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1 Abstract - An Outcomes Based, Open Source Approach

The education system in the United States, both public and private, famously fails to prepare people to be the knowledge workers of today, much less tomorrow.  All attempts to improve the system, which historically have had no lasting impact, seek to make an imperfect system better.  

These essays apply the principles of business process re-engineering to education with the goal of creating a fundamentally different system, one that – like amazon.com – could not have existed prior to today.  This proposed system incorporates the concepts of continuous quality improvement, adaptation to different learning styles, and – most importantly – a fundamental change in the underlying educational paradigm.  

The current paradigm is inputs based – schools put forth a defined quantity of teaching that results in a spectrum of learning by the students.  The proposed paradigm turns this on its head by creating an outcomes based approach – the students are required to demonstrate a minimum level of learning across all required subjects, and the teaching resources must vary according to what will accomplish those minimums.  

In order for such a proposal to be economically and politically viable, it must do so without raising costs, which in turn requires that the repetitive parts of what teachers do now must be automated.  Ultimately, the proposed system could, in at least in principle, allow any motivated student to acquire a complete education from primary through graduate school without any required input from a salaried teacher.  More realistically, the role of teacher will change from one who imparts a block of knowledge uniformly to a group into one who motivates and mentors individuals, many of whom will have varying levels of achievement, interest and motivation.
2 Preface
This analysis and recommendations stem primarily from my own thinking on this problem, starting from when our first child entered elementary school in 1989, plus innumerable conversations with my wife and indispensable co-author, Susan Brefach. As a licensed psychologist and certified school psychologist, she has seen it all at first hand - the good, the bad and the downright ugly. She has spent countless hours sitting in classrooms observing in minute detail exactly what actually happens, as opposed to what teachers and administrators say happens.  She has done so on behalf of hundreds of children whom the schools were dramatically failing.  The 12 year old who could not read, at all.  The 10 year who was ready to leave school and go to work with his father to learn his trade, since he would never be able to do anything the school wanted. The depressed and despairing, as well as the moderately learning disabled and the occasional superior student.

Even my master's in educational psychology did not begin to prepare me for what I was to learn.  What occurs on the ground in the supposedly superior public school system of Lexington, Massachusetts, home to many a faculty member of our nation's most prestigious universities, fell substantially short of what could be accomplished with the same resources by an intelligently engineered teaching system.  Now, as our last child approaches high school graduation almost 20 years later, the system is no better in any significant respect, and in a few specific areas is somewhat worse.

In parallel with our children's education, my education about the system of education began. As I watched missed opportunity after missed opportunity, I tried to understand why. There was no simple answer.  I could not blame incompetence, though Lexington has a normal distribution of competence from dismal to brilliant with most in between. Private school was not an answer either.  As a graduate of an excellent small college prep school in Texas, I knew that private school was a better implementation of what I had begun to see as a flawed system.  Vouchers, despite their intuitive appeal, ultimately would at best ensure an equal implementation of a flawed system, and securing widespread implementation is dubious. Even the crown jewels of American education, our world leading universities, do not do the job they like to think they do, as I learned as an undergraduate at MIT.  The problem was, and is, the system itself. 

Once the enormity of the process defects became clear, I began an analysis of the educational business as a formal system, the intellectual perspective that was instilled in me during my undergraduate years in the late 1960s and early 1970s. Once I had a clear theoretical model of the dynamics of the system, I had a basis upon which to test proposed solutions. All proposals I have seen, read about or heard of fail, sooner or later, when applied to the model. 

Therefore, I turned to the formal process analysis principles from business process re-engineering, which has succeeded with many a dysfunctional business process. One must get completely outside of the educational box to produce an analysis that has any chance of meeting the goals stated on the home page. In the language of the Internet age, they just don't get it.

However, my contribution is primarily analytical.  All of the key insights into the solution proposed here came from Susan. She introduced me to the mastery based educational model of Maria Montessori, the key insight that led to the proposed solution. But this proposal is not a 21st century version of Montessori education, which fails the model test as a general solution. Rather, it draws on the process rather than the theory of Montessori education. In my opinion, the traditional Montessori model is most applicable to the younger grades but progressively less applicable in middle school and high school years.  Nevertheless, it is an ideal complement to the proposals here that are less applicable in the elementary years but become more and more applicable to middle school, high school and particularly college levels of instruction.

Your thoughtful consideration and feedback is vital to fine tuning these concepts, and finding a venue for implementation.

Don Estes
Susan Brefach
Lexington, Massachusetts
3 Introduction

It is an extraordinary observation that every single innovation in education in the United States, good and bad, for the last 70+ years has had its day, and then sunk from sight into oblivion. Consider SRA readers, an individualized reading program that had great success in the 1960s. Although the program still exists as part of McGraw-Hill, who has ever heard of it?

Or consider a more unsettling example.  We know a (former) teacher of mathematics in the highly regarded public school system of Brookline, Massachusetts.  He had been a gifted teacher, inspiring his students to not only perform well in their grade level work but to excel: they were learning 1½ years of math in one year. The result? He was called on the carpet and told to hold back his students or be dismissed. He left.

In fact, it is easy to understand the problem he created. The next year, those students would move into classes with a different teacher and with students who had advanced only one year of math in the prior school year. So, some were half a year ahead of their classmates, and created great difficulties for the teachers, and indeed for the students as well who had to sit through half a year of instruction in material they already knew.

Any individual change in teaching efficacy in the system we have today will prove disruptive, and the system, not necessarily the people, cannot handle disruptions. Unless all teachers and all students can improve in lockstep, any temporary changes are forced from the system. The system simply cannot handle it. This process of expelling disruptive changes, together with the increase in costs, has been what has sunk each innovation.

Consider what happens to bright math students. As a reward for learning the material quickly and well, they are given more problems of the same sort they already learned quickly. That will teach them, all right. 

The net effect is that our school system is directly analogous to a manufacturing assembly line. It works at its greatest efficiency when each worker at each station can do their job at a steady pace. Imagine what would happen if each car coming down the line moved at different speeds. Chaos.

