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Did you really learn every thing you needed to know by kindergarten?

At the  2002 AACE Conference we found there was a complete disconnect between E-Learning papers on the IEEE LOM standards given one day and the use of instructional learning objects at Acadia University given the next day.  Then there was another (disconnected) auditorium presentation about the Canarie effort in Canada, in part to build learning objects (funded at about $32 million). In addition, we found few instructional designers in the US even used the phrase, "learning objects."

Now things are different, but, we find no better. Let us illustrate.  We performed a series of Google searches to find where current practices and uses of learning objects are.  

While the general, common search term “learning objects” produced 160,000 hits,  the most specific phrase we used (c.f. note 2) produced only fifteen hits.  Somewhere between the general commonly used phrase and the specific phrase search, we find a disciplined approach to learning objects architecture.

As, perhaps the most famous object-oriented software engineering professor, Schach of Vanderbilt University presents [1], there is a whole discipline for building objects using software engineering.  (We almost said “good” objects, but, that would be imprecise.)

So, we talked with Stephen Downes of the Royal National Research Council Canada (10/29/2004), which some of you know, and we asked a somewhat naive question. We told him our search process, and that it resulted in only fifteen pages, and that only one, the first, mentioned Schach by name.

We asked Downes if anyone was building learning objects using the discipline of object-oriented engineering of software?  He said, “Oh, no, that’s not the direction it is headed.” He explained that the favored process is a bit like legos or building blocks.

So, we imagined a kindergarten student, taking a “B” wood block, and stacking it on an “A” wood block, and we pictured the pretty ways in which the letters are engraved in the blocks.  But, let’s think about the flat surfaces of these blocks.  These surfaces only provide for one “method”— sitting.  And, the blocks only have 4 properties: density, cubicity, color and a carving that, per object, has only one “method”—a single alphabetic letter.

So we said to Downes, “you mean that the objects many have in mind are this simplistic?”  Downes said, “yes.” He indicated in the call and in his paper at the site of the fourth hit in the above (search resulting in 15 hits)[2], that if we want many people to build objects, they must be quite simple or they will be complicated like the W3C’ work on the “symantic web.” [3]

We said to Downes that we had a different notion of simplicity.  No, we were not proposing that creators of objects must learn a complex “extended” HTML (XTML), but, that the tools those builders use, like a box of legos, should have much more internal complexity, not just for what they do, but, for how they couple or communicate with other objects.

Downes replied, “oh, then you want to look at Dan Rehak’s work, and the ‘web services’ or ‘common services’ literature.”  And, yes, quite so.  Rehak [4]:

”We want different kinds of learning; we want different kinds of content; we want different kinds of clients; we want to satisfy diverse learning requirements, and we want to be able to fit learning to their needs and their context.”  Rehak wants “layers of services.”  While there are many ways to describe (metatag) resources, there are “a lot of missing pieces, like how to sequence content or model tutoring.”

“We need a fundamental architectural basis and approach.”

Now this is very encouraging, but we still have a complaint. The writer of the CETIS article describing Rehak’s views entitles the piece [3] “The next big thing?  Three architectural frameworks for learning technologies.”  Our first objection is to “next big thing.”  In terms of the ABC blocks, it sounds as though we have gone through a disconnected phase of building (or identifying) these blocks, and the next big thing is to link them.

But, if you dared say this to Schach, he most likely say that it sounds as though you wish to take “legacy code” and modernize it to meet the well defined discipline of engineering objects.  Now, we have dealt with legacy code;  Priest used legacy code that requires an MIT mainframe that has its roots to the IBM 7094 computer MIT acquired in 1963. And, we know that the reason a successor of the 7094 is still running today at MIT (and Brown, and many other universities and corporations) is because the choice of platform, be it hardware or software, predetermines your tools, and that when you have working code, using those tools, you dare not tinker with it at all.

So.  The major statement of this AACE paper is to ask that we not have a multiplicity of architectures if we can have a single architecture.  Downes might reply, as he did [5] about the WWW and the semantic web, imagine how much innovation might have been stifled if we immediately imposed rigid standards on HTML from the start.  However, we must recognize HTML for what it is.  It is a “skin” and a format that can have a huge plurality of skins that all derive from the same underlying structure.

For example, the presentation of transmitted audio has been standardized for nearly a century.  We need to adjust the volume; we need to select the input; and, an embellishment, we add an equalizer (circa 1940) so that the listener can match the frequency/amplitude spread of the audio to his/her ears and his/her speaker system.  So, while the winamp Internet audio player has all these functions (and some more), there are hundreds of skins that 3rd party folk wrote because the authors of winamp understood the need for user interface that goes beyond just adjusting the volume via one, fixed representation.

