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Abstract
This paper considers the major global problem of bringing high quality learning to everyone, rich and poor, at all ages from birth to old age. Learning is often nonexistent or marginal in the developing parts of the world. In the developed world learning is often not as good as possible for the well endowed and sometimes terrible for the poor and for racial minorities. Most of the current attempts to improve learning, locally and globally, are insufficient. Small changes in education will not be sufficient to bring learning to all. We need to consider new possibilities to solve this problem.
A major problem in learning as it exists today is that it often ignores the uniqueness of each learner, with different backgrounds, skills, learning styles, and interests. Only a rare skilled teacher can allow for differences in today’s large classes, with the learning tools available. We should adapt learning to each student, frequently. 
If I had to reduce all of educational psychology to just one principle, I would say this: The most important single factor influencing learning is what the learner already knows. Ascertain this and teach him accordingly.

David Ausubel, Educational Psychology; A Cognitive View, Holt, Rinehart and Winston, NY, 1968.

A new paradigm for learning is proposed in this paper, one that follows Ausubel’s suggestion on a moment by moment basis. Other possibilities may be developed. Given this new kind of learning material, how do we proceed to provide learning for all? We suggest a major experiment to start the process, and present a twenty year plan for attaining learning for all.
A New Paradigm for Learning

The solution proposed for bringing learning to everyone is based on a new type of learning material on computers, adaptive tutorial learning. Few current examples are available. The new system has the following characteristics.
Highly adaptive to the needs and abilities of each student 
Adaptability of learning is the key feature of this new method. As mentioned this is an important factor in improving learning. We must think carefully about what adaptive learning means, and how it can be achieved for all students.
How frequently should the learning material adapt to the needs of each user? We want this adaptation to be very frequent, on a moment by moment basis. The sooner student learning problems are located and assisted the better it will be for future learning. We will see how this happens.

Highly interactive learning

Unlike lectures, video, radio, and books, all students play an active role in this new learning paradigm. Students should be involved in learning, not just passive recipients. Active learning is more interesting, and leads to better learning.
Tutorial learning, in the Socratic sense 

The fundamental strategy we propose for attaining highly adaptive learning for each student is tutoring. This is an old learning method, at least 2500 years old. It was and is an extremely effective learning strategy if the tutor is effective.
We have only Plato's view of Socrates. The early Socratic dialogs are most useful in understanding this approach to learning. Socrates walked around Athens with a small group of students. He did not lecture to the students; he had a negative view of learning by such passive methods as reading books or listening to lectures. He asked frequent questions, and followed the student answers with more questions, dependent on the responses of the students. All this was in Greek, the native language of both Socrates and the students. Socrates asked the questions, not the students. The questions were frequent. The situation was very different than that found in lectures, in the size of the group, in the amount of student participation, and in the tutor’s detailed knowledge at each point of what the student knows.
This was a superlative way to learn. This and other forms of tutorial learning have been seen throughout later history. Major universities, Oxford and Cambridge, offered tutorial learning. It was often the preferred learning method for the children of the very wealthy, with tutors coming to their homes or living there.
This way to learn, however, did not reach many students. Having tutors for every student is very expensive, not affordable by the world for all students. And skilled tutors like Socrates are rare. We cannot find enough tutors to provide learning for everyone. Today tutoring mostly occurs with students with special problems.
However, we now have a new possibility for tutoring. The computer can be the tutor, reaching large numbers of students, the direction we follow in this paper. We have been developing adaptive tutorial material at the University of California, Irvine, for over thirty five years, often with much more primitive technology than we have today. We will see some examples later.
This approach is not ‘intelligent tutoring’. This term is often misused; many examples that use this terminology employ few or none of the techniques of artificial intelligence. These tactics are today not usable to provide education for all. They may, however, enhance future possibilities. Interesting research in this direction is ongoing.
The ‘secret’ of the effectiveness of the approach with computer-based adaptive tutorials lies in the design of the tutorial units. This is done by small groups of good teachers and researchers. Users of our older units, even knowledgeable ones, often believe that the programs were intelligent. But they have no more intelligence than a good textbook. Everything is fully specified by the designers.
Questions from the computer twenty seconds apart
Socrates asked frequent questions. There are at least two reasons for frequent questions. They allow us to adapt learning frequently for the individual student, and they help maintain student interest for long periods of time. We will consider these reasons for many questions and discuss why we suggest twenty seconds or less between questions.
Free-form answers – no multiple choice

