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1	Introduction
In 2008, the S1000D training subcommittee added three new features to S1000D in v.4 that support technical learning information: XML-based modeling, learning design codes, and learning data module aggregation. These new features are a significant addition to S1000D and highly desired within the learning community. To ensure completeness of the XML-based modeling (hereinafter referred to as the “learning schema”), it seemed logical to validate the learning schema against proven ISD principles and criteria. The approach taken in this analysis consisted of determining appropriate criteria against which to compare the schema, conducting the review of the schema, identifying possible areas for augmentation, and revising the schema accordingly. Therefore, the focus of this paper is on the review, validation, and recommendation of additional elements to the learning schema. This paper does not address the learning design codes or the learning data module aggregation.
[bookmark: _Toc205372476][bookmark: _Toc208120859][bookmark: _Toc216456115]2	Goals and Benefits of This Review and Recommendations
The goals of the review and recommendations for the S1000D v.4 learning schema were:
Determine the instructional integrity and usability of the existing S1000D 4.0 XML training data model.
Recommend changes, based on the determination of instructional integrity, to enhance the learning schema.
The benefits of achieving these goals are:
Comprehensive data types in learning schema (and presumably therefore the data populated by users):
Improved quality of products created using the schema
Enhanced ease and quality of audit and quality assurance activities and products
Inherent power and flexibility of XML which enables many use cases and output products for the training data, and interoperability with other databases
A convenient, logically structured, single source repository for training data
Enhanced quality of training data and consequently training itself 
[bookmark: _Toc205372480][bookmark: _Toc208120860][bookmark: _Toc216456116]3	Validation and Review Criteria
[bookmark: _Toc216456117][bookmark: _Toc205372481][bookmark: _Toc208120861]3.1	Preliminary Analysis
A preliminary analysis of the draft S1000D v.4 learning schema  (see Appendix A) was accomplished 6/11-23 by the authors and reported in a 6/23/08 evaluation report titled Results of Analysis and Review of New Training Support in the S1000D Technical Data Specification, ver4 – White Paper by Wayne Gafford . This preliminary analysis revealed the S1000D v.4 learning schema served as a solid foundation for learning, sufficient in multiple areas; however, the authors felt the learning schema could be enhanced with more Instructional Systems Design (ISD) principles. Therefore, the authors recommended a more thorough analysis of the v.4 learning data module based on proven ISD principles and learning theories. 
[bookmark: _Toc216456118]3.1.1	Course Creation Analysis
In addition to the preliminary conceptual analysis completed by the authors, an instructional designer and content developer assessed the practicality of creating an e-learning course using the S1000D v.4 learning schema. The feedback from this course creation analysis further validated many of the changes suggested in the revised schema. However, much of the feedback from this course creation was more relevant to business rules, S1000D issues outside of the learning schema, training procedures (i.e., familiarizing instructional designers with XML) and tool creation for instructional designers. Therefore, a brief report on the course creation analysis is provided in section five following the resulting schema. 
[bookmark: _Toc216456119]3.2	Determination of Validation Criteria 
In determining the criteria against which to evaluate the learning schema, multiple major learning theories and instructional design models were reviewed. These models and theories included multiple behaviorist theories, cognitivist theories, prescriptive design models, and constructivist theories[footnoteRef:2]. [2:  For a thorough listing of these theories see http://carbon.cudenver.edu/~mryder/itc_data/idmodels.html.] 