Or, worse, consider what happens to special needs students. Children with learning disabilities of one form or another cost a great deal more to teach effectively. They need small classes with teachers holding specialized qualifications, or even one to one instruction with individualized curricula. Because of the cost, they are given less than they need to make progress, year after year, and fall steadily behind. We see children frequently who are coming to the end of elementary school and who can only read at a first or second grade level, if they can read at all. 

Most alarming of all is that the teachers and administrators either say that they are doing just fine, willfully ignoring the bald evidence, or they say, give us another year and he or she will do just fine. Yes, indeed, let's just do the same thing again that hasn't worked for 4 or 5 years, perhaps with cosmetic changes, and of course the outcome will be different and also make up for all the prior deficiencies.

What makes this particularly alarming is that the staff actually believe what they say, and these are people who genuinely care about the children. A kind of groupthink sets in that causes them to not see what is in front of them on a daily basis. Apart from a few radicals, no one can think outside of the box.

We are convinced that serious education reform cannot come from within the teaching profession, because professional educators are simply too close to the problem, or at best can only imagine tinkering with the system. Changing how well someone bolts a door onto a frame on the assembly line is not going to be a solution when what is needed is to do away with the assembly line altogether. 

Children are not cars, and we can't educate them like we build cars. We need to pull the educators out of the metaphorical box into which their thinking is trapped if we are to have an educational system that maximizes the learning that is accomplished by each child.

If we are to be serious about reforming education in this country, then we have to approach it the same way that we have approached reforming business practices: through careful and thoughtful analysis of the whole educational ecosystem, and then apply a practical, engineering oriented solution.  This solution must be based on a short list of sound principles:

· Everyone must win: teachers, students, administrators, parents, and the politicians who raise the tax revenue to pay for it all.

· It can't cost more than we pay now: we must actually accomplish more with less, while avoiding the mindless cost cutting that frequently masquerades as increased efficiency.

· It must be effective, based on what works in practice, not another fad.

· It must be stable, so that the results do not decay back to the present system.

· It must produce the greatest possible education in every student: bright, average, and special needs, within the resources available.

· It must incorporate the reality of different learning styles and adapt to the individuality of each student

· It must provide for continuous quality improvement of all aspects of the process, unlocking the creativity of teachers

· Most importantly, it must be focused on outcomes, not inputs.

Imagine that we built cars the way we teach children: every car would be quite different, some getting 100's of miles per gallon, others from the same assembly line would get only 5, if they ran at all.  

If we continue the auto manufacturing analogy, we have to move from a system of mass production to a system of mass customization.  We have to do away with the assembly line as we know it today, but without returning to the individual craftsman approach that existed prior to today's manufacturing. We need a post-industrial process. To accomplish this, we will need to re-think the whole process of education from first principles, and derive an entirely new educational system.

In other words, educational processes have to be treated like any other business process. We have a model and a proven methodology for accomplishing this: Business Process Re-Engineering.  Where it has been applied intelligently, it has produced dramatic gains in productivity.  Witness Amazon.com, Google, and countless other success stories where the entire paradigm changed in ways that were unthinkable before the Internet. For a start, read any of the books by Michael Hammer. 

We are cautioned by examples of where it has been applied inappropriately or unintelligently, resulting in a disappointment or an outright failure.  However, as was pointed out in one of our references, usually failure in re-engineering results from attempts to automate existing business processes.  Re-engineering succeeds when it implements an entirely new process, one that is radically different from past practice, and usually one that is only possible using the assist of modern technology.

This is the case with educational automation today: we are automating the existing teaching process. Perhaps the best example of this is the OpenCourseWare Project at MIT which has the ambitious goal of putting the entire MIT curriculum on the Internet, and they have made great progress. However, while the content may be present, the teaching process is largely unchanged.

Determined students can indeed learn the entire MIT curriculum via OpenCourseWare, but we cannot use this as a model for wholesale education reform. If we design a new teaching process for students that have the determination to complete an MIT education, then it will not generalize well to the general student population. 

It fails the last 4 of the principles asserted above: greatest possible education for all, learning styles, continuous quality improvement, and outcomes based instruction. It is inputs based: "here it is - come and get what you can from it." It is static, not continuously improving, and limited to a single learning modality, principally because of the cost of doing it any other way. Yet, it or a similar initiative could be the foundation for our proposal within these essays.

We must also remember that education reform is not just about what happens inside the United States. A simple Google search for "re-engineering education" will reveal that this is a timely topic, significantly so outside North America and Europe.  In Asia and in developing countries all over the world, there is no time for old practices if there is something that is better/cheaper/faster, or - preferably - all three.  

If we as a nation and as a culture don't follow through on these ideas, we will be out-competed by those who do. These proposals are posted to the Internet for the benefit of all. We hope they will be adopted wholesale within the USA, but if they are adopted first elsewhere we will see the results over time as our economic position continues to decay relative to those nations that do. 

Our economy suffers today from a shortage of workers who can think and learn as needed. This problem will continue to limit the growth of our economy until the educational system provides a solution. As in so many other areas, we can be a leader or a follower. It is our strong preference that we lead, and thus these essays lead to a proposed implementation.

This series of essays approaches the concepts of re-engineering the educational process from a variety of perspectives: analytical, theoretical, historical, prescriptive, as well as practical implementations from the point of view of the students and all other participants.  They can be read in any sequence, singly, a few, or all.  

Our proposals do not constitute a silver bullet - in particular, it would be a mistake to focus on the technological aspects of our recommendations. The focus needs to be on the principle of outcomes based education, and all aspects of the educational eco-system that will allow it to flourish.  The critical components constitute a 3-legged stool:

· Technology assist

· Outcomes based

· Continuous assessment

The technology is only one leg of the stool, and without the other legs it will not fulfill its purpose and promise.  In other words, do it right or don't bother to try.  

Compromise in re-engineering efforts is counterproductive: succeed or fail fast, but don't compromise, for compromise leads to slow failure. If you fail fast, you can probably fix the problem, but if you fail slowly then you follow the path of all the other education reforms into gradual oblivion.