A key to the Socratic tutorial approach is the use of free-form verbal answers to questions. We need the power of natural languages to understand what the student knows. Multiple choice is inadequate, and is never needed in tutorial units. It should not be used in learning, and certainly not for high-stakes testing, where it is dominant.
Designers’ choice of questions aid adaptive learning

Two factors are critical in adaptive tutoring, the choice of questions and the analysis of student answers. Designers need to be aware, from interactions with students, of possible student learning problems, and consider how to identify these difficulties. The questions and student replies are the tools for adaptation.
Designers, skilled teachers and researchers in the area being developed, work in groups of about three or four, as we will mention later. .Discussions in the group during the design process produce better questions to locate student difficulties than individual teachers would. We prefer to have teachers in the design groups from different cultures. They may have different strategies for learning in a given area, perhaps all useful for different types of students. 

Designers’ choice of the next question to ask

The second method for making tutorial learning adaptive is to decide what question to ask next. This depends on the analysis of the response to the last question, and on the previous performance by the student. The student should see the response as directly related to her or his answer to the questions. We accomplish this by looking for certain words, or pieces of words, in the answer, perhaps with some logic: Does the reply contain this and that, but not a third fragment, for example. 

The design considers various correct responses. It looks for wrong answers if students can be told why the answer is not reasonable, thus assisting learning. We avoid criticizing the student for incorrect replies. We are helping the student learn, not making negative comments. Designers also decide how to respond if the student answer was not specified in the analysis. Such replies should be stored, for later improvement of the program. It is because users see the program as responsive to their needs that some users think that artificial intelligence in the form of natural language recognition is involved. But only simple string matching is used.
The second factor in determining the response is previous student work.  Designers decide what information to store about each student, and when and how to use this information in deciding on the next question. This information is stored, identified with the individual student. This stored information is also useful in improving learning units and in research on how students learn. A valuable concept in deciding on the next question to be asked is the Vygotsky concept of the zone of proximal development. At any stage of learning, we ask what the student is best prepared to learn next. 
All communication in the native language of each student
We want learning to be available for everyone in the world.  Almost everyone learns a language, sometimes several, as a very young child. Young children should learn in a language they already know. There are a great many languages, the ‘Tower of Babel’ problem. Hence learning units must be available in many languages, including dialects of each language. We cannot develop material individually in all languages, if the costs are to be reasonable. So we must move material already evaluated from one language to another. Student replies may be different in different languages, so they must be considered in the process. Further, people in different languages and different living circumstances may have different cultures. So moving learning material must consider both language and culture.

Global use, in rich and poor areas
The discussions of the ‘education for all’ problem in conferences and papers usually refer to the developing parts of the world. But as mentioned education is frequently deficient in developed areas. In the United States education in the inner city and in small villages is often inferior to that in affluent suburbs. Every country and individual could benefit from improved learning. 
 Learning individually paced
As Patricia Cross said, we keep the time fixed and vary the amount of learning, while a more rational strategy would keep learning fixed and vary the time. We follow this advice in our system. Students differ greatly, so with adaptive learning students require different times. Student pace may be different for each student. The computer keeps records of where each student is. Fixed pace is easier for the teacher and registrar or other record keeper. But it is not best for the student.
In adaptive learning with individual pacing many students may progress faster than now. We cannot be certain until a large body of material is available, but it seems likely that many people would learn faster, since learning adapts to each. 
An advantage to variable pace is that a student can stop learning if needed, because of circumstances outside of learning. Thus there may be family situations that demand much student time.


Continuous lifelong learning

Since pace differs from student to student, learning is a continuous process. ‘Third grade’ no longer has any meaning, and learning is a continuous process from birth to death. There is no longer any need for such concepts as elementary school, primary school, middle school, high (secondary) school, and university, although these organizations might still exist.
Students do not learn at the same speed in all areas. One young student, for example, might have a learning spurt or inherent skills in mathematics, but may move less rapidly in reading. So learners move at different rates in each area, another advantage over learning today.
An emphasis on mastery learning--almost everyone succeeds
Individualized pacing allows a student to stay at a given task until it is fully learned. All learning can be successful for almost all students; grades, unnecessary here, mostly would be ‘A.’ Earlier work has shown that this is possible. In universities in the 1970, the Keller plan, the personalized system of instruction, insisted that students stay at a task until they mastered it. We need evidence in a variety of levels and subjects that such mastery is possible. Learning units need to return to each topic at later times, to be sure that the knowledge and techniques are in long range memory. So we need to revisit things at later times, and perhaps offer additional learning.
Outstanding skills can be recognized
We can within the programs give special recognition to those with unusually capabilities in a given area.  If we can identify such individuals, they might be willing to tutor others, and we might even bring them to consider the possibility of a career in the area. We may stimulate someone who will make valuable contributions to society.
Learning and testing combined

