mission readiness.
Task Descriptions
This section examines how users perform the work that will be critical to interacting with the application.  Tasks are broken down into atomic actions.
Working with Mission Descriptions
1. User creates a new mission description
Initial application state This function will work in any application state.

User action The user initiates creating a new mission description.  If data has been entered that has not been saved, the user is asked if they wish to save the changes.  

Open issues

2. User selects tasks and skills needed for a mission
Initial application state User has selected the Mission view of the data.  
User action The user selects the skills and tasks needed from a mission from an existing list.  User also enters the desired team size, and the desired terminology of the tasks/skills list (for example, the terminology of the Navy, Army, Air Force, or Marines).
Open issues
3. User saves a mission description

Initial application state User has entered mission data that has not been saved.
User action The user initiates a save of outstanding data changes to an external file.

Open issues The format of the mission description file has not been determined.
Working with Team Lists

4. User selects a team from a list of personnel.

Initial application state User has selected the Team view of the data.

User action User selects team members from a list of possibilities

Open issues  The source of this data has not been determined.  Also, it is not clear how to narrow the list of possible personnel to only those available to the current commanding officer.

5. User initiates a skill gap analysis.

Initial application state User has selected the skills and tasks for a mission, and selected a team.  

User action The user launches a skill gap analysis that compares the competency records of the selected personnel to the list of selected skills and tasks.

Open issues  Existing LMSes implement skill gap analyses.  Rather than writing this from scratch, can we find some open source to re-use, or somehow use the LMS to do the analysis?  Also, how do we analyze for gaps in the team vs. gaps for individuals?  If a skill has been identified as necessary, is it necessary for all team members or just some?
Working with Training Selection

6. User creates a list of recommended training.

Initial application state User has selected the Training view of the data. Skills, tasks, and a team have all been selected.  User has specified a known location of SCORM packages.

User action User launches a process that compares the skills the team needs to the objectives of known SCORM packages.  A list box is then filled with matching SCORM packages.

Open issues  

7. User selects a list of SCORM packages to be delivered.
Initial application state User has selected the Training view of the data.  Skills, tasks, and a team have all been selected.  User has created a list of recommended training.
User action User selects SCORM packages from a list that has been determined by matching the skills not already present in the team with objectives in known SCORM packages.
Open issues  

Working with Reports

8. User views reports 

Initial application state User has entered all data required for specific selected report. User has selected the Readiness view.
User action User selects a report to view, from a list including reports on the selected skills and tasks, selected team members, skill gap analysis, list of recommended SCORM packages, selected training, and results of delivered training.

Open issues   What data needs to appear on each report?  Do these reports need to be printed?
Working with Objectives

9. XML SCORM Studio user associates the objectives in the SCORM package to competencies.

Initial application state User has created a SCORM package and has it open in XML SCORM Studio.

User action: User double clicks a SCO in XML SCORM Studio and the SCO’s properties dialog is displayed.  Clicking on the Objectives view and selecting an objective in the grid, the user can display a list of competencies and select one or more to associate with the objective.
Open issues   The exact changes that will be made to the existing XML SCORM Studio UI
Technical Specification

This section describes major subsystems and describes implementation strategies.

System Overview

The following diagram shows major subsystems and architectural layers.  

[image: image2]
User Interface
Figure 2 shows a prototype user interface of the Mission view of a wizard-like tabbed dialog.  For further details, see User Interface Architecture.
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Figure 2 - CTRMS UI, Mission View
Business and Data Layer 

The data layer of the CTRMS will offer RDCEOs, competency models, evidence, measures, and competency records.   For further details, see Data Model.
The business layer of the CTRMS will offer mapping of taxonomies of competencies from one services’ terminology to another, execution of roll-up rules, and access to the data layer.  For further details, see Systems Architecture.
Architectural Strategies 

Key goals of the CTRMS Architecture include: 
· Separation of visual aspects of the code from the controlling code and underlying business logic using the Model-View-Controller design pattern. Decoupling use case code from user interface implementation will enable use to fine tune of look and feel aspects according to user feedback. 

· Define a data model that is extensible, flexible and anticipates future requirements such as integration with simulations and other non-SCORM training.

· Define a decoupled business service layer that provides clean, reusable interfaces to the RTE, XML SCORM Studio, and the CTRMS presentation layer such that changes to one part of the system do not unnecessarily affect other areas. 