This is a work in progress, not a final, finished product, as you will see in the unfinished chapters in the Table of Contents. Indeed, the principle of continuous quality improvement applies here as well: there are certain to be many errors, omissions and other flaws that can be laid at our door and only improved through criticism. We welcome all comments and constructive criticisms.  Download a Microsoft Word version of the text to use for comments here.
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4 Diploma Qualification
Our future student will sign up for all required and optional courses just like a traditional course selection, e.g., algebra, calculus, or classical mechanics.  Core courses will be required, and must be mastered at a specified grade or evaluation level, presumably C, in order to qualify for a given diploma.  There can also be optional courses which are outside of diploma requirements and which lead to specialized certificates or are taken for their own sakes, but which nevertheless specify equivalent mastery requirements.  Finally, any course content can be browsed for curiosity, but homework and evaluation must proceed in the order specified in the courseware, which may be linear or any multi-pathed organization specified by the courseware author.

Each course will consist of a sequence of topics, very similar to the scope and sequence charts of standard curriculum development.  However, grades will assume an inverted significance from traditional courses: instead of representing what has been learned after instruction, grades will become targets selected prior to instruction.

Topics can be tagged as required, conditionally required at a specified grade target, or optional. For example, there may be 100 topics in a math course, of which 60 are required for all students (target grade C), 70 required for students who elect for a target grade of B, and 80 required for students electing for an A. The remaining 20 topics are optional for all.

The student will select the target grade he or she wants when they sign up for the course.  An optional topic may be viewed and even homework presented, but the student can break off at any point and the topic will be excluded from spiraling re-evaluation.  A student may downgrade their grade election at any time, but an upgrade mid-way through the course will result in having to master those topics that are now required at the new grade target, and the new topics will be added to spiraling re-evaluation.

Distinct diploma levels are anticipated, presumably at each traditional grade level but perhaps at a different level of granularity. So, we could have 12 diplomas, one for each grade, or three, one for elementary, middle and high school. Or we might define a new organization entirely, including general instruction and specialized instruction. 

For the purpose of this design document, we assume the following diploma levels in our discussion:

· Elementary school, general diploma

· Middle school, general diploma

· Basic high school, general diploma, roughly corresponding to current 10th grade instructional levels

· Basic high school, specialized diplomas, corresponding to basic/general plus specific, presumably employment oriented, content courses

· Special diploma, for learning disabled students documenting that they have reached the maximum level of mastery of which they are capable

· Advanced high school, general diploma, roughly corresponding to current 12th grade instructional levels

· Advanced high school, specialized diplomas, corresponding to advanced/general plus specific content courses for college bound and for terminal students

· Associates degree, general studies diploma

· Associates degree, specialized major diplomas, corresponding to associates/general plus specific content courses

· Bachelor's degree, major study area diploma

· Bachelor's degree, specialized diplomas, corresponding to Bachelor's/major but including specific content courses, equivalent to a minor study area

· Masters degree, specialized diplomas, representing specific content courses

· Doctoral degree, specialized diplomas, representing specific content courses

· Special certificates, representing mastery of specified content courses without a degree

Each diploma can be summa cum laude, all A's, cum laude, all B's or better, or without any distinction, indicating C's or better.  Alternative definitions of distinction are clearly external to the software design, but it is strongly recommended that they be standardized, preferably at the national level or (ideally) internationally. Note that there is no distinction for honors or other tracks, except insofar as electing an A, B or C represents tracking. Any given diploma represents a defined mastery at the chosen level.

Similarly, it is strongly recommended that all general diplomas at least be standardized, preferably at the national level or (ideally) internationally. Standardization of specialized diplomas according to minimum professional requirements is highly desirable as well, along similar lines.  In this era of globalization, any diploma issued anywhere in the world should represent a documented minimum level of knowledge.  Nevertheless, all discussion of diploma levels is clearly outside the scope of the software design except insofar as the software must support their implementation.

Anyone with a given diploma who has left school can return at any time to qualify for a higher diploma level. However, they will have to re-demonstrate mastery of their existing diploma courses before advancing.

Similarly, if the requirements for a given diploma are upgraded, anyone seeking a further diploma will have to meet the new requirements of their existing diploma. As a consequence, anyone holding a given diploma as of a given date will have mastered all the requirements as of that date, whether they are 18 or 80 years of age.

5 Taxonomy of Courses

Each course will also be anchored in a taxonomy of knowledge that will illustrate the relative position of the course as a whole, and each topic within the course can be seen as leading to other topics and eventually to other courses.  This taxonomy will be presented as a map on a browser screen with the various knowledge areas represented visually, and with hyperlinks to the lower levels and successively to the actual topics. 

For example, the domain of mathematics could have a taxonomy like this, suitably presented:

· Base course: arithmetic

· Base course: geometry

· Base course: trigonometry

· Algebra builds from arithmetic

· Statistics builds from arithmetic

· Analytic geometry builds from algebra and geometry

· Calculus builds from analytic geometry and trigonometry

· Number theory builds from arithmetic

· Differential equations builds from calculus

· Linear algebra builds from algebra

· Multivariate calculus builds from calculus and linear algebra

· Multiple regression analysis builds from statistics and calculus

Obviously, the exact taxonomy can be debated quite vigorously, and this is only a quick example intended to be illustrative rather than definitive. However, the purpose is instructional efficiency, not mathematical purity. Students are rarely told the purpose for what they are studying, and how all the pieces fit together. Providing a structure, though not required by this proposed design, will improve the efficiency of the learning that results.  Possible representation of taxonomies with non-hierarchical relationships may be considered at a future point.
6 Conceptual Definitions
Summary of basic concepts:

	Concept
	Definition or Explanation
	Example or Analogy

	Domain
	Area of knowledge
	mathematics

	Taxonomy
	Organization and relationship of courses within the domain
	relationships among arithmetic, algebra, geometry, trigonometry, etc.

	Course
	Instructional subdivision of a domain
	arithmetic, algebra, geometry, trigonometry, etc.