What does this example tell us?  It says that there truly is an underlying model or structure pertaining to knowledge, understanding, instruction, and learning.  And, while Gardner [6] informs us that different learners have differing learning styles or modes, the actual content, and the way in which such contents “function” are one single huge object.  And, if someone claims there are multiple possible architectures, we assert that all such possible architectures can be reduced to one architecture. (See, further, the SCORM folk at adlnet; the corporate folk at IMS; and the many other open source folk, such as Canada’s EduSource/Canarie about related activities, see [3])

How do we know to assert that?  In 1968, Russell Ackoff, Professor of Management and Behavior Science at the Wharton School, wrote a brilliant treatise call Choice, Communication, and Conflict.  [7]  What Ackoff wrote was a single architecture for human behavior. And Priest has applied Ackoff’s architecture again and again, to help organizations to learn — from the Office of Technology Assessment at the OTA [8], to learning technology administrators [9].  (Ackoff addresses all forms of knowing, those built on models that the learner can describe, and, those that are based more on intuition and/or habit.)

The fundamental structure for the creation of metatags and for the engineering of objects revolves around the function (or functionality) of everyday items in the world.  Take, the Gettysburg Address.  In the ‘ABC world,’ this is a set of paragraphs that comprise an address (another object) that Lincoln presented on November 19, 1863.  But, the functionality of this object is so much more multi-faceted.  We know this because so many historians have placed the address in various contexts.  But, what is a learning context?  We define a context (for learning objects) as “the ability for a learning object to interconnect various, similar events or statements.”  This would be as Ackoff might have defined it.   (Note: we carefully distinguish “context” from another characteristic of learners — their current mind-models of the world and accompanying understanding, knowledge, and intuitions.)

When we insist that all our children read “great books” it is partly because we know that the various contents of these books will speak to them, if not when they read them, then at a later part of their lives.  And, while there are inherent truths that may speak to almost all readers at some point in a full life, the make-up of the reader also means that some messages will never be incorporated by the learner and others will — simply by the way each person’s life plays out.  It is in this way that learning objects are ecological, that is, they must be capable of assimilation by learners and that assimilation means there is a learner ecology to which those object messages fit or with which it becomes integrated.

So, what we need as an architecture for learning objects is the ability for every contributor — historian, architect, musician, or anthropologist-- to be able to contribute knowledge and understanding to the learner.  And if the concept of legos is too “block-like (suggested to us by Downes in conversation),”  then we need a new metaphor, which we suggest as “organic, ecological ‘legos,’ capable of inter-communication amongst themselves [c.f. 10], capable of receiving (validated) inputs from the producers of knowledge and understanding, and which any instructor, educator, learner, or any other informer can employ to convey a message that enhances the learner’s ability to achieve outcomes and immerse him/her self into a culture or cultures.”

For the purpose of this presentation, we have left many specific notes to the footnotes and an appendix.  As we mentioned, reference #3a lists various “learning object” activities, and while not complete, is illustrative.

More importantly, we insist that the formal language related to object engineering, and, an extension of this language be always, somewhere part of the record.  So, Appendix A summarizes this position.  We are not proposing that everyone learn this language, but, all authoring tools should be derived from the same architecture and the same language so that everyone’s creations will build on each others’ rather than be hundreds or thousands of parallel efforts.

Finally we wish to encourage the community of thinkers and builders to carefully distinguish between a “learning resource” and a “learning object.”  We admonish anyone who simply takes a learning resource and blithely calls it a learning object, as we fundamentally believe that this does not contribute to the single object architecture described above.  Worse, it often contributes to “legacy resources” where it is often easier to completely rebuild the software application than to adopt such a resource from its original tool environment.
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Appendix A

Establishing a common language for a common Architecture

A commonly asked question is "What is a learning object and what distinguishes it from a learning resource?"

For example, CAERO, the Campus Alberta “Repository of Educational Objects” in Canada (part of the Canarie project) states that it has “3660 objects.” 

However, these “objects” are, at this point, at best, tagged learning resources. They are not true objects in any further sense such as “elemental” provided some reasonable level of instantiation of them can be attained.  For example, one “object” is a video animation of the movement of a human hip while running.  If this were a true object, it would be “extensable” (the ability to add features to the existing object).  Objects have two general features:  1.)  they have properties, and 2.)  they have methods.  One property of the hip animation would be the property of the angle of the hip bone to the pelvis.  One method of the object is for the object to continuously provide any use of the object with the precise angle of the hip bone to the pelvis.  (There are also true objects that either have instructional properties, or not.  See definitions of A-structional and Instructional objects in the appendix.)

Why is this detail necessary?  Imagine that you take Gray’s Anatomy, and are trying to employ existing objects to “create” a human.  If you are led to the CAERO-based hip “object” via a tag (a metatag) and you wish to combine that object with another object you have about musculature. You wish to show the movement of tendons, ligatures, and muscle.  For the muscle object to “work”—it needs position information from the hip bone object.

Ah!  But this hip bone animation is not really an object, it is simply a learning resource animation.

Objects need properties and methods to make them capable of  “context.”  And, as objects ‘relate to one another,’ the need for metatags diminishes over time.  We no longer need to search via some taxonomy for musculature activity, we simply need to “find the object—human being” and just “look” at the musculature.

