Rich Learning for Everyone on Our Earth
This paper considers the major global problem of bringing high quality learning to everyone, both 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 terrible for the poor and for racial minorities. Most of the current attempts to improve learning, locally and globally, are insufficient.
A major problem in learning as it exists today is that it mostly ignores the fact that each learner is unique, with different backgrounds, skills, learning styles, and interests than other students. Only a skilled teacher can do this in the large classes we have today, with the learning tools now available. Small changes in education today will not be sufficient to bring learning to all. We need to consider new possibilities. One is proposed in this paper. Other possibilities may be developed.
A New Paradigm for Learning
This solution proposed is based on a new type of learning material on computers, adaptive tutorial learning, adequate to bring learning to everyone. The new system has the following characteristics.
Highly adaptive to the needs and abilities of each student using it. 
Adaptability of learning is the key feature of this new method. As just mentioned this is a key factor in improving the present learning situation. We must think carefully about what this 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, even on a moment by moment basis. We will see how this happens.

Highly interactive learning

Unlike lectures, video, radio, and books, all students always plays an active role. Students should be involved in learning, not just passive recipients. Active learning is more interesting.
Tutorial, 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.
We have only Plato's view of Socrates. It is the early dialogs that are most useful. 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. 
Note that Socrates asked the questions, not the students. The questions were frequent. Again, note that the situation was very different than that found in lectures.
This was a superlative way to learn, as far as we can tell. This and other forms of tutorial learning have been seen throughout the following centuries. Major universities, Oxford and Cambridge, organized themselves for tutorial learning. It was often the preferred learning method for very wealthy, with tutors coming to their homes or living there.
But this was always a restricted way to learn. Having tutors for every few students is very expensive, not affordable by the world for all students. And skilled tutors are rare individuals. We cannot find enough tutors to provide learning for everyone.
Today, however, we have a new possibility. The computer can serve as the tutor, allowing us to reach very large numbers of students. That is the direction we will follow here. The idea is not new. We have been developing such tutorial material at the University of California, Irvine, for over thirty five years, often with much more primitive computers and software than we have today.
This approach is not intelligent tutoring, in the sense of artificial intelligence. This term is often misused in the literature, in that in many examples that use this terminology, but have few or none of the techniques of artificial intelligence. I do not believe that these tactics are today usable to provide education for all. They may, however, enhance our possibilities for the future.
The ‘secret’ of the approach here lies in the design of the tutorial units, by small groups of good teachers. Users, even knowledgeable ones, often believe that the programs we create are intelligent. But they have no more intelligence than a good textbook.

The following sections explore this further. We need to understand how tutorial material can be adaptive.
Questions from the computer at intervals of no more than twenty seconds
As we mentioned, 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 assist in maintaining student interest for long periods of time. We need to consider each of these questions.
Free-form answers – no multiple choice

A key to the Socratic tutorial approach is that we allow free-form answers from all students. We need to use the full power of natural languages to understand fully what the student knows at each point. Mujltiple choice in inadequate, and is never needed. Personally I do not think it should be used anywhere in learning.

Designers’ choice of questions aid adaptive learning

Two factors are critical in adaptive tutorial materials, the choice of questions and the analysis of student answers. Both are considered by the design groups. Designers need to be aware of possible student learning problems, and consider how to determine when these difficulties occur. The questions are the main tool for making this determination.
A critical aspect of this is that the designers, skilled teachers and researchers in the area being developed, work together in groups of about three or four. .Discussions in the group produce better questions to locate student difficulties than individual teachers would come up with. We will discuss later the issue of the size of student groups when they use the material.

We also prefer to have teachers in the design groups from different cultures in the world. They may have different strategies for learning in a given area, perhaps all useful for different types of students. So such a group may produce richer learning materials.

Designers’ choice of the next question to ask

The second method for making learning adaptive in the tutorial environment is to decide what question to ask next for each student. 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 responsive to her or his answer to the previous question, as with a human Socratic tutor. We accomplish this in our designs by a simple analysis based on looking for certain words, or pieces of words, in the answer, perhaps with some logic involved: Does the reply contain this and that, but not a third fragment, for example. 

The design must consider various ways the correct response can be stated. It must also look for a wrong answer if we can tell the student immediately why the answer is not reasonable. But in this process we must be careful to avoid criticizing the student in the computer reply. We are trying to help the student to learn, not to make negative comments to him.
It is because users see the program as responsive to their needs that leads users to think that artificial intelligence in the form of natural language representation is involve. But only simple string matching is needed, all specified by the designers.

The second factor in determining the next response is the previous work of the student.  Designers decide what kind of information to store about each student, and when and how to use this information in deciding on what question to ask next. This information needs to be stored in a central computer, identified with the individual student. This stored information is also useful in improving the learning units, both before and after release, and in research on how students learn. 
A valuable strategy 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 can ask what the student is best prepared to learn next. This is complicated because students are working together in small groups.
All communication in the native language of each student
We want learning to be eventually available for everyone in the world.  Almost everyone learns a language, sometimes several, as a very young child. Young children should be able to learn in a language they already know. As they become proficient in other languages, they can use them in learning. Languages can be learned in adaptive tutorial learning, just as with other subjects.

There are a great many languages in the world. We might call it the ‘Tower of Babel’ problem. So the learning units must be available in many languages. Even within a language there are variants. We should not expect students in the United States to learn with British English.
But we cannot develop material individually in all these languages, if the costs are to be reasonable. So we need an affordable way to move material from one language to another. This is not just a translation problem. People in different languages and different living circumstances may not have identical cultures. So moving learning material must consider both language and culture.

Global use, in rich and poor areas
Learning individually paced. Each student progresses in a unique way.

