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SUMMARY

There is no more important investment that a country can make than in the education of its citizens. For equitable access to economic development and social progress, and to full enjoyment of life, learning is essential. What is needed is a `good' marriage between available technology and an educational process that enhances learning, while maintaining equity and quality. Adaptive tutorial distance learning offers a promising alternative to present educational approaches. We need a form of learning that 

1) Focuses on student learning problems

2)  Works for very large numbers of students of widely different backgrounds

3)  Is highly interactive, tutorial 

4)  Is affordable by everyone 

5) Works for both the rich and the poor

6) Allows everyone to learn fully.

7) Is enjoyable for all learners.

8) Encourages further lifelong learning

This proposal suggests an experiment to show that these goals are achievable, based on a new learning paradigm, adaptive tutorial learning.
Features of this proposed new approach are these:
· Adaptive learning for all students.  Each student learns at a unique pace, and continues in the given area until success is obtained.

· Highly interactive computer based learning modules. The system for producing adaptive tutorial has been under development for over 30 years at Irvine.

· Tutorial modules, with frequent questions from the computer and free-form student input.  Time between significant inputs is expected to be less than 20 seconds. The designers are excellent teachers in the area involved.

· Questions determine student learning problems. Help is given.

· Storage and use of student information for better student adaptation

· Evaluation with very large numbers of students after development

· Developed and evaluated in many environments, with all types of students, including wide economic background, gender, and cultural backgrounds, in schools at informal learning.
· Versions using both voice input and keyboard input

· Peer learning with small groups of students

· Current technology is sufficient.

This experiment investigates sustainable, scaleable, and innovative learning, based on adaptive tutorial computer-based distance learning. The subject area for this research is scientific literacy for elementary and middle schools

PROPOSAL NARRATIVE
INTRODUCTION

Education is . . .  the key to . . . development that is both sustainable and humane, and to peace founded on mutual respect and social judgment. [I]n a world in which creativity and knowledge play an ever greater role, the right to education is nothing less than the right to participate in the life of the modern world. 

Education for All,   UNESCO,   Amman, Jordan, 1996 

The following ideas will guide this experiment.

· Better learning  

Everyone should learn to her or his full capability.  We will provide students, including the very poor, with individualized highly interactive learning.  This research will demonstrate this for scientific literacy, and suggest other areas.

· Less costly learning

Learning should not only lead to better learning for all students, but it must be affordable for everyone in the world. The new system studied here has a good potential to lead to lower costs for each student hour of learning, as compared to the present dominant paradigm for learning.  Costs per student hour will decline with more users.. We must consider all costs – development, delivery, etc.  The United Kingdom Open University showed many years ago that expensive development costs for quality learning material can lead to lower overall costs. Reduced costs will lead to sustainability.  Students probably willlearn faster in this individualized learning environment, further reducing costs.

· Informal and formal learning environments 

The units will work anywhere. The age range in this initial experiment will be large.  Adult education is one possible use, as most adults are not scientifically literate.  Tutorial programs can adapt to individual users with very different backgrounds.

·  Computer-based tutorial modules

We will produce 120 student hours of highly interactive, conversational, tutorial learning units.  A tentative outline of the course is in the Appendix.
· A new paradigm for learning

Most learning is an information-conveying process. Students are passively told information and tested on memory.  This proposal investigates a new paradigm,   adaptive tutorial learning. Tutorial learning with skilled human tutors dates at least since Socrates.  The children of the wealthy often have been educated at home this way.  Oxford and Cambridge were university examples.  However, human tutors are too expensive for widespread use. 

The computer will be a tutor in these modules. Students will view their interaction with the computer like that with a skilled human tutor, in the students’ native languages, in both directions. Students do something meaningful in this conversational interaction, a dialog, every 20 seconds. They may for example reply in a free form fashion to a question from the computer. Twenty seconds comes from research in public libraries at Irvine. This is in sharp contrast with current web-based education, where student involvement orders of magnitude less.

We have been developing such modules for almost forty years at the University of California, Irvine.  However, we have never had funding to develop and experiment with course-length material as suggested here.  We describe later the Irvine-Geneva systems, the key to developing such units.  No new hardware or software is required.

· Success

Benjamin Bloom showed in extensive experiments in Chicago schools that success, mastery, is possible for most in a tutorial environment.

The tutoring process demonstrates that most of the students do have the potential to reach this high level of learning. I believe an important task of research and instruction is to seek ways of accomplishing this under more practical and realistic conditions that the one-to-one tutoring, which is too costly for most societies

Benjamin Bloom, The 2 Sigma Problem: The Search for Methods of Group Instruction as Effective as One-to-One Tutoring, Educational Researcher, July 1984.

Students can almost all succeed with carefully designed computer-based tutorial learning, perhaps requiring different learning times. Students may see alternate learning strategies, if the first is not successful. Determination of mastery is a role of designers, discussed later. Additional help within the program is available until all students learn fully, regardless of gender, race, economic status, handicaps, or other factors.  Evaluation will verify this.  This is democracy in learning.  People should participate in the world on an equal basis.  Learning should allow all students equal opportunity to realize their potential.