Tutorial learning consists of a series of questions, probing the student’s knowledge. So testing is not needed. It is part of the learning process, invisible to the student. One benefit is that no cheating is possible. No tests lead to a positive attitude toward learning  


Student groups and peer learning
Groups of three or four students work together at the display, allowing peer learning. We do not want each student working alone at the computer. The evidence is that such one-on-one learning is inferior. Peer learning, students learning from each other, is a very valuable learning resource. 
An experiment at Irvine, videotaping groups of different size, showed that the best group size is three or four students. The interaction between students was impressive, and almost always on task, with no one else in the room. If more than three or four students are present, some become spectators and so do not learn. If there are too few students, we lose the major benefits of peer learning. 
Our experiment showed that there is far more interaction between students than is seen in classes. So we encourage future social interaction, getting students to work with other students. Cooperation between people will be important in this learning material, and in later life.
If groups are to work together, they must all be at about the same point in learning. As they move in different paces, the groups must be rearranged by the learning program. This is based on the stored information about student progress. The computer may occasionally request students to work alone, to gather more evidence for rearranging groups of learners. Students who choose to be absent will be placed  in new groups.
Enjoyable learning for all students
Everyone should like to learn, find it pleasurable. This is an important function for the learning units. Many factors mentioned help, including interaction, responsive replies to the student, success in learning, peer learning, no tests, and others. Humor can also play a role. Some recommend learning games, but there is insufficient empirical information, and effective learning games are difficult to develop. 
If student enjoy learning, even of difficult subjects, they will spend more time in learning activities. We want learners to be free to learn when they want to. Time spent in learning is a well known factor in leading to more learning, perhaps the most important. Enjoyment of learning will encourage lifelong learning, an important goal.

Students discover much of their own knowledge

Current education often tells students important results. But students are capable of discovering most of their knowledge. The tutorial units will encourage student construction of important results. We can see examples in Socrates. Examples from our work in Irvine will be mentioned later. 
Voice as the main mode of interaction with the computer
Young children beginning to learn cannot read and write, but they can listen and talk, so Initial communication between the computer and the student in both directions must be by voice for these children. Speech analysis is now practical on computers; it is available in major languages and can be extended to others. Voice is likely to be the best interaction method for all students, since it is a natural way for humans to communicate. Science fiction has long recognized the importance of voice communication with computers. This needs further empirical study.

For our purposes the use of voice does not require a solution to the Artificial Intelligence problem of natural language processing. As mentioned, we need only spot key words in the answers spoken by the students, determined by the designers. For young students the vocabulary will be very limited. The voice engines need to be adapted to the voices of young children.
Full evaluation and improvement before general release
In the development process one year is devoted to several cycles of evaluation and improvement. Learning units are well tested and improved before release. We may retest units later. 
Usable with and without schools or universities
Too few adequate schools and universities exist, particularly in poor areas. This is obvious in developing parts of the world, but it is also found in poor parts of developed countries. Where such institutions exist, they may be very weak. In such situations the materials must work without support from adults. The materials might also be used also in existing schools and universities.

Learning must be affordable

The costs of learning must be affordable by individuals, societies, nations, and the world. We consider all costs in making this determination. The full costs should be less than those of other methods of learning for everywhere.
Developing highly adaptable tutorial learning units

At the University of California, Irvine, we have developed such units since 1968, initially with more primitive technology than now. We developed a system for producing such units. Initially this work was at Irvine, but we were joined by faculty in Computer Science at the University of Geneva, particularly Bertrand Ibrahim and Bernard Levrat. Our system differs from the common instructional design strategies, because we are generating adaptive tutorial units. The developmental process has three stages, design, implementation, and evaluation and improvement. The most critical in producing effective material is design. 


Design

This is the stage that is most different from present modes of instructional design. We have already noted some of the roles of designers. The first step is overall design, and then detail design. The critical individuals are skilled teachers and researchers in the area. Designers need to learn about adaptive tutorial modules, perhaps by running examples, as this type of material is still rare and may be unfamiliar to each.