	Topic
	Smallest instructional subdivision of a course, consisting of the concept or set of concepts within a course that must be mastered
	long division, binomial theorem, algebraic axioms

	Software
	The software platform upon which the content is implemented, tentatively named OpenSourceLearning.net, and which maintains the catalog of courseware
	Microsoft FrontPage or Adobe Acrobat

	Courseware
	The collection of artifacts that constitutes the automated presentation of all instruction for all topics in a course
	a web site created using FrontPage or a pdf document created with Acrobat

	Proprietary Courseware
	Courseware which requires a license for students and educators to access, for which typically a student will pay; the software will enforce license provisions
	Software with an End User License Agreement (EULA)

	Open Courseware
	Courseware which operates under an open source license and for which no payment is required
	Software with a Gnu Public License (GPL)

	Courseware Catalog
	A directory of courseware available to students and educators; entries can be public, i.e., accessible to all, or private, whereby access permissions determine who can see what
	School course catalog

	Access Permissions
	The set of permissions that defines what any given individual can see in the courseware catalog; students can see only published courseware and individually permitted courseware in development, owners can also see their own unpublished courseware.
	Individual permissions available on a computer or network

	Complete Courseware
	Any instance of courseware that covers the minimum defined topics of a course
	Domain of a traditional textbook

	Wildcat Courseware
	Any instance of courseware that is not complete, whether approved and/or published
	Supplement to a traditional textbook

	Approved Courseware
	Any instance of courseware that has been submitted to and approved by peer review
	Journal article that has been approved for publication

	Published Courseware
	Any instance of courseware that has been entered into the catalog of courseware as public; presumably only approved courseware will be published
	Printed textbook available for distribution

	Edition of Courseware
	The original and any updated instance of published courseware; the original will be referred to as release 1.0, and subsequent updated editions will have incremental release numbers in order to uniquely identify any specific edition; error correction updates will increment the number after the decimal point, and content revisions will increment the number before the decimal.  Alternative update schemes will be permitted.
	Specific edition of a textbook 

	Homework database
	The collection of artifacts that form the basis of all homework to accompany any course and the precursor courses in the taxonomy, and that serve as the demonstration of mastery for topical evaluation and subsequent spiraling re-evaluation. 

Note that the homework database is totally disjoint from the development of any instance of courseware, and is separately written, maintained, peer reviewed, and published.  Homework evaluation, not traditional testing, provides the discipline to ensure that courseware does its job and that the student masters the content.
	Pool of problems or questions applicable to the current course

	Homework problem or question
	Any one presentation of a specific instance of a homework artifact linked to the course and topic, or to linked to a precursor course in the taxonomy.
	Conventional homework problem

	Owner
	Person or group with administrative rights to the referenced courseware
	Author, company or committee


We distinguish between the courseware, the topical content of each course, and the software of the OpenSourceLearning.net system, the platform upon which the courseware is implemented. The software platform must be easily used by individual educators without any more knowledge of computer technology than is required to access email or surf the Internet. Every educator must be able to develop their own courseware, to modify specific topics within each course, and to add topics. The system must be intuitive and very easy to use, in order to ensure maximal implementation of one of the key principles stated on the home page: continuous quality improvement.
The OpenSourceLearning.net software platform itself must be freely available, and designed to become a de facto open standard. Although we support the idea of both open and proprietary courseware, we want to avoid a process of dueling standards for the courseware or the software platform. We want to encourage the widest possible use at the lowest possible cost in money, time and effort. A formal structure such as has developed around W3C (www.w3c.org) is our model.

Just as the proprietary Windows and Apple operating systems now have to justify their greater cost over open source Linux, proprietary courseware will have to justify its cost over free open source courseware. A provision for adjudicating disputes over intellectual property must be derived to preclude actual litigation. We want nothing to stand in the way of continuous quality improvement, neither insisting on all free courseware nor unreasonable levels of grasping intellectual property protection.  Striking the right balance is beyond the scope of this essay, and probably beyond the capabilities of the authors.

The software platform will create and maintain the concept of owner of each instance of a course implemented as courseware. Like the administrator on a computer, the owner will be the user (or group of users) with administrative rights to modify the relevant course, including creating and publishing the course in the first place.

Although we refer to the owner as being singular, in practice a given instance of courseware is likely to be developed by a group. Our model for collaborative development is SourceForge.net, the primary open source development collaboration site.

Continuous quality improvement is where open source principles come into play. As students and reviewers use the courseware, they need to be able to easily log comments in context about any opportunities for improvement they perceive or any difficulties they encountered. Owners of each course implemented in courseware can use these comments and their own perceptions to continuously modify the instruction and the homework database. Anyone can add comments, but only the original author of a given comment or the owner of the referenced course can delete the comment or update the courseware. Provision to exclude abusive commenters will be available, both at the courseware level and at the individual level.

Individual educators (or indeed students as well, if granted permission on an individual basis) can extend any topic within an instance and make themselves the owner of that alternative topic within the course owned by others, with provision for copyright protection for proprietary courses. This could take the form of open modification, but actual use of the alternative by students requires approval by the owner.  In this regard, updates to the courseware follow a course very analogous to software development, testing, approval and deployment. If the owner refuses permission, then the alternative can be presented as a wildcat course, discussed below.

While a course is being developed, access to it can be granted as narrowly or as widely as desired by the owner. While an instance of courseware is in development status, the content can be created, updated, and deleted at will by the owner.

While the software must provide the widest possible latitude for creativity in the development of the instructional courseware components for each course, the minimum scope of each course must be defined, named and bounded by an agreed authority. Initially, this will follow the syllabus of an established textbook to be supplanted by a committee of educators, but in time it could be replaced by legislation. Nothing, however, should constraint the maximum scope of the courseware implementation.  If it should make sense to a given educator to cover topics or concepts in, for example, linear algebra, at the same time as elementary algebra, then there should be no barrier to doing so.

To be complete, an instance of courseware must cover this minimum scope.  Incomplete instances of courseware are acceptable and expected, but will serve as an adjunct to a complete course rather than a stand alone course.

