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SCORM Issues:
· SCORM is developed by technologists implementing their own philosophy, OOP paradigm, UML (designed for relatively simple objects) and available technologies to support wide variety of learning/instructional use cases and best practices (which represent very complex loosely-defined, ill-observable and ill-controllable processes).
· Officially claimed pedagogical neutrality of SCORM undermines its pedagogical and practical value.
· Technical aspects of SCORM are developed very well, but conceptual models are poor and limited.
· SCORM is not consistent with technical documentation standards, such as S1000D and OASIS DITA models.
· SCORM is package-oriented (old business model) and does not support distributed learning resources (new model);

· SCO is too poor to support non trivial instruction, simulations, serious games, ITSs and other innovations;
· SCORM Sub-Manifest is still not developed, which makes difficult specifying complex content organization(s).
Approach        [Text in blue highlights proposed contributions into existing SCORM]
Conceptually an Instructional Process is considered as an objectives-oriented control over a loosely-defined, ill-observable and ill-controllable active object, a learner, performing learning activities with content object(s). This conceptual model is very broad and covers wide variety of educational and training activities, simulations, performance support systems, (serious) games and intelligent tutoring systems, but not yet supported by existing SCORM. To expand SCORM coverage, its empiric OOP/UML-based foundation may be empowered and aligned with the most generic Semiotic, Artificial Intelligence, Control and Systems theories’ scientific models. Based upon such synergistic models, a nesting hierarchy of content Objects starting from (known) Assets and ending with a (new) Recursive Unified Instructional Object is proposed. The latter one represents the most generic framework for specifying pedagogical knowledge on any level of detail and due to this reason can support a systematic meaningful step-by-step analysis of any complex learning/instructional activity into simpler ones but represented with the same framework. Proposed hierarchy of content objects is consistent with OASIS DITA models (including an information object, learning object, and instructional object), backward compatible with SCORM technical specifications and paves the way to consensual standardization of wide variety of learning/instructional activities, tools and applications in any professional and organizational context. It may provide a strong foundation for the next generation of web technologies, Web 3.0.
 Proposed Nesting Hierarchy of content Objects 





Self-Explanatory Representation of the Nesting Hierarchy of Content Objects, their Constructs and Environment
	#
	Content Objects 

(Declarative part of each Object as a whole)
	Mandatory Elements of Objects
	Optional Elements of Objects and Services

	
	
	Essential 

Elements
	Enabling Elements
	

	
	
	
	Procedural Elements
	

	0
	Asset (and SCO)
(electronic media for open users and needs) 

Example: text, picture, …
	Domain, Semantics:. e.g., Facts, Concepts, Principles, Procedures, …


	Language, Syntax, 

Physical Carrier (Media),
	Metadata

	
	
	
	Media Players to playback assets.
	

	1
	Information Object (IO)

(Asset(s) oriented on specific need(s) of specific user(s))
	User, Pragmatics:

Need(s) = External objective(s) defining use, reuse and sharing IO.
	Asset(s)
	More metadata, Context,
Keywords, Index,

Organization,…

(See S1000D, OASIS DITA,…)

	
	
	
	Browsers to aggregate assets into IO, to navigate, search and deliver IO to users.
	

	2
	Learning Object (LO)

(IO for supporting specific learning activities of specific audience)

Examples:

· Presentation,

· Exercise,

· Simulator,

· Game,

· Expert system,…
	User=Learner. 

Learning Activity = 

Class of Expected Learning Activities (Instances), which one will be realized by the learner is principally unknown by LO author(s).
LO is supposed to be selected by the learner and launched by LMS.
	Information Object(s)
Target Audience

Authoring Tool

 
	Intro, Overview, External Relations, Internal Structure, Summary;

Activity menu (for self-selecting specific learning activities by learners).

Normative Performance for demonstration to learners.
Internal objectives (to focus learners on)

	
	
	
	Environment for LO launching, e.g. LMS

	

	3
	Performance Assessment Object (PAO)

(LO for/with performance assessment)

Examples:

· Multiple Choice Q

· Test item,
· Test,…
	Sample(s) of Expected Normative Performance of the activity instances.

Performance represents an observable/measurable part of the learning activity. PAO authors usually know normative performances.
	Learning Object.
Engaging Event(s) or
Learner’s own Choice.
	External Control Events.

Performance Report.

Expert Systems to automatically generate the samples of normative performance of activities.
Testing environment. 

