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Teaching and learning have centrally involved the application of pedagogical knowledge (usually teaching skills) to conveying content knowledge to the learner.  With newer technological possibilities provided by the Internet, the practice of teaching and learning is in the process of changing.  Currently new technologies, especially  web and search technologies, have given rise to huge numbers of web pages, scanned book pages, and a process of tagging and metatagging such web-accessible “resources” – some referred to as Learning Objects.  Some people, including us, are concerned that learners, especially young learners, have the unwarranted perspective that information as knowledge is boundless and daunting to absorb.

Our purpose here is to put the current era, the past era, and further possibilities onto a timeline that not only provides a history of where the US educational process has been, but suggests improved structure and form to achieve, not only a sense of simplicity, but to achieve knowledge simplicity itself.  But, is achieving knowledge simplicity a naive notion?

Many professionals who dedicate their lives to teaching, and facilitating learning may balk at the notion that the world of knowledge is less complex and less daunting than the existence of many disciplines and sub-disciplines suggests.  So a distinction needs to be made between this ever expanding “knowledge” and the more basic, core knowledge, from which this expanding knowledge is being constructed.  Further, one person’s new knowledge is, often, simply data to others.  The various ways in which core knowledge can be combined is, indeed, infinite.

Over the last few centuries, various thinkers have tackled how to structure both the educational process and provide knowledge taxonomies.  These activities have intermingled, e.g., the Dewey Decimal System was developed to catalogue books and, thus, is only a rough taxonomy of knowledge.   To assist educators, Bloom’s taxonomy addressed knowledge within the “cognitive domain (cognitive knowledge).”  The Dewey Decimal System gave way to the Library of Congress Classification System; and, within education, Krathwold extended Bloom’s work by creating a taxonomy of knowledge within the “affective domain”.

Over time Tyler and others recognized that various knowledges had more relevance to learning outcomes and fostered a movement toward learning standards.  One of the first products of this movement was NAEP (a National Assessment of Educational Progress).  The increased emphasis on areas of important knowledge and what learners “need to know” in the various disciplines gave rise to both State and quasi-National Standards.  For example, NCTM (National Council of Teachers of Mathematics) and the NSTA (National Science Teachers Association) established committees to create generally accepted standards in their fields, and these efforts influenced the various State Standards activities.  From a knowledge perspective, each standard, addressing various hierarchies of topics and sub-topics (sometimes referred to as benchmarks), gradually became a process that identified significant and/or core knowledge.

With the arrival of the Internet, the ease of producing knowledge-related materials produced a massive proliferation of stuff.  And, some educators have attempted to incorporate this stuff into their curricula, by laboriously and manually separating the “wheat from the chaff.”  Over time an ad hoc level of evaluation and vetting continually occurs.  Some, including us, are dismayed with this helter-skelter activity.
One de facto taxonomy is expressed in curricula, though one might even ask whether any curriculum meets the requirements of being a taxonomy.  Most generally, a taxonomy is a “division into ordered groups or categories.”1  In Medieval times, entering the Renaissance, ancient learning resurrected by Muslim scholars resulted in the first European universities building a curriculum based on the Liberal Arts, ordered as the Trivium ("the three roads") and the Quadrivium ("the four roads").  The Trivium consisted of Grammar, Rhetoric and Logic.  The Quadrivium consisted of Arithmetic (Number in itself), Geometry (Number in space), Music, Harmonics, or Tuning Theory (Number in time ), and Astronomy or Cosmology (Number in space and time).  As time passed, curricula became further segmented into what we know as the disciplines, with, in particular, the addition of the sciences, medicine and (Catholic) theology.

On the heels of curricula, teachers developed their syllabuses.  It was via syllabuses that the disciplines were divided into further categories as the “main points of a text, lecture, or course of study.”2 At first, little about the syllabuses was written down.  A teacher spoke to his/her own students and students who often copied down what was said.  Gradually, teachers came to, especially in the colleges, to write out a syllabus and provide it to his/her students, often including “readings.”  These curricula and syllabuses became one of the main descriptors of significant knowledge   Only, much later, did the rise of the standards movement attempt to coalesce, more formally, and across schools and states, what is important to learn.