· Very many learners 

The learning programs are for very large numbers of students, worldwide. They will be designed and tested with many users of all types and ages in schools, at home, and informal environments. 

For the widest coverage, materials will be accessible from the World Wide Web, CD-ROM, and DVD-ROM. The highly interactive units will be the same.  Internet connections will not be required. With the Web, we will use Java applets to download code so interactions take place locally.  Current typical Internet bandwidth is adequate.  

Initially units will run on standard computers. Later we can develop much cheaper learning appliances, discussed later, for computer-based tutorial learning.

· Creative exploratory learning

Students usually read or hear important results. In this project each student will create their knowledge, working like scientists in making discoveries, conducting inquiries based on evidence.  

A program for discovering Mendelian genetics is in the Scientific Reasoning Series, developed at the University of California, Irvine,  dozens of years ago. We have designed a discovery module for Newton’s first law, to be implemented early in this project. Preschool children construct their universe in this fashion, and all students. Our hypothesis is that, given appropriate learning environments, students can actively create their own knowledge.  We will demonstrate this, or refute it, in the experimental activities in this project. 

· Peer learning

The computer programs will encourage students to work in learning circles of about four, gaining the major learning benefits of peer interaction. These could be at each computer, or collaborative learning groups established electronically via the web if such facilities exist.   The stored records will help in forming peer groups with similar zone of proximal development. Teachers, parents, and other adults can also play a role in learning.  Often children and adults will learn together.

· Adaptive Learning Units 

Students are each unique individuals. The learning units, because of the high degree of interaction, allow different learning approaches for each, matching the needs, styles, and interests of the individual student. This comes from the designers.

· Student Assessment and Help with Individual Problems 

The computer units will blend active learning and frequent assessment, finding student problems very quickly and offering individualized help. For the student, learning and testing are part of the same seamless process.  Student assessment in a mastery environment is not used to assign grades, but to determine future learning for each student. Such tests are invisible to the student. The designers, excellent teachers, build the learning sequences to find frequently what the student does not know, and to take appropriate action. 

As the student is not aware of taking tests, the usual negative feelings of testing do not occur.  Learning problems lead to help, not criticism. Programs will report student progress.

· Multiple cultures

Cultural differences will be addressed: We expect these to be few in sciences, but in later development, if the research is successful, they will be important.

· Motivated learning 

Student motivation is particularly important. The learning modules will maintain student interest for long periods, verified during evaluation. Highly interactive adaptive units involve students actively all the time, every 20 seconds or less, so keep students working at difficult tasks, as with a skilled human tutor. The units will show a positive attitude toward students, treating them with respect. The invisible tests, the lack of apparent tests in the mastery environment, will help morale.  Major world problems, part of the curriculum, will motivate interest.

· Voice

Voice will be possible for both input and output. This new and exciting technology has seldom been used in learning, particularly for student input. We will prepare identical keyboard and voice input versions. Our research will compare these. Input, either voice or keyboard, will be free form. Natural language understanding, in the sense of artificial intelligence, is not required.

This will be the first full investigation of the effectiveness of speech input for learning.  Only extensive materials allow an effective comparison.  Small experiments at Irvine have been promising.

In languages without common written forms, we could provide only voice.  Additional voice input development may be necessary for some languages. Providing voice input and output may allow these units to work for illiterates.  We may even be able to help such students to learn to read, within subject areas.

Voice input, a natural way for students to interact with learning units, will assist tutorial learning. Commercially available software for voice recognition is adequate.  No training for individual voices will probably be necessary for these learning units; only limited vocabulary needs to be identified at each student input. It training is found to be necessary, it will be incorporated within the learning units.
· Student Records

The computer will store student information frequently. The program will use these records in future interactions, individualizing the learning directions to the needs of each student. Decisions on what to store, and how to use stored information, are functions of the design groups, not through artificial intelligence.  The units will run without records if storage is not possible.  Records will also be very useful for research on learning, both during the project and after, given the very large numbers.  Student privacy will be maintained. These student databases will be publicly available to all, allow much additional research by us and others.
· Anytime Anywhere 

The learning units will be usable with distance learning in any location, and at any time, with or without teachers. No fixed schedule will be necessary. Interactive material for teachers and parents

Scientific Literacy

Scientific literacy is a need in both rich and poor areas, often missing in education. 

           Mr. ‘Buckley’ – well-spoken, intelligent, curious – had heard virtually nothing about modern science.  He had a natural appetite for the wonders of the Universe.  He wanted to know about science.  It’s just that all the science had been filtered out before it reached him.  Our cultural motifs, our educational system, our communications media, had failed this man.  What the society permitted to trickle through was mainly pretense and confusion.  It had never taught him how to distinguish real science from the cheap imitation. - - - Surveys suggest that some 95 percent of Americans are ‘scientifically illiterate.’

