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Summary

Improving education is a major problem in the world, both in developing and in developed countries. The solution to many of the other global problems, such as poverty, violence, and water supply, partially depends on it. The Education For All movement addresses this problem globally, with focus on developing countries, so far not successfully. It is also a problem in wealthy countries such as the United States where education may depend on such factors as family income.

A new insight to this problem and its solution is contained in a recent book, Blown to Bits, based on the economics of information. This book is concerned with business, not education. The key concepts are reach, the number of people involved, and richness. 
We argue in this paper that the insights in this book are also important in education. In the case of learning we take richness to mean the quality of learning, as measured by several factors discussed here. The curve of richness and reach for any one field is a declining curve; as more people are involved, richness declines.

For Education For All we need a strategy that allows learning to be rich for everyone on earth. This demands a new approach to learning, as it is not possible to do this with our current dominant approaches, schools and universities. A very promising new approach is described in this paper, based on highly adaptive computer-based tutorial learning, primarily delivered at a distance. We describe that global approach and give other references to it with further details.

Several experiments are needed to show that this approach is able to bring learning lifelong to everyone on earth. Of particular importance is an experiment with very young children to meet the Dakar Education for All goals for 2015.

We conclude with a discussion of what is required after the experiment to attain global leaning. This includes needed technology and organizational structures.

Richness and Reach

The title and concept of this paper is based on a recent book. The book says

To the extent that information is embedded in physical modes of delivery, a basic law governs its economics: there is a universal trade-off between richness and reach. - - "Richness" means the quality of information, as defined by the user -- -- -- The precise meaning of richness varies from one context to another.  -- -- -- “Reach” means the number people who participate in the sharing of that information.

Blown to Bits -- How the New Economics of Information Transforms Strategy, Philip Evans, Thomas S.  Wurster, Harvard Business School Press, Boston, MA, 2000.

The book often plots richness versus reach.  The curve descends, with a given technology and economics; as reach increases (more people use the material) richness decreases. We will see this curve later for learning. This trade-off is seen as dominating most modern information activities.  

But occasionally we can, in the terminology of the book, blow up the trade-off between richness and reach, and thus make real progress.  The book offers many examples of this from many fields, and discusses how this can be done.  This blowing up is an important moment in development in the given area. It is necessary for progress beyond where we are now.

Blowing to Bits

The examples and discussions in the book concern industries. So the language is that of business. We want to apply this discussion to learning.

As the trade-off between richness and reach blows up.  . . . economic relationships change radically. . . . New competitors will come from nowhere to steal customers. . . . We call this process of transformation deconstruction. (Page 37)

Chapter 4 is concerned with deconstruction. “It results from two forces: the separation of the economics of information from the economics of things, and the blowup (within the economics of information) of the trade-off between richness and reach.” (Page 39)

One thing is clear. We do not imitate the older models. New ideas are needed if we are to progress, to blow up the field. Otherwise we continue on the current richness-reach curve.

But by far, the most powerful way . . . to compete . . . is to use richness. Page (147)

Richness and Learning

Our concern is with learning, a topic not discussed in the book.  In applying these ideas to learning we must first decide what richness means for the learning situation.  I propose several possibilities, perhaps just different but related ways of defining the quality of learning.  

· Learning richness could refer to the success of the learning activity; if almost everyone learns, and learns well, learning is very rich.  

· The next possibility is the adaptability of learning; if the learning adapts to the needs of each individual learner, so learning is personalized, very rich. 

· Richness might refer to the quality and frequency of interaction between the learner and the learning material.  

· Another consideration might be the time for learning effectively. The shorter the time the richer the learning. This is closely related to individualization, as students will learn faster if the learning is individualized to their needs.

All these are similar and perhaps in terms of results the same thing. We will use them for richness in learning. Other factors are also important for rich learning.

· Learning should be enjoyed. This encourages further lifelong learning.

· We want creative people who can discover new theories or write new symphonies.

· Learning should adapt to each culture.

The Richness-Reach Curve for Learning in Schools

Learning in the conventional mode, as seen in schools, universities, and training, follows the typical richness -- reach curve.  That is, as more students learn, the degree of individualization and the success of learning decline.  In a school environment as we have more students, teachers can spend less time individually with each student. Persistent shortages of highly qualified teachers further complicate the situation.  Present strategies intended to improve learning, such as vouchers, charter schools, extensive teacher training, standards, and tests are likely to have little effect in blowing up learning; they will not greatly improve learning or allow us to reach more students.  At best, they might lead, nationally and globally, to only slight statistical improvement; some may every hurt the quality (richness) of learning.