In parallel, it was Andrew Carnegie who recognized that knowledge, ordered by groupings of similar books in “Free to the People”3 libraries, was also a powerful way for many to gain important knowledge – (many who did not otherwise have the money for private tutors or home libraries to learn from).  In the 1840s, Horace Mann fathered US free public schooling.  And in the late 1800’s, some academies became public high schools. Around the turn of the 20th century, Charles Eliot, of Harvard, turned to Herbert Spencer in a quest to further define what knowledge is worth learning – moving away from the “classical paradigm.”   These high schools were influenced by the Carnegie Foundation of New York which designated “Carnegie Units” and these further defined significant knowledge and what was required to graduate from high school.  And, in this tradition, most recently, MIT has provided, via the web and their OpenCourseWare project (ocw.mit.edu), exemplar syllabuses for others to study and use.  But, fundamentally, and as the word curriculum comes from the Latin “the race of life” many categories were not to “order knowledge” but to set down a specific course, or courses, of learning.

Other popular taxonomies of knowledge appear as dictionaries, encyclopedias, handbooks, and indexes.  The problem with these “orderings” is it is typically done by the alphabetical order of words.  A thesaurus can be viewed as a pseudo-tagging of some of these words and, at least, shows groupings that relate to similarities of meaning.

One dictionary, the American Heritage, stands out in three regards.  First, the editors integrated improved, thesaurus-like, synonyms.  And, for these words, the editors choose one central word and they place a “Synonyms” section below that word’s definition.  When consulting one of the other words in this section, the dictionary places a cross-reference of the form, “See Synonyms” and provide the central word.  For example, “happy” is a central word and at “fortunate” there is the entry, “See Synonyms at happy.”  The dictionary’s second feature is the extensive displays of etymology.  The etymological roots of words are another form of “ordering” and thus a form of taxonomy.

Finally, this dictionary is perhaps the only popular effort in which knowledge is described operationally (beginning in 1969 with its 1st edition).  As illustrated below, such definitions emphasize action or process; i.e., they suggest how words connect to events, activities, functions, or form.  For example, something that is “sticky” has the “property of adhering to a surface.”  The “function” of adhering demonstrates the “operation” of something that is sticky.  The consistent use of operational definitions provides a different, but very important form of ordering.  Rather than, say, the appearance of synonyms of “adhering,” operationally we consider the “action of adherence.”

And, as having knowledge relates to choices to achieve an outcome, if those choices are grouped and ordered, then we have an improved form of knowledge.  For example, something might be adhered via a surface film that we often call a cement, or, if we magnetize one surface and have the other surface be one attracted to a magnet, we have an alternative, magnetic choice by which to adhere something.  Each possible choice has other operational properties.  If we adhere via cement, the bond is more permanent than if we adhere using a magnet.  The “right choice” thus represents a optimization across all of the operations that each choice involves.  (And, if this world of choices is expanded, we call the new choice an innovation.)  Further, the right choice is significant knowledge to a specific time and place – to a situation.  (This sharply contrasts with educators’various means of identifying significant knowledge, as described above.)

So the American Heritage dictionary represents an important break from dictionaries of the past and its method of describing knowledge holds promise for the future.  In our conversations with librarians, for example, there are some who fully recognize that their primary activity, to catalogue, does not necessarily result in the best way to identify significant knowledge nor the best way to efficiently and effectively convey significant knowledge.

In parallel, there has been a more explicit drive to identify significant knowledge by those who responded to the business-necessitated need for optimizations.  These people developed the fields of Operations Research (OR) and Behavioral & Management Science.  And while OR could be secluded inside an OR department of a firm, pioneers, such as Russell L. Ackoff and C. West Churchman found that the formalism of Behavioral Science, and its companion science, Systems Dynamics, was too formidable for the minds of upper management to employ.  This resulted in key contributors to business efficiency such as by Ackoff, Deming and Drucker, to translate their operationally-based wisdom into chunks, called rubrics (a term now used widely by educators).  Forrester, one of the fathers of Systems Dynamics, was never able to generally communicate the methodology of this behavioral science, and it was not until Peter Senge (and some before him) cleverly used system dynamic mappings as a tool to illustrate specific points about business behavior, that the science became useful (cf. the Fifth Discipline -- The Art and Practice of the Learning Organization4)
So, paralleling the appearance of operationally defined knowledge in the American Heritage, Russell Ackoff, of the Wharton Center for Behavioral and Management Science, published a dictionary-like monograph, funded by the National Science Foundation, Choice, Communication, and Conflict (also in 1969).5   In 1972 it was retitled as a book and published by Aldine Publishers as On Purposeful Systems, 6 and later by yet two more publishers.
To further illustrate this operational kind of definition, we take a word that overlaps in the two references – disappoint.  The American Heritage defines this operationally, but not as precisely as a scientific definition might.  Disappoint appears as “[t]o fail to satisfy the hope, desire, or expectation of.”7  But, of what?  But, by whom?  When?  Ackoff answers these as disappoint appears as “[a]n individual is disappointed if an object, event or situation desired by [this individual], which he believed would be present or occur at [a given time], [and] does not appear or occur [at that time]. 8  But, the reader might ask, so what?  Isn’t this confusing to read?  How will a child be able to read this?  In a loosely defined world, this level of precision is mostly irrelevant., and in that world the (somewhat) operational definition from the American Heritage may suffice.  But, to show the value of moving towards this precision, let’s turn to Webster’s, where disappoint is “to fail to come up with the expectation or hope of.”9  This definition is less precise than the other two..  And, for example, raises a further question, “Who fails to come up with”?  And, what does it mean to “come up” with something?  Does it have to move upward?