Carl Sagan, The Demon-Haunted World, Ballantine Books, New York 1997

A major problem in teaching science at all levels . . . is to bring students to an understanding of the structure of science – the nature of scientific theories, the evidence for these theories, and the mechanism for relating terms in these theories to experience.  Too often science appears to students as a series of pronouncements from on high, somehow magically true, or a series of isolated ‘facts.’

Arnold Arons and Alfred Bork, Two New Graphic Computer Dialogs for Teachers, American Journal of Physics, vol 43, 1975, p 987-990.

Science is an important component of the modern world.  However, the state of science understanding is cause for concern, particularly in the United States.  
The United States has started to lose its world-wide dominance in critical areas of science and innovation, according to federal and private experts who point to strong evidence like prizes awarded and the number of papers in major professional journals.

Foreign advances in basic science nor often rival or even exceed America’s, apparently with little public awareness of  the trend or its implications for jobs, industry, national security, or the vigor of the nation’s intellectual and cultural life.
“The rest of the world is catching up, said John E. Jankowski, a senior analyst at the National Science Foundation . . .

William J. Broad, U.S. Is Losing its Dominance in the Sciences, The New York Times, May 3, 2004
Elementary and middle school courses are a place for becoming literate in science, but they are often an uninteresting factual survey generating little enthusiasm about science.  A few verbal texts dominate in the United States.  A recent American Association for the Advancement of Science Project 2061 study concluded that ‘Not one of the widely used science textbooks for middle school was rated satisfactory.’  Another recent study, from North Carolina State University, finds these texts have many errors.  ‘Reform’ based on poor texts is unlikely to succeed. J. S. Marshall comments that ‘science education in our schools is fundamentally the same today as it was fifty years ago” (A Veterans View of Science Education Today, Review of Policy Research, 20, 2004, page 630). Others concur with him.
Memorization is often all students do. These courses use little recent research on assisting students to learn science.  Students seldom see the methods, beauty, and excitement of science.  Many teachers are not adequately prepared to teach science, or have negative attitudes toward science.  Many students are discouraged from future study, leading to the problem mentioned by William Broad..

After Sputnik, the United States developed inquiry-based science materials emphasizing methods, tactics and enjoyment of science. However, students in typical classes could not receive the individualized attention needed. Except for the biology courses, the post-Sputnik courses quickly vanished.
We need new and practical learning for all students, young and old, rich or poor.  We can provide individualized attention to each student, worldwide, with highly interactive computer-based units in distance learning.

Scientific education in general education should be characterized mainly by broad integrative elements – the comparison of scientific with other modes of thought . . . the relations of science to its own past, and with general human bistory, and of science with the problems of human society.

General Education in a Free Society, Harvard University Press, Cambridge MA, 1945.

ACTIVITIES 

We wish to demonstrate the learning capabilities of adaptive tutorial computer units. To do this we must create a substantial body of learning units using this approach, as little such material exists now..

We will produce about 120 student hours of highly interactive tutorial computer-based distance learning modules in scientific literacy, evaluated and improved twice. Success for all students is the goal. These units will stimulate some activities away from the computer. Both voice and keyboard units will be developed. 

Because students create their own knowledge, they will have better long-term memory of what is learned. Because the units stress individualized help, we expect students to learn faster. Adapting to the needs of each student will allow the units to work over a wide age range, both in primary and middle school.
Several resources will be important in this project.
· Production system for Tutorial Learning

We have developed a system for producing adaptive tutorial units. The next section describes this unique system, critical to this proposal.

· Computer dialogs developed at Irvine

We have produced material such as the proposed modules for almost forty years at the University of California, Irvine. Our twenty hours of tutorial computer modules from the Scientific Reasoning Series, introducing students to the methods of science, will be important in this project. The interaction is superior to almost anything available. They ask English questions, and accept free-form English replies.  These modules, begun about fifteen years ago, were marketed by the K-12 IBM group. The modules in the Scientific Reasoning Series will furnish models of tutorial interaction for the designers of new modules.  They can be used for marketing. They can be examined on request.

Early in the project the Scientific Reasoning Series will be updated to contemporary graphics.  We will add voice input and make them Internet available.  Several other modules were designed in a project supported by Fujitsu. One is a discovery module for Newton’s first law.  Their implementation is an early task in the project.

· Newton’s Equal Areas

Proposition one in Newton’s Principia is the law of areas for any central force. The Principal Investigator made an animated film about Newton’s proof, depending only on the area of triangles. Interactive tutorial material will employ this film.  Students of science need to see that fundamental laws have consequences, stressing prediction and the role of mathematics.