Performance Scoring.

Certification.

	
	
	
	Environment for learner’s actual performance engaging, capturing, its comparison with expected normative samples, identification and assessment.
	

	4
	Performance Support Object (PSO)

(PAO with performance feedback)

Examples:

· Games;

· Coaching systems,

· Model Tracing Tutors of CMU
	Feedback on the Samples of Expected Normative performance as well as on deviations from them.

	Performance Assessment Object.


	Sample(s) of not-normative Performance of the activity instances.

Hints/advices to correct performance.

Script(s) for script-based simulations and games.
Simulation and Games engines.

	
	
	
	Performance Feedback environment.


	

	5
	Conventional Instructional Object (CIO)

(Pre-determined and may be conditional sequence (script) of objects 1-4)
	Intervention(s) = Assignment(s) of the next learning activity instance(s).
Script (mapping the samples of expected performance to the next activity/object)
	Objects 1-4.

	External Controls.

Internal objectives (to focus development of CIO and to orient learners on).
Script-based Sequencer of objects.

	
	
	
	Sequencing and Assigning environment.

	

	6
	Achievement Assessment Object (AAO)

(PSOs mapped to internal objectives achievement) 
Example:

· Concept Maps,
· Skill Gaps,
· Belief Networks,…
	Internal objectives and their possible achievement Grades to represent learning progress benchmarks within the class of learning activities.
Mapping (expected performances to achievement grades of internal objectives)
	Performance Support Object(s),
Learner Profile(s) (personal current assessment of internal objectives achievement),
	Batch, Linear, Conditional,

Adaptive Testing. Diagnosing of root causes of learner’s errors.

Error-misconception matrix.
Achievement Scoring.
Certification.

	
	
	
	Updater of the learner profile.
	

	7
	Achievement Support Object (ASO)

(AAOs facilitating personally generated achievement feedback)

Examples:

· advanced Model Tracing Tutors of CMU
· extended Belief Networks 
	Feedback on achievement of Grades of the internal Objectives.


	Achievement Assessment Object(s)


	Failure Feedback.

Remedial Feedback.

Hints/advices.
Simulation, Game and Work environment 

Script(s) for script-based simulations and games



	
	
	
	Achievement Feedback Environment
	

	8
	Intelligent Instructional Object (IIO)

(Facilitates personally generated sequence of  objects 1-7)

Examples:

· Adaptive Hyper-Media systems,

· Auto-sequencing ITS
· Belief/Decision Networks of PittUn.
	Intervention(s) = Assignment(s) of the next learning activity instance(s).

	Objects 1-7


	Hints/advices on what to do next.

Assignment of particular expert/peer to consult in collaborative environment.
Adaptive control over self-navigation of learners.
Style preferences.

	
	
	
	Assigning environment,

Intelligent Sequencer of objects:

· Achievement Predictor,

· Assignments Evaluator and Sequencer.


	

	9
	Unified

Instructional Object (UIO)

(Facilitates automatically generated and/or pre-scripted sequence of objects 1-8)
	Conventional Instructional Object(s),
Intelligent Instructional Object(s).


	Objects 1-4, 6, 7.
	

	
	
	
	Unified Sequencer
	

	10
	Recursive Unified Instructional Object (RUIO)

(Facilitates automatically generated and/or pre-scripted sequence of objects 1-10)
	References to

Child(ren) = Sub-Class(es) of the Learning Activity Class.

Intervention(s) =
Assignment(s) of the next child = subclass = object.
	Recursive Unified Instructional Object.
Objects 1-9 represented in the same RUIO format
	All technical specifications of existing SCORM CAM, Sequencing and RTI.

	
	
	
	Support of aggregation and inheritance, rolling up and down.
	

	11
	Learning Activity Tree (LAT)
The tree is a set of connected Objects 1-9.
	Tree-like representation of nesting Classes of learning activities.
	Objects 1-9, optionally  represented in cross-consistent RUIO format
	Network of websites for (managed) navigation, visiting, learning and instruction: Web 3.0.

	
	
	
	LMS Sequencing Engine
	

	12
	Deliverable Content package (DCP)

A custom-cut sub-tree of the LAT prepared for delivery in LMS.


	A cut off piece of LAT.


	Learning Activity Tree or a set of Objects 1-9 in cross-consistent RUIO format.
Meta-data of top RUIO(s) describes the package as a whole and particularly includes:

· Parent(s) if any;

· Targeted needs of parent(s),

· Targeted Audience(s);

· References to cut-off children if any (for representation of “pre-requisites”).
	Intro, Overview, Summary of the package.