Data Model

The data model will define several entities and their relationships, some of which are still being studied.  They will likely include:
· COMPETENCY DEFINITIONS:  We will use the IEEE standardized version of the IMS standard definition for Reusable Definitions of Competencies and Educational Objectives.  The table representing this entity can be found in Appendix A.
· COMPETENCY MODEL:  This entity will reflect the relationships between competencies and how they are combined, or rolled-up, into other competencies.
· COMPETENCY RECORDS (INDICATE STATUS):  This entity will reflect which competencies are held by specific learners and their status.  STATUS is “yes, no, unknown” or a numerical value between 0 and 1 indicating a probability of successful performance.
· ASSESSMENT (or EVALUATION) PROCESS:  This is a process that converts evidence (e.g. scores) into judgments about the status of a competency. The resulting judgments may also include confidence measures that reflect how much confidence is to be placed in the judgments. An assessment process depends on ASSESSMENT RULES. purported evaluations of competencies.
· EVIDENCE:   This entity will represent the raw performance data that a learner has been trained in a competency.   It will also store assessment/evaluation rules.  (In a future version, these rules may appear in a separate entity, related to the evidence entity.)
· LEARNER DATA:  This entity will be provided through the Personnel software (or an LMS) that tracks learners.
These entities are related in the following diagram. 
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Evidence, Assessment and Status in the Case of Test Scores
An important use case is that of learners being assessed on the basis of online tests. In that case, the scores of the tests are evidence. It is important to understand that a score is used to deduce the status of a learner’s competence but is not the status itself. For example, a score of 90% might lead to the conclusion that a learner holds a particular competency, but an 85% or 95% might lead to exactly the same conclusion (with similar, if not identical, degrees of confidence in the conclusion). Depending on the nature, validity, reliability and circumstances of the test, further quantitative conclusions might be drawn – for example that a score of 90% indicates that the learner would perform a certain task correctly 99% of the time – in which case this would be stored as a status measure. 
Assessment (Evaluation) Rules

Associated with each evidence record is a rule that describes how the evidence is to be evaluated. This will often be a statement of the form “if a particular measure exceeds x, then the status is ‘yes’” (or the probability of successful performance is at least p.) 

Open issue: It is an open issue how this will be represented and coded, to be discussed with the Aptima team, or other experts.
Roll up Formulas

The problem of roll up is that of determining the status of a competency based on the status of various “sub-competencies.” Here some simple rules can be applied. In the case of status flags (yes, no, unknown), a specific set of required sub-competencies can be designated, or a percentage of sub-competencies required can be defined. These lead to easily computable roll-up. In the case of probabilities, the simplifying assumption is that all sub-competencies are independent events. This, combined with a designation of required sub-competencies or a required percentage of sub-competencies, leads to an easy computation of the probability that a learner can successfully perform (or demonstrate) a competency based on the probabilities for the sub-competencies. 
User Interface Architecture
All views have not yet been fully designed and are subject to change.  Current designs calls for the following:

Mission View

This view will contain a list of competencies to be selected for the mission.  For each competency selected there will be a way to specify the importance of this competency, or the level that the team must hold this competency.   User will also be able to input the desired team size, and the terminology they want to use (according to which branch of the service).  See Figure 2 for the current design of the Mission View.  
Team View

This view will contain a listbox control listing personnel names.  It may be a multi-column list to include additional information such as rank, title, etc.  This view will show the desired competencies from the mission view, and what level the team members hold these competencies prior to training.  Additional columns will show the maximum score for each competency on the team, and the minimum required level for the mission.  There will be a button or link that will launch the skill gap analysis report for the selected personnel relative to the competencies selected in the Mission View.  Validation will ensure that at least one team member and at least one skill have already been selected.  One potential UI that meets this description is shown in Figure 3. 
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Figure 3 - CTRMS UI, Team View

Training View
This view will contain a textbox and Browse button for the user to indicate where the repository of SCORM packages resides.  A button or link will allow the user to launch a search of the repository for packages whose objectives match the gaps indicated by the skill gap analysis in the Team View.  Validation will verify that a repository has been chosen, and a skill gap analysis has been previously created.  Following the search, a treeview will fill with matching SCORM packages for the appropriate team member.  The treeview will include checkboxes so that the user can select which training packages are desired for delivery to which team member.  One potential UI that fits this description is shown in Figure 4.
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Figure 4, CTRMS UI, Training View