[bookmark: _Toc205372482][bookmark: _Toc208120862]The criteria selected included Instructional Systems Design model by Dick, Carey, and Carey (more commonly referred to as the “Dick and Carey model”) (2005), Merrill’s Component Display Theory (1983) and First Principles of Instruction (2002), and Sweller’s Cognitive Load Theory (1994). 
The subsequent sections include a brief overview of each element selected as part of the validation criteria. This brief overview is separate from the revised schema in order to provide the reader with a sufficient understanding of each theory or model. This brief overview is intended as a foundation for the changes made to the revised schema. The revised S1000D v.4 learning schema is then presented with rationale based on the validation criteria.  
[bookmark: _Toc216456120]3.2.1	Systematic Design of Instruction Model
The Dick and Carey Model as described in The Systematic Design of Instruction (Dick, Carey, and Carey, 2005) was selected to be used as a component of the criteria for the schema redesign. The Dick and Carey model is a systems-oriented instructional design and development model. It consists of ten steps to follow in an effort to ensure successful design and development of instruction. These steps include:
· Assess Needs To Identify Goal
In order to identify a clear instructional goal, a performance analysis must be conducted. A performance analysis consists of determining the desired performance status, the actual performance status, and finally, the performance gap (the difference between desired status and actual status).  An instructional goal is then developed when instruction has been identified as the best possible solution to fill a performance gap. 
· Conduct Instructional Analysis
An instructional analysis is a set of procedures that results in the identification of the relevant steps for performing the clarified instructional goal as well as identifying the subordinate skills required for a learner to be successful in performance of the goal. The instructional analysis consists of a goal analysis and a subordinate skills analysis.
· Analyze Learners and Context
In order to develop instruction that is more authentic and better fits the needs of the learners, the designer must understand the characteristics of the learners, the context within which the instruction will take place, and the context wherein the newly learned skills will be performed. These three elements make up this step of the Dick and Carey ISD model. 
· Write Performance Objectives
Performance objectives should align with the instructional goal. Performance objectives contain a behavior, a condition, and a standard. A behavior states what a person will do to demonstrate that he/she learned a specific knowledge, skill, or attitude. A condition identifies the situation under which a person is expected to demonstrate a behavior. The standard of performance defines the criteria for acceptable performance by a person when performing the behavior.
· Develop Assessment Instruments
The purpose of assessment instruments is to assess the learners’ attainment of the performance objectives. Multiple types of assessment instruments exist. Some of these assessment instruments include multiple choice test items, true/false test items, matching, completion, labeling, performance test items, cognitive processing tests, process checklists, and essays. The type of assessment instrument should be selected to best match the performance objective.
· Develop Instructional Strategy
The instructional strategy is the prescription for developing or selecting instructional materials, based on the type of instructional goal and characteristics of the target students. Four learning components including preinstructional activities, content presentation, student participation with feedback, and follow through activities are contained within the instructional strategy:
· Develop and Select Instructional Materials
Using the performance objectives, learner analysis, context analysis, and instructional strategy documentation as guides, the ISD selects already existing or develops new instructional materials. In the e-learning world, this is where screens actually get programmed.
· Design and Conduct Formative Evaluation of Instruction
Formative evaluation is conducted to determine the effectiveness of the materials and to revise them in areas where they are ineffective. This step is conducted on newly developed materials as well as any existing materials that are selected based on the instructional strategy. 
· Design and Conduct Summative Evaluation
Summative evaluations, usually completed by external evaluators, are conducted to make decisions about whether to maintain or adopt instruction. There is usually an expert judgment phase and a field trial phase in summative evaluation projects.
· Revise Instruction (this element takes place throughout the entire process)
Based on a synthesis and analysis of the data collected during formative evaluation, the materials are revised.
The Systematic Design of Instruction provides detailed guidance on how to perform these steps, and quality criteria for the outcomes. It is the most widely cited ISD model and has become the standard to which all other alternative ISD models are compared (Gustafson & Branch, 2002). 
The authors recommended many of the revisions to the model be based on the Dick and Carey instructional design model, for several reasons:
This model is widely used and understood by instructional designers
The model is robust and updated to account for modern forms of learning and products
This model fits within the technical database, instructional related paradigm
The model is being used as a guideline for the rewriting of the DoD MIL 29612 Handbook, which presents guidelines for conducting instructional design in DoD. Using the model in this way would bring the S1000D learning schemas in sync with the next version of the DoD training policy and guidelines.
[bookmark: _Toc216456121]3.2.2	Component Display Theory
Component Display Theory (CDT) (Merrill, 1983) was selected as part of the validation criteria because it differentiates instructional content from instructional strategy. CDT is an instructional model that classifies learning along two dimensions: 
· Content (which consists of facts, concepts, procedures, and principles)
· Performance (which consists of remembering, using, and finding [or generalities])
The theory also identifies both primary and secondary presentation forms. The primary presentation forms include: 
· Rules (expository presentation of a generality)
· Examples (expository presentation of instances)
· Recall (inquisitory generality)
· Practice (inquisitory instance)
Secondary presentation forms include prerequisites, objectives, helps, mnemonics, and feedback.  CDT suggests that a unique combination of content and performance exists for the most effective learning experience. CDT also suggests that instruction is most effective when it contains all primary and secondary presentation forms. The order and quantity of the presentation forms are not critical as long as the necessary ones are present.
In CDT, the designer first identifies what type of content will be employed (content) and how the learner is expected to use the information (performance), then applies a set of prescriptions to the instructional strategy (presentation forms). CDT provides the flexibility to the instructional designer of the components needed to determine an effective instructional strategy. As is illustrated in the revised schema, elements of CDT were added within the learning content branch. These elements include content types (facts, concepts, procedures, or principles) and presentation forms (primary presentation forms such as rules, examples, recall, and practice and secondary presentation forms such as support) in order to provide designers the ability to present content in a manner that matches the desired instructional strategy.
[bookmark: _Toc216456122]3.2.3	First Principles of Instruction
Another component of the validation criteria, which was selected due to its comprehensiveness and derivation from multiple instructional theories, is Merrill’s First Principles of Instruction (2002a). Multiple instructional design models and theories currently exist; however, in 2002 Merrill (2002a) conducted a study to determine the ‘first principles’ of instruction, operating under the assumption “one or more of these first principles can be found in most instructional design theories and models.”(p. 1) His study resulted in a four-phase model including activation, demonstration, application, and integration- all centered on a real-world problem. Each of the four phases was derived from review of empirical research spanning the vast literature of instructional theories (Merrill, 2002a). 
Activation consists of recalling relevant prior knowledge. Merrill states that, “learning is facilitated when the instruction directs the learners to recall, relate, describe, or apply knowledge from relevant past experience that can be used as a foundation for the new knowledge” (Merrill, In Press, p. 3). 
Demonstration consists of showing what is to be learned rather than telling what is to be learned. Merrill (2002) validates the importance of consistent demonstration by citing multiple examples from literature written by major players in the field of cognition and learning—Gagne, van Merrienboer, Mayer, and Dijkstra, to name a few. 
Application consists of engaging the learner through practice or application of new knowledge to a new situation. Merrill continues, “Just as there are different components of knowledge, presentation, and learner guidance appropriate for different kinds of instructional goals, so there are different kinds of practice appropriate for different instructional goals” (2002a, p.8). 
The last phase, integration, consists of implementing the new knowledge into a real world scenario or into the learner’s everyday activities. Merrill states that integration plays two vital roles in learning: motivation and retention. First, if learners cannot demonstrate their newly learned skill, or they cannot transfer their new skill to the real world, they have not really learned the skill, and their motivation to continue in the same learning path will most likely decrease. However, if the learners are able to demonstrate, and/or adapt, their new skill in a real-world setting, learning is facilitated and their motivation to continue learning is enhanced (Merrill, 2002a). 
The phases activation, demonstration, application, and integration were each added as elements to the learning content branch of the revised S1000D v.4 learning schema. These elements were added in order to help ensure designers are implementing these vital principles within the instruction.  
[bookmark: _Toc216456123]3.2.4	Cognitive Load Theory
The last component of the validation criteria is Cognitive load theory (CLT) (Sweller, 1998). The basic premise of cognitive load theory is human working memory is limited (as Miller’s (1956) 7 plus or minus theory suggests) and therefore humans need schema (or organized elements of information) stored within their long-term memory structures in order to effectively and efficiently retrieve stored information, or use the already defined schema to build upon and create new forms of knowledge. “CLT was designed to provide guidelines intended to assist in the presentation of information in a manner that optimizes intellectual performance" (Sweller, van Merriënboer, and Paas, 1998, p. 251).  Sweller (1998) further illustrates this principle in the following:

A schema, consisting of a single element in working memory has no limits on its informational complexity. In summary, schema construction has two functions: the storage and organization of information in long-term memory and a reduction of working memory load. It can be argued that these two functions should constitute the primary role of education and training systems. 

Cognitive load refers to the amount of effort required by working memory during any type of cognitive activity—and in this context, within an instructional activity. 

Cognitive load theory differentiates between three types of cognitive load: intrinsic cognitive load, germane cognitive load, and extraneous cognitive load. The first, intrinsic cognitive load, refers to the intrinsic nature of the material (i.e., highly complex statistical procedure). The second, extraneous cognitive load, refers to unnecessary cognitive load (i.e., effort required to process poorly designed instruction). Extraneous cognitive load provides the core of cognitive load theory. The third, germane cognitive load, refers to the effort required to process, construct, and automate schemata (Sweller, Van Merrienboer, Paas, 1998). Instructional designers can manipulate extraneous and germane load, while intrinsic load is generally thought to be immutable. 

Sweller suggests instructional designers can limit extraneous cognitive load by designing instructional materials in the format of worked-examples, completion problems, or goal-free problems. Worked-examples consist of examples that are just that—worked. A weakness, however, with worked problems is they don’t force the learner to engage in the problem as everything is laid out for them. However, completion problems fill the weakness inherent in worked problems as they are similar to worked problems except they allow for missing elements that the learners have to complete in order to move from the given state to the goal state of the problem. Finally, goal-free problems are problems that allow learners the freedom to practice problem-solving operators without a means-end process. Consider the following two examples. 

1. A car is uniformly accelerated from rest for 1 min. Its final velocity is 2
km/min. How far has it traveled?

2. A car is uniformly accelerated from rest for 1 min. Its final velocity is 2
km/min. Calculate the value of as many variables as you can.

As is illustrated in the examples above, the first question requires a means-end analysis, whereas the second question is open-ended allowing for more fluid schema construction.  Goal-free problems allow learners ample time to practice the essential principles in an unconstrained manner. 