· Skilled teachers, chosen internationally, who work with students individually, and are familiar with their learning problems, will design the modules.
· Innovative post-sputnik modules from SCIS, ESS, and Science a Process Approach are still superior to most material available.  We have moved some of these modules to the tutorial computer environment, providing individualized help. Several of these are in the Scientific Reasoning Series.
· Existing curriculum material in many countries, including science texts.
· State and national standards in all countries, for science and mathematics. This includes the AAAS benchmarks for science, from Project 2061.
· National and international student comparisons.
· Motivating units from NASA, Jason and others
· Current research in this area
Product Development

We will use the system developed at the University of California, Irvine, and the University of Geneva, for producing interactiveadaptive tutorial learning units. Extensive software supports design, implementation, and maintenance.  We will improve the production system in the first year. Among the materials developed with this system are a calculus-based physics course (in a timesharing environment), the Scientific Reasoning Series, and Understanding Spoken Japanese, an interactive video project. This system is unique. We review it briefly. Further information is available.

DESIGN

Design, in two steps, is most important in determining quality.  Key individuals are excellent science teachers. Designers see existing modules to guide efforts.

     Overall Design

This step produces page-long descriptions of modules to be developed. The initial tactic is brainstorming. Imagination and experience of skilled teachers, standards, textbooks, and other projects provide information. One overall design meeting occurs in each of the first two years, with the advisory committee meeting.   Other meetings might be required, perhaps electronically.

     Detail Design

We start with the descriptions of each module, and produce the full design, ready for implementation.  Design sessions involve four teachers for a week. Each group produces one to two student hours of highly interactive material; we need many groups. Several groups usually work simultaneously, getting together for meals.  We have conducted many successful design sessions.

Excellent teachers from schools and universities who work successfully with individual students or small groups will design, teachers aware of student learning problems and how to help students. Teachers do not need any experience with computers and software. Designers will be from all the languages and cultures involved; international design will enable use to use insights from many countries worldwide. Initial design will be in English.  Design will be done in several locations, including all the countries involved.

The following factors are important for the designers. 

· A workshop the first morning concerns design of highly interactive tutorial units.  The designers’ intuitive understandings of how to find and help with student problems are the major assets of the development system. We may develop interactive learning units to prepare designers before arriving. Designers also need to learn how to cooperate with each other in the group environment. The requirements for the designers concern learning rather than technology.

· Determine what messages go to the student, print and voice.

· Determine how to analyze student inputs, and what actions are to follow.  The Vygotsky zone of proximal development is important here.  

· Keep students interested in learning, developing a positive attitude.

· Encourage students to work with peers and others in local or remote learning circles.

· Locate and assist student difficulties frequently by careful questioning. Try another learning approach with the student if necessary.

· Decide what information about student progress and difficulties is stored, and how to use this information later in the program.

· Decide if mastery is attained at each point in learning. 

· If not, decide what learning material is presented next to the student.

     Scripts

A script records design decisions. It contains full information about program behavior, including questions to students and analysis of free-form student responses. Initially scripts were on paper.  With our collaboration with the University of Geneva, scripts can now be stored and modified at a computer. The online script editor helps develop and maintain material in multiple languages. It can find gaps in complex scripts. Older backup scripts are stored.  The script describes media needed.

IMPLEMENTATION

This stage starts with the scripts for a module, and ends with a running program. 

     Programming

 The online script editor allows much of the programming automatically from the stored script.  We plan to use Java.  Some programming by students and professionals is necessary. The script editor has facilities for aiding programmers.  

     Media Development

The media described in the script, stills, video, and sound, may need additional design before creation.  We will work with professionals in each area. Because of the twenty-second rule between interactions, no long video segments appear.  Video segments will be downloaded in advance of use, so current Internet bandwidth will be adequate.

     Beta Testing

A module is used many times to seek bugs in the program, the media, and articulation between components. Modifications produce a stable program for evaluation. Changes are made in the stored script and new code is generated.  Therefore, the program evaluated in the next stage will have few errors.   This is a critical step, often not separated from evaluation.

EVALUATION AND IMPROVEMENT

We conduct in the third year two cycles of evaluation and improvement, with all types ofl students. Large numbers will be involved. The first stage is the improve the learning units, the second for research into their effectiveness. Details are under evaluation.

STAFFING

Alfred Bork, Professor Emeritus of Information and Computer Science and Physics at the University of California, Irvine, will be the Principal Investigator. He has participated in developing the Scientific Reasoning Series, Understanding Spoken Japanese, and two physics courses: the humanistic Harvard Project Physics, and a calculus-based physics course at Irvine we developed with colleagues. Who else would like to be involved? 
The evaluator and research director will be Michael Scriven, a distinguished internationally known educational scholar. A project manager will guide the day to day operation of the project.  Graduate students and others will assist with management. The budget offers more details. 

An international advisory committee will meet each year.  The following have agreed. Others from the countries involved, and from funding organizations, will be added.

· Bonnie Bracey, George Lucas Fellow

· Robert Calfee, Dean, School of Education, University of California, Riverside

· Kathleen Fisher, Science Education and Biology, San Diego State University

· Fred Goldberg, Science Education and Physics,  San Diego State University

· Ronald Graham, Computer Science, University of California, San Diego.