Complete instances of courseware can be reviewed and, once accepted by the peer review mechanism, can then be published. Courseware publication will be directly analogous to peer reviewed journal articles prior to professional publication. The precise mechanism for submission, nominating reviewers, acceptance and rejection is yet to be defined, but is expected to be an amalgam of open source development and peer review publication. We assume that only accepted courseware will be published. Any published instance of courseware will be identified as to whether or not it is complete and accepted.  We envision publication in a universal catalog, but provision will be made for local publication in a private catalog as an alternative to universal publication.

A wildcat instance of courseware will have two or only one of these attributes: complete, and/or accepted, and/or published.  A wildcat instance of courseware may be deliberately incomplete, intended perhaps to serve as an adjunct to a complete course, but may nevertheless be reviewed, accepted, and published.  

Alternatively, a wildcat courseware may be deliberately provocative or disruptive, and face no chance of being accepted by peer review.  But, some of these diamonds in the rough will prove to be valuable despite the opinions of peers, and the opportunity for an alternative approach to be independently validated by results must be available to encourage creativity.  But such alternatives will be identified as such in the catalog.

The precise mechanism of publication remains to be defined.  It must be both authoritative, so that complete and accepted courses are correctly identified as such, but open, so that rejected courses can be published as wildcats.  Our tentative model for this is a moderated forum in which the catalog owners control publication in the catalog.  Open catalogs must be permitted without moderators, and user rankings must determine the position of a courseware entry so that abusers are pushed to the bottom and no one pays attention to them.  Perhaps after a suitably long period of time, entries with no activity can be deleted, on the model of the domain registry.

When a course is being submitted for publication, it must be stable, with further changes to that release level disabled by the software unless the request is withdrawn or rejected. 

Once accepted, the course will be given an official release number, with links to all public reviewer comments. Subsequent updates to that release must pass through the same review process, though presumably a much streamlined process. Updates when published increment the release number. Error corrections will similarly follow a streamlined review process.

So far, we have been discussing the conceptual definitions of the instructional components and the underlying software platform. In addition, there are the conceptual definitions of the evaluation process. This separation of instruction and evaluation is a key component of the design. Teach any way you might want, but at the end of the day the student has either learned it or not.

The homework database will consist of specific problems or questions, or - where applicable - of problem templates.  A template can be used to generate different problems from the same template definition, with only a narrow range of variability defined for use by the homework module. Like the courseware catalog, there will be provision for a universal homework database as well as a private, local database.  A local database will also be used in conjunction with courseware under development, for local problems.

Homework is both the practice work associated with traditional homework, and also the evaluation mechanism by which topical mastery is established. However, homework problems from earlier in the same course or from precursor courses will be randomly re-presented to ensure that mastery, once achieved, never decays.  This goal must be optimized so that absurdly basic questions are not presented after some level is reached, though this may have practical limitations. Much work will be required in this area.

We want to let a thousand flowers bloom insofar as instructional instances of courseware are concerned, but the evaluation process is critical to ensuring discipline for students, teachers and administrators.  Therefore, access to the homework database, and the process of submitting problems, problem templates and questions must be tightly controlled.  In general, the educators with access to the courseware will not have access to the homework database, though they will be strongly encouraged to contribute homework problems and questions to build the database.

 
7 Implementation Definitions

Summary of implementation concepts:

	Concept
	Definition or Explanation
	Example or Analogy

	Instance of courseware
	Each specific set of organized presentations of the topics in a course; we expect there to be a large number of instances of courseware for each defined course.
	textbook 

	Presentation of a topic
	Specific organized presentation of a single topic within an instance of courseware;
	a section in a textbook

	Multiple presentations of a topic
	For each topic within a given instance of courseware, there may be only one or there may be multiple presentations
	a section in a textbook and sections in other textbooks or related workbooks

	Presentation themes
	Multiple presentations may be themed and named, so that a student can filter for their preferred theme when selecting among instances of courseware. 

For example, there may be 3 themes appearing in most or all of the topics in a given instance of courseware: Level 1, another for Level 2, and Honors.

Level 1 presentations may be very concrete and focused on practical examples with minimal use of abstractions.  The Level 2 presentations may be focused on more abstract examples, but only gradually having their theme resolved into an abstract principle. The Honors presentation may be a straightforward theoretical derivation and proof, with examples introduced only after the abstractions have been made clear.

There may be special themes for a specific topic, including historical material, or perhaps an experimental presentation.
	Tracked courses, each one dedicated to level 1, level 2 or honors.

	Help
	Mouseover and hyperlink ability to access additional explanatory information.
	Context sensitive help from desktop applications or various web sites.

	Ranking
	Statistically normalized structured feedback for each instance of courseware and for each presentation within an instance of courseware. Rankings are optionally provided by students for each presentation, encouraged but not required, and statistically normalized. Students may edit their ranking if they return to a given presentation. Provision to detect and inhibit abuse will be part of the facility.
	Product rankings on Amazon.com or other e-commerce web sites.

	Comments
	Free form public feedback directed to the owner for each presentation within an instance of courseware, for a presentation theme within an instance of courseware, or for the whole instance.  Comments may be general to the whole presentation, or to any element of the presentation, including context sensitive help. Comments are not visible to users of the courseware, only owners.
	Comments associated with rankings on Amazon.com or other e-commerce web sites.

	Recommendations
	Free form public feedback directed to other students for each presentation within an instance of courseware, for a presentation theme within an instance of courseware, or for the whole instance. Recommendations are visible to users of the courseware, with provision for open or moderated commentary.
	Comments associated with rankings on Amazon.com or other e-commerce web sites.

	Annotations
	Free form private notes for each presentation within an instance of courseware, for a presentation theme within an instance of courseware, or for the whole instance; annotations may be edited at any time by the creator
	Paper based note taking for a traditional course

	Comment database
	The repository of all comments provided by anyone about any instance of courseware or component thereof
	Database of comments associated with rankings 

	Recommendation database
	The repository of all recommendations provided by students about any instance of courseware
	Database of comments associated with rankings 

	Annotation database
	The repository of all annotations maintained by anyone about any instance of courseware or component thereof
	Paper based notebook for a traditional course

	Audit Database
	The repository of all logged interactions between students and any instance of courseware, used for subsequent research (including de-bugging) and for decisions about spiraling re-evaluation of topical material.
	All steps to solving a problem as shown by students in conventional homework or on a test.