These three types of problems are designed to help reduce extraneous cognitive load of the learners, and have been integrated within the revised S1000D v.4 learning schema—specifically within the learning content branch. Worked-problems, completion problems, and goal-free problems have been added as elements (which also align with Merrill’s application, or practice principle) to provide designers the ability to precisely design problems that relieve learners of extraneous cognitive load.  
[bookmark: _Toc216456124]3.2.5	Validation Criteria Supports Structured Learning Content
The validation criteria supports structured learning content in the following ways:
Systematic Design of Instruction
· The systematic design of instruction is a process that helps ensure learning content aligns with performance objectives, relevant instructional activities, and assessment instruments, all in an effort to ultimately enhance learner performance. A vital principle of structured learning content is that the content align with learners’ current mental models in order to provide the greatest absorption of the material being presented and learned. The systematic design of instruction addresses this issue at its core by requiring designers to pinpoint entry behaviors and learner characteristics in order to design instruction that matches those behaviors and characteristics. 
First Principles of Instruction/Component Display Theory/Cognitive Load Theory
· First Principles of Instruction aligns with and supports structured learning content as it provides a guide for helping designers build instruction that presents information in an organized, natural progression (i.e., activation of learners’ prior knowledge regarding the topic to be learned, demonstration of the new principle, or procedure, application by the learner in a contrived practice, and integration of the newly learned skill or knowledge into the real world). First Principles of Instruction also aligns with both Component Display Theory as it aims to help designers display information in an organized and easily understood format, and Cognitive Load Theory by helping decrease learners’ cognitive load throughout the process. 
[bookmark: _Toc216456125]3.3	Analysis Questions
Throughout the analysis, multiple additional questions (aside from the validation against the previously-mentioned major learning theories and instructional design models) were considered as a basis for revising the learning schema. The questions, with answers, are outlined below. 
[bookmark: _Toc205372483][bookmark: _Toc208120863][bookmark: _Toc216456126]3.3.1	General learning-related
Is the level of abstraction of the XML data elements (i.e., room for interpretation written into the data elements) appropriate? Does the XML schema decouple use (in terms of generating different kinds of learning product outputs) from schema design, so as to optimize flexibility?
The level of abstraction of the XML data elements is appropriate for the type of learning inherent within the S1000D common source database. The learning content models are flexible to allow for multiple learning types. Because the system relies on content stored in the S1000D database, the learning types will be highly content-centric.  The XML data elements are flexible in certain areas such as instructional strategy, assessment methods, and evaluation procedures. However, the XML data elements are narrowly focused in other areas such as learner attributes, learning context analysis, and performance context analysis. Because designers desire to implement their own instructional strategies, assessment methods, and evaluation procedures, the XML is sufficiently flexible. However, analyzing learner attributes, the learning context, and performance context is similar each time and therefore does not require the same level of flexibility as the previously mentioned data elements. For example, if an instructional designer desired to employ a specific type of instructional strategy, such as problem-based learning or self-directed learning, the XML allows for that customization. However, the XML is sufficiently detailed and focused in areas such as needs assessment and gap analysis that require a specific set of steps and outcomes in order to provide the foundation for effective instruction.
Is the granularity of data elements too small or too big?
The data elements align with the ISD principles outlined in the validation criteria. According to the validation criteria, the granularity of the data elements is appropriate for the contained instructional design principles. As the data elements are implemented, data will reveal if fine-tuning adjustments need to be made to the data elements.
[bookmark: _Toc205372484][bookmark: _Toc208120865][bookmark: _Toc216456127]3.3.2	ISD Process-related
How is the instructional design and content development process impacted, hindered or enabled by the use of the content models?
The instructional design process will largely remain unaffected with this revised learning schema. As is outlined in the course creation analysis notes (see section 5), a tool will most likely need to be developed to enable designers to quickly and easily populate instructional content within the learning schema.  The content development process is impacted by the uniqueness of S1000D. Content developers will need to become familiar with the S1000D system and functionality, which can be a potentially steep learning curve. However, if changes are implemented according to the suggested comments in section 5, the content development process could be enabled by the use of the vast number of existing S1000D data modules. Content developers will need to be familiar with the S1000D structure in order to successfully create a course from the populated learning schema. For more details, see section 5.
[bookmark: _Toc208120867][bookmark: _Toc216456128]4	Resulting Revised Learning Schema
The resulting revised learning schema (both in the form of marked up Word files describing the original v.4 learning schema spec, and the XML learning data module) are attached separately to this document as Appendix D and E. NOTE: these documents describe the draft v.4 schema. These were the only documentation on the v.4 schema available at the time the analysis was conducted. Thus, the revisions are predicated on the draft version. However, differences between the draft and final version v.4 learning schema are relatively minor.
[bookmark: _Toc205804874][bookmark: _Toc205804876][bookmark: _Toc205804877][bookmark: _Toc205804881][bookmark: _Toc205804882][bookmark: _Toc205804883][bookmark: _Toc205804884][bookmark: _Toc205804885][bookmark: _Toc205804889][bookmark: _Toc208120868][bookmark: _Toc216456129]4.1	Overview of Major Changes
The following sub-sections provide an overview of the major changes to the learning schema, along with rationale, that are reflected in the complete attached revised schema. The rationale is based on the ISD validation criteria. The revisions to the original S1000D v.4 learning schema are italicized in the right hand column for each branch. 
[bookmark: _Toc216456130]4.1.1 Learning Overview
The revised Learning Overview branch remains almost identical to the S1000D v.4 learning overview branch. The minor changes include adding entry behaviors within the audience element in order to identify the entry behaviors a learner would need prior to engaging in the instruction. The other minor revision includes changing Objectives to Performance Objectives.  This change was implemented in order to align with the performance objectives defined in the learning plan based on the Dick and Carey ISD model. Since the performance objectives are sufficiently outlined in the learning plan, the three elements Objective Stem, Objective Group, and Objective were omitted in the revised learning schema.