A Historical Example of Rich Learning

There is a form of learning in which learning was very rich in all these senses. This was learning with skilled tutors. A classic example is the Socratic dialog. The tutor worked with one or several students, making assignments or asking questions. The progress was highly individualized, personalized, adapted to the students involved. The interaction was in the native language of the students, except when another language was the learning goal.

But this form had very little reach. Only the wealthy could afford such tutors. And there were and are few skilled tutors. So it can at best give us clues as to how to proceed toward greater quality and reach for worldwide learning.

A classical modern experiment in tutorial learning was done by Benjamin Bloom and in his students in the 1980s. He worked with high school students in the Chicago area, using three treatments. The first was the ordinary class. The second was a one step help, after a test; this led to a one Sigma improvement in student improvement. 

The third treatment involved individual tutoring, and led to a two Sigma improvement. So with tutoring almost everyone learned well, although this experiment or similar ones needs to be repeated in many areas. Bloom raised the point I am raising in this paper: How can we economically provide rich learning to all students? He does not answer this question, but suggests some possibilities, including the use of computers.

Next we show the richness-reach diagrams for classical tutorial learning and for classroom learning. Note that tutorial learning is rich, but it has very limited reach. Both curves decline as we reach more people, as with all richness-reach curves. The classroom learning curve does not reach everyone on earth, and is unlikely to do so.
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Richness Reach Diagram for Learning – Classical Learning

Technology in Education Today

Technology already plays an increasing role in learning at many levels.  If we look, for example, at United States schools we see two dominant technology factors, the increasing presence of computers in classes, and more Internet connections. Large sums have been spent on both. What we do not see is any fundamental change in student learning, or any change in the richness-reach curve. Very seldom is there any consideration about how this technology is to be used, except to train teachers in using it. The push for new facilities comes sometimes from the vendors. A similar situation is found in universities.

A current activity in some locations is the promotion of broadband connections to the Internet. But there is little attempt at educational justification for this costly approach. 

Blowing up the Curve

If we are to make real progress in improving learning, we must blow up the curve, raise the richness-reach curve.  We need methods of learning where richness can be preserved for very large numbers of students.  We have a world of 6 billion people, soon to be nine billion. 

The world has many global problems; in High Noon J, S, Rischard lists twenty such problems that we must solve in twenty years, including education for all. Many of these problems involve education as part of the solution. It is essential that we provide much better learning systems for everyone on earth if we are to survive. We need greater reach and greater richness.

There may be several ways in which this blow up can occur for learning.  In this paper I present one such way. I invite other suggestions.

In the strategy suggested in this paper there is no need for increased bandwidth. The increased richness sought here comes from another approach, highly adaptive tutoring with the computer, as seen in the following diagram and discussion.
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Note that this curve fits between the other two, and that it reaches to 9 billion people. We discuss details in the next section.

Tutoring for Everyone

I am suggesting that if someone is interested in equity that you wouldn’t spend more than 20 per cent of your time talking about access to computers, that you’d get back to literacy and health and things like that.

Bill Gates, Digital Dividends Conference, Seattle, October 18, 2000.

www.microsoft.com/billgates/speeches/2000/1-18digitaldividends.asp
           Individuals come to any new learning task with (often large) differences in prior knowledge and skills, learning style, motivation, cultural background, and so on. These qualities affect what is learned in an instructional setting.

Valerie Shute, Brendon Towle, Educational Psychology, 38(2), 105-114, 2003.

The usefulness of tutoring as a learning strategy has already been mentioned.  Classical tutoring with people is rich, but has only a small reach.  But we can now today provide with technology tutoring for almost everyone on earth, for both developing and developed countries.  In this situation the computer is the tutor.


Socratic Interaction

The model for the computer as tutor is the Socratic questioning and answering procedure.  The computer asks questions or makes assignments and students answer these questions. These questions are designed to find student learning weaknesses and to help them discover their own knowledge.  Students are free to answer any way they desire.  All this happens in the student’s native language.  Limiting interaction strategies such as multiple-choice and pointing are seldom used.  The computer program, as specified by the designers, analyzes the student response, and makes a decision as to what learning material to be presented next for that student.


Questions

The questions are frequent, typically occurring at intervals no greater than twenty seconds. All this occurs, questions and answers, as mentioned in the native language of the student. So the learning activity resembles the conversation between the computer and the student, similar to that between a human tutor and the student.  It does not resemble a lecture, book, or a video presentation.