As a student logs into the computer network to work on their progressive topics, they will be returned to the point where they last left the system. Although students must choose the instance of courseware they want to view, at any time they may select an alternative instance.  Indeed, they are expected to try out multiple instances to discover the one that works best for them, or they may elect to switch between instances.

Students are expected to prefer the same presentation theme within each instance, but they are as free to use the alternative presentation themes as they are to use alternative instances of courseware. From the point of view of a student, the differences between an instance and a presentation are more one of style than of function.  

It could be that a given student finds a particular courseware author to be more congruent with his or her learning style, and therefore will prefer that author to alternatives.  In this case, the student may well explore the different presentation themes within a given instance of courseware.

On the other hand, another student may find that a particular presentation theme fits best with his or her learning style. As a result, the student will view several alternative presentations of a particular topic, each drawn from different instances of courseware but within the same presentation theme.  

Although not enforced by the software, certain presentation themes should be branded so that students can select a known theme without having to read a definition each time they visit that particular instance of courseware. Thus, an "honors" or "theoretical" presentation theme for a math course may be encouraged within the various instances of courseware for those students who learn best with a mathematically rigorous approach. Similarly, a "practical" presentation theme may be encouraged for those students who learn best when relating mathematical concepts to everyday utility. At the same time, we want to encourage, or at least not discourage, the creation of novel presentation themes that may be more effective for specific learning styles.

A feedback system will be incorporated into the courseware presentations asking students to rank their assessment of each presentation used to master each topic.  This ranking will be subject to statistical normalization to ensure that the entries are not deliberately skewed, and the resulting rankings provided when a student queries the alternative instances and alternative presentations available.  

An opportunity for free form comment and recommendations similar to that pioneered by Amazon.com will be provided as well, along with the opportunity to make public annotations and recommendations in context as feedback to the owner of the instance.  Private annotations will allow students to accumulate notes for their own private use, and which can be accessed at any time when working on problems.  Students will be encouraged but not required to create such notes, recognizing that the act of recoding material into their own words assists the process of laying down memories.

Discussion of the various elements of the implementation of the content:

· Instance of courseware: each specific organized presentation of the topics in a course, analogous to a textbook written for a conventional course.  Just as there may be tens or hundreds (or more) of textbooks written for a given subject, there are expected to be large numbers of instances of courseware for any given course.

· Presentation of a topic: a specific organized presentation of a single topic within an instance of courseware, analogous to a section in a textbook. 

However, there may be multiple alternative presentations of a topic within a given instance. For example, there could be one presentation of a topic for Level 1 students, another presentation for Level 2 students, and a third for Honors students. This concept is the mechanism by which a single instance of courseware can provide for different specific learning styles. Conversely, as we will discuss below, each student can freely move between presentations within a given instance, and between presentations across multiple instances.

· Presentation theme: the theme of specific alternative presentations of a topic within an instance. For example, the Level 1 presentations may be very concrete and focused on practical examples with minimal use of abstractions.  The Level 2 presentations may be focused on more abstract examples, but only gradually having their theme resolved into an abstract principle. The Honors presentation may be a straightforward theoretical derivation and proof, with examples introduced only after the abstractions have been made clear.  

· Certain branded presentation themes would be encouraged for inclusion in all presentations, though not required.  However, there could be multiple Honors presentations for a given topic but only one for another, at the discretion of the owner.  Alternatively, there can be presentation themes for specific learning disabilities, such as numerical or reading disabilities. A presentation theme for reading disabled students might have as much visual presentation as possible, and any written content presented also simultaneously presented verbally. 

However, so far we have only discussed the definition of the instructional components and their related processes. A much more definitive process, separate but related to instructional courseware development, will be the homework and evaluation content. As we discuss in more detail below, homework is the mechanism by which mastery is evaluated and established. Since demonstration of mastery is required to progress through the course topics, the definition of mastery must be rigorous and unambiguous. We want to let a thousand flowers bloom with regard to instructional content, but at the end of the day we must know whether the student has mastered the topic or has not.

Closely related to the definition of mastery is the precise definition of each topic, and the precise definition of which topics must be mastered to qualify for course mastery at the chosen grade level.

8 Software Design
There are four main modules of the software, which is given the preliminary name of OpenSourceLearning.net, pending debate: 

· Instruction, 

· Homework and evaluation, 

· Courseware development and maintenance, and

· Teacher and administrative.

We will first consider how one qualifies for a diploma, how courses will be organized, then nomenclature, and then consider each of the four modules in turn.  At this level of design, we are focusing on math and science courses (including laboratory selections), but with the intention to extend the design to English courses, foreign languages, history, literature, psychology and other more verbally oriented content areas.

All of the student’s and teacher’s interactions with the courseware system are via a browser, so that the particular computer system (Wintel, Linux, MacIntosh, Unix, etc.) is not restricted.

8.1 Instruction

The instruction module is relatively straightforward.  The topics are presented in the prescribed sequence according to the courseware. The choices offered to the student are taken from the database of courseware materials available: text, audio/visual lectures, or even experiential modules where the student performs experiments or otherwise interacts with virtual manipulatives of some kind. The student studies from the material taken from the database, so there is no printed text book (though there is nothing to prevent a printed version, either).  Where the material requires a royalty payment, the student will be informed and asked for permission to proceed.  If given, the student’s account will be debited but only once no matter how many times the material is accessed by that student.  The student is free to stop, rewind and re-view any audio/visual presentation, or switch to any other presentation in any modality.

The courseware will be designed to permit as broad a range of creativity on the part of course designers as possible, but the basic presentation is expected to be fairly conservative: a presentation or lecture of some type followed by exercises that extend the lecture, serve as homework, and as continuous evaluation. There are no tests in the traditional sense, because all work is a test in that it has to be mastered in order to move to the next topic. In this manner, the system is similar to errorless learning paradigms, so that all anxiety about tests is eliminated.