	
	
	
	Packaging environment,

Compression-decompression environment
	


A Recursive Unified Instructional Object (10) as a Model for representing any content Object (1-12)
Proposed Recursive Unified Instructional Object (10) reveals latent pedagogic Semantics and Pragmatics of existing IMS Manifest and re-aligns it with Systems Syntax. Its specification below is given in context of instructional systems and provided with some explanatory comments [in squire brackets]. Section names from IMS Manifest are underlined.
[System as a whole is] an Instructional Agent including content Object(s) 1-10 and an Instructional Engine:
· [Declarative Part of the system] a content Object (1-10) includes an abstract Logical and physical Media parts:
· [Logical Part] is represented by a Manifest - a mandatory XML element containing: 
· [External Part of the Object is necessary for its advertising and marketing as well for its discovery, evaluation and selecting by Instructional Engines/Services and/or learners]:
· [Properties] Meta-data section is a mandatory XML element including:
· ID, title, description, language(s), target audience(s), price, status, etc.
· Mapping to a Parent Object(s) defining a context of the Object:
· Parent Object ID [mandatory yet blank by default]
· Mapping (by specifying contribution of) “pre-requisite” siblings of the Object(s) into the Object [this is an option for conventional branching corresponding learning activities within its context, the parent activity class]:
· Pre-requisite Object ID(s), …

· Mapping (by specifying contribution of) the Object into its parent’s Internal Objective(s) achievement: [this is an option for intelligent  selecting the Object based upon its utility in parent context]:
· Parent’s Objective ID Achievement Grade(s), Beliefs, …[all mandatory yet blank by default];  
· Optional (not systematic and error-prone) relations with any other Object(s);
· [Internal Part of the Object is necessary for evaluating current utility and sequencing its Activities and Children by the Instructional Engines, Services and/or learners] Organization(s) section – a mandatory XML element describing at least one internal organization of the Object.
· [Expected States] or State Model is an mandatory element to benchmark a learning progress through the Object including at least one (blank by default) Learning Objective [such as required competence, ability, knowledge, skills,…] with at least one (blank by default) expected achievement Grade:
· Objective ID, Achievement Grade(s), etc
· Mapping (by specifying contribution of) achievements of enabling Objective(s) into the (prime) Objective Achievement State [an option for representing internal logic of the domain under study and corresponding order of learning]:

· Enabling Objective ID, Achievement Grade(s), Beliefs, …
· [External Representation of Internal Activities, Expected Behavior, is measurable and controllable aspect of Learning Activities, which is necessary for identifying actual activity instances and assessing their performances]. Behavior Model is a mandatory element for all terminal (having no children) objects and optional for all other objects. It contains:
·  [Object Input] at least one (blank by default) activity engaging event, learner’s Choice or direct Assignment of the activity to the learner(s):
· ID of Instance, Title, Status, etc;
· Resource - an XML element containing reference to the actual resource and media element needed for the  activity engaging and performing,
· [Object Output] at least one (blank by default) Sample of Expected Performance(s) of the activity:

· Expected Performance Sample:

· ID, title, description, feedback, etc;
· Reference to Sample and Feedback media elements,

· Mapping to the next Object [this is an option for conventional branching within the Object];
· Mapping to the Object’s Internal Objective(s) [this is an option for intelligent sequencing based upon assessing current achievements of objectives by the learner].

· [Autonomous Representation of Sub-Classes of Learning Activities, Sub-Objects, are necessary for representing, evaluating and sequencing autonomous subclasses of learning activities by the Instructional Engines and/or learners, where each sub-Object may be controlled by the same Instructional Engine]. Children is an optional element represented with the same Manifest, see above.
· [Media Part] contains actual media resource elements;
· [Procedural Part of the System is] an Instructional Engine performing the following functions:

· Selecting and assigning the learner with the next activity instance or child within the current Object;
· Supporting, tracking, identifying, assessing performance and providing performance feedback;
· Updating learning objectives achievements and providing achievement feedback;
· Decision Making.
[Parent System as a whole is] A Learning/Instructional Management Agent including:
·  [Declarative Part of the system] is a Learning Activity/Object Tree;
· [Procedural Part of the System is] is Learning Activity/Object Sequencing Engine and RTI performing:
· Selecting and assigning the learner with the next (parent or sibling) Object within the Activity Tree;
· Loading selected Object and transferring control to the Instructional Engine;
· Performing aggregation and inheritance, rolling down thresholds and rolling up assessments.
· Decision Making.