It would be foolish to claim that the computer program can be as good as a very skilled human tutor.  In the richness-reach diagram the computer tutor starts with less richness than the skilled human tutor. But it is not essential that the computer as tutor competes well with human tutors.  What we are competing with are classrooms in schools and universities, for a larger reach.  In that situation the computer-based tutor can be extremely effective. The reach can be global, reaching the soon to be nine billion.


Advantages

There are several major advantages of this tutoring process. 

· With skilled questions we can find most student learning problems soon after they occur, and offer immediate aid. Further questions can determine if this aid has been effective. 

· We can adapt learning individually to each student; students can move at their own pace until success is attained, in each part of the learning activity. Thus almost all students will succeed.

· Another major advantage is that the very frequent questions and responsive replies to student answers maintain the interest of the students for long periods of time. We can verify this by testing the material in threat-free environments such as shopping centers, village centers, and public libraries, finding motivationally weak points and improving them.

· Because the program adapts to each student, learning time will usually be less than with traditional learning methods.

It should not be assumed that the tutoring activity just described is what is often called an intelligent tutoring system.  Such a concept, from artificial intelligence, is still not realizable economically for large numbers of students.  Rather this tutoring activity depends on the skill of the designers of the program, very good teachers and researchers.  No fancy computer strategies are needed; string matching with some logic provides the degree of response we need.

Further, the full power of contemporary computers is not needed.  We developed such tutorial materials starting 35 years ago at the University of California, Irvine, with much simpler computers than are now available. The design process, critical to this approach, will be described in the next section.


Past Student Performance

The human tutor has a long-range memory about the student.  This influences what the tutor does. Best decisions in presenting new learning material are made not only on what the student is doing at the moment, but on what the student did in the past.  

We can achieve this same desirable feature with the computer as the tutor.  Information about student progress and problems is saved as the student uses the program.  This information can be recalled by the program and used to help make future decisions about student progress. Again, decisions on what to store and how to use this information in the program are made by the designers.

Where this information is to be stored depends on the scope of the operation; in early stages of the program it might be stored in the local computer.  But eventually such data should be available internationally, so as students move from one location to another it would continue to be available.


Peer Learning

Another important consideration in tutorial situations is how many students work together.  Even with classical human tutors, there was often a small group, perhaps about three or four, working with the tutor.  We recommend that situation also when the computer is the tutor.  

This recommendation is based on extensive experiments that we performed with the Scientific Reasoning Series with groups of students about a dozen years ago. This was a series of ten programs, twenty hours of highly adaptive material, intended to help middle school students understand the nature of discoveries in science. The students in these experiments were alone in a room with only the computer and a video camera.  We recorded on the camera not only the student interactions but also sufficient information to re-create this session on a computer.  Then we could study the student-computer and student-student interactions using different protocols.  

This experiment showed that the best groups are about three or four.  In these situations marvelous peer interaction took place, focused on learning.  This was a very valuable part of the learning process. Peer interaction with tutorial computer-based units can be much superior to that found in a typical class, allowing increased social interaction.
Occasionally we would have students work alone at the computer.  Or the computer would direct questions to individual students by name. This will allow the computer program to readjust the groups, using the stored records.  So a given student would over a period of the time work with many different students.  The computer would also suggest some more advanced students and adults who might be able to help the student, particularly for the student in trouble.


Many environments

The tutorial units should be designed to work in many environments, with and without teachers. Evaluation should verify their effectiveness in all environments and for all types of students, including the economically deprived. This approach will overcome current inequities in learning.

Being able to learn without teachers is an important aspect of this approach. Even in developed countries we do not have enough good teachers.

Because of a shortage of well-trained teachers . . . effort should be invested in systems that can supplement the limited supply of teachers.
Information Technologies and Basic Learning, Centre for Educational Research and Innovation, OECD, Paris, 1987.
Development Process

We have a full process including supporting software for developing such highly adaptive material.  The steps are design, implementation, and evaluation and improvement. They are described briefly here. Much more information is available in the references.

Design

The first and most important stage in the development process is design of the modules by skilled teachers and researchers.  This stage determines how the program will behave for each user.  The key decisions that lead to adaptability are the results of the work of these designers, excellent teachers and researchers in the area being developed. 
Our design process starts with the notion that the material is to be highly adaptive to each individual.  So the design process is very different than that usually seen for instructional material.  This means that we cannot start with existing material such as texts and films developed without taking into account the potential of adaptive learning.  Such material can provide guidance to designers with regard to content.