Finding confusion about learning objects, we introduce a few definitions that we have created:

Affinity



the ways in which objects, naturally



can or “want” to relate to each other

Elemental Object

learning resources that have the potential



to become learning objects

A-structional Object

objects that represent knowledge or understanding but



which have no instructional pedagology  in any of the



object’s properties.

Instructional Object

in contrast to a-structional objects, these are objects that



do contain instructional pedagology.  Either as part of the



original object, or via inheritance, the object is capable



of communicating knowledge or understanding to a learner

Learning Operand

property of the object (or objects) to



provide information to learners in a way



that educates quickly and well

Momentary Affinity

The ways in which objects, naturally can or “want” to relate to



each other at a moment in time (c.f. Lambe,



http://www.steptwo.com.au/products/roadmap/index.html )

Our basic reference for understanding and constructing learning objects is the seminal book by Schach: “Classical and Object-Oriented Software Engineering”, by Steven R. Schach 5th edition, McGraw-Hill, 2001.

For reference, the table below defines object-oriented terms.  This list, and many like it, help convey the science of object-oriented creations.  While this particular list is about software, the application area is not important.

What is important are concepts such as instantiation, properties, methods, etc.

Some Object-Oriented Programming Terms :

Objects for MATLAB Link Software

As an object-oriented software package, describing how to use the MATLAB Links for Code Composer Studio requires discussing the objects, classes, properties, and methods you use to manipulate and access data. To ensure we use the same terms and understand them in the same way, this section provides definitions of some terms commonly used throughout this guide.

Definitions of Object-Oriented Terms

Abstract class

A class without instances. Abstract classes



expect that their concrete subclasses will



add to their structure and behavior.

Aggregation

The part-of relationship between two objects.



For example, a bicycle has wheels, so wheels



are part of a bicycle. Note that the wheels



can exist separately from the bicycle.



Compare to composition.

Base class

The most general class in a class structure.



Also called root classes, most applications



or systems have more than one base class.

Behavior

How an object reacts to its methods. How the



object state changes in response to one of



its methods acting on it.

Class

A set of abstract objects that share a common



structure and behavior. A class forms the



prototype that defines the properties and



methods common to all objects of the class.



Types and classes are not quite the same, but



are used interchangeably in this guide.

Class diagram

Used to show the existence of classes and



their relationships. Class diagrams can



represent part or all of the class structure



of a system.

Composition

A relationship between objects where one part



object exists only as part of the whole



object. The parts live and die together. You



create and destroy them as one.

Constructor

A function that creates an object and



initializes its state. Constructors can also



initialize the state without creating the



object.

Container Class

A class whose instances are collections of

                             

other objects in the system. Also called a



package.

Function

Same as method. Used in MATLAB for



consistency with other functions. Functions



and methods are not quite the same, but are



used interchangeably.

Handle

A means to access any object that MATLAB Link



for Code Composer Studio creates. Used in



this guide to refer to the object. Often the



handle is the name you assign when you create



the object. For example, cc I s the object and handle 



when you create a link object.

Inheritance

A relationship between classes. One class



shares the structure (properties) and



behavior (methods) defined in one or more



other classes. Subclasses inherit from one or



more superclasses, typically augmenting the



superclass with their own properties and



methods.

Instance

Something you can operate on. Instance and



object are synonyms and this guide uses them



interchangeably. Instantiate is the verb



form—to create an instance of a class or



object.

Instantiation

To create an object—an instance of a class.

Method

An operation on an object, defined as part of



the class of the object. We call this a



function.

Object

Something you can operate on. Objects that



are the same class share similar structure



and behavior. An object is a collection of



properties and methods. Some sources call



properties “variables.” In all cases, an



object is an instance of a class. Classes are



abstract; objects are not.

Object Diagram

Shows the existence of objects and their



relationships in the logical design of a



system. Object diagrams can represent part or



all of the class structure of a system.

Object-based

Programming style that organizes programs as

Programming

cooperative collections of objects.



Each object represents an instance of a type;



where the types are members of an hierarchy,



united through relationships that are not



inheritance relationships. Compare to



object-oriented programming.

Object-oriented

Programming implementation that organizes

Programming

programs as cooperative collections of objects.



Each object represents an instance of some



class, and the classes are members of an



hierarchy of classes united through



inheritance relationships. Compare to



object-based programming.

Property

Part of an object—treated as a variable at



times. Also called attribute, it is part of



the structure that defines the state of an



object.

Subclass

A class that inherits from one or more



classes, called its superclasses.

Superclass

A class that other classes inherit from. The



inheriting classes are called subclasses.

State

The accumulated results of the behavior of an



object. At any time, the state of an object



encompasses the properties of the object and



the values for each of the properties.

Structure

The concrete representation of the state of



an object.

Source:  The MathWorks, Inc. http://www.mathworks.com/access/helpdesk/help/toolbox/ccslink/objects3.shtml.