Overall design

Overall design is the first phase. This determines the overall form of the modules, although this may change as design progresses. The product of this phase is an outline of the course, and a description of each of the modules, perhaps about a page. The background material available to the group includes the reliable research available on how to learn this subject area. Existing courses, usually defined by books and perhaps films are also a source of information, even though these materials seldom adapt to the learner. The designers should review all this before the design session.
The initial tactic used is brainstorming. The purpose is to generate ideas, perhaps new ones. Participants suggest any idea that comes to them, not worrying if it is practical or has been mentioned before. Someone writes the ideas on a board or other visible media that the full group can see. Ideas by one person in the group often suggest things to others. The group then organizes the list, grouping like things together. More brainstorming may follow. This leads to an outline for the course. The group may then split, with each subgroup writing the description of several modules. The group reviews each of these.


Detail design

These outlines and descriptions are the basis for detail design. The designers in this process make ALL the decisions required, for every student. All decisions are made by the designers. These decisions include the following. Most of these functions have already been seen earlier in the paper; they are included to make this section readable without referring to the earlier sections. 

Here are the tasks for the designers.
· They design the questions to be asked of the students, and other messages from the computer. Sometimes these will be tasks to be done by students or the group; these may be carried out away from the computer. The language should be simple, appropriate to the age and cultural background of the intended students, and it should be friendly. It should not be judgmental.
· In adaptive learning, these questions are very frequent, as with a human tutor. The interval between questions typically should not exceed TWENTY SECONDS, as experiments described concluded. So the interaction between the student and the computer can be described as conversational, a dialog. It does not resemble a lecture or a video.

· This twenty second rule has two important advantages. It maintains student interest, even in difficult learning. This can be verified in evaluation. Also frequent questions carefully chosen by the designers can identify student learning problems as soon as they occur, and lead to immediate help. Designers should be constantly searching for student problems through this process.

· Often the questions can stimulate guided discovery. Instead of telling students important results they can find them, perhaps with some help. This is more likely to lead to understanding than memorizing results.

· Student answers are free-form, not pointing or multiple choice, using communication methods students are familiar with in everyday life. They are in the native language of the student. We need the full power of our languages to help in locating student learning problems.

· The design group decides how to analyze student replies. This may involve simple logic. For example, did the student say ‘this’ or ‘that’, but not “something.’ This analysis looks for likely wrong answers if immediate help can be given, as well as various forms of a correct answer. Evaluation may identify things that did not occur to designers, and the program is modified.

· Based on these responses, and stored information about past student performances, the designers decide what learning material is to be presented next, the next question. These decisions are made for all users of the program. An important aid is the ‘zone of proximal development,’ as formulated by Vygotsky. Given what the student already knows, what should be presented next?

· All messages to the student should be friendly and helpful. Our aim is to assist learning, not to criticize. 

· This interaction with the student continues until success in the area involved. So no grades are needed. This goal of mastery may take different times for each student. We may also need different approaches to learning. Success is a powerful motivating factor in learning.
· Designers decide what information to store for each student, and how that information is used in future decisions and for later research on learning.

· Occasionally the designers may want to ask individual students to work alone, not in the peer group. Based on this, the computer might want to rearrange the groups. This is part of the design.
· Designers describe media that will assist learning, including voice, pictures, video, and computer graphics. Limited funds for implementation will limit what is possible. Designers should tell just what they want, with the realization that this may not be possible, at least initially. Because of the twenty second rule we do not want to show long video sequences.

Recording the Design

All these decisions need to be recorded, for later implementation. The graphical structure we have evolved for recording is called a script, the end product of design groups. This can be a paper and pencil (or ink) product, or it can with the proper software, be stored in the computer, and modified if needed. We have such software, prepared by Bertrand Ibrahim and his students in Geneva, Switzerland.


Implementation

The script, the full specification, is the starting point for implementation. The steps are programming, media development, and beta testing.
With the computer stored script most of the programming can be done by the computer or the script can be interpreted at run-time. If the computer writes code, it can be in any language desired. Some hand coding will usually be required.
The designers give verbal descriptions of what media they want. Their request may need to be scaled back for economic reasons. Additional design may be required, as the designers are not media experts. The focus is on the learning value of the media:  this will involve value judgments. No long video sequences will be produced, as we want learning to be interactive. When the full module is ready, beta testing with typical students finds errors in the material, perhaps in the programming and in the media prepared. These must be repaired.

Evaluation and Improvement

Two stages of evaluation and improvement, with many students, are recommended. In evaluation with many students, a wide variety in all parts of the world, we locate weak points where the students do not satisfy our goals, and improve them. Designers may miss things needed for effective learning. Much of the data is saved by the computer as students use the units.

Examples of adaptive tutorial units

In this section we give examples of adaptive tutorial learning. Early work at Irvine concentrated on university physics. Later we developed learning units in school science and Japanese.