There are two stages to the design process.  In the first, overall design, we lay out the full set of the material to be developed, with a description of each module.  The main tactic in this stage is brainstorming, as described in Getting to Yes.  Earlier materials of various types will help in making these decisions, including the proposal for the project. Existing standards will also help particularly international standards.

Detail Design is one of the most consuming parts of the activity. All the decisions must be made as to how the program will work with all students.  This work is typically done in groups of about four teachers and researchers, working together for a week.  Such a group produces one to two hours of material for a typical student, although student pace will differ from student to student.  In a large project several groups will work simultaneously.  

The first morning session is a workshop on highly interactive material.  We show the designers examples, and explain the principles behind highly interactive design. They see scripts, discussed in the next paragraph.  An important component of this workshop is to have the group understand group dynamics.  The groups have no leaders. We want them to be productive.  Designers should understand that conflicts will arise between different members of the group, and that these need to be resolved quickly.

The designers record their decisions in a graphical document called a script. The idea is similar to what Lawrence Halprin called a score. The script contains all the information for the final program: the messages (oral or written), the decisions about how to analyze student input, storage and use of stored information, the media needed, and information about what material is to be presented next to each group of students.  The designers make the decisions as to when students have mastered the material, and therefore can proceed to new topics.

Initially our scripts were on paper.  But now the scripts can be entered directly into the computer.  Having this script stored in the computer has some major advantages.  The stored script can be edited as we discover problems with it.  We can save successive versions of the script for backup purposes.  We can find places where the designers forgot to do things.  We can maintain versions in many languages.  

The primary development of the online script was done by Bertrand Ibrahim at the University Geneva in Switzerland.  More recent work has been done by Rika Yoshi at California State University San Marcos.


Implementation

Perhaps the most important feature of the online script is it that the computer can write most of the code from the script.  Another possibility is that the script can be directly interpreted as the program is executed. So the important stage of programming the material can be done mostly by the computer from the script.  As the script is modified, new code can be written.
Screen designers arrange the material on the screen. The emphasis is on learning and readability. Print readability research is helpful. We have on the screen at any one time only the material relevant to what is happening then. We use much blank space, free on computer screens, so that the student’s attention does not drift to extraneous material.

Another stage in implementation is the preparation of all the necessary media.  These will have been described by the designers, but additional design may be necessary by experts in the area.  The preparation for each media needed should be done by skilled experts, not by the designers.  We employ different kinds of talents in the production of highly adaptive units, each person doing what they do best.

Next stage in implementation is the combination of all this material into a running program.  This program needs to be Beta tested with large numbers of typical users.  The aim is to eliminate bugs in the program before evaluation, the next stage of development.


Evaluation and improvement

This stage should be planned by professional evaluators. No matter how skilled designers are, they will overlook some things that should have been taken into account.  The messages may not be entirely clear.  We may miss student inputs that we should have recognized.  Some material may not lead to mastery for most students.  We also want to find places where motivation is weak, and so students loose interest. All these can be discovered in evaluation, mostly with data stored when students are using the program, and can be corrected before the program is widely distributed.
Because each student is unique, evaluation should involve large numbers of students of many backgrounds, both in schools and in locations where no schools exist. Economically deprived students should be in the evaluation group. Because of the volume of data gathered, far greater than in typical educational research, tactics such as data mining will be useful.

Two stages of evaluation and improvement should be conducted.  In the second we shift more to gathering data about the effectiveness of the learning material.

Education for All
So far much of our discussion has focused on richness issues, the quality of learning.  But as we have suggested using the computer as a tutor also allows us much greater reach.  So our discussion now shifts partially to the issues of reach, bringing learning to more and more people.

Learning is the right of every individual on earth! The heading of this section, "Education For All", is a name of international movement that is going on for many years.  A series of conferences have used this name.  

Furthermore in our modern world learning should be a lifelong activity.  We can no longer assume that whenever someone learned at one stage will be sufficient for all of life.  Everyone should learn to their full potential.  This is essential for modern society.  Learning For All is one of the twenty global problems discussed in High Noon.

The actual situation in the world is very far from education for all.  Many people have no schools, or have inferior schools.  While this is most noted in the developing countries, we can see it also in countries like the United States where education has recently been characterized by Arthur Levine, President of Teachers College, Columbia University, as “still separate still unequal”, discussing the low quality of inter city schools.  Education almost everywhere is dependent on the economic status of the students. We do not have an even playing field for learning, and therefore for life. 