Advantages:
We proposed to extend known IMS Manifest, representing a loosely defined yet extensible framework of Learning Objects, up to a better-defined fill-in-the-blanks and further extensible framework of Instructional Objects, in which all downgrade objects (1-8) are represented by the same framework with default fill-in-the-blank values. 
· Proposed Manifest is generic, modular, flexible and extensible. It supports practically unlimited variety of objects.
· It tightens loose IMS Manifest, shapes a clear formal pattern and structure of content and makes SCORM more constructive and helpful for instructional analysts, designers and developers; 
· It facilitates content verification, revealing and fixing its inconsistencies and gaps, and content Quality Assurance.
· It provides opportunity to systematically break large complex content down to smaller Objects, and represent each Object on any level with the same manifest. 
· Any content Object may have context defined by its parents, their objectives targeted, siblings and children. Content becomes available for reuse and repurposing by redefining parents, objectives targeted and siblings;
· It clearly defines known “SCO” as Learning Object (LO) with open by default context;
· The manifest is backward compatible with the manifests of SCORM 1.2 and SCORM 2004;

· It paves a way to synergize OASIS DITA and SCORM models;

· Supports existing and emerging technologies and architectures as well as multiple learning, educational and training applications, work force development, and performance support. Opens new horizons for innovation in learning activities and software tools.
· Supports systematic analysis and specification of complex professional activities, revealing competencies required for normative performance of professional activities necessary to design competence-based education and training.

· Supports systematic analysis and specification of complex organizational activities, for revealing desired business objectives and designing professional positions/competencies/activities to achieve these business objectives.

· Supports systematic analysis and specification of a complex mix of learning, professional and organizational activities within enterprises, to be able to evaluate contribution of each learning activity/object into achievement of business goals (ROI, readiness,…).

· Represents distributed content (Sites to visit instead of Objects to be delivered). In this case, assignment of each Object does not mean its delivery to the learner, instead the learner is invited to visit a virtual or real site, as well as to meet a virtual agent or real person to consult (in collaborative learning models).
· It provides a strong foundation for the next generation of web technologies, Web 3.0.

· Is based on very broad specifications that are not encumbered by specific patents or licenses.
Appendix: Illustrations
Conceptual Diagram of the Recursive Unified Instructional Object
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Standardized Interface Layout for representing Objects in the Activity Tree 
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Screen shot of (available for demo) Content Design / Authoring Tool
[image: image3.jpg]Tutoring Editor (Ver 1.11) - Author
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[TErrrs found in object structure. Double cick for detaik...]





1. Information Object (IO) = Asset(s) for User’s Needs (External Objectives)





2. Learning Object (LO) = IO for Learner’s (Learning) Activities 





3. Performance Assessment Object (PAO) = LO with Performance Samples





6. Achievement Assessment Object (AAO) = PAO with/for Internal Objectives 





7. Achievement Support Object (ASO) = AAO with Achievement Feedback








8. Intelligent Instructional Object (IIO) = ASO with Assignments of other IO, LO, PAO, PSO, CIO, AAO, ASO, or IIO.





4. Performance Support Object (PSO) = PAO with Performance Feedback





5. Conventional Instructional Object (CIO) = PSO with Assignments of other IO, LO, PAO, PSO, CIO, AAO, ASO, or IIO 








Samples of Sub-Activity Performance








Sub-Activity Triggers





Samples of Activity Performance








Activity Triggers:


Event,


Choice,


Assignment





Parent Object











Child 1





Child Object 





Object





Child 2 Object 





Child 2


Placeholder





Metadata including 


Reference to the Parent Object 


and its targeted Objectives 











    Learning Objectives





Metadata including 


reference to the Object


and its targeted Objectives





Activity/Object Tree





The Object selected from the Tree





State(s):


Objective(s) + Grade(s) + enabling relations





Metadata





Behavior(s): (+ conditional sequencing scripts if any)


Assignments (Tasks)


Performance Sample(s)





Child(ren) of the Object if any 


(+ pre-requisite relations if any) 





Each Instance Contribution





Each Child Contribution





Child Contribution





Objective 1 Contribution





Instance 1 Contribution 





Instance 2 Contribution
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Placeholder
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