Early Time at Irvine

At the University of California, Irvine, first in 1968, I received funding from the National Science Foundation focusing computers in learning physics.  I tried to find where students were having learning difficulties that can be aided by the computer.  The computer available was a Scientific Data Systems Sigma 7; in such a timesharing system many users shared a single computer. Timesharing is unknown today. From the user point of view, the experiences were similar to the later use of personal computers.

The first program, working with Noah Sherman at the University of Michigan, allowed students to prove the law of energy conservation, starting from Newton's laws.  Our idea was that students should prove or discover the important results of science, rather than watching the instructors prove them in a lecture or reading about them in a book. An extensive early effort in this direction was the logic and set theory courses by Patrick Suppes at Stanford University; students proved, on the computer, many of the important theorems of logic and set theory. 

Arnold Arons worked with me soon after in developing two dialogs about the phases of the moon. Students create a model to account for the known facts, and use that model to make predictions. The programs were Socratic in structure, like most of our later work, making learning a highly interactive activity. This collaboration continued with the Scientific Reasoning Series, discussed later. 

Another program developed at this time was a mechanics simulation, Motion. It allowed the student to choose forces, initial conditions, and what is to be plotted. We wrote separate material in print to suggest activities for the students. Today we would make such material part of the program, and we would include, in the program, material for helping students learn to use the simulation.


The Beginning Physics Course at Irvine

Soon after that I became interested in a popular development of the time, a course based on the Keller plan.  The idea was similar to the concept of mastery or success; students continue in a given area until they learned it well, demonstrated by tests. Physics was in the forefront of this movement.  We first ran such a beginning physics course with only a few computer aids in learning, such as Motion.  But we and others had trouble using the Keller plan with large classes, for reasons that I will not discuss.  
After discussing this with Fred Reif at Berkeley, who taught a similar course, I decided to try another approach. A colleague, Stephen Franklin, had developed a pre-calculus mathematics course based on online testing.  We followed the same strategy for testing in physics but also put much of the learning material within the quizzes.  Joe Marasco worked with the two of us one summer designing the quizzes.

There was a quiz for each unit of the work, about one week of student work.  The quizzes contain problems one would expect in physics course.  We never used multiple-choice, an inadequate tactic for learning as noted here.  The problems on the quizzes all came from problem generators, so we never gave the same problem twice.  
As soon as the student was in difficulty, we could switch, with the student still on the computer, to a learning mode. Student’s unsuccessful attempts to solve a problem could suggest the nature of the difficulties, and so tell what aid was necessary. This help was interactive, tutorial. It was possible to learn the material entirely from the quizzes. If the student did not demonstrate mastery she or he would take the test over again after additional study.  We offered this course for six years. 
Further details are in the papers describing the course. In addition to my own papers the physics course was described by Change magazine as one of the best physics courses in the country.  It was also described in the National Enquirer! This article stressed that someone could learn without a teacher, an important consideration.

The terminals used with the timesharing system in these quizzes were early graphic terminals made by Tektronix. They did not have color, and the material on the screen could be changed only by erasing the entire screen.


The Scientific Reasoning Series

When personal computers were first developed, we saw new possibilities.  Our work, supported by the National Science Foundation and the Fund for the Improvement of Postsecondary Education, was the Scientific Reasoning Series. This was initially developed on an early personal computer the Terak, based on the LSI11 chip. Again, no color was available. Kenneth Bowles at the University of California, San Diego, moved the portable P-system developed by Nicholas Wirth, in ETH Zurich, Switzerland, to the Terak. The programming language available was Pascal.
The aim was to get students of about twelve years old to understand the processes of science, helping them to think like scientists. These well-evaluated units were discovery-based, in the sense of guided discovery. They were a good example of adaptive tutorial learning.

IBM paid us to move some of these programs to their new personal computer, and marketed it in their K-12 division for many years.  We added color to the dialogs, as the IBM personal computers had color available. Initially we used the p-system, but later IBM asked us to move the programs to DOS. We also did a similar conversion for Digital Equipment Corporation, but these programs were not marketed. Apple would not support a conversion to the Macintosh.

There are ten programs in this series as marketed by IBM, about 20 hours of student learning material for the ‘average’ student. Some students used more time, some less. The part of IBM that marketed them no longer exists. The material is conversational, resembling a dialog with a skilled human tutor, with questions from the computer and free-form answers from the student in English.
We have mentioned experiments with this material. The first experiments concerned how many students should work together at the display, videotaping groups of students. We found it best to have three or four students in the learning group. The peer learning in such situations, focused by the computer material, is marvelous. Cooperative learning is a very important learning resource.