A series of international meetings have addressed this problem.  Most of the goals set at these meetings concern elementary education, a reasonable starting point for education for all.  The first conference of this kind to receive widespread publicity was the conference in Thailand at the end of the last century.  It set goals for a few years in the future, but it was quickly recognized that these goals were not being attained. 

The World Education Forum (Dakar, Senegal, April 2000) set goals for 2015.  These goals concern primarily elementary education, with further stages coming later.  One is that every child in the world would have access to elementary education.  Another is that girls should achieve equal education to boys.

Large sums of money have been dedicated to these goals, by the World Bank, by other donors, and by individual countries.  Their strategy is to build schools and train teachers. But a UNESCO study recently suggested that these goals will not be met in many countries.  We can understand why if we think of the situation in terms of richness and reach.  To reach everyone on earth with quality education we need to blow up the curve.  But the decline of the richness-reach curve, with the current system of learning, assures us that as we move to large and larger numbers the quality of learning will decrease.  To achieve the goals of education for all, even beyond the primary level, we must blow up learning, reaching a new richness-reach curve, seen in the second graph.  Tutorial learning with the computer will allow us to achieve education for all, and to raise the quality of learning everywhere.  

The Technology We Need

What technology is needed if we are to have a good chance of reaching everyone on earth, lifelong?  Most of the technology already exists, and developing the new components will not be difficult.


Computers

The computers available today are more than sufficient to support highly adaptive tutorial learning.  We estimate that we could build a suitable computer in quantity for this purpose for well under $50 each, and this price will decline with advancing technology.  This would not be a general-purpose computer, as its primary goal will be to run the learning material.  It world support also many tools essential for learning, such as word processors.

Not everyone in the world has convenient access to electricity. So we will need solar panels for some of these computers, perhaps individually, perhaps for groups of computers in village centers. This technology already exists.


Operating systems

The operating system required would be much simpler, cheaper, and more reliable than today's systems.  This is because it will be asked to do much less.  Its primary role as indicated is to allow the student to use of learning materials.  

As more and more such highly adaptive materials are available, as we will discussed later, the operating system will also have the role of letting students know what is available.  One might refer to this computer and operating system as a learning appliance. It is not a general purpose computer, although the learning materials would also run on general purpose computers.


Voice input and output

Our young children who first began to use this system will not know how to read and write.  So we will start primarily with voice for both input and output.  We suspect that voice input will become the dominant mode of interaction for later in life also.  In a highly adaptive environment interaction is enhanced by being able to talk, a natural way to communicate for humans, as long suggested in science fiction.

For the major languages of the world voice input systems that are commercially available are already adequate, although they must be adapted to the voice model and vocabulary of young children.  But as we spread these materials to a larger and larger group we will need voice input for each language.  Existing voice engines will be adequate for this task, and can be extended to new languages.

The new operating system is likely to be based on voice input.


Distribution

Only one person in ten in the world has access to the Internet.  Furthermore the Internet is dominated by commercial forces, with rapidly growing uncontrolled spam.  

The likely method for global distribution of learning units is through the use of satellites.  There are several possible models that need to be explored for further.  This will probably not be the current Internet, but a special network set just for learning purposes.  If we are thinking of the global situation, with universal reach, we do not want commercial competition for the bandwidth. This also would allow us to use newer standards for such distribution.

Most of the interaction would take place in the local learning appliance. Segments of the program would be downloaded as needed. 


Shelters

These new learning appliances and the apparatus to connect them to the distribution source will require housing of some type.  These learning centers might be locally developed structures, or might be part of the existing structures such as village centers or shopping centers.  Or they might be especially developed inexpensive units for this purpose. 

Steps to Blow up Learning

The activity contemplated is a very large one. Bringing education to all is a large project, like putting a man on the moon, or communicating with remote intelligent beings.  In does not happen simply by having the technology and the vision. Several steps are required.


Experiments

For such a large undertaking we need better empirical information then we have at present, both for technical purposes and for convincing leaders that this is a reasonable direction.  So the first stages in realizing education for all based on adaptive tutorial learning with computers will be a series of extensive experiments at a variety of levels.  Small activities will not provide the information we require.  We have had many of those already and the results are promising.

The choice of the experiments should be based on the needs of the world.  Thus we want to pick important learning problems in each segment of learning, with problems with current approaches, and show that we are up to the challenges they present. We do not want to experiment with the “easy” problems. We should keep careful financial records for later use.