	S1000D V.4 Learning Overview
	S1000D V.4 Revised Learning Overview

	Title
Short Description
Introduction
Audience
Duration
Objectives
Objective Stem
Objective Group
Objective
Resources
Section
	Title
Short Description
Audience
Title 
Short Description
Entry Behaviors
Duration
Performance Objectives
Resources
Section





[bookmark: _Toc216456131]4.1.2 Learning Plan
The S1000D v.4 Learning Plan branch was validated against the previously mentioned criteria and the following revisions were made. The elements Project, Intervention, and Technical were retained in the branch. However, the branch was revised to include multiple additional elements derived from the Dick and Carey ISD model. These additional elements include:

1. Instructional Goal
2. Instructional Analysis
3. Analysis of Learners and Context
4. Identification of Performance Objectives
5. Assessment Instruments
6. Learning Strategy Components

The S1000D v.4 original learning plan branch contained the elements Needs Analysis, and Gap Analysis. It was determined that the Dick and Carey model encompassed Needs Analysis and Gap Analysis, but also contained additional elements that (if populated) provide the structure for more effective instruction. Some of these additional elements include the instructional analysis, analysis of learners and context, identification of performance objectives, and design of assessment instruments. Although the original S1000D v.4 Learning Plan branch included important elements (such as work Environment and Audience), the Dick and Carey model outlined similar elements (i.e., Performance Context) with additional vital principles (i.e., Learning Context) in an organized and structured manner. The Intervention element required additions in the form of learning components derived from the Dick and Carey model. The Technical element required few revisions and additions. 

	S1000D V.4 Learning Plan
	S1000D V.4 Revised Learning Plan

	Project
Title
Short Description
Client
Plan Title
Course Identification Number
Modification Date
Delivery Date
Plan Subject
Plan Description
Plan Prerequisites
Needs Analysis
Title
Short Description
Organizational
Title
General Description
Goals
Needs
Values
Organizational Constraints
Audience
Title
General Description
Education Level
Age
Background
Skills
Knowledge
Motivation
Special Characteristics
Work Environment
Title 
Work Environment Description
Resources
Processes
Task
Title
Task Item
Knowledge
Skills
Attitudes
Gap Analysis
Title
Description
Gap item
Title
Description
Learning Plan Objective
Job Task Analysis item
Gap Item Delta
Intervention
Title
Description
Intervention Item
Title
Description
Learning Strategy
Learning Objective
Assessment
Delivery
Technical
Title
Description
LMS
NoLMS
Handouts
Classroom
On the Job Training
Constraints
W3C
Players
Graphics
Viewers
Resolution
File Size Limitations
Download Time
Security
	Project
Title
Short Description
Client
Plan Title
Course Identification Number
Modification Date
Delivery Date
Plan Subject
Plan Description
Plan Prerequisites
Instructional Goal
Title
Short Description
Performance Analysis
Title
Short Description
Desired Performance Status
Actual Performance Status
Performance Gap
Job Analysis
Title
Short Description
Policies and Procedures
Task Analysis
Title
Short Description
Task Item
Knowledge
Skills
Attitude
Clear Instructional Goal
Instructional Analysis
Title
Short Description
Instructional Goal Type
Main Steps in Instructional Goal
Ordered List
Required Entry Behaviors
Learners and Context 
Title
Short Description
Target Population
Relevant Characteristics
Title
Short Description
Learner Entry Behaviors
Education Level
Age
Background
Skills
Knowledge
Motivation
Attitudes toward Content
Attitudes toward Organization
Learner Preferences
Special Characteristics
Performance Context
Title
Short Description
Managerial Support
Physical Aspects of Site
Social Aspects of Site
Relevance of Skills
Special Factors
Learning Context
Title
Short Description
Resource Review
Available/Needed Finances
Available/Needed Personnel
Duration
Title
Time
Facilities Needed
Equipment Needed
Local Culture
Performance Objectives
Title
Short Description
Learning Objectives
Title
Short Description
Terminal Objective
Enabling Objectives
Entry Behavior Objectives
Assessment
Title
Short Description
Objective Assessments
Title
Short Description
Assessment Directions
Assessment Environment
Scoring Method
Mastery Score Criteria
Performance Objective
Performance Observation Assessments
Title
Short Description
Assessment Directions
Assessment Environment
Performance Objective
Evaluation Rubric
Intervention
Title
Short Description
Intervention Item
Title
Short Description
Learning Strategy
Strategy Components
Title
Short Description
Preinstruction
Content Presentation
Learner Participation
Retention Activities
Student Groupings
Instructor Role
Production Constraints
Implementation Constraints
Terminal Objective
Performance Objective
Content Outline
Assessment
Delivery
Media Elements
Technical Requirements
Title
Short Description
Browsers
LMS
Non-LMS IT Environment
Paper-based Materials
Classroom
On the Job Training
Accessibility
Players
Graphic Standards
Viewers
Resolution
File Size Limitations
Download Time
Security





[bookmark: _Toc216456132]4.1.3 Learning Content
Multiple additions and revisions were made to the S1000D v.4 learning content branch. The majority of these revisions were based on Merrill’s Component Display Theory (CDT), Merrill’s First Principles of Instruction, and Sweller’s Cognitive Load Theory (CLT). A minor revision came from the ADL Initiative’s effort to enable the reuse of existing materials. Some of these additions and revisions include:
1. Existing materials
As a major effort by the ADL Initiative has been to reuse existing content, it seemed appropriate to add an element in order to allow for and encourage the reuse of existing instructional materials relevant to the instruction being designed and developed. The element allows for redeployment, rearrangement, repurposing, or rewriting of the materials. 