· Thomas Greaves, former Vice Chairman, NetSchools

· Sigrun Gunnarsdottir, Computer based learning, Iceland Telecom

· Jacqueline Hess, Former Director, National Demonstration Lab for Interactive Information Technologies

· Sandra Howell. Training Materials Specialist, Canadian Department of National Defense, Instructional Designer to Workplace Education Manitoba

· Fusa Katada, Linguistics and English, Waseda University, Japan

· Kinshuk, Information Systems Department, Massey University, New Zealand

· John Lawrence, former deputy director, Social Development, UNDP

· Rita Peterson, Science Education, University of California, Irvine

· Carolyn Penstein Rose, Learning Research and Development, Univ of Pittsburgh

· Ann-Katrin Svensson, educational technology with children, Sweden

· Frank Withrow, formerly chief of technology for the US Department of Education

· Rika Yoshii, Computer-based Learning, California State University, San Marcos  

· Others????
Others will be selected, as mentioned. Vitas are available. Excellent science teachers will be the designers, chosen internationally in all the regions involved in the project, skilled in working with students individually or in very small groups to help with learning problems.

ADMINISTRATION

Administrative procedures will be those followed by the University of California, Irvine. Financial management will be through the University business office. The project staff will be involved in all administrative decisions.

Careful project management is critical to stay within time and funding. The Principal Investigator and the Project Manager will have this as their responsibility.  The functional budget lists others.  A yearly Advisory Committee meeting will offer guidance.  The advisors will be in frequent electronic contact. A web site, openly available, will inform them, and others, of all the details of the development process.

EVALUATION AND RESEARCH PLAN

Distance learning and classrooms, will be used in evaluation and research, just as with the final product. Informal environments will include libraries, shopping centers, and museums, with students alone or (preferably) in small groups at the computer.  We will provide speech input to some students and keyboard input to others.  The program will record student information and group size.

There will be two stages, improving the units and research.

Professional evaluators will also gather information. 
MORE ON FORMATIVE EVALUATION

Research
The factors investigated in research will be the following. 

· Do students of all types, including very poor students, learn effectively?.

· Do almost all students achieve mastery at each point? If not, where are the problem areas, for what types of students?

· Does the program recognize and handle correctly most student inputs?

· How does learning differ with voice and keyboard input?

· Does the program hold the attention of students, in distance learning and in formal learning environments, motivating them to continue?  This information is gathered in informal environments by recording where students leave the program and identifying places where many students leave.

· Does the student feel positively about the learning experience? 

· Do students learn to appreciate the beauty and methods of science?

· Are students interested in further study of science?

· Are cultural differences adequately accommodated by the materials?

The information gathered would be the basis of the improvement stage that follows. 

There will be two evaluation-improvement cycles in the third year. In the second, additional questions will be addressed: How does learning compare, in various ways, with these materials and other available approaches? We need to consider what are learned, how fast, and comparative costs. Longitudinal studies will consider retention and student feelings about the course, after the project.

TIME LINE

FIRST YEAR 
Choice of staff and designers

Advisory committee meeting

Review international, national and state standards, relevant research, and existing curriculum material including textbooks and media material.

Review voice input products and literature

Improve Irvine-Geneva production system

Establish open web site for logging all aspects of development 

Further needs assessment

Implement existing modules, including discovery of the first law of motion



New form of Scientific Reasoning Series with better graphics



Design and implementation of learning modules - first stage

Plan for formative evaluation

Plan for research.

SECOND YEAR



Advisory committee meeting



Formative evaluation of the Scientific Reasoning Series, Newton modules

Final arrangements for evaluation and research, in informal environments and schools

Design of kiosks for informal environments



Design and implementation - second stage



Beta testing of the modules



Development of units for parents and teachers



Design for research 

THIRD YEAR 



Advisory committee meeting

Two cycles, improvement and research, in all environments, with many users
Use of kiosks

Units distributed and marketed

Final report

NEXT STEPS

This concludes the activities in the budget requested for this experiment.  However, this is only the first critical step in building a new global educational system, far from the end of the story.  If these units are successful, they could impact all learning, particularly with the poor.

SUMMATIVE EVALUATION ????
Evaluation and improvement, in the module development process, should be followed by a summative evaluation planned and conducted by professional evaluators, independent of the development group, showing how these units compare with other learning approaches, and how effective the materials developed in this project are in reaching their goals.  These extensive studies should be both immediate and longitudinal, and should look at both cognitive and affective factors. Data from the two stages of evaluation in the project should be a useful starting point.

One aim is to compare this approach to learning via distance to school-based approaches, both a standard one with conventional materials and learning directions, and one using these materials. We need for this evaluation to develop new online testing instruments, for scientific literacy, for creativity, and for intuition.  A full range of students should be involved.

Our main concern in this evaluation is whether to extend this approach to ALL learning, both in the United States and globally.  We believe that this will be the case.  Most learning studies fail to address this problem of very large numbers of students.