We strongly suggest that any lack of precision is part of a slippery slope toward confused and imprecise learning, which will always lead to misunderstandings of the workings of the world.  What Ackoff, and others like him, has done is to not only provide “the definition of a word,” that can be read, but he provides us with a piece of the world that involves operations and which exists in a purposeful world.  Just as a gear needs to be defined in terms of its radius, tooth-per-inch, bevel, and a host of other critical factors to its behavior, so each and every word need be as precisely defined.  But, this precision is not useful until we, e.g., have a shaft to put the gear on.  Where is the definition’s “shaft?”  Where is its roller bearing?  We sense there are linkages missing in just operationally defining a word.

Fortunately, with the advent of new technologies, such as the Net and graphical user interfaces (GUIs), we can embody the precision (which Ackoff sought to bring to us) inside the Net, as knowledge objects.  The precision can be present, but mostly hidden.  The precision can be revealed to the learner as he/she can assimilate or accommodate (cf. Piaget and Vygotsky10) the increased knowledge.

And, rather than by a mechanical connection between the gear and the shaft, knowledge objects are in a Net-work space and their interconnection can be via digital messaging.  As this is a networked space, unlike the gear that needs proximity to the shaft, two messaging objects can be anywhere in the world.  They are logically connected by their relatedness.  And, just as gears fit naturally on shafts, we find that each object has a natural fit (or affinity) to message some objects, but not others.  We achieve, not a web, but a Netting (a Net-work of Inter-messaging Objects).  And, most importantly, we have only one object for each operationally defined word or event or process, so we have a relatively simple world of knowledge.  There is no reason for repetition.  Relationships are always clear – follow the message links.  The learner can enter the netting via Netting-entrance tools, and then follow the Netting, informing and structuring his/her own internal nettings.  And, by this approach we achieve Knowledge Simplicity.  Further, we now perceive what the requisite taxonomy appears as.  The taxonomy, the dynamic ordering, is comprised of these message-connected objects.  No list, no catalogue, and no “semantic web” represents this taxonomy.

And, just as many have freely contributed to the construction of the much more loosely defined Wikipedia, we can provide, not a wiki-space, but a Netting-space by using a Netting-GUI that is able to enter the Netting and either reform it, or add to it.  When someone adds to this space, they are either extending knowledge, or engaged in innovation, or both.

We can summarize the evolution of learning from an Art and Craft-based mode of teaching to one approached via scientifically-based engineering of how knowledge is operationally defined and understood (and still informed by the art and craft of this engineering) by the following figure.  We show a dichotomy between the earlier approach and this emergent approach via the “OR” flowchart symbol.  It is important to distinguish content knowledge and pedagogical knowledge (cf. Priest11).  We illustrate how, now, Operations Research and Behavioral Science (including Systems Dynamics) which has existed for forty years may advance the general teaching/learning process — particularly by advancing e-learning and e-mentoring.
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Adding to the power of these sciences, under Knowledge Engineering, we illustrate how this process becomes practical to create via the use of the Net and GUIs.  And, by letting others combine Pedagogical Knowledge and Content Knowledge (PK + CK), the process empowers others to create the improved taxonomy of knowledge, thus improving learning experiences.  Some of these experiences might be carefully defined by the artistry of master teachers and other experiences will be self-learning, aided only by ways of entering the Netting and employing the Netting-GUI to follow relationships and message objects about their “properties and methods. (cf. Komoski & Priest12)”  And, over to the lower right, we show, for example, that Management, as a profession, is still mainly taught and practiced via the use of rubrics – for the reasons described above.  Might that “field” and others like it in the list, benefit from this merging of knowledge precision and intermediating technologies?  We are confident they will.

How is this emergent activity being encouraged and forged?  The International Collaboration for Learning Object Research (ICLOR) was formed last year with the mission to communicate this way of creating true Learning Objects and to invite collaborators in achieving this goal (cf. Priest & Komoski13).
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