Although user authentication is a key component, to prevent deliberate or inadvertent corruption of a user's data, we do not have any concern about someone substituting for another in order to avoid the actual content of the course. Because evaluation is so pervasive and integral to the whole process, including spiraling re-evaluation of prior topics, anyone who attempted to substitute someone else's work for their own would be found out the first time they were forced to do a lesson under supervision.

Coming to each topic in the sequence, the student has a choice of several text expositions of the topic, taught at different levels of abstraction or prepared for different learning styles (e.g., theoretical, concrete, example driven, even experiential if appropriate for the material), or a choice of several audio/visual presentations again at different levels of abstraction or for different learning styles. Material designed for specific learning disabilities such as dyslexia or ADD or indeed any requirement can be provided. These choices may be of different presentation themes within an instance of courseware, or of the same presentation theme from different instances of courseware, or however the student chooses to filter the available material on offer.

The choices will carry a ranking from other students, and links to the recommendations relevant to those choices. The rankings and recommendations are intended to function very much like the user reviews on Amazon.com and other major web sites, as a guide to selecting the most appropriate one.  

After selecting an audio/visual lecture, the student can pause, back up, and listen to the same section as many times as desired.  At any point, the student can select an alternate topic presentation, or indeed as many as he or she might like.  When ready, the student will be taken to the evaluation module, which must be successfully completed in order for the topic to be logged as mastered.  When a topic is complete, the student may progress to the next topic or pursue topics from another course.  

If difficulties are encountered, the student may access online help by returning to the text or the audio/visual lecture, via a collaboration group, from a teaching aide, from the course teacher, or any other source.  Regardless of how much help is provided, the student must still demonstrate mastery of the topic individually.  All work is automatically saved, so that if the student ends the session without demonstrating mastery, he or she can resume at the same point.

All solution attempts are logged to an audit database for review by the course teacher.  If a student gets stuck, he or she may end up in a small group to work on the topic or possibly work one on one with the teacher either in person or via conference connection. Collaborative work is encouraged at all points up to demonstrating mastery, but students be warned to perform only practice homework in collaborative groups. Otherwise, subsequent spiraling re-evaluation may force them to revisit the topic. 

Course topics will be marked to indicate required for all students to obtain credit, required only for students who want an “A”, required only for students who want a “B” or higher, or optional for enrichment only. It is an option of the courseware writer whether or not a student may tackle other topics while also working to gain mastery of a required topic.  Optional topics, or optional for A or B only, may obviously be put on hold while the student proceeds to the next required topic.

8.2 Continuous Evaluation

When ready, the student will be taken to the evaluation module where problems are presented and solutions evaluated.  Most but not all problems will be drawn from the present topic.  Randomly selected problems from prior topic areas will be presented periodically to ensure that any topic, once mastered, remains mastered.  When the current topic area is completed after mastery is demonstrated, if difficulties with problems from a prior topic indicates that a refresher for that topic is advisable, the student will automatically be taken back to that topic and he or she will have to demonstrate mastery of that topic all over again.  Prior topics may be from the same course or from prior courses in the taxonomy.

When all the course topics have had mastery demonstrated, a period of time must elapse before the course is considered completed, perhaps two or four weeks but at the specification of the courseware designer.  During that period, a certain number of randomly presented topic problems must be evaluated.

By comparison, the evaluation module is far more complex than the instruction module.  There must be a database of problem templates from which the module will generate each unique problem.  (Problems may or may not be royalty bearing as well as the instructional material, or the problems may be tied to specific instruction selections.)  Where possible, the software should capture intermediate results for subsequent review.  An algorithm must be developed that heuristically weights the present topic and past topics in selecting problems to be presented.  Where current topics implicitly subsume older topics, e.g., arithmetic operations during an algebra course, the newer problems must be tagged to indicate that they preclude having to randomly present older, base material.

Note that, although the student can select any instructional presentation of the material, the problem database is standardized and universal.  The student has either mastered the material, or not.  The definition of mastery will be defined by the courseware writer, though optional problems will be allowed if selected by the student.

8.3 Courseware Development and Maintenance

The courseware developer will define the course being developed, topics to be presented (required and optional), and contributions to the database of problems or problem templates required to demonstrate mastery.  An external, diploma granting authority will determine whether the course is required or optional, and which topics are required for a specified grade. A peer review mechanism will evaluate the course once finished, and recommend publication or revision.  Publication of the course can be via an open catalog or via a closed catalog subject to approval.

Contributions to the problem database are encouraged, but are an independent, parallel peer review and approval process.  Anyone can suggest problems, not just a courseware developer, but problems must be vetted s acceptable to demonstrating mastery (and presumably not encumbered by copyright). Since the definition of having demonstrated mastery of a topic will not be at the discretion of the courseware developer, this will of necessity be a much more formal process. We anticipate spirited debate regarding the inclusion or exclusion of specific problems.

The courseware developer can include practice problems as part of the presentation, including their solutions on request of the student, but these are not considered part of the continuous evaluation process. 

Problems under provisional consideration for inclusion in the problem database may be randomly presented for evaluation of the problem, not the student. Statistics on how often a given problem is solved on the first try, and how long to complete a correct solution, will be maintained for analysis by the approval authority for both provisional and accepted problems.  Problems that are subject to frequent failure in actual use will be reviewed for possible amendment or deletion.

The courseware developer will also define the presentation themes to be part of the course, which may be a single theme or multiple themes targeting different audiences, but the course will not be limited to just those presentations. A courseware developer must present an entry for each defined presentation theme, but could have two or more presentations for an honors theme, or could have alternative presentations outside the defined themes for just one topic.

Courseware development is to be modeled on Sourceforce.net, the primary collaboration site for open source development projects. If a given teacher thinks they have a better presentation  for a given topic, then the software should encourage such individual initiatives.  If the students think they have a better presentation, then they would have equivalent access. The software should encourage as much flexibility and experimentation as possible, all of which can be supported because each student still has to demonstrate mastery to an absolute standard.