We discovered also in testing these programs in public libraries that the time between student inputs should be typically no more than twenty seconds, if we are to keep the interests of the student and to offer individualized help.  In the library the student is free to leave, so it is easy to find motivationally weak spots where many students leave, and improve them.  With this level of interaction we can adapt the learning activities to each student. 
These DOS programs, the Scientific Reasoning Series, can still be demonstrated today in most Windows systems, and except for the old graphics these fifteen year old units compare favorably with many materials today. They are good examples of adaptive tutorial learning, as proposed in this paper. They do not have voice input and do not run on the Internet, not available 15 years ago. We had a graduate student working on converting the series to accept voice input, but unfortunately he had to leave before the job was completed.

As an example, consider the program Heat and Temperature, the shortest program in the Scientific Reasoning Series, about an hour for a typical student. Students discover the concept of heat, often confused with temperature. The basis for the discovery is what students already know about temperature.

Heat and Temperature begins by asking the student how to measure her or his body temperature. We look for ‘thermometer’, in the student’s typed answer. Next we ask it the value is accurate if the thermometer is kept in the mouth for only a few seconds. The next question is how can we get an accurate value, and we look for things like ‘leave it in longer’ and ‘keep it in for three minutes.’ This analysis of student input comes from the designers, as always. 

If this material were to be moved to a different culture we would need changes, as not all cultures consider it proper to put a thermometer in the mouth. With voice input we would not need to worry about misspelling words like ‘thermometer.’ The program proceeds in this questioning way for the hour it takes to complete it, helping students to develop the concept of heat.

Several programs in the Scientific Reasoning Series involve simulations.  These were discovery programs for important scientific results, with the student working as a scientist might.  Some were based on earlier non-computer work from the Science Curriculum Improvement study (SCIS at Berkeley) and the Elementary Science Study (ESS at MIT), such as the module Batteries and Bulbs, but could offer detailed individual aid not possible in most classes.
In Families students discover the laws of genetics, using online genetic experiments. This is perhaps the most difficult program in the Scientific Reasoning Series, as the results of the experiments depend on statistics. All students are successful in these discoveries, perhaps with some help with program.

Simulations are only a small part of the code in these programs.  Most simulations are naked.  There is no help given on how to use the simulation, and the program pays no attention as to whether the student is looking at useful cases or is drawing reasonable conclusions from the evidence.  In our programs we watch what the student is doing and offer immediate help if necessary.  We ask questions about what the student has observed in the simulation, and may make suggestions to guide the student. We still demonstrate these programs, as noted. There are no better examples of adaptive tutorial leaning.

Understanding Spoken Japanese

Our next large project was a different area.  It was called Understanding Spoken Japanese, still highly interactive but using video prepared in Japan.  Funding was from Japan, from Fujitsu and Nippon Television Network. The manager of the project was Rika Yoshii, now at California State University, San Marcos.   

We completed ten units in this series, and were working on an additional ten when the plunge in the Japanese economy ended the project. Each module was based on a video sequence. Because of our twenty second rule, we never played the full video sequence except at the end of the module at the student’s choice. The target audience was United States university students learning Japanese, but they were useful for other students. This project demonstrated that our system for producing highly adaptive learning units could be used in a very different area than that it was initially developed for.

A typical sequence in Understanding Spoken Japanese showed a video sequence in Japanese, perhaps 5 seconds. Then the computer asked what the people in the video were talking about. If the student knew, we would move to another question. If there were problems, we would give help. We might assist with recognizing individual spoken words, if this is needed. Again, we did not use voice input, although it would have improved the modules.

Another strategy in this project was to ask the students to find where the video mentioned something, such as horses. Simulated video controls would allow the student to move around in a limited video sequence, and indicate when they found the desired item. They might be asked to find several such occurrences. Again help was given until the student could complete the task. These strategies should be useful in a wide range of language learning, including English as a Second Language and adult illiteracy. New tactics often appear in a new area.


Newton’s laws

In another project funded by Fujitsu we designed a module to allow students to discover Newton’s first law, working in space, away from friction and gravity. Funding was not available to implement this module, or to develop similar modules for the other laws of motion. The emphasis was on students creating their own knowledge, rather than being told things. We intended to continue with the other laws, and with Newton’s proof of the law of areas for any central force.
Assuring Learning for All – the initial experiment
Adaptive learning is the key to major improvements in learning. We can solve the global “Learning for All” problem, providing high quality lifelong learning for everyone on earth. An initial experiment tests these ideas and provides further details, including financial. A plan in the next section suggests how to move to rich learning for everyone on earth, if the experiment is successful.
Goals of the experiment
We begin with the goals for this initial experiment. We have already mentioned many in the discussion of adaptive tutorial computer-based learning. The initial overall design meeting and the project advisors may suggest others. We will look for other results, as in goal-free evaluations.