With regard to the Dakar goals for ‘education for all,’ an important global problem, we need to work primarily with young children.  Hence one experiment that we should do quickly concerns possibilities with this strategy with young children.  We have proposed a three-year experiment, with the adaptive tutorial units developed in the first two years, and extensive evaluation and improvement with large numbers of students, including many economically deprived students, in the third year.  Segments would be developed for three years of mathematics, three years of reading and writing, and one for science.  All these would be concerned with young children, although they could also be used by adults with these needs, perhaps in a modified form.
Several sets of the material would be developed initially in five languages and cultures, to gain experience and determine costs in moving materials to new cultures. Evaluation activities would take place as mentioned in many locations, including some with very poor students.  Each set of units in a new language would need to be evaluated. Although the languages that would be involved will not be chosen now, likely languages are Chinese, English, an Indian language, an African language, and Spanish.

We also need experiments at other levels. At the university a suitable experiment would involve several of the large beginning courses.  These represent a major student load; about 40 percent of the student hours in universities are in twenty five of these large courses, often the poorest courses in richness because of the very large numbers of students involved, as we would expect from the richness-reach curve.  Note that we are not attempting to improve these courses in just one university.  Rather, we want them to work in all universities.  That would mean that we would test them widely in many different types of universities, and with students not in universities. As we develop more of the school curriculum, these courses will probably move down to the school level, so we would test them there also. The artificial boundary between schools and universities may vanish.

An experiment in training would also be valuable. Other adult learning experiments would also be useful.


Full development

As already mentioned the full development of the learning material will be a very extensive activity.  It will involve many groups in many parts of the world, probably some commercial and some nonprofit.  We will discuss in the next section some of the organizational arrangements needed in full development.  

It is probable that we would want several segments in each area, to allow for choice, to allow different ideas about learning, and because not all segments will be equally successful in helping learners. All units developed will be evaluated to see if they meet the richness standards for highly adaptive units.

The data from the experiments just discussed will be useful in guiding these developmental groups.  Groups can choose what area they wish to work in, but advice may be given.  The process of development will in each case be like that already described, but is possible that new development strategies for highly adaptive units will also evolve.

As new learning sequences are developed they will be made widely available.  Further development will move the sequences to new languages and cultures. In each case a full evaluation will take place.

As more sequences are available, we will need to let people know what they can learn.  As suggested this will be with a major function of the new operating system.  This advice will be based on what the student has already done, know from the stored information.


Organizational Structure

Careful consideration would need to be given to organizational structure.  Current educational structures such as schools and universities probably will not be adequate for the new situation.  

Several types of organizations will be needed.  Perhaps we will need both national and international organizations.

· One would suggest important problems for immediate development. 

· One would be an overseeing structure that keeps track of what is developed at any given time, and makes this information available to developers and students, primarily through the operating system. Perhaps we will need a special operating system for developers, with tools for development. 

· We also need a group concerned with continuous evaluation of the learning material and with research based on this material. This research will be very important in planning future development and in improving our knowledge of how people learn. Longitudinal research would be particularly important.
· The process of moving materials to new languages also needs some organization. 

· Putting into place the global distribution system will also require a new organization.

I do not discuss the question of degrees and accreditation.  This too might need an organization to consider it.  Degrees may be less important in the future; there may be more concern with what might be described as certification.
Some of the learning materials would be devoted to continuing learning in an area in which a person is already certified. Thus a doctor would continue to study all her or his life.

These decisions about organizations should depend partially on experiences with using the material, with the goal of maximizing both reach and richness. Experience may suggest the need for other organizational structures.

Costs

We cannot consider new developments in learning without considering the expenses involved. Sustainable reach depends on reasonable costs. We already noted that one promising approach, tutorial learning with humans, is too expensive for global use.  In considering costs we need to consider first experiments, and then full development.


Costs of experiments

A series of experiments are suggested to gain more information about how this development would proceed.  The experiments will be expensive in the short run, but are essential for further development and should lead to lower costs. 

For the elementary experiment, leading to meeting the goals for "Education for all", the costs of the experiment will be about $18 million over three years. Full details are available. For the University experiment the cost to develop three courses would be about $15 million. These costs include evaluation and improvement. We do not estimate the costs of other experiments, because they are no details as yet.


Costs of full development and distribution

It is harder to estimate costs of full development, because we do not yet have the data from the experiments.  Distribution costs are also difficult to estimate carefully before we have further information. But our expectation is that costs will be less than with current learning systems.  