Readiness View

This view will contain a list of links to reports.  When the user selects a report, it will launch a new window which will show the report in an HTML browser window.  Some “dashboard” information may appear on this view to give a snapshot of team readiness.  One potential UI is shown in Figure 5.
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Figure 5, CTRMS UI, Readiness View

Business Architecture

The business layer will consist of several components, which will interface with three clients:

1. CTRMS Presentation Layer – for supporting the UI described above

2. XML SCORM Studio Presentation Layer – for associating objectives with competencies

3. RTE – for reading and storing evidence, measures, and competency records from LMS data

The business layer’s primary functions will be:

· Execute roll-up rules to derive measures of higher-level competencies—the level of complexity required for these rules is currently under study.  A rules engine such as DROOLS may be necessary to manage the complexity.

· [image: image10.wmf]Map taxonomies of multiple terminologies—as shown in Figure 3, the system needs to manage different names for similar competencies from the different services.  A rules engine will likely be used to manage this mapping.  See Figure 3 for an example of taxonomy mapping.
· Provide access to the data model described above, including any necessary validation or additional business logic needed for inserting new data.
System Components

The following Package Diagram shows system components. Each component will be realized as one or more libraries. 
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RTE Integration

It is a requirement that the CTRMS integrate with an RTE to provide the following functionality:

· RTE can retrieve competency status from CTRMS during sequencing process. (Competency status / measure maps to objective status / measure.)

· RTE can provide evidence in the form of scores, time in lesson, and completion of a lesson, together with an evaluation rule (usually, completion = competency obtained in the objectives associated with a SCO.)

· RTE must do this for a specific individual who has been authenticated to the RTE.

Possible Solutions: There are (at least) three possible approaches to RTE integration. One is through Web services. This is compatible with work of the Web Services In Learning group but is heavy weight for the prototype system and requires modifying an RTE so that it can evoke the service. The second is a REST approach. This would entail creating CTRMS service accessible through a URL and modifying an RTE to use this service. It is best if no modification to an RTE is necessary. RTE Integration leveraging SCORM Runtime Functionality: The solution that will be implemented (unless proven too difficult) is to leverage the existing CMI runtime calls. This is a type of REST solution, but it does not involve modifying the RTE. A first cut at this solution is:
· The CTRMS will be designed so that it can run as a SCO in a browser
· The first command that it will issue after initialization is a GetValue(cmi.learner_id).
· The next series of commands will be GetValues and SetValues for objective status, measures, etc.
· A prototype (non-production) version of XML SCORM Studio will be modified to include components that can be included in any SCO and that function purely as getters and setters. XML SCORM Studio would automatically include all of the objective / completion status data in a particular SS&N tree. These CTRMS components will be inserted in design patterns and will be included in the basic templates. (There might be an option to make these invisible in the templates.) 
Initially, the CTRMS components would go prior to any real content and after all real content, so that objective data is retrieved at the start and written at the end. Care must be taken that these components are actually invoked, and there might be some performance issues as they load and unload.
Additional Open Issues

· The effect of the Vista release on platform requirements and UI – Microsoft will be releasing Vista during this prototype development phase.  Should the UI look like Vista UIs?  Can (or do we want to) require the .NET 3.0 runtime to be installed to run CTRMS?  Can the newest tools available with Vista be leveraged to speed up development?
· The project will evaluate the possible use and benefits of adapting the general purpose, OASIS Darwin Information Typing Architecture (DITA) specification to represent competencies, hierarchical competency maps, and other relationships between competencies. The evaluation will consider three representation problems necessary to model competencies in DITA. First, replace the basic DITA content type, the “topic”, with the IMS/IEEE LTSC RDCEO competency definition, and use the DITA type/specialization mechanism to model more specific types of competencies. Second, adapt the map capability that DITA uses to define hierarchies of topics to define hierarchical, directed acyclic graphs of competencies. Third, adapt the table capability that DITA uses to define arbitrary relationships between topics to define relationships between competencies relevant to competency management

· Do we need a rules engine to execute the roll-up rules, and if so, what does the domain-specific language look like?

· The use of LIP was originally proposed for Phase 2, but this design assumes we will have integrated learner data.  Do we want to continue with this assumption for this phase?