· Goal one – to show that almost everyone will learn to the mastery level

· Goal two – to show that almost everyone enjoys learning

· Goal three – to study further the development process

· Goal four -  to gain further information on the costs of development

· Goal five – to study the process of moving learning units to new languages and cultures, and to study costs of this activity

· Goal six – to show that many people learn faster with adaptive units.

· Goal seven- to show that rich learning can be cheaper than it is today
· Goal eight – to show that these goals are satisfied in a range of areas

· Goal nine – to show that this learning approach can be used in schools, and when no schools exist

A smaller pilot experiment will not satisfy these goals, so will lead only to further time delays in bringing learning to all.

In the three year experiment, two years are needed for development of the learning material, followed by one year for two cycles of evaluation and improvement, with large numbers of students globally. We begin this endeavor with young children, about five years old. This is a natural beginning place, as recognized by the ‘education for all’ conferences, if we are to rebuild education. Further, this area seems difficult, so success will impress many. Some have argued that computers cannot be successful with young children, ignoring the success of Writing to Read and with no experience with the kind of use proposed. The experiment will also use the units with slightly younger and older children, to understand the useful range of the units.  We already have evidence that adaptive tutorial units work for older children. With young children voce for communication in both directions is used.
Now we consider the subject matter of the experiment. To convince others, we need development in more than one subject. Three areas would be developed.
1. Three years of reading and writing
These related subjects will be learned together. The latest information about effective learning will guide development. The publications of the National Academy Press will be particularly useful. In the self-paced adaptive environment most of the students may complete this material in less than three years.
A word processor for young children, self instructional and voice based will be a critical component of this phase. This word processor, as with all components, will use voice communication. It will be, unlike existing tools, fully self-instructional for all users; everything needed to learn to use the word processor is in the program. It will grow with the users; initially for five year olds only a few facilities are needed, increasing (introduced by the computer or the student) as the student grows older and has new needs. The word processor will be used in the reading and writing material, and as a standalone product. We believe the market will be large. A proposal is available.
2. Three years of mathematics
A second part of the experiment will be the first three years of mathematics. Again publications of the National Academy Press are valuable, particularly Adding It Up. Many students would finish in less than three years. This will be the easiest of the three developments.
Many mathematics courses concentrate on learning the four mathematical operations. We want much more in the new material for the experiment and after. We want students to understand these operations, perhaps discovering many of the results individually. Problem solving is critical, naturally discussed in mathematics. We want students to see that mathematics is important and to appreciate its beauty.
3. .One year of Science
This part of the initial experiment will be designed for slightly older children, about ten. It can use the units in the Scientific Reasoning Series, with more modern graphics and with voice input, with some redesign. Other units must be designed. A tentative outline is available in the proposal, reconsidered in overall design.

The emphasis will be on understanding the nature of science, not on the pieces of information that dominate elementary science now. We may begin with the understanding of data, and conclude with an understanding of theories. Consideration will be given to combining this material with that in mathematics, as science and mathematics compliment each other..
Mathematics and science will probably be designed in English, and then moved to four other languages and cultures. So we will gain experience in this necessary aspect, including financial information. As noted, it will not be possible to develop separately in each language and culture. So this experience will be very valuable in attaining learning for all.
All the units in the experiment will stress tolerance, nonviolence, thinking skills, and health issues. These foci will be woven into all the units. Current inexpensive hardware and software is mostly adequate for the experiment.
After the experiment

If the experiment is successful, for the next 17 years we move from the experiment to rich lifelong global learning for everyone on earth. The time is an estimate; the process may go faster or slower, depending on many factors.
Here are the major steps that we must take to assure learning for everyone. The book I am working on, mentioned at the end of this paper, has full details and a schedule as to when these things could be done.
· Establish an organizational structure.

Existing educational management structures are not adequate for the march to learning for everyone. The needs and directions are very different than current ones. Several groups may be necessary, working together. All should be international groups. They might be housed in existing international groups such as UNESCO or the United Nations.