2. New materials
The new materials element contains the unit of instruction element, which includes main text, supplementary text, and media elements. 

a. Main text 
This includes attention activities, content, examples [worked examples, non-examples], challenge [goal-free problems, completion problems], and integration. This element was added with tags aligning to Merrill’s CDT (rules [content], examples), Sweller’s CLT (worked examples, goal-free problems, completion problems), and Merrill’s First Principles of Instruction (attention activities, practice [challenge], and integration).

b. Supplementary text
This includes coaching, tips, warnings, mnemonics, feedback, and instructor text. In 
e-learning, this might appear as pop-up text. The supplementary text element was added according to Merrill’s CDT.

c. Media Elements
This includes the media that will appear in the particular unit of instruction. 

3. Management information
This describes the appropriate and relevant management information for the instruction. This could include how the instruction will be managed, how the results of the learners will be reported and used, and issues regarding student access.

4. Compilation information
This describes appropriate and relevant information that would help a programmer in compiling the instructional elements into one whole. This could include storyboards, flowcharts, outlines, and so forth.

	S1000D V.4 Learning Content
	S1000D V.4 Revised Learning Content

	Title
Short Description
Introduction
Duration
Title
Time
Objectives
Challenge
Instruction
	Title
Short Description
Duration
Title
Time
Performance Objectives
Instruction
Title
Short Description
Introduction
Existing Materials
Title
Short Description
Evaluation
Reuse Plan
New Materials
Title
Short Description
Unit of Instruction
Title
Short Description
Main Text
Title
Short Description
Attention
Content
Examples
Title
Short Description
Worked Example
Non-Example
Challenge
Title
Short Description
Goal Free Problem
Completion Problem
Other
Integration
Supplementary Text
Title
Short Description
Helps
Performance Objectives
Instructor Text
Media Elements
Title
Short Description
Element
Assessment
Management Information
Compilation Information





[bookmark: _Toc216456133]4.1.4 Learning Assessment
The learning assessment branch received minimal revisions. The revisions included an addition of performance observation assessments to differentiate between objective type and performance observation assessments in accordance with the Dick and Carey ISD model. Also, a minor revision included the addition of Drag and Drop capability within the Matching Pair tag. 

	S1000D V.4 Learning Assessment
	S1000D V.4 Revised Learning Assessment

	Title
Short Description
Introduction
Duration
Title
Time
Interaction
True False
Title
Question
Asset
Question Option Group
Question Option
Question Content
Correct Response
Feedback
Feedback Correct
Feedback Incorrect
Single Select
Title
Question
Asset
Answer Option Group
Answer Option
Answer Option Content
Correct Response
Feedback
Feedback Correct
Feedback Incorrect
Multiple Select
Title
Question
Asset
Answer Option Group
Answer Option
Answer Option Content
Correct Response
Feedback
Feedback Correct
Feedback Incorrect
Sequencing
Title
Question
Asset
Sequence Option Group
Sequence Option
Option Content
Sequence
Feedback
Feedback Incorrect
Feedback Correct
Matching
Title
Question
Asset
Match Table
Matching Header
Item
Matching Item
Matching Pair
Item
Matching Item
Feedback Incorrect
Feedback Correct
Hot Spot
Title
Question
Hotspot Map
Hot Spot
Correct Response
Feedback
Feedback Incorrect
Feedback Correct

	Title
Short Description
Duration
Title
Time
Interaction
True False
Title
Question
Asset
Answer Option Group
Answer Option
Answer Option Content
Correct Response
Feedback
Feedback Correct
Feedback Incorrect
Single Select
Title
Question
Asset
Answer Option Group
Answer Option
Answer Option Content
Correct Response
Feedback
Feedback Correct
Feedback Incorrect
Multiple Select
Title
Question
Asset
Answer Option Group
Answer Option
Answer Option Content
Correct Response
Feedback
Feedback Correct
Feedback Incorrect
Sequencing
Title
Question
Asset
Sequence Option Group
Sequence option
Answer Option Content
Sequence
Feedback
Feedback Incorrect
Feedback Correct
Matching
Title
Question
Asset
Match Table
Matching Header
Item
Matching Item
Matching Pair
Item
Matching Item
Drag and Drop
Title
Short Description
Instructions
Draggable Objects
Title
Short Description
Object
Target Areas
Title
Short Description
Area
Feedback Incorrect
Feedback Correct
Hot Spot
Title
Question
Hotspot Map
Hot Spot
Correct Response
Feedback
Feedback Incorrect
Feedback Correct
Completion
Title
Short Description
Question
Correct Responses
Feedback
Title
Short Description
Response
Media
Title
Short Description
Asset
Performance Observation
Title 
Short Description
Observation
Title
Short Description
Evaluation Rubric






[bookmark: _Toc216456134]4.1.5 Learning Summary
The learning summary branch remains almost unchanged. The changes to this branch include the same element name change as in the learning overview branch from Objectives to Performance Objectives, and an addition of a Certification element that would contain a description of if and how a learner is to receive certification that he or she completed the instruction. 