· What areas of the data model or business layer will need to change to meet the needs of the other ADL prototype teams?
Appendix A – IMS RDCEO Elements (same as IEEE 1484.20.1 – 2006)
	No
	Name
	Explanation
	Reqd
	Mult
	Value Space
	Datatype
	Notes 

	1
	Identifier
	A globally unique label that identifies this Definition of Competency or Objective
	M
	Single
	
	
	

	1.1
	Catalog
	The name or designator of the identification or cataloguing scheme for this entry. A cataloguing scheme.
	M
	Single
	Repertoire of ISO/IEC 10646-1:2000, as allowed by RFC 2396
	Character String (smallest permitted maximum: 1000 characters)
	Examples: "ISBN", "ARIADNE", "URI", "http://acme.org/compmodcat"

	1.2
	Entry
	The value of the identifier within the identification or cataloguing scheme that designates or identifies this Definition of Competency or Educational Objective. A namespace specific string
	M
	Single
	Repertoire of ISO/IEC 10646-1:2000, as allowed by RFC 2396
	Character String (smallest permitted maximum: 1000 characters)
	Examples: "2-7342-0318", "LEAO875", "http://imsglobal.org/dco/1234"

	2
	Title
	Text label of this RCEOD
	M
	Single *
	
	LangString(smallest permitted maximum: 1000 characters)
	Examples: "English proficiency", "Schmiblick failure diagnostic level 4", "Demonstrates conflict resolution skills"

	3
	Description
	Description of the Competency or Educational Objective
	O
	Single *
	
	LangString(smallest permitted maximum: 2000 characters)
	Examples: "Proficiency in written and spoken English and use of English for meaningful oral or written expression.", "Performance of level 4 diagnostic as specified in IETM #SCMBLK007"

	4
	Definition
	A list of statements according to a particular definition model
	O
	Multiple
	
	
	

	4.1
	Model Source
	Source of the Model being used
	O
	Single
	Repertoire of ISO/IEC 10646-1:2000, as allowed by RFC 2396
	Character String (smallest permitted maximum: 1000 characters)
	Examples: "3-part-learning-objective", "http://foo.edu/ref/los.xml"

	4.2
	Statement
	
	O
	Multiple
	
	
	

	4.2.1
	Statement ID
	A local identifying label for the Statement
	O
	Single
	
	Character String (smallest permitted maximum: 4096 characters)
	

	4.2.2
	Statement Name
	Name of the Statement
	O
	Single
	String
	
	Examples: "Condition", "Action", "Standard", "Outcome", "Criteria"

	4.2.3
	Statement Text
	Text of the statement
	O
	Single *
	LangString
	
	Example: "Given a set of integer numbers in the range 1 to 49"

	4.2.4
	Statement Token
	Token value for the statement
	O
	Single
	Vocabulary defined in definition model
	Vocabulary (state)
	

	5
	Metadata
	Embedded Metadata about this RDCEO
	O
	Single
	
	
	

	5.1
	RDCEO Schema
	Describes the schema that defines and controls this RDCEO
	O
	Single
	Repertoire of ISO/IEC 10646-1:2000, as allowed by RFC 2396
	Character String (smallest permitted maximum: 100 characters)
	If no schema element is present in a RDCEO instance, its value is assumed to be "IMS RDCEO"

	5.2
	RDCEO Schema Version
	Describes the version of the above schema.
	O
	Single
	Repertoire of ISO/IEC 10646-1:2000, as allowed by RFC 2396
	Character String (smallest permitted maximum: 20 characters)
	If no schema version element is present in a RDCEO instance, its value is assumed to be "1.0"

	5.3
	{Additional Metadata}
	Additional embedded Metadata describing this RDCEO
	O
	Multiple
	The information contained in this section is defined by the IMS Metadata specification.
	Smallest permitted maximum 10
	See Best Practice document guidance for Metadata records


* Elements with type "LangString" and multiplicity "single" must appear at most once per language but may appear multiple times with different language attributes. The smallest permitted maximum of such expressions of a LangStrings is 10.
Training Designers





      FIGURE 1 – CTRMS OVERVIEW FROM PROPOSAL
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FIGURE 3 – Taxonomy mapping








Skill Object 2











Skill object 1





Subtask 3








Subtask 2





Subtask 1





NAVY





ARMY











Security Skill Object








Operate Radio Room








Follow Security Procedures








Operate SINCGARS








2

[image: image11.wmf]