The highly adaptive learning materials will have a large market in the developed countries.  We will be able to demonstrate that they are superior to existing learning material, because of their richness.  Furthermore we expect the cost to be less.  So this market will lead to large profits. These profits might be gathered either by international groups, national groups, or companies.  Some combination is likely. 
In any case we would require that some of these profits be made available for use in developing additional material and distributing material to the poor parts of the world. So the wealthy will by providing better learning for their children help bring learning to the poor.

The key to lower costs is the very large reach of the materials.  The critical factor is the cost for student hour of learning, for high quality learning.  A careful analysis of the costs is presented in a chapter in Tutorial Distance Learning.  Some of the results may be surprising.  For this approach, which aims at great reach, some costs reduce with greater numbers of students. Thus the costs of development turn out to be less and less importance as the reach is greater in greater. We should already know this from the learning experiences of the UK Open University.

Another important factor in considering costs is that with highly adaptive learning students will typically learn faster. So instead of twelve years of schools, we would need only nine or ten years.

A Picture of Future Learning

The following was written for a panel at ICCE 2002 in New Zealand. It illustrates what is possible, if we start soon. It is modified slightly.

<SPAN style="FONT-SIZE: 12pt"><SPAN style="mso-bidi-font-size: 10.0pt">Let me tell you a story. <SPAN style="FONT-STYLE: italic"><SPAN style="mso-spacerun: yes"> </SPAN>The time is 2025, in a town in India with about 100,000 people.<SPAN style="mso-spacerun: yes">  </SPAN>We are in the center of town, in a room that contains many screens that look like television sets without keyboards.<SPAN style="mso-spacerun: yes">  </SPAN>Many people all ages are intently interacting with the material on the screen.<SPAN style="mso-spacerun: yes">  </SPAN>The interaction is entirely by voice, and the native language of the students is used, except when they are learning another language.<SPAN style="mso-spacerun: yes">  </SPAN>Students are free to say anything they wish, and they do.<o:p></o:p></SPAN></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">Their slightly older brothers and sisters bring three five-year old students to the center, Maya, Asha, and Gopal. This is their first visit to the Center.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">They sit down at one of the screens, and begin a conversation with the ‘learning aid’.<SPAN style="mso-spacerun: yes">  </SPAN>The human voice is the mode of this interaction, in both directions.<SPAN style="mso-spacerun: yes">  </SPAN>The learning device talks to the students, mostly asking questions, and the students talk to learning device, answering the questions.<SPAN style="mso-spacerun: yes">  </SPAN>Our three young heroes sit down together, and often discuss what they will say.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">The learning aid first asks the children for their names.<SPAN style="mso-spacerun: yes">  </SPAN>Then it suggests that Maya tell a story.<SPAN style="mso-spacerun: yes">  </SPAN>It may need to prompt the student to begin, but probably this will not be necessary, as children love to tell stories.<SPAN style="mso-spacerun: yes">  </SPAN>As the child tells a story print appears on the screen in the child's native language.<SPAN style="mso-spacerun: yes">  </SPAN>Since these young children they may not know how to read the print.<SPAN style="mso-spacerun: yes">  </SPAN>Pictures illustrate the story as is told.<SPAN style="mso-spacerun: yes">  </SPAN>The learning device adds periods where appropriate.<SPAN style="mso-spacerun: yes">  </SPAN>We are beginning even in this early stage both to get children to write, and to understand the connection between speech and the funny symbols that appear on the screen.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">The learning device asks the student to read back the story,<SPAN style="mso-spacerun: yes">  </SPAN>soon determining just what they can read.<SPAN style="mso-spacerun: yes">  </SPAN>The learning aid reads back the story slowly, using the voice of the student, emphasizing each word on the screen as it is read. The story is stored, and will be presented again to the student.<SPAN style="FONT-WEIGHT: bold"><o:p></o:p></SPAN></SPAN></SPAN>
<SPAN style="FONT-WEIGHT: bold; FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">Our students come back often, eventually learning to read and to compose stories and other documents. The devices learn much about the student, and use that information in future learning. Occasionally the learning device suggests that they work with other students, suggesting which students, so they become familiar will many children in the village.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">Other groups around the room are working on different things.<SPAN style="mso-spacerun: yes">  </SPAN>Some learn about nonviolent ways to resolve disputes. A group of 10-year-olds is learning how to differentiate a function.<SPAN style="mso-spacerun: yes">  </SPAN>An older group of children is working on quantum electrodynamics.<SPAN style="mso-spacerun: yes">  </SPAN>Some are learning how to build and operate a small factory. Several 80 year olds are striving to understand Beethoven's ninth Symphony. <o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">No one is in charge in the room. It belongs to the learners. Learners continue working on a topic, perhaps in several sessions, until they succeed in learning, as determined by the learning device. Since all succeed, no tests and grades are given. Any subject is possible at any time and at whatever pace the students want or need.<SPAN style="mso-spacerun: yes">   </SPAN>The learning aid assists with choosing new subjects, based on what is known about the student.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">The learners are not required to work in groups, but most do, in groups of about three or four.<SPAN style="mso-spacerun: yes">  </SPAN>They come whenever they want to, and leave whenever they want to; they are free learners, working because they are in a highly interactive motivating environment, and because they have always enjoyed learning.<SPAN style="mso-spacerun: yes">  </SPAN>Many of the children spend much of the day in the center. They may also work on projects outside the Center. If special help is needed, the learning aid suggests several people to assist, and asks those people if they are willing, when they are in the Center.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">The learners in this village understand that learning is a lifelong process.<SPAN style="mso-spacerun: yes">  </SPAN>They love to learn, perhaps because they are always successful in learning, and perhaps because they do it with their friends.<SPAN style="mso-spacerun: yes">  </SPAN>Even in a young age they understand the power of learning, and this encourages lifelong learning.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">They know too that billions of other people on the earth are engaged in similar learning activities, and they understand clearly that this helps them avoid violence, and to solve the major problems of the world, such as too many people, poverty, and not enough food or water.<o:p></o:p></SPAN></SPAN>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><![if !supportEmptyParas]><![endif]> </SPAN><o:p></o:p>
<SPAN style="FONT-SIZE: 12pt; FONT-STYLE: italic"><SPAN style="mso-bidi-font-size: 10.0pt">Their own village has changed greatly since the learning aids were available.<SPAN style="mso-spacerun: yes">  </SPAN>Everyone has a comfortable place to live, enough food, and enough water. People enjoy life.