FUNCTIONAL BUDGET

The details follow the Irvine-Geneva production process described in this proposal. 
THIS IS BASED ON AN OLDER BUDGET, AND WILL NEED TO BE ADJUSTED FOR CURRENT POSITIONS AND BENEFITS. ALL THE MANAGEMENT POSITIONS SHOULD BE THREE YEARS.
	Management    
	
	
	

	
	year 1
	year 2
	year 3

	Principal Investigator
	   100000
	
	?       ?

	Co-principal Investigator  
	
	
	

	     1/2 time
	50000
	
	

	Director, Pedagogy
	100000
	
	

	Director, Technology
	100000
	
	

	Project Manager
	60000
	
	

	Graduate students 3
	
	
	

	Graduate tuition (3)
	
	
	

	Administrative Assistants (3)  
	
	
	

	Supplies
	10000
	10000
	10000

	Copy and phone
	10000
	10000
	10000

	             Computers - workstations
	12000
	6000
	3000

	Computer services
	5000
	5000
	5000

	Travel - domestic
	15000
	15000
	15000

	Travel - foreign
	18000
	18000
	18000

	Design   
	
	
	

	
	
	
	

	
	60 hours
	60 hours
	10 hours

	
	year 1
	year 2
	year 3

	
	
	
	

	Travel for designers
	192000
	192000
	32000

	Subsistence for designers
	144000
	144000
	24000

	Stipend for designers
	144000
	144000
	24000

	
	
	
	

	
	
	
	

	Implementation    
	
	
	

	
	year 1
	year 2
	year 3

	     Programmer
	68088
	69450
	

	     Programmer - 1/2 time
	
	
	40516

	     Student programmers
	61858
	42682
	22379

	     Graphic consultant - screen
	5000
	5000
	

	Media production
	
	
	

	     Designer - 1/4 time
	24605
	25097
	

	     Media preparation
	40000
	30000
	10000

	     Student assistants
	21322
	21748
	

	
	
	

	
	
	
	

	      Formative Evaluation   
	 
	
	

	
	year 1
	year 2
	year 3

	Consultants
	30000
	10000
	

	Student assistants
	
	5515
	22833

	           Equipment - informal use
	
	
	

	     Kiosks
	
	25000
	10000

	     Computers
	
	60000
	30000

	     Software
	
	10000
	2500

	
	
	
	

	Shipping equipment, kiosks
	
	
	15000

	
	
	
	

	Improvement
	
	
	

	     Programmer - 1/2 time
	
	39146
	40516

	
	
	
	

	     Student programmers
	
	
	22375

	     Additional design sessions
	
	
	30000

	
	
	
	


	       Advisory group 
	
	
	
	
	 

	
	year 1
	year 2
	year 3
	
	

	travel
	8000
	8000
	8000
	
	

	Subsistence
	8000
	8000
	8000
	
	

	Consultant Fees
	10000
	10000
	10000
	
	

	
	
	
	
	
	


	Special activities  
	
	
	
	
	

	
	year 1
	year 2
	year 3
	
	

	Improvement of production system
	
	
	
	
	

	     Design
	30000
	
	
	
	

	     Implementation
	20000
	
	
	
	

	     Testing
	3000
	
	
	
	

	     Consultants
	7500
	
	
	
	

	project Web site - open
	10000
	7500
	7500
	
	

	Scientific Reasoning Series
	
	
	
	
	

	     Voice input
	20000
	
	
	
	

	     Better graphics
	    10000
	
	
	
	

	     Web enabling
	
	10000
	
	
	

	
	
	
	
	
	

	Final report
	
	
	10000
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


BIOGRAPHIES OF KEY INDIVIDUALS

ALFRED BORK – PRINCIPAL INVESTIGATOR

Professional Preparation

Georgia Institute of Technology
Physics 
BA 1947, 

Brown University


Physics
MA 1951, 

Brown University


Physics
PhD 1953.

Appointments

1968 - Professor of Information and Computer Science, and Physics, University of California, Irvine.  

1967-1968 Harvard University, Project Physics and Computer Department. (Brain project)

1963-1967 Reed College, Associate Professor and Professor.  

1962-1963 Harvard University, NSF Science Faculty Fellow.  

1953-1962 University of Alaska, Fairbanks, Assistant , Associate, and Professor

1952-1953 Dublin Institute for Advanced Studies, Scholar in Theoretical Physics

Several times a visiting professor at the University of Geneva, Switzerland

Director of two NATO-ASI Workshops
Recent tutorial sessions on the production system in Australia, Taiwan, and Singapore.
Publications - Most Closely Related

"The Irvine-Geneva Course Development System", with B. Ibrahim et al, in Aiken, R. (Ed), Education and Society, Information Processing 92, Volume 2, Elsever. 

"Distance Learning and Interaction: Toward a Virtual Learning Institution," Journal of Science Education and Technology, Volume 4, No 3, 1995, pages 227-244.