· Continuous development of new adaptive tutorial curriculum material, at all levels of learning, beginning with more material for young children, including preschool units.
Several conferences and new experiments at higher levels would be part of this process. Eventually the new curricula must cover schools, universities, and lifelong learning. This process should continue indefinitely. Thus new pedagogical research, such as that conducted with adaptive tutorial learning, may suggest new approaches. Or the subject area will evolve. We will always need new curriculum material.
· Continuous movement of developed units to more languages and cultures

We will gain some experience with this in the experiment, as some of the material will be transferred to new languages and cultures. So we can test our strategy for new languages. As we move to more and more languages, we will also need to modify the current speech engines to allow recognition of speech in these languages.

· Evaluation of all courses in both original language and each new language

This is part of the development process. But it must be repeated even for courses already evaluated. Our world and the people in it are evolving rapidly. 
In evaluation of learning units in new languages, always necessary, we must be particularly sensitive to cultural factors.

· Longitudinal evaluation of all units

Most important goals are long range. We are not most concerned with goals for reading at the end of three years, as measured now, but with long range abilities in reading and understanding, and developing a long range enjoyment of reading so that it becomes lifelong. Such testing is seldom done; it is difficult to track students many years after. But in the system proposed here, it will be much easier, because the student will have a lifelong record of performance. 
· Develop new marketing and distributive mechanisms

The learning units we will develop have never existed before, except in a few special circumstances. So they may require new marketing strategies. These may be different in different parts of the world. We would consider these problems from the beginning of the project.
· Assure funding for this progress

If we are to have global learning for all ages it must be affordable, by the individual, by the country, and by the world. It must, when all costs are taken into account, be competitive with existing costs for education in each area, preferably less costly.  We expect marketing in developed areas to be profitable, and we would use part of this profit for work in developing areas. International agencies such as the World Bank are already spending large sums in this area, but not in directions compatible to this new approach.
· Develop inexpensive durable new learning appliance and operating system for use in poor areas and in areas without electricity.
Existing computers and operating systems are adequate for the initial experiment, but are too expensive and complicated for use in poor parts of the globe. So we need much cheaper computers and a much simpler operating system than now in use. We would not design this new hardware and software until a sizable body of learning material is available, in many languages. These learning appliances need not be general purpose computers, but should support the learning materials and tools, such as the children’s word processor. 
Similarly the new operating system will be much simpler than now; its major functions will be to support the adaptive learning programs, to download the program segments, to send student record for long range storage to the central computers, to guide students in their choice of the next material when there are choices, and to rearrange the learning groups occasionally. As far as possible the operating system should be self-correcting when errors occur.
The units will also be usable on other computers widely available. The production system for these units makes it possible to easily move them to new computers and operating systems as they are developed.

· Develop new global distribution methods to reach everywhere, probably based on satellites
The current Internet is inadequate to our needs. We suggest a new communication system, based on modern standards, which initially will deliver only the kinds of educational materials we will develop. Later it may carry other types of well-evaluated learning units, or perhaps other material. As with hardware, we need not deploy this new network until a considerable body of learning material is ready. 
Satellites seem to be the best and least expensive possibility for the basis of bringing the learning materials to the full earth. One possibility is both an international satellite, and regional satellites.
· Deploy the new learning devices and distribution methods to many parts of the world.

· Conduct extensive research with very large numbers of students to better understand the learning process, using the adaptive units developed
We do not yet have an adequate theory of learning. Existing theories do not have the predictive power that we expect in science for developed areas.  Further, much research in education is of low quality; we do not even know the full set of critical variables affecting learning. Adaptive tutorial learning units will lead to a very large body of data about learning, many orders of magnitude greater than we now have. Much of this will be students’ responses to computer questions as they use the learning units. This data will be publicly available; many researchers can use it. The possibility of better theories is good, but we do not know how long this will take.
Final Comments

All of these issues and others are discussed in full detail in a book currently under preparation by the author. The strategy proposed is practical today. Write to the author at bork@uci.edu for more detail. There may be other possibilities suggested for solving the 'education for all' problem, and we encourage the exploration of other directions. Proposing them is left to others. Experience in solving this problem may lead to strategies to solve our other major global problems. Some of them depend on learning for at least part of their solution. Our survival on earth depends on our solving these problems.
I do not believe that the global education problem is solvable by conventional means: the building of classrooms in remote areas, and the preparation of a vast array of teachers.  Very affluent countries may continue to pursue education this way, but even we in America have, almost without realizing it, created a vast system of nonconventional continuing education that today serves to educate more people than the conventional system, ranging from kindergarten to the university.  We have certainly come to the time when we need to entertain some new and creative thoughts about the total enterprise of education, especially as it affects the less developed countries, which will become comparatively less and less developed without some new system of education.
Theodore Hesburgh, The Human Imperative, page 65, Yale University Press, 1974
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