	S1000D v.4 Learning Summary
	S1000D v.4 Revised Learning Summary

	Title
Short Description
Summary
Objectives
Review
Next Steps

	Title
Short Description
Summary
Performance Objectives
Review
Next Steps
Certification
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[bookmark: _Toc216456135]5	Course Creation Analysis Feedback
This analysis project consisted of the creation of a course from the existing (not the revised) v.4 learning schema using the sample S1000D v.4 bicycle technical data. The instructional designer was to first populate the learning schema appropriately using sound ISD principles. The course developer then created a functioning e-learning course. The process was completed on 8 December, 2008. See 8.3 Appendix C for the original project Statement of Work. Appendix E is a separate file containing the v.4 XML learning schema populated with sample content, and Appendix F is the SCORM course package (.zip file) created from the populated schema.
The results of the course creation process further support the proposed changes to the revised learning schema illustrated in previous sections. Some of the additional insights provided by this course creation include the following:
· Instructional designers would benefit from a tool that allowed them to 1) populate the XML fields in a user friendly format, and 2) create sequencing and navigation rules using the SCORM Content Packaging Module (SCPM).
· Course developers would benefit from a clearly defined workflow including roles of the instructional designers and the content developers (much of this is taking place in the S1000D-SCORM Harmonization project). Some of these issues include the development of a flexible, yet simple way to represent screens and layouts, clear guidelines on how to link LDMs to existing XML documentation and specific external LDM information, paths to references (i.e., images) in the learning content, a way to designate which SCO contributes to the success_states of the package, ability to translate a SCPM.xml file into a manifest file.
[bookmark: _Toc216456136]6	Conclusion 
The authors are cognizant that multiple learning theories exist and a comprehensive model may not be possible. However, the authors believe the revised learning schema is moving more in the direction of providing instructional designers the flexibility of employing various learning theories and instructional strategies whilst providing the appropriate amount of specificity to help guide them to design and develop effective instruction. It is understood that terminology shifts from learning community to learning community and this schema was designed to accommodate these multiple perspectives. The authors look forward to feedback from the learning community regarding the revised schema. 
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[bookmark: _Toc216456139]8.1	Appendix A: Preliminary Analysis Report

Instructional Capabilities Team Report 
Results of Analysis and Review of
“New Training Support in the S1000D Technical Data Specification, ver4”
White paper by Wayne Gafford

Original paper received for review 6/11/08
Report submitted 6/23/08


Note: This report narrative contains general comments. Specific comments tied to the paper are included as Word tracked comments on the original document (see attached) 
First, we believe the project described in this paper to be a valuable and important effort. We appreciate the tremendous value on many levels of incorporating training support in S1000D. We feel that version 4.0 solves authoritative source linkage, version control, configuration management issues quite well in principle.
We feel that the #1 advantage (at least to the training community) of version 4.0 is in the maintenance of the relationship between authoritative source and training data (and the automatic updating that it enables), not so much in putting training data under configuration control (which seems to be the #1 advantage promoted in the paper). We feel this because:
· We predict version 4.0 will mainly be used to output SCORM content packages directly from core content residing in tech data portions of tech data modules. Any other workflow for repurposing content for training will involve too high LOE.
· Practically speaking, in the training development world, programmers tend to drive configuration control much more than instructional designers. And they operate on the level of the courseware, in which the content is already organized and situated in a learning context. In other words, learning content is normally explicitly configuration managed only at the point where it is already productized (and in that case the whole product is subject to configuration management, not parts of it). We do not see a huge change in this.
· The value of an automated means to facilitate content updates represents such  huge cost advantages that it will motivate course development project managers to do what it takes to support and make it happen (i.e., including tagging of S1000D content for learning purposes)
· CORDRA, i.e., the ADL registry, will be used tool for content configuration control once it is more widely adopted. The SCORM course manifest files will be used as well.
We believe that, in the long run, S1000D v.4 could become much more than a way to  maintain currency of technical training information. It could be the basis for a completely automated technical training design tool or set of tools that incorporates learning design and documentation best practices (including reusable learning object design under SCORM) and manages the entire scope of training design, from needs analysis to creation of source data to learning optimization. The economies of production efficiency will naturally drive S1000D v.4 in this direction over the long run, we feel. Allen Interactive’s Designer’s Edge product provides a historical precedent for this, as a self-contained, highly automated instructional design environment that was highly successful in its adoption by organizations about 10 years ago.
The content management and design automation inherent in S1000D v.4 is enabled by the power of XML schemas. They can theoretically be used to categorize and describe in detail all conceivably relevant information about a training project and its content. This enabling of a master repository of information, with its links to source data, is the necessary prerequisite for automating design and thus automated output of developed learning objects directly from authoritative source data.
We feel that the actual learning extensions that are proposed in the paper are rather arbitrary and incomplete. Necessary changes would be extensive, and are beyond the scope of this document or the redlines on the attached document. We feel that a thorough formal review is necessary to make the learning extensions as robust as possible. As we stated above, we would like to see the S1000D v.4 XML learning schema become the basis for a robust instructional design automation environment – or at least for it to become accepted as the master repository, the sole authoritative source, for all training information regarding a particular technical data set. Design documentation, course evaluations, assessments, course modules, etc. could be written to, accessed, and output from this master XML repository as needed. In this way, learning data would always travel with the source data and maintain its tight relationship to it. 
In order to accomplish this, the XML learning schema needs to be designed to accommodate a comprehensive array of training data which accounts for the possible forms that learning products made from the source technical data could take, and documents the results of learning analysis and design activities.
Our preliminary idea of how to redesign the learning schema is to integrate it tightly with the Dick and Carey instructional design model, for several reasons:
· This model is widely used and understood by instructional designers
· The model is robust and updated to account for modern forms of learning and products
· We are currently rewriting the DoD MIL 29612 Handbook which presents guidelines for conducting instructional design in DoD. GA has accepted our proposal to use the Dick and Carey model as the main model. Thus, this would bring the S1000D learning schemas in sync with published DoD guidelines.
The following is an example of how the schema might look for a particular section describing the intended learners. This is derived from Dick and Carey’s The Systematic Design of Instruction p. 103, where he defines the results of learner analysis. The following XML tags might be placed inside a parent Learners tag (similar to the Audience tag used currently in the Learning Overview branch):
· EntryBehav - Entry behaviors and prior knowledge
· AttitudesContDel - Attitudes towards the content and potential delivery system
· Motivation - Academic motivation
· PriorAchiev - Prior achievement and ability levels
· LearningPrefs - Learning preferences
· GenAttitudesOrg - General attitudes towards the organization providing training
· GroupChars - Group characteristics
NOTE: Our redline changes to the learning extensions text in the white paper are predicated on no changes to the learning schema hierarchy, scope, or titles (though suggestions for descriptive data are included). These comments are provided as an option in case it is not possible to change the schema for some reason. If it is possible, we suggest a complete review as outlined above.
[bookmark: _Toc216456141]8.2	Appendix C: Statement of Work for Test Course Implementation Project