Tentative Schedule

Not all the events suggested in this paper happen at one. For example, we do not need the learning appliance, and the satellite network, until we have a major body of material to deliver. We can give only a tentative schedule for the future, because some of these developments depend on earlier work. The schedule covers twenty years.
· Years 1, 2, and 3 – The experiment with young children

· Year 4 – Decision to proceed further in this direction or not– following steps if this decision is positive.


Extend math and science material to three more languages


Extend reading and writing material to another language


Voice input systems for these new languages

Begin to develop learning materials for health in poor areas.
· Year 5 – Begin development of mathematics and reading and writing material for entire primary curriculum – three years new material

Expand existing materials to more languages and cultures – multiyear effort
Begin with preschool material including learning to live without violence.
· Year 6 – Begin development of learning appliance and operating system for poor areas. Cost should be well under $100 for each device.

Establishment of organizational structure – first stage. We need to plan several functions, including spreading information about existing units, planning for new units, continual evaluation including longitudinal evaluation, maintenance, financial management, and construction and distribution of equipment.
· Year 7 – Begin development of new satellite network for learning

Final organizational structure


Begin other curriculum material for the elementary level


Begin research efforts to better understand learning.

Design long-term international storage of student records.

· Year 8 – Meeting to plan secondary school curricula

Testing of learning appliance and operating system


Deployment of this appliance

· Year 9 – Beginning of development for secondary school curriculum - multiyear project

· Year 10 – Experiment in lower division undergraduate courses, based on widely taught courses
· Year 12 – Begin testing of full K-12 program, in all languages currently available.


Extension of K-12 materials to additional languages and cultures


Continual movement each year to new languages


Begin widespread usage of satellite network.

· Year 13 – Implementation and evaluation of lower division undergraduate courses for many languages

· Year 16 – Implementation of upper division undergraduate courses

· Year 19 – Implementation of courses for lifelong learning

· Year 20 – Education for most people on earth


Continue moving of learning units to new languages and cultures


Development and deployment of more learning units


Continued research
We emphasize again that events far in the future are subject to change based on experience.
Conclusion

We suggest a new approach to learning that has great promise to raise the richness-reach curve and to allow us to reach everyone on earth. The strategy assumes development of highly adaptive tutorial learning units delivered by computers and satellite networks.<o:p></o:p></SPAN></SPAN>
The first stage is the gathering of more experimental information.  We propose a series of experiments at different levels, including one concerned with education for all.  If the experiments are successful then we can proceed to full development and global distribution.  The goal is to bring lifelong learning of high quality to everyone on earth, at reasonable cost.
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