"An Interview With Alfred Bork", EDUCOM Review, July 1999. 

Learning with the World Wide Web, The Internet and Higher Education, 2000.

Tutorial Learning for the New Century, Journal of Science Education and Technology, Volume 10, Number 1, March 2001.

Tutorial Distance Learning – Rebuilding our Educational System, with Sigrun Gunnarsdottir, Kluwer Academic Systems, 2001.

Adult Education, Lifelong Learning, and the Future, Campus-wide Information Systems Journal, Volume 18, Number 5, 2001.

Highly Interactive Tutorial Distance Learning, in Digital Academe: New Media in Higher Education and Learning, edited by William Dutton and Brian Loader, in press.

Four Fictional Views of the Future of Learning, Internet and Higher Education, 3 (2000).

A new book is available in draft form.

Other Significant Publications

"Interaction: Lessons from Computer based Learning," In Laurillard, D. (Ed) Interactive Media: Working Methods and Practical Applications,  Harwood, 1987. 

``New Structures for Technology-Based Courses,'' Education and Computing, Vol. 4, 109-117, 1988 

"Rebuilding Universities with Highly Interactive Multimedia Curricula," International Journal of Engineering Education, Vol. 15, No 5, 1996.

Synergistic activities

Millikan Award Lecturer for the American Association of Physics Teachers

Founder and Director of the Educational Technology Center, 

Consultant to U K National Development Programme in Computer Aided Learning.

Developer of online physics course, Scientific Reasoning Series, and Understanding Spoken Japanese.

National Institute of Education delegation to the People's Republic of China 

Recent collaborators

David Britton, Sigrun Gunnersdottir, Bertrand Ibrahim, Michael Scriven, Rika Yoshii

Advisors

Graduate: Robert Bruce Lindsay, Brown University

Postgraduate: Erwin Schrödinger, Dublin Institute for Advanced Study

MICHAEL SCRIVEN - RESEARCH DIRECTOR AND EVALUATOR

Michael Scriven took two degrees in mathematics (minor in physics), at Melbourne before getting a doctorate in philosophy at Oxford. He has published 330+ articles and 13 books in those fields as well as computer studies, psychiatry, critical thinking, education, evaluation, technology studies, and computer science. 

He taught at the University of California, Berkeley, for twelve years and the University of Western Australia for eight years. He has been a Whitehead Fellow at Harvard, a Fellow at the Center for Advanced Study in the Behavioral Sciences at Stanford, and a Fellow of the Academy of the Social Sciences in Australia. 

He was awarded the President's Prize by the Evaluation Network, of which he was the founding president, and the Lazarsfeld Medal of the American Evaluation Association for contributions to evaluation theory. 

He is a past president of the American Educational Research Association and the American Evaluation Association. He was recently the director of the only federal project on models for the evaluation of teaching (at the federal R&D center at Western Michigan), Consulting Professor at Stanford's Graduate School of Education, and Evaluation Research Fellow at the National Science Foundation. 

He is professor of psychology at Claremont Graduate University, adjunct professor of educational research methodology at the University of North Carolina, and a consultant to the National Research Council and the National Institute of Standards and Technology. 

SCIENTIFIC LITERACY COURSE OUTLINE 

We outline the modules, in tentative form. Students will learn both on and off the computers.  The times are approximate, and vary from student to student in informal learning environments. The units stress the methods, beauty, and scope of science. Each student may not see all this material. The initial design sessions may modify this outline.

Teaching science through inquiry allows students to conceptualize a question and then seek possible explanations

Inquiry and the National Science Education Standards

National Research Council, National Academy Press, 2000.

SCIENCE AND GRAND WORLD PROBLEMS 

Three weeks 
· population 

· water

· violence

· poverty

· food 

· hunger and starvation 

· energy 

· environment 

· education 

· role of science in solving these problems. 

The writing will be saved for the later unit on the Grand Problems.

THE WORLD AROUND US 

Four weeks 
· paying attention to the world around you! 

· observation and inference (in Scientific Reasoning Series)

· Sherlock Holmes (in Scientific Reasoning Series)

· expand existing program 

· observing everyday phenomenon 

· observing the human body 

Things to Stress 

· different people may have different observations 

· observations tend to be confused with inferences -practice making the distinction 

· wide range of different types of observations 

· observations as passive - compare with experiment 

· more computer and interactive video material stressing these items 

· keeping records 

· base this on natural curiosity 

Observations 

· usually in several stages - no advice at first, then more directed if needed

· hair and eye color 

· tongue curling - observe in family and friends 

observe with at least ten people 

report data 

· plants - what kinds can the student identify? 

· food - what does my family eat? what do others eat? 

· how much garbage does my family produce? what kinds? 

· observations at student's initiation 

· observations vs. propaganda 

STUDENTS WRITE ABOUT WHAT THEY SEE 

Four weeks 
· help with writing 

· prewriting, writing, postwriting 

· the process approach 

· interactive units 

· introduction of word processor -  new or existing

online material to learn to use it 

voice input as option. 