S1000D v.4 Learning Schema Test Implementation and Revision Project
Statement of Work
v.3
10/10/08

 Roles
John Campbell - Courseware Developer/Reviewer
TBD - iMedia.it courseware developer (not John or Tyler)
Tyler De Lane - Instructional Designer/Reviewer
Tom Archibald – Author of Report of Analysis Report and Final Revised Learning Schema 
Peter Berking – Project Manager

Project Tasks
1. Populate S1000D v.4 learning data module using the provided bicycle maintenance IETM. During this process, report problems and recommendations to Tom (Tyler)
2. Create course from S1000D v.4 learning data module populated in #1, reporting problems and recommendations to Tom (John)
3. Summarize feedback information collected during #1 and #2 in a report (Tom)
4. Revise v. 4 learning schema based on report in #3 (Tom)
5. Review strengths and weaknesses of revised schema from a content development perspective (TBD – iMedia.it courseware developer)
6. Add to the feedback report and revise the learning schema, if needed, based on review comments in #5 (Tom)
7. Deliver feedback report, revised learning schema, and course package to Wayne (Peter)
8. Post course so that it is viewable on LMS in ADL Learning Technology Center (Peter)
9. Post course package file as a downloadable on S1000D site (work with Wayne on details) (Peter)

Deliverables
1. Interactive e-learning course created from bicycle IETM that is viewable on an LMS hosted in the ADL Learning Technology Center and downloadable on the S1000D.org site.
2. Feedback report based on feedback from John and Tyler during course creation exercise, and iMedia.it courseware developer based on revised schema
3. The revised schema itself.

Assumptions
· The existing S1000D v.4 learning schema will be used for this course, not the revised schema. All five branches of the schema will be used.
· Content will be developed from provided sample bicycle maintenance S1000D IETM. Developers will use as much of the tech data included in the provided bicycle maintenance IETM as possible, striving to cover all aspects of the bicycle in the course.
· Course will be SCORM 2004 3rd Edition compliant. It will pass the SCORM 2004 Conformance Test Suite and the Rustici test track.
· Course will maximize reuse of the S1000D tech data and graphics in the sample IETM, using references within the learning data module to data within elements in the tech data modules
· Assessments will be included in the course that use the 5 assessment types in the existing schema.
· Tom Archibald is dedicated full time to this project throughout the project duration
· iMedia.it will spend 144 hours maximum on this project

Schedule
· 4 weeks/20 days duration
· 2 days of the 4 weeks are Tom and Peter hours only. The iMedia.it 144 hours represents 3 weeks and 3 days of one LTE.
· Project end date = 11/18, accounting for 2 holidays and assuming a start date of 10/14
See detailed WBS (Microsoft Project file) accompanying this document

NOTE: the project actually was delivered on 12/8/2008

[bookmark: _Toc216456142]8.3	Appendix D: Marked Up Version of Draft v.4 Learning Schema Chapters
See the attached 5 Word documents (one for each chapter). NOTE: these documents describe the draft v.4 schema. These were the only documentation on the v.4 schema available at the time the analysis was conducted. Thus, the revisions are predicated on the draft version. However, differences between the draft and final versions are relatively minor.
[bookmark: _Toc216456143]8.4	Appendix E: Revised v.4 Schema in XML Form
See the attached XML document. NOTE: As in the case of the Chapters (5 Word documents) described above, this document is predicated on the draft v.4 schema.

8.5	Appendix F: Learning Schema Populated with Sample Content
See the attached XML document. NOTE: This course was created from the final v.4 learning schema.

8.6	Appendix G: SCORM Course Package Made from Learning Schema Populated with Sample Content
See the attached .zip file document. NOTE: This course was created from the final v.4 learning schema.
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