Any student can submit their own comments, including recommended alternative presentations, for the consideration of the courseware developer. This database of comments, recommendations and (possibly) student annotations will be available to the courseware developer to foster continuous quality improvement in each instance of courseware.  

The audit database used by teachers for administrative purposes will also be available for researchers and courseware developers. Statistical analysis will show which approaches are the most effective for the rainbow of student abilities and disabilities, all of which will feed back into the continuous quality improvement process.  Any improvement in any course or indeed an individual topic in any course can be updated at any time.  Freed from the lead times, costs, and requirements for uniformity of traditional textbook developers, courses can improve in quality over a matter of months or even days, as compared to years and sometimes decades today.

8.4 Teacher and Administrative Capabilities

The role of teachers will both stay the same in many ways, and also radically change in key respects.  The base concept of this approach is to relieve the teachers from the tedious and repetitive aspects of teaching, to free them for the role most aspire to - closely working with students to ensure their progress and their interest.  Students will have to be closely monitored to ensure that they are actually doing the work.  The students who want to zoom ahead will need less monitoring, those with little motivation will need more monitoring. Those who can't or won't learn the topics will require focused intervention, possibly including escalation to the administration.

The system must provide the teachers with the tools to follow the progress, or lack of progress, of all the students in their charge.  This may be many students for a single subject, or a smaller group of students across all subjects.  This is readily done by the system, because the system constantly tracks where each student is with regard to their scheduled progress with the topics in each course.  The system needs to store a planned schedule for each student, so that it can prompt the teachers with those falling behind.

More subtly, the system has the information in the audit database to detect patterns of difficulty and to suggest specific remedies.  This capability may require a great deal of effort to reach a useful stage, so that initially it will be relegated to after the fact investigations of the audit database and the information on scheduling versus performance.

For the administration, a more management view of the same information can be presented.  If a given teacher has more students who are failing to maintain their schedule, then more resources can be shifted to assist.  Conversely, a teacher whose students are making more progress may have time to assist a colleague whose students are falling behind.  Alternatively, the administration may create more of a pooled teacher responsibility for the students.  The system must provide the administration with the information necessary to make these adjustments, while providing the teachers with the capability to balance their loads with respect to the differing requirements of different groups of students.

8.5 Not a Silver Bullet

We must also remember that this is not a silver bullet for the issues confronting our educational system.  While this should do a great deal for the math and science courses, it will have less applicability to other disciplines.  For example, the system might lead students through historical material, but discussions still have to occur in order to teach critical thinking skills.  These discussions could take the form of online collaboration groups, or traditional classroom groups, or a combination.  

Furthermore, the grading system proposed above can only apply to the automatically presented and learned factual material. In a history context, this may mean only that the automatic grade selected relates to this material.  A separate, more traditional grade may have to be assigned for written analytical parts of the course.  On the other hand, some creative teachers may devise ways to use the system to that end.  The courseware development capabilities must be flexible enough to allow adaptation to new modalities.

Realistically, this means that the courseware development system will evolve over time.  In the beginning, it may be applicable only to science and math courses, then applicable to some aspects of language, history and psychology courses, and eventually applicable to instruction in ways that we cannot predict at this point.  But the ground will be prepared for continuous quality improvement in the content of the courseware, the scope of the courseware, and the usefulness of the development, teacher support, and administrative management components.  We will all learn together how to use this new tool to improve the lives of students, teachers, administration, and - over time - the general population.

9 Implementation and Transition
The right software will be required for outcomes based education to actually succeed in practice. We have not found any efforts to date in this direction, including MIT’s laudable and ambitious Open Courseware project, that challenge the existing model. They are adjuncts to the old model, not a change in the model itself, which will remain inputs based. There will be benefits at the margins, but no significant impact on the failings of the system as a whole. Ultimately, we predict that the OCW initiative will fail to reach its potential. It is not a solution to the overall problem.

The software (and the promise of lower or at least contained costs to administrators and politicians) will be what sells the idea. Outcomes based education as a concept needs to be embedded in the software so that it is implemented implicitly, even by stealth if need be.  In order to succeed, the existing model upon which the educational ecosystem operates must be disrupted (in the positive sense of enabling new opportunities for all), and a new, stable model must take its place.  

Let us hasten to add that in no way are we advocating tearing down what we have.  It is definitely neither desirable nor necessary to undo any existing program that works.  This is expected to be a program that works better, but it is intended to be implemented in an evolutionary style, not a revolution.  Only the ideas are revolutionary.

The system must be implemented gradually so that there is no operational disruption for students already in the system, nor for teachers already in the system.  It is our expectation, indeed, it is a fundamental design principle, that this will be a demand/pull system. Given the option, both students and teachers will gravitate to it, so that the transition can be as long as necessary to ensure that institutions are able to cope handily.  Everybody must like it for it to succeed. 

Nevertheless, we must always keep in mind that all previous educational initiatives have failed, and why: if you don't change the inputs based model, then any operational change will eventually dissipate. The model itself must change to outcomes based, which is implemented via the mastery principle in the software. 

This is a point upon which there can be no compromise, because compromise on this single point is the difference between success and failure. Gradual implementation is our recommendation: math first, then science, then English & reading & history.  Junior/senior level high school courses, or even college courses first, then transition to all of high school, then (as applicable) to middle school. We expect it to be of marginal use in elementary school where the primary issue is socialization and learning how to learn.  It may be of some limited value in math and reading, but it will be an adjunct.

Instead, we recommend implementing the mastery principle in elementary school according to the original Montessori model.  The elementary grades will continue to require more heavy staffing and more direct teaching.  However, as bright children are ready to move right along into higher level material, they can proceed at their own pace online while continuing within their age group and appropriate levels of social maturity.  Special needs children can use the system in a similar way, for the extra help that they need, accessing different courseware adapted for their learning styles.  Even when they can't keep up academically, they can stay within a social group of similar maturity levels without the artificial grouping by age alone.[image: image1.png]
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