· Staged events for students to describe 

· computer material - experiences to write about 

· emphasize distinction between what students observe and what they infer 

STUDY HABITS AND SCIENCE 

Two weeks 
· the way the scientist works 

· budgeting time 

· write about this, observations.  This will be saved for later use. 

MEASUREMENT 

Three weeks 
Examples of Measurement 

· Distance dialog in the Scientific Reasoning Series 

· measurement versus observation 

· measurement and numbers 

· plant growth 

· multiple measurements of the same thing 

· is there a ``correct'' value 

· error in all measurements 

· concept of average 

· standard deviation for some students 

Measurements of Distance 

· comparison of different results 

· use of nonlinear ruler - writing about results 

· Personal Science Laboratory - distance measurements 

What Aids Plant Growth 

Measuring Environmental Factors

Home Activities 

· height of people in their family, neighbors 

· more than one measurement on each person 

DATA AND INFORMATION 

Five weeks 
· sources of data 

· your data versus data from others 

·   reliability of data 

Can others get the same data? 

science common to all? 

· weather machine - National Geographic? 

· ways of viewing data - numbers, graphs, maps, etc 

· computer dialogs on reading maps 

· interpretation of weather maps 

· other kinds of maps - road, geographic, etc. 

· material from PBS  series on maps 

· Graphs - Scientific Reasoning Series 

other software 

· World Population Data - tables and graphs 

· possible unit on world hunger and starvation 

simplified Feed the World (existing proposal)

· when is there ''enough'' information 

STUDENT DATA 

Four weeks 
· acid rain 

· network and non-network versions 

· associated computer dialogs 

· gathering the data 

· displaying the data - maps, etc 

· other environmental issues 

· moving objects - observing and describing motion 

· tongue curling, again 

· phases of the moon 

· observations over several months 

· possible parental involvement 

· discussion of what is happening 

· comparing the data 

· understanding the data - possible theories 

· our energy - where does it come from? 

Student and Parent Initiated Data Gathering 

· discussion with parents 

· written proposals 

· exchanged and discussed with other students 

· mechanics 

· how do things move? 

· describing motion 

· informal student descriptions of motion 

· perhaps some computer dialogs 

· possible use of Distance again 

· Personal Science Laboratory?

· Distance module 

· additional online material 

· Speed - Scientific Reasoning Series 

MODELS AND THEORIES 

Five weeks 
· begin with data, and encourage the student to develop the theory, individually or in small groups 

· computer dialogs to assist with this 

· inquiry based approaches 

· data comes from observations and use of equipment, or simulation 

· different groups could work on different model development 

· phases of the moon 

· uses student observations, obtained earlier 

· non-numerical model 

· revisions of two old computer dialogs developed at Irvine 

· student development of the model, with help if necessary 

guided discovery 

· emphasis on predictions based on the model 

· students describe model in writing 

· law of reflection 

· Scientific Reasoning Series 

· combines observations with student speculations on results 

· simple circuit theory 

· Batteries and Bulbs - Scientific Reasoning Series 

· SCIS and ESS modules 

· student discovers laws of simple circuit theory 

· versions with and without equipment 

· develop additional computer material extending this theory 

· perhaps use the first two modules of Families here 

· what to eat 

· based on student data on foods, obtained previously 

· database on healthy eating - emphasis on the incomplete nature of the evidence 

· interactive computer programs to support this 

· whirleybird 

· from SCIS - separation of variables 

· revise existing computer module developed in Irvine 

· uses equipment with the computer 

MORE COMPLEX MODELS AND THEORIES 

Five weeks 
· Patterns 

· Scientific Reasoning Series 

· discovery of an imaginary theory - changing patterns 

not know to any student in advance 

· Predicting Motion 

· highly interactive modules - Newton's first law already designed

· NASA space footage, perhaps from the space station

· students DISCOVER Newton's laws of motion 

· simulations to build student intuition 

· planets, comets,  and moons as an application of these laws 

· landing on the moon, docking with the International Space Station

· Genetics 

· Families in the Scientific Reasoning Series

· additional computer material to use the theory 

· human genetics - return to tongue curling 

· what did Mendel do? - history of science 

· Evolution 

· new computer modules necessary 

· work in previous work on genetics 

· computer modules on random aspects in genetics and evolution 

· random factors in other areas - art, literature, etc  based on paper from the principal investigator

STUDENT INITIATED PROBLEM

Groups of students investigate their own problem, following the steps already suggested here, and electronically report the results to others.

GRAND PROBLEMS REVISITED 

Attaining a sustainable earth

Students write about solutions - speculations 

WHAT IS SCIENCE? 

Two weeks 
· uses material from all the above units 

· summary of what student has learned, generated by students

· what is data 

· what is theory 

· prediction and verification 

· science as ultimately wrong 

· continuing student activities 
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