In most educational environments, as Patricia Cross was fond of saying, we keep the time fixed and vary the amount of learning, while a more rational strategy would keep learning fixed and vary the amount of time needed. We follow this advice in the system proposed here. Students differ greatly, so with fully adaptive learning, we should expect different students to require different learning times. So student pace may be different for each student. We can do this with the proposed system.

One reason that pace can be individualized is that the computer keeps all the records of where each student is at the moment. Fixed pace is easier for the classroom teacher and the registrar or other record keeper. But it is not best for the student.
In adaptive learning with individually pace learning it is likely that many students would progress faster than at present. Although we cannot know this for certain until a large body of material is developed. But it seems likely that many people would learn faster than in our current educational systems. This is a factor in considerations of the cost of learning.


Continuous lifelong learning

Since pace differs from student to student, learning is a continuous process. Not only does this mean that ‘third grade’ no longer has any meaning, but it also means that 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.
Progress may differ in different areas of learning 
Unlike the assumptions in many classrooms, students do not learn at the same speed in all areas. One young student, for example, might have a learning spurt in mathematics, or have special inherent skills in mathematics, but may move less rapidly in reading. So moving at ones own pace may mean that a learner moves differently in each area.
An emphasis on mastery learning--almost everyone succeeds
Individualized pacing allows a very important possibility. The learning units can be designed so that a student stays at a given task until it is fully learned. So all learning can be successful for almost all students. If we gave grades, unnecessary here, most of the people would make an ‘A.’

Earlier work has shown that this is possible. A learning strategy in use in universities the 1970, the Keller plan, also called the personalized system of instruction, insisted that students stay at a given task until they mastered it. But we need more evidence in a variety of levels and subjects.

Learning units need to return to each topic at later times, to be sure that the knowledge is in long range memory.

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, we might even bring them to consider the possibility of a career in the area.
Learning and testing combined

The learning sequences are series of questions, constantly probing the student’s knowledge. So there is no need for testing in the usual sense. It is part of the learning process. One benefit is that no cheating is possible.
Groups of three or four students work together at the display, allowing peer learning

We do not want each student to spend his learning life 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, based on videotaping groups of different size, showed that the best group size at the display 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 loose the major benefits of peer learning.
If groups are to work together efficiently, they must all be at about the same point in learning. As they move in different paces, the groups must be rearranged frequently, by the computer learning program. This is based on the stored information about student progress. The computer may occasionally request students to work alone, to gather more of the evidence it needs to rearrange groups of learners.
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 hopefully in later life.
Enjoyable learning for all students
Everyone should like to learn, find it a pleasurable activity. This is an important function for the new learning units proposed.

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 even the most important. 
Further, we are interested in lifelong learning. Enjoyment of learning will encourage future learning.

Students discover much of their own knowledge

Current education often tells the students the important results. But experience shows that students are capable of discovering most of their knowledge. The new tutorial units will encourage this. We can see examples in Socrates.

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. Speech analysis is now practical; it is available in the major languages and can be extended to other languages.

Voice is likely to be the best interaction method for all students, since it is the most natural way for humans to communicate. This needs further empirical study.

For our purposes the use of voice does not require a solution to the AI problem of natural language processing. As mentioned, we need only spot key words in the answers spoken by the students, determined by the designers.
Full evaluation and improvement before general release of learning units
In the three year development process proposed for each curriculum segment, two years will go to design and implementation of the learning units, and one to two cycles of extensive evaluation and improvement. So the learning units will be well tested and improved before they are released.
In evaluation with many students, a wide variety in all parts of the world, we will locate weak points where the students do not satisfy all the goal specified here, and improve then. Designers are humans, and so may miss some of the necessary material for most effective learning. Much of the date needed will be saved by the computer as typical students use the units.
Usable with and without schools or universities.

In many situations there are too few adequate schools and universities, particularly in poor areas. This is most obvious in the developing parts of the world. Where such institutions exist, they may be very weak. So in such situations the materials must work alone without support from adults. In other situations, the materials might be used in existing schools and universities.

Learning must be affordable

The full costs of such learning must be affordable by individuals, societies, nations, and the world. 
Learning for All
Using such adaptive learning material, a twenty year plan is presented to solve the global “Learning for All” problem, providing high quality lifelong learning for everyone on earth.

The first step is an extensive experiment:

· Two years for extensive development of the learning material

· One year for two cycles of evaluation and improvement, with large numbers of students globally

· Beginning at about age five

· Tried with a few younger and older students

· Three years of reading and writing

· A word processor for young children, self instructional and voice based. Used in the reading and writing material, and as a standalone product.

· Three years of mathematics

· One year of Science. 

· Mathematics and science in five languages and cultures

· Stress tolerance, nonviolence, thinking skills, and health issues.

· Students discover for themselves most of their knowledge

· Tested development process already available, scalable.

· Current inexpensive hardware and software is mostly adequate for the experiment.
· Goals of the experiment.
· 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 good learning can be cheaper than it is today.
If the experiment is successful, for the next 17 years we move from the experiment to rich lifelong global learning for everyone on earth.

· Establish guiding groups, an organizational structure.

· Continuous development of new adaptive tutorial curriculum material, at all levels of learning

· Continuous movement to more languages and cultures

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

· Longitudinal evaluation of all units

· Develop new marketing and distributive mechanisms

· Assure funding for this progress

· Develop inexpensive durable new learning appliance and operating system for use in poor areas and in areas without electricity.

· Develop new global distribution methods to reach everywhere, probably based on satellites.

· Conduct extensive research with very large numbers of students to better understand the learning process, using the adaptive units developed.

All of these issues are discussed in more detail in a book currently under preparation by the author. The strategy proposed is practical today.

There may be other possibilities for solving the 'education for all' problem, and we encourage the exploration of other directions. 

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.
